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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

§ ~




2
I

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




’ e
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
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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).
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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
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. 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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2.1.3. Microsomal Preparation
The isolation of- intestinal i with intact h P-450 and
monooxygenase activity is iated with iderable difficulties (Chhabra et al., i

- 1974). The-major obstacle in the procedure is protecting the xenobiotic

metabolizing enzymes from di ion by the i inal p

The methodology followed in this study is according to the technique used

by Stohs and his co-workers (Stohs, Grafstrom, Burke and Orrenius, 1976). *

The animals, which were fasted overnigh;, were lightly anaesthetized wi‘th
diethylether. The abdomen was opened‘by a n}idline incision; starting fn;m just
above the penis to the ﬁphaid pr‘ocess.l For identification of abdominal organs,
the anatomy described by Rene Lambert (1965) was followed. The pyloric‘enci of
the sl,onu‘ch -was everted to expose the beginning of the duodenum. The
duodenum was ‘cut with fine scissors, slightly distal to the pylorus. The
paereRNS WsEE ER. TatEwers FeiOved) 1o the duodenal wall as much as
possible using blunt dissection. The duodenum v;;as separated from the resil of th’e
intestine by cutting close to the ligament of Treitz. Again, using blunt d’iss:'cllmi,
the next 40 em. of 5y|all intestine was freed from the mesentery. The proximal 10
em. of this segment was collected as the jejunum sample, the next 20 em was'
discarded and the last 10 c;rx was taken as the ileum sampl‘e. Fo}/large intestine, o
the complete length of.il, starting froxﬂ the caecum to the anal canal was taken.
The rectum was severed close to the anus and using blunt disseétion the rectum,
the whole of colon and the caecum were separated from the underlying fatty

tissue. The caecum was cut free close to the ilio-caecal junction,
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Immediately after collection each sample was dropped in a beaker
con_!vlining ice cold buffer (isotonic KCl in 0.05 M tris HCI buffer with 5 mM
MgCly, pH 7.5). To remove food particle and faccal matter, each segment was
flushed with the same ice cold buffer using a 10 cc disposable syringe. Each
segment was then cut logitudinally to expose the mucosa. Any ‘remaining food
particles were then- removed ;vith 4 cotton swab. The mucosa was scraped with
the blunt edge of a scalpel blade and placed in a plastic wéigl’l‘bont kept in ice.
The weig‘ht of ihe miucoss was: determiiied by weighing the boat and mucosa
together and then weighing the boat alone after the mucosa had’ been transferred
o the homt;genintion tube. The 30 cc glass homogenization tube (Wheaton,
USA) cont;ine;i 20 ct.: of the tris/KCl buffer, 5 ml glycerol and 75 \mits_?f -

bieparin. To this, 5 mg trypsin inhibitor per gram of mucosa was added.

Homogenization was carried out in a 4°C cold room, with a teflon pestle
attached to an electr.c drill (Black and Decker 3/8* drill). The pestle was rotated

in the tube by the drill (1200 r.p.m.) while the tube was moved up and down for

12 strokes. Rapid romlon of the pulle wnth the vertical excursions of the tube
. cani;e: 'dlsentegrahon of the tissue nnd‘ disruption of the cells yielding a
hompge,n:te consisting of diluted cell cytoplasm, jntracellular particles and some
unb\oken cells. Fractional centrifugation was thv-;n( used to separate the various

components. g 3

The homogenates were transferred to polycarbonate centrifuge tubes and
centrifuged at 10,000 g for 10 minutes (RC Z-B‘Qenlrilu;e, 5S-34 Sorval rotor).

The supernatant was decanted off to a Beckman polytarbonate centrifuge bottle
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md’centrimged in the Beckman L5-85 type / H ultfacentrifuge at 105,000 g for q.
60 minutes (SO,ZT;I ro;/or; 35,000 rpm; 4°C). After discarding the supernatant the
pellet was resuspended in 25 ml of 0.15M KCI by dislodging the pellet with a
Pasteur pippete and homogenizing in a 30ml tube with a motor driven teflon
pestle. The resuspended pellet was centrifuged in the’snme ultracentrifuge at™~.”
105,000 g for 60 minutes. The ﬁ;ml pellet was resuspended in potminm‘
phiosphate buffer (pH 7.4, 10 mM, containing 1.1 mM MgClzj. The volume of the
buffer varied between 3 to Sl depending upon the viet weight of the mucosa (~

1 ml/100 mg wet weight).

Protein estimation for the mi 1 jon was done prior to freezing.

The samples were then frozen wnh liquid nitrogen and swred 2t -70°Cin a
Reveo freezer. Durmon of storage never exceeded 7 days. Mlcmsoma frozen
under mtrogen ‘have been shown to msmtmn unchanged levels.of AHH aetivny for

at least a week (DePierre, Moron, Johannesen'and Ernster, 1975).

2.1.4. Protein Assay

Estimation of protein in the microsomal preparation was done on the

;’)finciple of protein-dye binding, using the Bio-Rad protein assay kit and is based

on the differential colour change of a dye in response ta various concentrations of
protein, It involves the binding of Coomassie bnlhunl blue G-250 to protein,
which causes a shift in the absorption maximum of the dye from 465 to 595 nm.

and this increase is monitored.
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2.1.4.1. Dye Reagent Preparation (\

Dye reagent concentrate:was diluted five fold and filtered prior to usﬁ. One
voluime of the concentrate was diluted with four volumes of deionjgré water,
filtered through Whatman no.l paper and stored in a glass beaker at room
temperature. Fresh diluted reagent was prepared before each assay.
2.1.4.2, Protein Standard

The Bio-Rad protein standard I is a Iyopholized bovine gamma globulin and
was reconstituted by adding deionized water to obtain a final concentration of
approximately 1.4 mg/ml. The rehydrated protein was stored at 4°C 'I'or |;p to 80
days. ) o '
2.1.4.3. Assay Method

Protein standard solutions containing 40, 80, 159, 47’7, 795, and 1113 g per
ml in s volume up to 0.1 ml were pipetted into 18x100 test tubes, using an
Eppendorf repeater pipette. The volume in the test tubes was adjusted to 0.1 ml
with the appropriate smount of buffer. Five millilitres of the dye reagent was
added to each test tube and the contents mixed by gentle sucking and expelling
with a pasteur pipette. A reagent Bl.;nk was prepared from 0.1 ml of buffer and .

5mil of dye reagent. -Each tube was prepared in triplicate.
‘

The unknown protein samples (milcrosomll preparation) were diluted 1:1
with the buffer and 0.1 |31l of the diluted sample was Addea to each assay tube.
After n period of 15 to 30 minutes, the absorbance-at-505 nm v\;u measured
against the reagent blank in 3 ml cuvettes (Hellr'm, 10 mn; light - path, optical |

glass cuvettes) using. a Unicam SP-1800 spectrophotometer. A standard curve was
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obtained by plotting the concentration of protein in the standard solution against
' =

the corresponding absorbance. The standard curve wa$ prepared each time the

assay was.performed and was linear in all cases. The assay was reproducible upto

il a "
a period of one hour after sample-dye mixing. This curve was used to determine

the protein ¢oncentration in the unknown samples. \

2 L.5. Emyme Assnyu
A survey of the htenmre indicates wide vananon in the incubation

% conditions utilized to measure miérosomal enzyme activity. The same r'ea:v.ion

] .
" has been studled using varying concentrations of substrate, .enzyme or co-factor -
and w:th varymg mcubauon times. Thus meamngful comparison between .
Ishorntories for the same reaction is often dlmculL For 'this ‘reasen, standard :

procedures for' enzyme assays were adopted, and once standardization Was ~

reached, every effort was made to follow the p d precisely. As d

_ear!ier, two enzymes were selected to represent tlnvtwo phases ‘of xenobiotic
met”ubolism Aryl hydrocarbon hydroxylase (BP-hydroxylase, Aryl n-hydrloxi'lase,
"EC L14.11) activity represenvting pha_se I and UDP-GT activity reprye‘sentl‘n'g
phase II were determitiéd using procedures described below.

2.1.8.1. Beqlo(,)pyréne K_ydrox);lue Activity

ification of the method of Van Cantfort, De Graeve and Gielen (1977).
The pnnc:pln of this radioactive nssny is based on the extraction of the unreacted
. substrate lt the end of the reaction leaving the hydroxylnted derlvntlves in the

aqueous phase of the rea¥igh mixture.

-

_The method follo\yed was described by Knn’da.swnrﬁi and O'Brien (1983) and*

S—
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The substrate was prepared in the following manner. 5-mCi [G-*H}-BP in
toluene was dried down under a gentle stream of nitrogen in a [n'me,hode, "40.96
mg of unlabelled BP weresadded and the resulting mixture redissolved in'2 ml of

toluene and stored at -20°C in 100 4l sliquots. Before tse, l 100 ul aliquot was

dried under mlmgzn u:d redissolved in Iml of acetone. 20 ul of this solution was

\lscd in each assay tube. Frozen microsomes.were thawed at room umpeuture

T,

for nbmlt an hour and stored in ice. -

The microsomes were mcnhnted« at 31°C wnl a NADPH-I‘!‘!I’I!I‘M-II‘I§4

synem for 15 minutes. ‘The final incubation voluma of Zml‘ coninnet{ 10° mM—'

potassium ))hospﬁpte buffer (pH T 4), 11 mM MgClz. 50 ul NA.DPH-ugenerlhux
system (3 mM lsocltnc acid, 0.3 mM NADP 1 units isocitrie dehydro;enua),

4M BP (3135 mCif/mM} and approximately 0.2 mg of mi mal protein. The _

d

:background for the assay was de'.ermi:led by incubalin;,boiled enzyme. Assays
were routinely done in triplicate. : A i

The incubation mixtures were pre-warmed to' 37°C in a water bath for *
about 10 to 15 minutes and then the reactiog was statted by the addition of 20 ol

of BP solutign. Assays were done’in 13x100mm ;cuw-;:tpped tubes in & shaking "

w:te'rvbath (Formn—Scie{:Li{le, Th‘ermo-Sln.ka bath model: 2562), oscillating at 30
cyclu)mi’nute. ‘qu- n{l <;l ice cold ﬁhyluell’@-uewh (2:1 y/v) wasqdded to
’ stop the resction and to extract the unreacted BP. The tubes wer.e \than
transferred to a rotary agitator (Baltimore Biological Laboratory, tube rotator, or,
Scientific Industries,Inc. model: {61), mixed.for § ini‘nute'- and cgitrilupf at 600

® g for 5 migutes (Clay Ad \ac I centrifuge; of International Equipment Co.
 skeing - e s

.

¢
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model CL). Centnlugmg resulted i in the separation of the lower aqueoug llyer

from the orgunc ‘layer hy a compact: interface. The orgsmc layer and. the

interface were sucuoned off and the extraction process repeated. Aftenremoving

the organic layer again, 500 ul of the lower aqueous phase was pipetted out for

liquid scintillation counting. ’
) . .

B The enzyme nctlvny was expressed as nmol of BP hydroxyhtad/mm /mg.

proteln i L . \ .

2.1.6.2. UDP Glncuronyl Tnnsfer-se Actlvlty

The' dure followed was ‘according to Hoensch et ‘al. (1984). . The

substrate was prepared in-the followmg manaer., 250 uCi of {**C|-1-naphthol was
. dissolved in 11.1 ml ethanal, 200 mg. nnlabelled 1-naphthol added and the mixture
sl.ore(_i at room temperature in the dark. 10 4l of this solution was used in each

" assay.

The final incubation- volume of »05'mlrvconuined 10) mM potassium
plmphm buffer (pH 7.4), 0. 325 4Ci [G-14C}-1-naphthol, 2.5 mM 1-naphithol, 1. 1
mM MgCl 025 mg pn) 58, 3 mM UDPGA and npproxlmntely 02 mg
mlcrosomnl,protem. The bgckground was determined by omitting the UDPGA

from the incubation mnxture The mixtures were not prewarmed and assays were

c\il’l&djlllfln duplicate. Addition, of UDPGA started the reaction, whlch was
carried out in 13x100 mm CII“\II‘G tubes in nhlkmg w:'.ergnth at 37°C. Reaction -
was stopped after 10 minutes wnth 1ml 0.8 M glycine- 0.4 M- tn-ehlo_mncetxc acid. |

The tubes were then centrifué:d at 2500 g for. 5 minutes to p}qcipinu the

protein. The supernatant was -decanted into 16x100 mm screw-capped tubes.

i A . B 27




* Following ion of the with 8ce of chl

2

in a rotafing

agitator for 5 minutes to remove the unreacted 1-naphthol, the tubes were then

spun aggin in a desk centrifuge at 200 g for 5 minutes. 500 ul of the upper

aqueous phase was collected for liquid scintillation counting.

The enzyme activity was exp as nmol. of 1

/min./mg. protein.

2.2. Effect of Pnlt-Rgucﬁon Hypertrophy of the Smnl ntestine

on Xenobiotlc Metnbuhsm

Anlm-la v

Male Sprague-Dawley rats purchased from Canadian Hybrid Farms (N.S.,’

Caada) were used in-the study. They weré maintained in the Animal Care

facilities under standard "conditi as ibed iously. At the time of
b -

operation the rats weighed b(euuen 275 and 325 gms. .

-

2.2.2. Surgery

~

Diethylether vapour was used to induce and maintain snaesthesia.

x
lnduction\wu carried out by putting the rat in'n;lm jar containing cotton swabs __

soaked in ether, the top being closed by 8 heavy ‘glass plate. Anaesthesia: was

. rapid, in 2t05 mmutJi and the animal was remov:d 15 to 20 seconds lller after

t-wu clnrly & A hesia wag maintained by means of 8 mask, &

150 ml glass beaker lin lined with cotton wool sosked in ether. Ether was nddpd

lrom_\ume to time as required. During the procedure the animal was observed for

signs of respiratory collapse and the mask was wil@dj:wn or replaced as required.
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The animsl was placed in supine position on a dissection board and the
°
oot >
abdomen was shaved with an electric clipper. The abdomen was opened by a
e 7
midline substernal incision 3 cm long, using a No:22 blade on a No:4 hahdle. The
incision of the muscular and Deritoneal layers was made with a fine pair of

scissors, alter raising the abdominal wall with forceps to avoid injuring the

underlying viscera, and it vas ngended upwards or downwards as required.

Incision through the linea alba kept bleeding to a minimum. Haemostasis, when

required, was achieved by light pressure.

The ca;cum was then identified and delivered through the»wound. The
ileum was traced cranially for 15 crii from the ileo-caecal junction. This point was
selected as the lower end of the segment that'was to be resected. The upper end
wa‘s a point 3 em distal to the attachment of Hgamenmm‘Treitz. The mesentery
was sprem‘i to visualize the blood vessels supplying the segment. Eagh group of ~
vessels wasldouble li;ated with 4-0 silk, keéping a distsnce‘ of about 0.5 cm |
between the ligatures. The vessels were divided between the ligatures using a fine
pair of stissors. Next, with two Schwartz micro-serre fine cls{nps,_ t‘he intestine
was occluded just above 'lm; beio\vit/hg}e‘ected segment. This prevented spilling
of the infestinll contents and stopped the bleeding from the cut ends. Th_e
selected ‘/:egment was resected with a scissor and placed in ice cold buffer (Isotonic
KCI with MgCl, in Tris/HCI). Portions of the segment from the upperdjnnal)

.

and lower (ileal) end were removed for histological and e:zymutic study.
\ i

The two clamps were brought close together so as to approximate the two

cut ends. End to end nu‘to is was then carried out. The procedure followed

D]



[;uture below the nnns'lomosig through the gap in the mesentery. This reversing of

0
was similar to that-previously described (Lambert, 1985). Two stay sutures were
used to approximate the cut edges and an anastomosis was carried out. The
suture material used was 8-0 silk on an atraumatic curved needle. The first stay
suture of the transfixing or through and through type was placed at the
antimesenteric border of the intestine. An artery forceps was attached to the stay
suture to exert traction on the anastomosis. The second ‘shy sut;xre was inserted
in the same way 180° away from the previous one, on the mesenteric border. In
this way two suture lines, anterior and posterior, were formed. The anter’i&r
suture line, defined clearly by the traction exerted on the stay sutures, was closed
by'inierrgpted invaginating (Lembert's suture) stitches. Usually three stitches
were required for each suture line: The posterior suture line was brought.inw

view by reversing the anastomosis. This was easily done by pulling the first stay

the stay sutures brought the posterior surface intd view. Suturing of the posterior
ﬁh: line was carried out in the same way as the previous one. A small quantity
of crystalline penicillin was smeared on the anastomosis line when suturing was

complete. -

During the length of ®he openuon the exposed intestine and the mesentery
were soaked with warm normal salme from time to ume to prevent dehydration.
The angstomosis was'then returned to the lbdommll cavity and a small quantity

" i

of penicillin powder was sprinkled in,the peri'zmell cavity before closing.

_. ' The abdomen was closed in two layers, muscle and ‘peritoneum in one Iny'ir
7!1d the'skin in the second layer.” The sbdominal organs wen’cuefully replaced

" . . v T
o o»
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into the peritoneal ca ‘ry with pu:t.iculn care to maintain the normal anatomical

relations.

The muscular and peritoneal layers were closed with 4-0 silk using a simple
continuous suture. The skin was closed by 6 to 8 Michel suture clips (size 7.5mm
X 2mm) applied with a Fine Sci&pe‘e“'l‘ooh Michel clip applicator. A little
xylocaine (2%) cream was smeared ou.z the abdominal wound to reduce post

operative pain and restlessngss.

2.2.3. Post-Operative Care

Immediately after surgery tl‘n rats were transferred to clean cages with fresh
saw-dust bedding. They Were allowed water ad libitum but food was withheld for
24 post operative hours. After this period the rats were returned to the Animal
'

Care facility and kept there for 30 days.

F

2.2.4. Sacrifice
A? the end of 30 days, the n;s were brouglit to the laboratory and fasted
overnight. Nex‘; morning they were anaesthetized with diethyl ether and the
abdomen opened by a midline-incision. The end to end anu'mm‘:s'u was
identified and 10 cm of }he sileurp® distal to the muwmoajnslwas,removed._ A
small segment of ‘ileum was sgp_ﬁ;for histological pnpultit;n and fr?g the rest of

. the sample, microsomes were prepared by the method already described. In some
cases the jejunulﬁ, from the anastomosis "'w‘m lignmen‘.‘ of Treitz, was also

. removed and processed as described above. The rats were then killed with an

overdose of diethylether.



2.2.5. Histologieal Study

Histological sections were prepared from the proximal (jejunal) and distal<
(ileal) ends of the section’of intestine removed, and from the proximal end of the
resected ileum at .the ;nd of the study. _The intestinal pieces were everted l;y
cutting longit‘udinally nd fixing on a card board with insect-pins, mucosa
upwards. The samples ‘were then fixed in “formalin, embedded in paraffin, cut
parallel to th villous/crypt axis ahd stained with haematoxylin and eosin. T:he
sections wereth obsel‘ved microscopically (Cnr! Zeiss, x10 objective) and the

mucosal tilickness measured. with the aid of a calibrated eye. piece (Maxta,

Graticules, England).’

2.2.8. Enzyme Assﬂys -

Preparations of microsomes and enzyme assays were similar to that

described previously.
2.3. Study on the Intestinal Absorption of PAHs

2.3.1. Animals ‘ = #
. 1 5
Male Sprague-Dawley rats, purchased from the Canadian Hybrid Fa:rn\s

"(N.S.,Canada) and maintained under standard conditions, as described before,
were used in the study. The-rats were fasted overnight before the surgery T/

o -
weighed between 275 to 325 gms at that time. it ]
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. >Sur;ery ‘

2 In the same manner as the previous experiment described under section 2.2, *

anaesthesia was ind;ced and maintained with diethyléther.

ra
2.3.2.1. Bile Duct Cannulation

Laparatomy was carried out as described in section 2.2. and the

- surrounding tissues for  distance of about 1 em disfal to its bifurcation. with
curved fine tissue I'orc;ps,' two sm'a_ll lengths of 4-0 silk were pused',sround thg .
duct in the cleared portion; one cauc!ally and one 'c‘ranially. fl‘he duct was then *
ligated st the lower end of the cleared segmehi. ‘This. made the duct turgié and -

: nhore viﬁﬁe\‘ With Mini-Vannas spring scissors (Fine Science Tool lnc..clt. no:
-JSM), the bile duct was cut transversely across half of s diameter
= np;;oximately 10 mm from the liver hilum. A catheter,of polyethylene tubing
- (PE-10, Clay Adams; initernal dia. 0.28 mm, external dia. 0.66.mm) 20 to 25 em
long and one end slightly bevelled, was tk:en introduced into the duct through the
/, il incision and was gentl{' push;d upwards for a small distance. When the bile flow
in the catheter was judged to be ﬁﬁslacmw, the catheter was se;:nud in the duct
‘by the previously placed cranial suture. The catheter was then exteriorized ~

* thfough a-stab wound in the right flank using a 16-G hypodermic needle.
i & . .

-
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2.3.2.2. Duodenum Cannulation

In order to avoid vninlionsv in gastric emptying time, it .was an obvious
choice to introduce the test meal via a duodenal catheter rather ti::n a gastric

catheter.

Follo_win‘g the bile duct cannulation, gsmall stab incision was made with a

16-G needle on the lessef curvature of the stomach, about L cm distal to the
pylorus. A piece of polyethylene tubing {P.E. 50, -Clay Adams; LD. 045'8 mm, 2
0.D. 0.985 mm) 15 cm long with one end bevelled, was introduced through the
incision aﬁd passed- caudally into the duodenum for 3 lo 4 cm, \mti! the end couid .
-be palpated in the duodenum. The catheter was s.ecured by a purse-string s‘ulure
using 4-0 silk on a\ atraumatic curved heedle. Patency was checked by inj:ecting
1ml of saline through the cannula into the duodenum and examining the site for

’ le;kage. ‘The cannula was exteriorized through 2 stab.v'vmmd in the left flank.
2.3.2.3. Billary Fistula with Pancratic Obstruction_

Obstruction of the external pancreatic ducts prevents entry of the exocrine

P i ions into the dudenum but the endocri Gtions continue.
Rk «
Bile duct cannulation was carried outi;s descrsbed previously. Traction on

the duodenal loop brought the whole length of the bile duct into view. Using
jurved fine tissue forceps, the common bile duct near its entry into the
duodenum, was cleared from the surrounding pnnérentichﬁss\u by * blunt
dissection. The duct was then double ligated as close to the duodenal wall as

M

possible with 4-0 sifk Duodenal cannulation was done as described previously.




.. Closure of Abdomen
The abdomen was closed in the same manner as described previously in

section 2.2. i

2.3:3. Post-operative Care.and Sacrifice
Immediately followin‘g surgery the rats were placed in Bollman-type
-restraining cages. - These provided effective and hnmalle/{mmobilizalion— and
Vprevented access to the cannuln‘e by the rats. Each ‘rat.was,pm_vided with n'waier
bottle in such a way that it had easy access to the nozzlgr the bottle. No food
.Was [;rovided. ' ) (
N

3 ; g
{ Following over-night recovery and prior to test-meal administration, the

\

.
‘animals were observed for 30 minutes to ensure adequate flow ‘of bile. The
temperature, humidity and the photoperiod. were maintained as in the pre-
“operative period (74°F, 55% humidity).

-

Following the expériment the rats were anaesthetized by putting them in a
glass jar containing éa\lzeé soaked in diethyléther. The anaesthetized animals

were then sacrificed ,by cervical dislocatjon: At necropsy the animals were

miined for proper g of cath

and leakage into the abdominal

cavity. Rats with dislodged cannulae were rejected from the study.




2.3.4. Test Meal Preparation

\

To avoid physiological varistions in gastric emptying time /h; different \;
animals, test meals were administered intraduodenally via the duodenal catheter. Nk 4
Corn oil (Mazola) or ethanol was used ns vehicle according to the experimental
protocol. Ethanol was chosen to represent a non-lipid vehicle and because it is a
good sclventvfor 2,6-DMN. In the procedure wh‘ere the presence of bilé was

. required in the duodenum, the lxydro_)nbon solution was mixed with Hooled rat

\

bile before administration.

- 2.3.4.1. 2,6-Dimethylnaphthalene (DMN) in Lipid

A toluene selution of [G—"’H[-?,s—DlviNv(?.l mCi/mMol) was dried under a
gentle stream of nitrogen and enough ;xnlabelled 2;6—DMN ‘was added to yield a
mixture having approximately 1 million cpm/mg. 4‘Corn oil*was then added and
mixed to yield, a final concentration of 1 mg 2,6-DMN/0.2ml oil. The mixture was
X vz;rtexed vigorously while protecged from light and observed frond time to' time u;
ensure that no-undissolved particles were left. Each animal received 0.2 ml of this
mixture in the test dose. P;ior to'test meal administration aliquots were removed
for liquid scintillation counting. { &
2.3.4.2. 2,6-Dimethylnaphthalene (DMN) in Bile-Lipld Vehicle

The above pl:ocedure?wm followed and to the lipid solution of 2,6-DMN,
pooled rat bile was added to make a final oil to bile ratio of 1:2.5 v/v (0.2 ml corn
oil solution of 2,6-DMN and 0.5 ml bile) 'Emulsification was achieved by
vortexing. A]itiuots were removed for liquid scintillation counting.\ :

X ‘
\ ¢

Y .

N, X .
)
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2.3.4.3. 2,6-Dimethylnaphthalene (DMN) Metaboli

Two donor rats with biliary and duodenal catheters received an
intraduodena™bolus dose of labelled 2,6-DMN in 0.2 ml corn oil mixed with bile.
The animals received 0.5 ml exogenous bile every hour for 4 hrs. Endogenous bile
was collected for 4 hrs. and ;ooled. Samples of this bile were-subjected to liquid
scintillstion counting. The pooled bile contained radiolabelled metabolites of 2,6-
DMN: Recipient rats with biliary and duudenal catheters received 1 ml donor
pooled bile mtraduodena]ly‘;; 8 bolus dose.

2. 3.4 4. 2,6-Dimethylnaphthalene (DMN) in Ethanol-Blle Vehlcle

i tojaess wolitien of [*H-2,6- /MN {21 mCi/mMol) was dried runder

. mtrogen and unlabelled 2 &)AN was added -to yield n/ mlxt\ne ‘hnvmg

approximately 1 ml[hon cpm/j\g Ethanol was added to this mlxture to nbtnm a

S = - concentration of 1 mg/0.2 mlof ethanol. Each animal received 0.2 ml of ‘this
. »
! “solution_intraduodenally, ed with 0.5 ml of rat bile. Aliquots were removed
g 3
. for liquid scinbillation-csunting prior to admini

6. Phenanthrene in Lipid and Bile-Lipid Vehicle

The procedure followed was exactly like 2.3.4.1 and 2.34.2 using [*C|

h h , unlabelled ph hrene, corn oil and bile.

2.3.4.6. Ant)lrl;:en: in Liph? and Blle-Lipid Vehicle
A benzene solution of ["C]—anthme'e (5.1 mCi/mMol) was dried under a
, gentle stream of nitrogen and sufficient unlabelled anthrncene was added to it, to
obtain an ncuvﬂy of 1 mnlhon cpm/mg. Corn oi) w!x then addedsto yield a final |

concentration of 1 m5/042 ml oil. Excess benzene was added lo the mixture and

vortexed vigorously to obtain a h solution of h in oil and
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benzene. The benzene was then evaporated off under nitrogen. Aliquots were
removed for liquid scintillation co‘\lnﬁng prior to administration. For the
bile/lipid-vehicle, 0.2 ml of the above solution was mixed with 0.5 ml rat bile by

vortexing.

2.3.4.7. -f,iz-g- hylb hracend(DMBA) In Lipld and Bllo-:lpld
7 VV:hlcle
The érocedur’e followed was similar to 2.3.4.1 and 234.2 uing
[3H]-7,i2-din{thylbenz‘anthucene)t«),a mCi/mmol), unlibellen:l 7,12-DMBA, corn -
bl

oil and bile.

STy e .
2.3.4.8. Benzo(a)pyrene (BP) in Lipid and Bile-Lipid Vehicle

The procedure followed was exactly like 2.3.4.1 and 23.4.2 using [°H}-BP-
(50.5 Ci/mmol), unlabelled BP, corn oil and bile.

“

2.3.5. Test Meal Administratiod

All dosing was carried out in the morning between 9:30 AM and 10:00 AM, -

using an appropriately sized syringe containing the test mesl. A predete}mined

volume of the test meal was drawn up in a 1 rpl disposable syringe, which was
then weighed on a Mettler A.’m ;nalyticnl balance.  The test meals were
‘xdn;inistered a5 2 bolus dose intrauodenally through the duodensl catheter and
using a separate gyringe, the residusl test meal in the catheter, was flushed into
the duodenum with saline or bile, nc‘;ording to\ﬂ:e experimental protocol. The
empty test meal syringes were then reweighed to determine the exact ‘quantity
given to ench\animal. Using this q\l‘nntity and the cpm in the test meal aliquots,

the exact radioactivity given to each animal was calculated.




TABLE 2-1 :

NO. HYDROCARBQN (PAHS) COF PAH TEST MEAL VEHICLE  \ ENVIRONMENT COLIECTED  ANTMALS

— ——n . 27 J

1. 2,6 1mg 0.7m comn oill+bile \bile present? urine’+hile?

2. 2,60M ‘lmg 0.2m  ocomoil *_~ bile ahsent "

3. phenanthrene 1mg 0.7 m corn oilfsbile bile present -

4. .;.gu@mm 1mg 0.2ml IS bile absent -..

5. anthracene lmg 0.7 ml corn oil/+bile bile present .

6. anthracene lmg 0.2m carn bile absent "

7 7,12-DMBA lmg 0.7ml  comoil 4bile bile present .

4. 7,12-0Mma Img 0.2m comoil bile absent .

9. PBP Img 0.7ml com oil +bile bile present »
1mg 0.2m bile sbsent = "

corn oil ~

htand
. Exogenous bile
3. 24-hour qmnar.i

collection.
lfs-lnxrpeﬂod!.ceouectimandm-m(wnightbﬂe,

supplementation.

@iB) cumilative collection.

6¢
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'\S)O/:;;a specmc gravity value of 1.00, the bile welght (gm) was equivalent to bile

2.3.0.'5nmple Collection .
Z.S.G.IA. Bile

éi[e was collected at timed inte_rlaij into pre’weighed disposable glass culture
tubes for the first 8 hrs usiug a fraction g\u"g (LKB 7000A Ultra Rac, LKB-

Pr‘odukler AB, Sweden). For the next 16 houg (8-16 hr bnle, overnight bile,

ONB} bile was collected in preweighed 2 “ yrex ﬂasks which were pnrtmlly

stoppered to retard evgpé)rstion. The culture tubes and the flasks were reweighed o) 3
P 7 N
)

vy .
on ra Mettler A30 analytical balance to delemiine the weight of bile excreted,

volume (ml) excreted Ahquots were removed for hqmd' scmtﬂlﬁuon counlmg

2.3.6.2. Urine = Eo .

Utine was collected continuously for 24 hours into preweighed 150 ml
beakers. A glass funnel was used to catch the excreted urine and a wir; mesh
prevented contamination of the urine with faeces. "The beakers were then
reweighed on a Sartorius type 2250 precision balance to determine theweight of - ¢

urine excreted. Using a specific gravity value of 1.00 the urine weight (gm) was

equivalent to uine volume (ml) excreted. . Aliquots were removed for liquid -

scintillation counting.

2 3.7. Liquid Sclnhllltlon Countlng
50 ul of each ssmple to be analyzed was combined with 10 ml ol‘ hquld

illation cocktall (Aquasol-2) and subjected to direct scintillati counhng insa

Beckman LS 8100, scintillation counter using library programme #1. Quenthing

was corrected by n'ns of an extern‘stnndard (137
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2.3.8. Experimental _Pl}ocednre: .

All experiments were performed on th‘{ first posl—q‘pcrutiva morning and

d b

of

involved intrad 1 test meal ini: ion and

excreted bile and urine. Any animal which showed abnormality in‘overnight bile
w, = 7

or urine productiop was ded from the experiment and subjected to
O

autopsy. . /

. There were two  Basic exp imental p administration ‘of the

h'ydrocnrbcin in p‘esence of bl]e and admmlstmhon in the absence of bile (Tab
2 1).,In the case of 2,6-DMN; the absorptmn and excretion of the compound when
glven in ethanol nnd ‘when both blle and pancreauc secretion are absem frpm the

duodenum, and the entérobepatic. cifculati o['\t’.we_tMe also
um, a NP \ " g

2.3.8.1. Procedure 1 ¢ = o & .
. . . i

Biliary and urinary»excretion q[ radivlabel l'ollowjg’( labelled hydrocarbon
administration; w [3H] 2 8-DMN, [“Cl‘pheﬁnnthrene. [“.C]—antbrncgne.

[H}-7,12-DMBA snd [PHJ-BP in corn'oil. Bile present : the duodepum:

In animals with biliary.at@ duodenul catheters 1 mg of Jabelled hydrocarbon

“{Table: 2-1) dissolved_in 0.2 ml corn oil and mixed with 0.5 ml rat bile were
) £

administered intraduodenally as a bolus dose through the duodenal catheter. An
g A g 3

intraduodenal supplementation of 8.5 ml rat bile every hon; for 8 hours followed

L T . ‘ . e
the test meal administration. BNe was collected every 30 minutes for 8 hours,

then. a cumulative 16 hou;é collection ‘'was made. A cumulative 24 hours

collection of urine was also made. Collected samples were nnnlw;d for
N 1 s Gl

-radionctivity. ' C . —




2.3.8.2. Procedure I

J
. Biliary and urinary excretion of radiolabel following labelled hydrocarbon
administration;  [*H]-2.6-DMN, ['4C)-phenanthrene, ["(‘]-n#rnconv
PH}-7,12- D\rﬂ!’h-aud {SHI BP in corn oil. Bile absent from duodenum:
2

This procedure was similar to p

" 1 except that bile was omitted from
the test meal and there were no post-testmeal bile supplementation.

2.3.8.3. Procedure Il

Biliary and urinary ion_of radiolabel following admini: ion of

l“H]iZ,&-DMN in ethanol. Bile present in duodenum: '

-

In animals with bililr’y and duodenal catheters, 1 mg of 2,6-DMN dissolved

in 0.2 ml ethanol and mixed wnh/u.% mi rat bile, was delivered ‘a5 a bolus dose

Al

and ini of bll! was made at a rate

of 0.5 ml every hour for 8 hours. Sample collecuon and ndwhbel analysu were
done similar to previous procedurgs.
2.3.8.4. Procedure IV

Biliary and utinary X jon of radiolabel following admini: of .

[*H}-2,6-DMN in corn oil. Both bile and pancreatic secretion absent from the
7 T ) =

duodenum:
o

In animals with biliary and duodenal catheters, and in which a complete
puncreati;: obstruction existed, 1 mg of [°H]-2,6-DMN dissolved in 0.2 ml of corn,

~
oil were delivered as a bolus dose. Collection of bile and urine and analysis for

- radiolabel were done similar to previous procedures.
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2.3.8.6. Procedure V B |

s i g
\Biliary and urinary excretion of rydio label following administration of

radiolabelled biliary metabolites of [*H]-2,6-DMN. Bile present in ul_e.dllnd!llllm:

A 1 ml aliquot of a 4 bour “collection of pooled bile containing labelled
metabolites of 2,6-DMN was administered as a bolus dose. intraduodenally.

Exogenous bile supplementation was thade af a rate of 0.5 ml per hour for 8

_ hours. Excrefed bile and urine were collected and analyzed for radiolabel like the

.
previous experiments. . v e

'+ 2.4. Statistical Analyuls

The mean and standard enor of the mean (SEM) were calculated for uch
group of results. anhlul presentation of data has included standard error bars
whenever possible unless at the expense of clarity. Sludent's t-test for unpaired
values were performed using an Apple Ile computer using a Statistical Analysis

{vncka;e (Tallarida and Murray, 1982), to test statistical significance between
-

oups of data within an i igni was established at p < 0.05

unless otherwise specified.
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Chapter 3
- ' RESULTS . :

! 3.1. Effect of Gastrointestinal Hormones on, Benzo(a)pyrene
Hydroxylase (BPH) and Glucuronyl Transferase (UDP-GT)

Activities in Small and Lar_g’ejlntesﬁne of the Rat

This study was undertaken to observe the effects of p.hnrmacologicnl doses

+ of synthetic GI horn  (p: in, choll kini ide, and Secreli.n)

on xenobiotic metabolizing enzymes in rat intestine.

3.1.1. P in T Table: 3-1, Fig. 3-1)

Our results showed a gradient of. activity of BPH from duodenum through
jejunum and ileum and colon. UDP-GT- activity showed a similar decrease along
the length of the small intestine but activity was higher in the colon than in the
ileux.n. . U

\

Although the animals received & h;ge dose of pentagastrin (250 ug/kg body
wt./day), there was no significant change in either BPH or UDP-GT acvl}llity in
the duodenum, j‘ejunuxp or ileum. However in the colonic mucosa pintngutrin .
treatment significantly increased (P <0.05) BPH activity by almost 238% as /" "
compared to control v ;n the case of UDP-GT activity, no such

stimulation was seen in the colonic mucosa. > \' .
? \

W ' i



Figure : 3.1

Effect of pentagastrin on benzo(a)pyrese hydroxylase
(8PH) a®4 glucuronyl transferase (UDP-GT) activities in
the rat intestine.

Hormone treated anirpals: white . -

. -
.Control: dotted ‘
Each value r‘epresenl.s the mean'(x SEM) -

(*) Significantly“different (P < 0.05)

L
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Figure : 3.2 3

Effect of chol kinin on benso(a) NI
(BPH) and glucuronyl transferase (UDP-GT) activities in
the rat intestine and pancreas. ’

Hormone treated animals: white
Control: dotted

 Each value represents the mean (+ SEM) PR
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Figure : 3.3

Effect of secretin on benzo(a)pyrene hydroxylase (BP‘B) :
and glucuronyl transferase (UDP-GT) activities in the rat

Intestjne. .

* Hormone treated animals: white

Control: dotted '
Each value represents the mean (+ SEM)-
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TABLE 3-1 : BENZO(a) PYRENE HYDROXYIASE (BPH)\AND GLUCURONYL (UDP-GT) AC :
= 5 N RAT APTER WITH T
: )
\ ¥ :
' ;
EPH  ACTIVITY . . UDP-GT __ ACTIVITY P
TISSUE PENTAGASTRIN CONTROL. D PENTAGASTRIN CONTROL .
Duodenum 201.55 + 23/5  152.14 + 28.901 . 7.57 + 1.93 8.50 + 1.62 .
. N ) )
JejnTun ©170.25 + 22.84 167.88 + 19.80 5.08 + 1.36 5.10 + 0.94
“ 4
Tleun 147.50 + 20.43 12155 + 22.80" 3.05 + 0.62 1:86 + 0.42
< N :
“ ! colen 192.66 + 45.02° 81.37 + 12.86 5.32£0.60 4.2 40.7
1. BPH activity expressed as nmol. BP hydroxylated/mg prot./min.
2. UDP-GT ivi as nmol. 1 oon: prot. /min.
3. Each value represents the mean (+ SEM). -
4. (*) sSignificantly different (P<0.05) &
3 . . .
. w
2
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Ty (T 1, Fig.3-3f
Cholecystokinin = (CCK), uomo‘jor GI bormone, has an ‘idontie-l
;. -COOH terminal sequencesto that of gastrin, the terminal pentapeptide béing the
same in the two hormdB¥ Although Fang and Strobel (1081) observed & marked
inc‘ruse in the drug metabolizing actifities of enzymes in colonic mum.llur .

CCK , under our i 1 ditions no such increase was seen in, / "3

8 »
the activity of BPH and UDP-GT in either the colon or the small intestine. The '
gradient of activity of UDP-GT from duodenum to ¢olon was demonstrated but
'no such clearly demonstrable gradi‘nt for BP"was evident in either the control ‘or

¢ ¢ ) .

,the treated animals. # s ’ 5 : Uy &

. - .
Because of the well known trophic action of CCK on rat pancreas

(Barrowman and Mayston, 1973), the action of this hormone on BPH and UDP-
S
GT activities. in pancreas were also observed.. Both the Ilormqné activities were

quite low in the pancreas (Fig. 3-2)-and there was no statistically significant

increase in t!:::eir activities éler hormone treatment.

- 3.1.3. Secretin Treatment (Table: 3-3, Fig. 3-3) * *_
. As in the case of CCK, fio stimulation of BPH and UDP-GT activity in rat

- - -
duodegum. jejunum, lleum or colon was observed, after treatment with secretin.

Like the other two experiments, . gradual fall in the activity of these enzymes

Wt .
N ffom foregut to the hind gut was demonstrated. * >
- . J -

N i
¢ -
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832, Effeét of Post-Resection Hypertrophy of the Sinall Intestine
~~ on Xenébiotic Metabolising Ensymes.

- . .
“The. mimnls tolerated ansesthesia and surgery well.  Post opentive

moa.nlnx was low one animal in & xroup of six. Autopsy revenled that death was
due to subacute mtutmll obstmctmn The “other dhimals recovered quickly from
\ the operd¥ion. .. N - - C“ ~
e : N : ' .
. ' A!ler & period ‘of '30 days, at lapl.utnm};)inspa‘ttion ‘showed dilation lnd
) thickening. of the remnant. The‘ en‘ugement was most marked in the residuak
v ileum. : The ileal enlugement wu !spered bemg most mnrked just distal uo the ‘tp
:nuwmom& and almost normal at the lleo-cae\chjunchon . S
; x ' i
A 3 \Mlcroscupmlly “all lnyers of lhe intestipe. ssx‘cd tlnckemng, although th#
V hyperplasia- was (:st marked in the mucoss Tfnere was an increase in the helght -
A

of .the vﬂh md e tips were rounder and bronder1 Mncmscoplc;lly the most

~

smkmg !enhm Wu.s the pronounced crypt hyperplasia, with loss of identity of
cryptevillous junction. - Many crypts showed cystic ddutmnb’ Another feature whs

T ! »° sligh‘t increase in the number of gob_let cellsin both villuos and erypt epithelium.
N T - = K .
g

) - -
4 Becatse of the loss ol’ crypt villous junction, | it was di“‘*ult to memu‘: the

=5 .
J u) * villous ér the crpt helgh& hpn.rltely Sm”é;‘the scopa of this thesis does not, -
/‘/l . lnvolvn a doulhd hulologxp! examination, it was decided kr compare the whole o
% thlcknm of the mucosa before* m%r adnphhon Mens\uements were taken .
» from the m\uc“llns .mucosae to the tj of the vnllolu At Teast un reldmp were ! /
taken from ench section’ lela,.3:4 ::\t}n@&m thickness gf jejunul and ileal
,,—' €., b , v

s T
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Effect of ldnptlve lled hypertropliy following proximal,
resection and -n-atomocls, on benso(n)pyrene hydroxyllae
(BPH) and glucuronyl :fn.nlferue (UDP-GT) activities, *
Control: White® S :
After adaptation (hypertrophied): “Dotted’ - - s
Each value represents the mean (& SEM) for 3 to 6 determmltlons . . =
*) ?lgnmclntly different.
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TABLE 3-5 : mmmmwmmmmm\mwmmm ¢
\J PROKDAL RESECTION M0 ANASTOMOSTS. : BN
= .
. ’
i . e
Total microsamal protein BPH  Activity . . UDP-GT Activity
(mg/ 10 cm length) i (nmol /mg prot/min) (nmol /mg prot/min)
. Jej\nn 1 Jejunum Ileum Jejmm\ 1 Tleum ’
No. ® m ®) @™ @ @ ® (8) Y ®
= il
) B :‘ .
1. .42 7.68 5.82 11.52 \ 148 27 167 7 5.55 1.37 1.38  0.98
2. 4.63 9.70 192 7.6s© 88 _13%0 120 202 4.52 4.05 1.57  .0.44 .
3. 3:.00 8.70 1.48 7.60 1Q5‘ 101 105 146 4.82 2.70 1.10 ,0.88
4. 3.05 4.72 8.65 101 44_ 161w 4.03 'l.n 0.64
5. 40 . 2.30  5.74 7 109 143 4.70 1.30  0.09
* ) he ! * *
Mean 4.05 6.69° 3.24 8.23 103.2 101 . 109 145.8 4.71 2.28° 1.33 0.7
SEM  +.48/ £.71  #.95  +1.05 #13.9 420.5  #21.9 3225  +.26 +.98  +.08 +.11 =
7 3
@) Sigificmtly aifferent “’<2.,§5’ iy
. Readings from three m:kmlu Y. -
© (A) EBefore adaptive hypertroplly. - 3
©(B)  After adaptive hypertrophy . . % :
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mucosa before resection n‘nd the ileal mucosa after the ndupm(ion. The ileal
mucosa shows an approximately 177% increase in mucosal thlckness over the

control ileurn and lpproxlmlely 131% over the control j jejunum. s,

The_ total microsomul‘protein content in the mucosa of both jejunum and

ileum were found to be si

d after ad ion” The BPH activity
(expressed in ranomoles of product formed pe.ﬁng. of prot. per min.) was not

: Y
significantly altered either in‘jejunurl‘ or ileum, after addgtation, as compared to

the control. The UDP-GT activity (egpressed in nanomoles of product formed per:

mg. of prot. per min.) in jejunal mutosa and the ileal remnant after the

adaptation s¥wed & significant drop in UDP-GT activity (Table: 3-5, Fig.

3.4f(63% of the control, P< 0,05). ,
. 4

\3.3. Study on the Intestinal Absorption 'nf PAll'lu.- d
i .

3.3.1. Role of Intraduodenal Bile - ,  °

~

*The importance: of biie in the absorption of i;olynuclear aromatic

’ hydrocarbons is well established. lAl‘th‘Bugh a‘ great deal of study has been done
on the nb;orption of PAHs, most of. the workefs were concerne’d ‘with such

. compounds as BP, 7,12-DMBA or 3MC. To our knowledge; v:ry little has been
- done. to observe the role of lnle in the nbsorptmn of lower molecular weight PA‘
| like 2,/ &DMN mlhruene snd phenmthrene In our study we included "AH:

with g-r_ndus.lly increu_ing'mﬂ:culu w‘eight and increasing aromatic ring
.

structures havidk gradually d ing wAter solubili
~ e

-~
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PAH is efficiently excreted in bile and urine. Thus monitoring these two samples

Since by a biliary

provides a relisble index of
4 5 ,

csnnuls, the dormal physiological dition in !he.‘ e is altered, in the
control animals t‘his‘wu corrected by inl'using‘{o.s ml of exogenous biie
intnduo’dehl.lly every bour. This volume of bile s\lpplemtnl’lﬁon is in agreément' ’
with the normal physiological rate of bile secretlon in rats (Thompson and Vars, -
1053). In the t;ther 6cmp of animals, no such supplementation was made and the
results obtained were compared with controls and an assessment was made on the
réle of lzile in the bio-_vni!ubility of these componndsi BT 5
3.3.1.1. 2,6-Dimethylnaphthalene (DMN) s
* Fig. 3-5 shows thé 0-8 hour pattern of biliary radio label recovery at half-

"hour intervals following an intraduodenal administration of |3H]'2,B-DMN, both in

the presence and nhsen‘c‘e of bile. The figure also shows the total cumulative ~
recovery in 24 hours. In the p‘mence 81 bile, the rate of biliary excretion of
radiolabel peaked 90 min’,gnlr intmdu&iT ‘of the test meal, reaéﬁ{g‘ avilie o
590 + 1.93% of the total administered dose. Then the rate of excretion
percentage graduslly I’ell toln value of approximately 0.5% of the total dose at 5
hour' post infusion per‘iod and was constant thereafter. The cumulative recovery
from, 0-8 hour bile in :I:e above situation was 2058 + 4.8% and, from 8-24-hour
bile i; wis 1.43 & 0.25%;. In the ﬁrMe, 24-hour recovery of radiolabel was 20.95 -
+0.97%. The total recovery of radiolabel in 'bile and -urine combined. in presence .

of duodenal bile, wn:(Sl,DTﬂ; 12.12% (Table: 3-8).

recovery value in -

In the. absence of bile 1 fon the cor

7 /éss hour bile, was 25.01’:& 4.32%, in 8-24 hour bile it was 5.85 + 0.58% and in*



B Figure : 3.5

Plttgr;l of radiolabel ex:rfud in bile over an 8-hour *
period’ followﬁg “Intraduodenal adminjstration of -

. [PH]-2,$-dimethylnaphthalene in corn oil with or without

bile fentat

Collections ;ver.' taken every hoAminn't‘e:.
Eachrpoint represents the mean (+ SEM).for at least 5 animals.
The right side of the figure shows the total recovery of radiolabel in
24-hours divided into 8-hour biliary recovery, 18-hour biliary
recovery (ONB, over night bile) and 24-hour urinary recovery.
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6 )
24-hour urine it was 16.0 £ 2.78% of the total administered. The total recovery
of radiolabeél excreted in bile and urine combined, in absence of duodenal bile, was

4763 + 5.16%. If the results of the two experimental situati . i

P! '

.
only the 824 hour biliary recovery in absence of bile was significantly higher (P<

-
P 0.05) than the corresponding recovery in presence of bile but the total recovery

was ot significantly different, from each other (Table: 3:6; Fig. 3-10, 3-11), that
L] B

~

is, "decreased and prolonged rate of biliary excretion, without altering total
availability. K
. 3.3.1.2. Phenanthrene . o

Fig. 3-6 shows'the 0-8 hour pattern of radiolabel gxcretion at half, hour .
- X {ntervals and also the total excretion ‘of radiolabel in 24 holu‘e’, after an

intraduodenal dose of “[*C|-phenanthrene in the présénce_ and | absence of

bile i In both conditions peak recovery h& seen at |

~ hour after inl’usio‘n.’ The peak excretion rate in the presence of bile, 7.83 +

~ 1.30%, was slightly higher than the peak obtained in the absence of bile, 455 +

N -="y__~087%. In the absence of bile, the recovery pattern Tormed a plateau at

approximately 3 hour after infusion and was maintained at a slightly higher level
. v
than the control with bile. The sumulative excretionéﬁ radiolabel in the 0-8 hour
v % e
period, in presen‘e of bile was 45.15 & 3.18%., as compared to 40.84 + 2.72% in
+ &

absence of bile. In the 8-24 hour period, the radiolabel recovery in the presence of o
Y g - v

bile was 10.35 + 0.52% and in the absence of bile it was 10.54 + 3.02%. A

similar’ [é;: was noticed in the radiolabel excretion in 24-hour urine. The
presence of exogenous bile resulted in 17.23" + 2.28% recovery ‘whereas the

absence of bile resulted in 18.93 + 2.44% recovery. The total combined recovery =




7
~ : \‘
. s ff
[ I
Figure : 3.6 ’ B W
Pattern of radiolabel excreted in bile over an 8-hour G
perlod 10, " duodenal a Z of ’
> [C]-phenanthrene in corn oll with or without exogenous
bile supplementation. A )
Collections were taken every 30 minutes.
_— Each point upruenﬁ“the mesn (€3 SEM) for afleast 5 animals.
Thé right side of the figure shows the total recovery of rsdiqlnheT in
24hours divided jnto S-hour biliary recovery, 16-hour biliary
1] .~ recovery (ONB, over night bilef and p4-hour urinary recovery. g :
. e . [
= ) V3 . P N <
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in'tile and urine in-24 hour, in the prmnce\ol exogenous bile supplementation

© was T2.74 £ 4.26% and in sbsence of bile was 7032 £ 6.26%. None of these

differences was significant. (Tsb. 3-6; Fig. 3-10; 3-11). 3 =
3.3.1.3. Anthracene

When [*4CJ-anth was sdministered intraduodenally, the pruence of

exogenous bile produced a’'shgrp drﬂerence in the * radrolnb)hlrcretory pattern. In

Pt tho presence of bile the peak reccvery rate of 6,14 '+ lle wu seen at'1.30 hour

:ner ml‘usmn a3 compued to, the peak vnlue of 242 + 1‘1% at 230 hour mr'

nbunce of: bile (Frg 3-7) The\cumnlnuve iliary recover; from. 0-8 hour in the

abrence ol‘ bile was 20, 61 X 158% whrch was srgm(mnfly (P< 0. 05] Iower thxm .

the recovery in: thu prse

v _\lrmllntwe recovery ‘in bnlun--emh gmup was not rrgmﬁcanly different, helng

G, eieen - 1231 2 201% in presence of blla And lﬁ 82 £ 3. 62% in absence Likewise the

cnm\rll'.we recovery in-urine'in both condmons were not srgmﬁcnnt]y different

gh By from each other: in pruepce of bile it was 24.43 + 5r43% andin abgence ‘of bile it

was 16.22 + 1.32% of the Admiiistered ‘dose The total- cumulative biliary and

) urinary . radiolabel excretion in prmnce of hrle ‘was 75 77 * 8 Sﬂ% which was

an w sr[nmcn.ntly (P< OQ.S) lnghar.(lll%) than the recovery obulned in absence of
Lo - bile, 53,85 + 4.22% (Table 38 Fug 3-10 &u)

P

of bile,. 384!5 :t 543%' Fkom 8-24 hours, lhe 4
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-Flgure : 3.7

Pnttern of ndlol.bnl sxcreted in blle over an €-hour
perlod foll denal d ‘of

[l‘cl-nntllneena,;: corn oll ‘with or- without no;enoul blle
supylemmﬁltlon.

Collections were taken every 30 minutes.

Each point represents the mesn (== SEM) for at least § animals.

‘The right nde of the fi l’g\lre shows thu total recovery of radiolabel in
24-hours dlvnded into 8-hour bllmy recovery, 16-hour biliary
rcovery (ONB,,?veFﬁTxht blle)y'md 24-hour urinary recovery. °
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3%.1.4. 7,12-Dimethylbensanthracene(DMBA) . - N
M Fi‘g. 38 portrﬂys the b;uem of biliary radiolabel recovery in the 0-8 hour

period

g an jntraduodenal administration of |3Hl~7,l2~D§4BA, in the

2 _presence and absence of bile. Wi_tho;ut exogénqus bile suﬁplementn‘tion, the

. exbretioh radiolsbel was relatively uniforni throﬁghout th;period and no peak
excretion r’a‘{e was ot{served. Upon inclusion of bile, a peak nc(‘:very rate of 2.58 _

+ D.lé% of the- total radiolabel administered was. obsérved at 1.30 hour after

e s
infusigfi; mﬁﬁ\;\: diolabel then Iell dually arfd An_cr 8 hours .
@ recovery patternjinhofh coatrol and exper 1 groups ‘almost coincided

© Total recovery in the first 8 hours in the presence of bile was 18.24 + 2.92% ,
\\J. - which is slgnlﬁcantly higher (P <0. Os)l’than the recovery\m the absence of blle,‘

6.35 '+ ‘l:'d_s%. Biliary radioiabel reco‘fery in the 8-24 hour period was not
vuf[ectgd by the presence of duodenal bile béing 3.55 + 0.45% ir*the presence of .

. bLle and ,2.73‘ 0.23 in the absefice of bile. Urinary recovery of radiolabel was

. ;igni'ﬁéan;ly» affected by the absence of bile. Additiot of ‘bile rQulted i‘n 288+ 9

’ 0.21% of the total M(;inbel being excreted in the urine in 24 hours“compared , ' R
wnth 153 %+ 0.18% jn its nbsence/ C ing the total tion' of radiolsbel in Gt

24—hrs hjle and urine together, a significant difference (P <0.05) was observed

4« between thc two groups. The presence of duadennl blle resulted in 24.38 + 3.30%

<..0f the totnl radiolabel being recovered while in its absence ohly 10.62 + 1.33% of
‘the wul dose was recovered, a difference of approximately 56% (Table: 3-6; FI‘.
310, 3-i1). e . ¢




7 = , Figure 3.8

L
C. Pattern of radiolabel excreted in bile over~m 8-hofir -
u following | duodenal dmin; lon / of
I %}-1,’2-dlmethylbenlmthnune in corn _ olk with or
- without blle I it i . (Y
& X Collectlons were taken every 30 minutes. 7 ) « (1
Each point reprmenu the mean (+ SEM) for at least 5/Ammuls
The right side of tha figure shows the total recovery, of radiolabel in ‘
24-hours ‘divided into 8-hour bllury recovery, - 16:hour biliary )
recovery (ONB, over night bile) md 24-hour unm.ry’ ncovery
. N 4 : ‘ B Y
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! ~3:3.1.5. Benzo(s)pyrene (BP) o
‘ Fig. 3-9 dbpicits the pattern of biliary rydiolnbel recovery in 0-8 hour period |
Tollowing an intraduodenal duse 'ol' [’H]-BP In_the absence of bile t.he rate.of |
P r-dmlnbel excretion remained rehtxvelx conshnl from 38 hours following
- m:ullntlon with no obvious penk occuring. When bile was mci(\ded the.wu
$ significant (P 5) increase in, peak biliary excretion of radmlgbel tor2.55 + ¢
] 0.17% of the administered: dose, which occured 3 hours .‘sl‘ter infusion. ~ -
Cumulali;e recovery from 0-8 hours {n thi presence of bile was 19.92 + 1.08% -
‘ which is s|gmf|cantTy lugher P< 005) than. the recovery in the absence of blle,‘
2.95 +,0.22%. In the 5-24 hour period, the inclusion of exogenous bile did not

- ignifi ge recovery of radiolabel, which was 5.31 +

ly change. the p

g 0.84% in the presence.of bile and 3.11  0.26 in the absencé of bile. When the <
radiolabel exeretion in urine was apalyzed in the two sit\;tlions, recovery in the

presence o{ bile (5. 2‘3 + 0.53%) was significantly’ (P< 0.05) hlghe)‘\\thnn the
‘_recovery in the absence of bile (0.92, * 0.17%). Prouﬂmg m exog nOUS .- ; =
s}lpplemenlauon of bile' produced n(combmed biliary- and urinnry gxcreﬁon of - °
30:47 + 1.94 which is significantly (P 0.05) higher Llf‘m the rect;very obtained

. , . when bile was excluded (6.99  0.27%) (Table: 3-8, Fig. :;-10, 3-11).
R e n . > "’«
The effici of ab ion of the rep s ntitive PAHs in the absence of

bile may be epresaed as th{ peiceni of ‘absorption in the presence of duodenal
/" bile. lt' is observed th‘nlvl’or 2,6-DMN and phemnlhx‘-ene, the eﬂicieicy of
« 2 .
%_ 5 absorption in the absence %nl bile is close to 1‘00% (Tab. 37). But for/
b Db yot
* lnlhnc:ne, 7,12-DMBA and BP, the efficiency of absorption gradually decreases
in ‘proportion to their water wlublllty And are n[mﬁeantly lower - than the
£ 1

trols, s o
controls, 3 . g{_ = 3

S A . L & : e ' . 0. 1
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Figure : 3.9

Pattern of ggdiolabel excretéd In bile .over an 8-hour

perlod-following 1 duodenal admink: of [*H]-BP
in corn oil with or without ex 18 bile suppl i

Collections were taken every 30 minutes.
Each point represents the mean (+ SEM) for at least 5 animals,
The right side of the figure shows the total recovery of radiolabel in

24-hours divided i_nuf ‘s-hour bi!i;ryvxecovary, 16-hour biliary -

recov(ery (ONB, over 'niﬁt bile) and 24-hour’urinary recove?
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Figure : 3:10 -
cm— S )
e ‘Urinary : excretion of’ radiolabel In a 24-hour period
e . < ¢ s I
y follnwln; intraduodenal administpation of labelled PA.H. in
corn-oll with ‘and without bile suppl 1
Each value represents the mean (& SEM) for 5 animals. :
(*) Significantly different {P <0.05). .
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(*) Significantly different (P < DA(‘!S)

~ Figure 4 3.11

Total excretion of rndlohh"}\ln bile and urine combined
& d 1 of

In 24-hour period
labelled PAHs in corn-oil with and wmmne sxo;unmu bile
mpplsmentlﬂon.

Each value represents the mean (& $END l'o\' 5 animals.
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'Figu;e : 3.12

Recovery of radiolabel in b‘lle -and urine in 24-hours as

p of the total d.’

" A: With duodenal bile \
B : Without duodenal bile *
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If.the total radioactivity re.covere;i in ﬂ-ht;ur is taken as 100% and the

percenhge of excretion i bile and urine are cllcnhted (Fig. 3—12), it is observed

that as the molecular weight-of the c: ds increases’the ‘proportion excreted

3 in the urine gradualy, decreases. . -

3.3.2. Role of Lipid Vehicle in z,o-Dlmethylnaphﬁ;llene (DMN)

Absorption. i i gl ] . 2

This "study assesed The réle of conct‘nnita_nt lipid absorption on ' the

“ bloavailability of [*H}-2,6-DMN. A'.test mesl of radiolabelled 2,6-DMNwas’

&dministered dissolved‘il.\ ethanol and biliary “and urinary radiolabel recovery

: pltlern was compared with that of a test meal gjveln ll'l e:brn oil. .

Fig. 3-13 shows the hllf hourly pattern of bd:ﬁ-y udmhbel axerehon in the -
first 8 hours after ifstillation ot [3H]-2,6-DMN in ethano]. The peak recovery w\ns
obtained within 30 minutes after infusion as compared with that alher_ corn-oil (80
min)(Fig. 3-5). Although the peak biliary recovery ‘rate dld not differ
slnxﬁcmtly between the two, the biliary recovery. pmern of ndxolnbel m 0-8

hour period when 2,6-DMN.was administered in ethanol fell to lppro)nmntely 1%

of the total dose at 3 hour d‘ter mf\umn as compsred toa relntwely slower lall in .

3momy percentage when 2,6-DMN was given in corn oil. The cumulative billary

recovéry of radiolabel from 0-8 hour was 27.27 & 7.70%-and in the &_2;4 hour

84

peroiod was 8.42 + 4.00%. The total recovery ‘of radiolabel in 24-hour urine wad®

14.14 + 6.02% and thus the combined biliary and urinary recovery of radiolabel

LI " . 5
in 24-hours, whex the test:meal was administered in:ethanol was 47.84 & 15.24%.
s ?

. This is not significantly different from the total recovery when the compound was

given in c‘orn oil lSlLW & 12.10%) (Table:3-8; Fig. 3-16, 3-17, 3-18),

..'\/
N




Figure : 3.13 "

Pattern of radlolabel excreted in bile over an 8-hour
period  following & F—— drabal " of
[‘B]-I,O—dlmethyln-phthlkno in e:lnuol with uomolu
bile supplementation. .
Collections were taken every 30, mxpnm.

Each point répresents the mean (* SFM) for at least § animals.

The right ndu of the figure shows the total recovery of radiolabel in
24hours ‘divided into Shour biliary recovery, le-hour bilfhry
recovery (ONB, over night bile) and 24-hour urin.ry‘mov:ry.
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o g . N
i .. 333.E hepatic Cl of 2,6-D S5 2 (DMN)
; Metabolites
o S Y c
The ic circulation of. lites of 3 number of PAHs hu

bzc.n well subhhod. This experiment was carried out to determine whether tha

_2,6DMN metabolites also undergo enterohepatic . eu'enlniom ~ Rat biliary’
* metabolites of [*H}-2,6,-DMN were collected and Pooléd. ‘These radiolabelled’
denunvu were then infused intraduodenally to recipient rats and the lubsoquon'.

b\lnry nnd unnry tion of was itored.

W et . g ' @
Flg 3-14 shows the pattern of ncixollbal rew:\rveri' 'Ai/h'll!:hour intervals
% ' during the' ﬁnc 8 hour period. 'l‘f'he pea.k excretion, of ndxol.lbel (3.11 + 1.5%)
" ‘was seen at 1.50 hour post mf\umn. after which it gndunl.ly decllned Bnt at 5.0

hour after-infusion there was a sudden risé of radiolabel cx:retmn The u:ond

peak was i :lurp contrast to the pntern of r/‘dnh.bel excretion when the parent

d was given i , Where there was Kn “such puk (Fu 3-5)

The tnmnhuve excretion of ndmlnbel in bile in the 0-8 hour period was u:u +
4.80% and in the 8-16 hour period was 7. T+ L 80%. In nnne, the cumulmve 24
honx reoovery of radiolabel was 46.18 + 6.90%, and ‘the total eombmed udwlcbel £
excretion in bile and urine in 24 hollr wu‘82 25 % 5.25% (Table: .'H! Fig. 3-18, ;
3, 3as). e

-




Figure :'8.14 s
Pnthn of rldlol-bal -xmted in bile over an 8-hour
,paﬂod following lnh-uluedenu.l :dmlnlstntlon labelled

Biliary boli of{ 2,6-dimethylnaph uf—‘

Collections were taken every 30 minutes. - T

" Each point represents the mem (= SEM) lor at least 5 nmms.ls

The right side of the figure shows the totl.l recovery ol \l\ndmlabel m

.- @4hours’ divided into “8-hour blluxy movery, m-hom- bn].mry

tecovery (ONB, over night bile) and 24-hour urinary recovery. S
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" 3.3.4. Role of Lipid Hydrolysis in 2,6-DimegRyl flene Absorption

Evidence indicates tha_t. concl:mitnnt fat feeding greatly enhances PAH
lhwrption. Recent studies siﬁxul‘ that during digestion lipids form a series ol co-

exmmg phues as a result of lhe action of pancreatic lipase. These phases form a

& 'hydrocnrbon concmuum' (Pnnon, 10811 which greatly facilitates the absorptlon

of non‘polar moleclllu such as the PAHs. In this study both bile and pancreatic _

secretions were diverted from the duodenum to prevemt the action of pancreatic

lpase on the corn ;:il sud the affct on 26.DMN abmrptien was otfarvd.

‘Fig. 3-15 depmu the hn.lI f-hourly pnteru of Inlmry recovery of rsdlolabel in |

s ths 0-8 hour period in the ;bseuce ‘of bile md_pmu‘etic secretlons, when n test

mnl ol (°H]-2,6- M.N in oil was given mtnduodenally The peak: recavéry rate of
mhohbel (140 + 0. 52% of the total dose) wasseen at. l 50 hour after mrnsmn 88

compnred to the peak recovery of- 5 QD +1.03% in the controh A grsdua] fall in

" the ate of exeretlon followed but wna s not 28 steep as jerthe-Gdntrols. A steady

rate was achieved at about 4.50 hur after. infusion. ‘The cumulative l:i)hry.

récovery of radiolabel in the 0-8 hour period was 1125 % 1.71% which is

significantly (P< 0.05) lower than in the control animals. The recovery of®

radiolabel in the 8-24 hour bile on the other hand was significantly higher}han in

the control animals, at-6.27 & L. 43% The 24-hour racovery of radiolabel in unne

was 9.97 +'1.78% whmh did not sigmﬁcmtly differ* lrom the control animals. The

—_—
total 24-hour recovery of radiolabel m bile and nnne combmed was 27.50 t B

2486% whieh again did not differ significantly from the control group (Tnb. 3-8,
Fig. 3-16, 3-20,3-21). -
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A -1 Figure : 3.15 . ' -

‘Pattern of radidlabel excreted In bile .over an 8-hour '

; ‘" perlod  fo g b duodenal Y of
! [*H]-2,8-dimethylnaphthalene in corn oil iwlth both bile and
' pancreatic secretions absent from the dm‘)flennm. =
. _—Collettions wer Zn every 30 minutes.
" Each point represents the mean (& SEM) for at least 5 animials.
~The:right side of the figuré:shows the total recovery of radiolabel fn
¢ -24-hourg div'xd:d Jinto 8hour biliary recovery, 16-bour biliary

recovery (ONB, over night bile) and 24-hour urinary recovery. e
‘ R -
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Figure : 3.168
Ci ulatt y of radiolabel in urine in a 24-hour
period -.. g : Anodenal , of
[*H]-2,8-dimethylnaphthalene.

Each bar represents the mean (+ SEM).{m_' at least 5 animals.
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" Total re:ov‘ery of radiolabel in bile and urine combined in .
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Figure :3.18

" Recovery of radiolabel following Intraduodenal

dmi of [*H}-2,6 b vinanhthal A,
lonr period shown separately as s-hour bﬂe, 16-hour bile
(ONB, overhight bile) and 24-hour urlu b

Each bar represents the mean (* SEM) for at least 5 numAh
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of 2,6-DMN.

46.18 '+ 6.90

TAHLE 3-8 :

® 2,6-DV IN | DUDENAL -
'DUCDENAL : . 4
BWIRNENT - 8-HOUR BILE 16-HOUR BILE Z4-HOUR URINE ~ 7TOTAL
Bile present 29.58 + 4.80 1,43 +.0.25 20.95.+9.97  51.97 +12.10
Bile absent ' 25.97 + 4.32 5.65 + 0.58" 16.00 £2.78 © 47.63 +.5.16
Vehicle gthanol® 22.27 £ 7.79 6.42 + 4.90" 14.14 +6.02  47.84 + 15.24
Absence of bile? 1m.25 + 17" 6.27 + 1.43" 9.97 + 178 27.50 + 2.66
.and pancreatic
secretion

* \
Biliary metabolites’ 26.34 + 4.80 7.7 + 1.60" 82.25 + 5.25°

(*)  Significantly different (P<0.05).

2. - . No lipid hydrolysis by pancreatic lipase®™
tic circulaf .

4.
(**).  Each value representd the mean (+ SEM).

66
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DISCUSSION OFRESULTS
4.1. Effest of Ga intestinal Hormones on Xenobi
Metaholhinx Enszymes in Smnl.l and Lzu-ge Incestme o .

Introduction : \

Tha } physiological pr ies and dctions- of the . major

'gutromtesum.l ((I) hormones, gastrin, secretin and cholecyswkmm (CCK), have
been revuweé by Grossman (1976). Johnson (1981) has shown that penta;astrm
stxmulnu colonic mucosal DNA synthesis leading to a rapid increase m@xmsal

DNA content and cell number, Previous studies have indicated that a short

1 doses™of in, secretin and CCK

" leads to enhanced yenobiotic-metabplizing enzyme levels in the colonic' mucosa of

rats (Fang and Strobel, 1981). With this background mlormnt.mn, we initiated
; v —|

our study on the effects of GI h on bioti bolism in the small

"and large intestine. Since a major part of this study involved the activity of

microsomal enzymes, a brief discussion of the assay systems is warranted in the

beginning.” )



4.1.2. Microsomal Preparation

One aim of enzymatic analysis is to obtain information on the concentration
and localization of metabolites in living cells. It is therefore desirable to prepare
the living material in a form suitable for measurements, but without altering the
structure or the relative amounts of the substances o be analyzed. Since it is not
practical to adhere to this, results are influenced by the methods used.

. The dil ies in isolating i inal mi are well d ed. The

' major nn;blem is destruction of the 'Eicrosomd enzymes by intestinal pioluu‘s
during extraction. The procedure ;hted by Sl‘ohs et al. (1978) uel‘ns to have
solved most of these problems and we followed their methodology in ob‘uinin;
intestinal microsomal preparations with stable enzyme systems. For thc. sake of
uni!ormit; tha' animals were fasted overnight and were sacrificed between 9 AM
and 10 AM to eliminate any diurnal variation (J6vi et al,1971). Fasting reduced

food residues and faecal matter in the intestine facilitating mucosal seraping. *

Since it is known that the oXyg activity is d d by proteolyti

- enzymes (Orrenius, Berg -n; Ernester, 1969) which are present in the -mu 5

intestine homogenate, soybean trypsin' inhibitor was added ‘fo _the, initial

homogen(tg The inhibitory effect of trypsin may be dn-r tos solub"ﬂintinn of the

from the or to a d ition/ of cy

{

P450 (Lehrmann, Ullrich and Rumme'l, 1973). Addition of trypsin/inhibitor causes’ -

six fold incresse in der@mll BP-monooxygenase activity (Stohs et al.,, 1976).

Glycerol in the buffer gyl‘tem prevents the conversion of cytochrome P450 into

cytochrome -P420 (Capdevila, Jnkybmn, Alsrn:trom, Helia agd Orrenius, 1975),

and Stohs et al. (1978) have reported a drop in BP-monooxy| mu_ncti;lity when




glycerol was eliminated from the homogenate. .To improve the yield of intestinal

microsomes heparin was added to the initial homogenate. Heparin decreases
et .

of the mi in the b (Goodman and Kadis, 1965).
| -

Washing of the microsomal pellet obtained !j-om the first spin, reduced

contamination with soluble haemoproteins of the intestine. Stohs et al. (1978)

lnvo slmwn

‘preparations. Uling the stlted meehcd stable, mtatunl microsomal prepumons,

are obtained since less than 20% of cytochrome P450 is lost upon 8 hour storage

i inatiow of simil Borotomsl .
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of the mi mal i on ice '(" f: nnd Gieene,‘mso)‘ For ~

loguhcnl remu, we could not use the microsomes on the nme day as they were

prepared md had to freeze them in hqlud nitrogen and store them at '70°C This |

procedure caused little or no change in the enzyme activity, since we used’ the

microsome preparations from some animals in BPH and UDP-GT assays before

‘And after freezing and did not find a significant difference in the assays (data not

shown).

4.1.3. Ensyme Assay : Benzo(a)pyrene hydroxylase (BPH) '

The first step in benzofa) (BP) metabolism is catalyzed by BPH, a

| bound miGHoOXYE: This. leads to the formation of various

, o
remti}tnene?xidu or epoxides which may be converted to more polar water-

soluble metabolites. Various investigators have termed these epoxides as ultimate

or proxima| inogens (Heidelb 1076) because of their

mutngénie lctivny.‘ ‘Hence, .it is important to accurately measure the total

activity of the BPH and the factors_modifying it.



—

1,1075). ‘Many PAHs are ph itive and easily. d by non-

In most of the published papers, the BPH activity is measured by a

fluorimetric method whose main ndvunuge lies with its very high senSitivity

(Nebert ad Gislen, 1972). The radiosctive assay, when compared with the’

fluorimetric method, shows several advantages over the lnter—\Thp udxoncnve

 assay :Ilows measurement of vu'tlml.ly all of the products of BP metabolism,

whereas the ﬂuorucunt method mensuru only a fraction of the meuhohzu (3
hydroxy benzpyrene). The radioactive assay for BPH is more convement thag the

fluorestent procedure and gives—very satisfactory-duplicate values (DePierre et

enzymatic reactions. This is particularly critif:ﬂl for ‘the ﬂngrimeiﬁc method
which only ’meuures one or a small number of metabolites, md which, u‘opp‘osed
to t‘he Lwtoplc method shows a critical sepsitivity to the room lighting during the
mampu]mon (Vsn Csntfon et a.l ,1877).  Considering all the above factors we

decided to ‘adopt. the radioactive assay for our stﬁdy. While standardizing the

assay in our laboratory, we found the. assay to be linear with concentration of .

microsomal proteins at least in the rhoge of 0.2 mg to 0.5 mg per. assay mixture.

At lower or higher concentration of \pmtem very-irregular results were obtained.

*This may be because the apparent rate of jon was

not only on the substrate concemrntmn but also on microsomal protein

-concentration (Hsnsen and Fout, 1.072) One possible explanation for such

unusual kinetics might- involve deplenqn of free substrate via binding to non-
enzymatic sites (Nebe‘n and Gelboin, 1968).. For the sake of uniformity, we used

0.2 mg of microsomal protein in all the assay mixtures.

The BPH enzyme system has an absolute requireément for NADPH and

sl
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molecular oxyged. NADPH was supplied by a regenerating system consmmg of

NADP and either glucose-6-phosphate and glucose-6-ph - o
— P o
citric acid and isocitric d L The role o/ jum in the enzyme

v x
system may be a stimulatory one (Nebert and Gielen, 1972).

414.E Assay : Gl 1 (UDP-GT)

The i inal gl i i is may be of lmporlance in

the demmﬁcntwn of xenobmnu ent'enng the body thmugh the GIT. Mnny

subxtntu of UDP GT are menbohta of Phase. I rescnons, some of which are

"highly cy xic. ‘Thus gl idation. may ively prevent récycling and
» g ..
thus prevent the formation of ultimate cucinog;

‘Assay of UDP-GT activity was done according to Hoensch et al.(1984).

Assay of this enzyme is complicated by its often high latency, associated with

at.or within the microsor b \T‘he enzyme is activated non-

specifically by membrane pel:turbnion. Addition of Brij *80" in the assay system
! further activates the enzyme. The donor substrate UDPGA, must be added to
the assay system, and in considera;; molar excess because of breakdown there.
During standardization we found this assay sunple to perform and the enzyme
activity showed linearity with microsomal protem concentrauon In our assay

systems, we used 0.2 mg of microsomal protein per assay rmxluxe.

' .



- gastrin, secrelm, and relnted \
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4.1.5. Effect of Gastrointestinal Hormones

The aggregate mass of endocrineccells in the gut exceed that of all Bner

docrine glands combined (G i, 1076). There are three established GI * -

hormones- gastrin, se‘cutin ;;d cholecystokinin(CCK). They are all straight-
chained peptides with no rings and no non-peptide constituents (Gregory, 1974).
All three of these hormones come from a group of cells that be‘long to the APUD

(amine uptake and decarb xylation) unm and are Appuently derived

embryologically from the neurgl cnst (Pearse, 197&]

» «
Recently therq has been incremng interest | m the fact that GI hormones

may exert long-term growth influences on' their t‘ugel: organs as well as acute °

seéretory and motor actions on the tissues of the lﬂmainry’ tract and its

mo‘ciued glands. But it must be

the GI tract and its associated glands (L‘wer and pancreas); involving multiple

feed-back pathiways which are largely unknown in detall, render a sblective
4
dpproach to a single organ virtually impossible. Chronic administration of one or

more GI hormones to the living.orginis'm will therefore always be 'superimposed’

. on the actual physiological condition in the GI tract and the selective analysis of a

single org;‘n will: offer only limited in;igh!\ into a highly complex regulatory

situation within the whole systém._

. s, N
It has been established that several GI polypeptide hormones, notably

such as i nnd

caerulein, exert slgnﬂcmt trophic-uctions on the gut ln&pincreu (Bnrrowmnn.

1975; Iohnson, 1076; Johnson, 1977). In general this has heen observed at

d that the functional complexity of-

——

4
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pharmacological dose levels and the physiological signil of this ph
remains unclear. i
" There are a number of pathological conditions where endocrine tumours
. —

may secrete an sbnormal quantity of thie GI hormones into the circu!ntiom

During these cil 5 the ion of the may . be much
Iii;hex_.thln normal at the target organs. In our study, we tried to elucidate the
role of uuc;h abnormally high levels of GI hormones in the intestinal xenobietic

‘metabolism in rat.

)
4 Tmphic hormones have 8 number of cellular activities which taken together
are known as the pleiotypic iupm'ue. These consist of- stimulation of g) RNA

synthesis, b)_protein synthesis, ¢) DNA synthesis, d)-glucose transport and e)

of protein It is well established that strin (PG) has
a strong pleiotypic action, on the gastric and duodenal mucosa (Johnson, Aures
and Yuen, 1969), on the ileal mucosa (Johnson and Guthrie, 1974), on the colonic

— '
mucosa (thnxon,' 1977) afid on the pancreds (Mayston and Barrowman, 1973).

* Using tissue (Lichtenberger, Miller and Erwin, 1073) or organ culture (Sutton and

" Donaldson, - 1075) systems, investigators have found that gastrin maintains she

epithelial cell lines, dagnugu the, doubling time, ‘increuu the proliferative
population and stimulates mitosis, DNA and protein syithesis when administered
in vitro, Other investigators have also found that Pq not only stimulates colonic
mucosal growth, Abuc 8t the same time an ‘causes an increase in the level of

activity of same of the xehobiotic metabolizing enzymes (Fang and Strobel, 1981).

=



In our study we observed an increasé in BPH activity ip colonic mucosa

after PG treatment but not in UDP-GT activity. The increase in‘BPH activity

&
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may be explained in the light of previous observations. But t\.hs non-response of

the UDP-GT. is dimcult.}fsgxpllin. Fang and Strobel (1981) found t‘stimuluoxy
alfect of PG on xex{ahi;@enbouzmg enzymiés in colonic mucoss; including
BPH activity, which are all part of phase I reactions. Since some imvestigators
found it difficult to draw conclusions concerning the ns:urn ui the_ type of protein
being synthesized after PG stimulation (Johnson -et al., l;QLBQ),Vit just may be that
UDP-GT,‘ which catnlyzi: a phase I reaction, is not stimulated by PG. In our

study we did not observe sny stimulation of BPH and UDP-GT activity in the

small intestine after PG- treatment. Although previous investi
an inerease in protein synthesis jn the small intestine after PG treatment (Johason
and Guthrie, 1974), they did not specify the nature or type of the protein

produced. Maybe the particular type of protein synthesis involved-in xenobiotic

" metabolism in the small intestine is not stimulated by PG. Such asynchrony has

also been observed in thé”rate of synthesis of individual pancreatic enzymes after
stimulation by GI ho_rmoim (DE Caro, ﬁon:om; and Sopranci, 1969; Solomon,
Peterson, Elashoff and Groism}m,’ 1678).

Since colon is more sensitive to PG than the duodenum (Johnson, 1877),
another way of explaining this non-response of small intestine in the present \tudy
is that the dose of PG employed by us may be less than the critical concentration

requiréd for sti: ion of in’ tl;e small intestine. An

- additional factor that must be considered here is the presence of a relatively high

" concentration of somatostatin in the small ‘intestine mucosa as compared to the
- .

- /

tors have fourd h




"“or the small i inal mucosa after p with CCK.

colonic mucou’ and somatostatin is known to antagonize several functions: of

gastrin (Creutzfeldt and Arnold, 1978). ~ % v '
-Of the major GI hormones, CCK and gastrin'fa/ve an almost identical

-COOH terminal uquence The terminal pentapeptide is the same in the two

llomnnes Thug aua might exgect that CCK would have the same’ %rophw action

on th- GI tract as pentagastrin. Many reports indicate that CCK or its amlogue

have a trophic unon on the rat pancreas (Barrowman md Mnyswn, 1973 Branu

‘and Mnnsut, 1916) Although gutnn does shmllhte gothloa pancreu,

. GCK does not stimulate DNA synthms in the oxyntic glzmd mucosa (Johnson and

Guthrie, 16768). However;-the same” authors have fourd a slight but stttuncally
nignil:i)q\nt increase of DNA synthesis l:!,d of RNA md DNA content of dnodannl
mucosa. Fang and Strobel (1981) I'OII{l‘d an'increase in the activity of xenobiotic
mulnbolmng enzyme actmty in rat colonic mucosa after chronic CCI\

tdmmutntxon In our study, we did not find my snch increase in either colonic

Since previous investigators found ‘a xtimulnhq effect of CCK on these

enzymes [Fang and Strobel, 1081), it is difficult to interpret the results in our

stydy. 1 addition to the arguments already presented in the case of PG, several

other factors may be at play. Trophic hormones in general do not stimulate the

growth of !helr tissue ot organs of ongm The lack oT/lmulntury effect of gastrin

on antral DNA synthesis obnrved by, Johnson (19‘71) correlates wlth studnes of )

other growth. regulators. The concentration of gastrin in intestinal mucosa

decreases dramatically from the antrum to the duodeium bulb,.n(ter which a




~
further gradual decrease’is observ‘ed (Rehfeld, Stadil, Malmstrom and Miystu.
1075). In addition to antrum and dqodenu_m. a sm_all amount of gastrin is presen‘t
in the fundie, jej\uul‘ and ileal ‘mucoﬂ (Larson ind Rehfeld, 1979). This ‘may
explin the stimlatory affect of PG: on BPH activity, in the colonic mucos
obseﬁled in our m.(periment. CCK is pmduéed throughout the intestine l}:n? the
“Golon contains sbundant CCK nerves (La’non:ond* Rehfeld, iqj‘n). This relatively
high concentration of CCK in. the col?n ﬁ;y be responsible for its failure io‘
inctease BPH.and UDP-GT sactivity. Again {t has been observed thiat the

N . ‘ ]
stimulatory action of CCK on the pancreas is time and. dose dep_epcl'ent;
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I sti i r_uuits‘in“"" of protein synthesis (Lampel and T

Kern, 1977; de Caro et al., 1969). From the limited experience available with X

maximal hormonal stimulation of the pancreas lasting up to 72 hours, it may be‘:

concluded that, concomitant with the adaptive. increase in all steps in the

secretory process, a ’JEeiliﬁz/atien\-oFthe,whubrgnn versus _ths-hormonal _

stimulus can be observed from 48 hours of treatment onward fB}e[Qr, Martin-
— ‘

Achapd; Basslpr and Kern, 1976). -Siace in our stydy

rats received a high dose
of GCK for 4{days, :he' above mentioned factor gannot be overruled completely.

In conc!usmn the role or somatostatin and otker recently recognized gut hormones
on the trophic ncnon of CCK still remain somewhlt unzxpluned -

In a number of studies secretin has been found tq‘uve no trophle activity of ..

its own and to inhibit the trophic response to pentsgastrin in lhe'}nucon of -

- oxyntic 4gllnd. x_iubdenum Iéld ileum (Johmon._lnd Guthrie, 1974). Clnlon_ic

‘and the increased

administration of secretin prevents parietal cell h’ypenil_pax

secretory capacity induced by multiple injections of PG (St'xnloy, Coalson,
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Grossman and Johnson, 1972). Johnson and E}uthﬁe (1978) found identical.
inhibition. of the trophic action ofvPG on colopic mucosa produced b& secretin.

The same authors could not find any trophic action of secretin on colonic mucosa
—_— R .
yhen administered by itsell. A similn( “mhibiwry effect -is also mediated by VIP

( ive‘intestinal polypeptide), a | analog of secretin (Johnson, 1977). ©

In the light of the preceedmg ducusa?on we assumed that pretreatment with

¢ enzymes in

‘ + secretm would produce no sti io of the 5
the smnll and large mtutmul “mucosa. Our results show that, as expected, there
r, '_ was no change in the aetlvnt_y of BPH or UDP-GT in the small {atestinal and

-colonic mucosa.— Hu‘wgver, at least one group of investiga}nrs'has publishe\j'a?ta

whicli are: ét‘:ntmry to our observations (Fn:lg and Strobel, 1981). .

In conclusion it must. be observed that this study is by no means complete. .

More detailed and Q:rupuhms studies are required to explain the various points
I

Taised. . i

4.2. Effect of Pouf»Resec':ion Hypertrophy of Small Intestine on z

Xenobiotic Metabolism * - ’

The results from the resected animals confirm previous obs;ervations that
there lg lengthening, thickening and dilstion of the remaining gut, this being

KR 4

partict ’ noti iatel dmtsl to the anastomosis: - Thlckenmg of all

‘layers of thé bowel w;ether with erypt hyperplasxa is also conhrmed

. Comyensntory hypertrophy of ‘the .ileal \remnnnt of rat’ mtestme ral.lowmg 7

proxnm:l, resection is_a well established 'phenomenon (Dowling_and Booth, 1967;

Wt . i Dt)wlili‘g and Gleeson, 1973). These morphological alf ions are ciat d with




ap increase in glucose i vivo, when exp in terms of unit length
of intestine, but when expressed per unit weight of intutine, sugar lbsorptiol‘x‘ is
decreased (Menge and Robinson, 1978). ’fhis observation indicates that the
change in absorption is mainly due to an increase in the number of absorptive
cells per unit length of intestine, as a result of therluhger villi. This theory is

further confirmed by the observation that absorptive capacity of the intestinal

remnant is markedly reduced when assesed in vitro (Menge and Robinson, 1978;

_Wuer/ x&d Hema;:dez, 1971). Activities of some brush-bord b
associated hydrplyuc enkmes have bem observed to be increased when exprmed
per uhit length)]’ the intestine (Weser and Hernandez, 1971). However, when
enz‘yme‘ specific activity is' measured (units ::! enzyme per mg of prote{n) there is
sillisF 5o HANEETgE WHEFEIE actually s reduced level of enzyme activity ih the
hyperplastic mtastuu (Gleeson and Dowlmg, lD‘IZ Morita, Pellegnm and Kim,

“1081; Weser snd Hernandez, 1071) Thexe cbang& have been attributed to the

py&ence of a relati ', i populatiorr of in the mucosa of the
ileal remnant (Loran nmquocker, 1963). The increase in cell turnover leads to a

stimulation of _cell migration rate along the villous which leads to reduced life

span of ‘the individual ceilsg, J ly .the turation of the enterocytes

> N . 1 :
seldom reaches completion. Proximal resection of the small bowel exposes the

gut to ab lly high io 'of certain i whlch -may
act topically to stimulate hyperpluls (Dowling snd Booth, 1067 Glemn, Cullen
and 'D'owling, 1972). Chalone-like substances i.e. substances with inhibitory
propcn_is-‘ »vhnve> begn extracted “from ’—vboth‘ the .hrge bowel  (Houck,
Kmagalinghnm, Kaufman and Sun;hine, 1976) and the small bowel (Bergeran and

* Sassier, 1080) and these may play a part in intestinal adaptation.




In the present study, a significant increase in the microsomal protein content
was observed in the remnant ileum after resection. This protein content of the
residual ileum reflects the number of ‘heterogenous mucosal cells, ie. villous cells in

various stages of differentiation and immature crypt cells. Varicus investigators

have shown the distribution of the enzymes in the crypt-
. .

villous axis. Hoensch et al. (1970) found the BPH activity to be highest in the
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highly specialized, mature villous-tip cells and lowest in the poorly differentiated, ’

actively dividing crypt cells. The distribution of glucuronidation capacity along
the crypt-villous axis is not known in detail. Results by Schiller"and Lucier (1978)
indicate that the activity of Ui)P-GT is highest in viﬂ?u cells and lolver in erypt
cells. Thus the B.PH and “UDP-GT activity i’l_ the microsomal preparation from
the mucosa of the remnant ileum, consisting mostly of immature dividing cells, is
expectedwto be lower than in the microsomal preparation from n:ncos's prior to

adaptation.

In the present nu’dy the BPH _activity in the mucosa of the ileal remnant
was not sign‘iﬁcmtly different from the activity before adaptation. Since it has
been shown by several investigators that the cell population in a post-resected
bypertrophied ileal mucosa consists chiefly of immature cells, this finding is in

. 2
contrast to the observations of Hoensch et al. (1979) who found lowest activity of -

BPH in the immature crypt cells. But others in this.field have found highest
'Aetiv;ty of this enzyme in the lower villous region (Porter, l?worunyzk_ and
Gurtoo, 1982). —Aho, Qher; are reports that nom; enzyme activities may remain
unchanged in the ileal remnant. Wuer‘ and Harnfndez (1971) did not ru,d any
change in -the sucrase activity after resection and hypertrophy, although other
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disaccharidase activities were lowered. Histochemical studies of seve;al nt\k\er
enzymes in the epithelium after intestinal resection have not shown sny changes
(Dowling, 1967). $iace no efforts were made to identify the maturity of the '
mucosal cell population in the present study, it is difficult to «;omz to a definite
conclusion regnrdi_nk the BPH nctivi‘ty.

On the other hand, the UDP-GT activity was significantly lowered in the
remnant ileum. This compares with the ol;aewnti?m of other investigators' who / .
. found ‘s lower activity of somé enzymes (Weser et al., ’1971) in the poswesﬁfg? :/

hypertrophied remnant. It has been shown that after resection the intestinal

- mucosa may ac'qui‘re h istics of ic i turity. V\;herexu iormnl
n’t; depend on energy supplied by oxidative phosphoryluien.in order to transport
vitamin A, resected n:nimds utilize energy supp.lied by anaerobic gl&c;ly!ic
phosphorylnﬁ:)n (Loran and Althausen, 10;9;. This alteration in metabolism is a
'chnracteristic of foetal tissue and rapidly dividing immature cells (Ville and
Hage‘rmm, 1958). The findings in this study of a reduction in UDP-GT sqlivity
in the mucosa of the resected animals are consistent with & younger cell

population.

The lack of change in BPH activity is at present unexplained. Further

experimentl\tion is required to shed more light in this respect.




4.3. Study on the Intestinal Absorption of PAHs

4.3.1. Role of [nrnduoden_nl Bile in PAHs Ab!orptlnn‘ ‘ )
The -present study w;s undertaken to identify certain dietary and

physiological factors in the mammalian gastrointestinal lumen which might

influence the uptake of several PAHs following intraduodenal administration.

%
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Many toxic ds in the i including certain well- *

are ic and exist in substantial amounts in the food

chain. Most of these toxic compounds, especially' the PAHs areé highly lipophilic
S -
and are found as solutes in dietary fat. Thus the gastrointestinal mucosa

< .
constitutes an important interface between' man and- his toxic environment.

It is esnblishrd that the absorption of trace lipid nutrients such as sterols

and the fat-soluble vitamins is inti P on the normal process of fat

digestion and-absorption and that bile salts, which play a facilitatory role in
triglyceride absorption, sre obligatory for absorption of these trace lipids
(l_'lolhndnr, 108f). It seems likely that PAH:I will also be handled L/ ilar
"fashion to trace nutrient lipids. It has been, proposed that lfpophiﬁc xenobiotics
such u the PAHs, which are largely p;aented to the GIT as solutes ‘in dietary
Iipi’dnf, remain in solution in the intestinal lumen as lipolysis proceeds by passing

formed ively by. the liquid

through s *hy

 triglyceride. oil, a viscous i'sotmphic phua.éunsiating of the split pfoducts of

igly lipolysis, glycerided, fatty acids ind 8 bilesalt stabilised

liposomal and mixed micellar phase (Patton, 1981).




. As explained earlier in this’thuis. the mixed| micelle formation facilitates the
transport of the hydrophobic xenobiotics v.hro\lgh- the “unstirred water layer”, a
major Barrier to the passage of these yompounds as they approach th; enterocyte
mmbnne. The final uptake 'step at the apical membrane of the enterocyte is not

clearly understood but it is possible that these substances must pass through an

agueous monomeric phase in which the compound briefly exists as a solute at low )

concentration in the water adjacent to the cell membrane (Thompsop and
Dietschy, 1981). From the above discussion it is evident that as a molecule moves

from the bulk phase of the intestinal contents into. the cell interior it must
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penetrate at least two barriers, an unsﬁl:red water layer (UWL) and the cell '

membn.;;. Since the lipophilic xenobiotics are easily absorbed into the lipid cell
membrane, the limiting factor intheir absorption is the resistance offered by the

UWL (Wilson and Dietschy, 1974).
N

UpzukE‘o{ fatty acids, monoglyceride and trace nutrient lipids by the

enterocyte membrane is a passive process. It is assumed that the lipophilic

xenobiotics will also follow a similar pattern. Diftlufen is 2 movement due solely- -

to the kinetic energy mq electrical charge of the molecules and movement takes
place only in the direction of the prevailing elect}chemicxl gradient, Since the

xenobiotics are electrically neutral particles, t_heir driving force across the'GIT

+ mucosa is their ion .in the bullq' estinal aqueous phase. It is known

that the prdducts ofi fat digestion exist in several physical states 'h\te intestine’
and that xenobiotics such as PAHs can exist as solutes in the bile\ﬂ micelles in

the aqueous phase. Several investigators have observed that absorption of lipids

depend on their ¢ fon in an aqueous di ion in the lumen



(Borgstrom, 1960; Hofmann and Borgstrom, 1964) and that micellar s’olubiliutiol{

enhances uptake by increasing the aqueous 2 Hence, solubilization of
the xenobiotics in the micelle will also el}luu their aqueous concentration.
Movement across the UWL is a simple d_musion process where the rate of
movement depends upon'the thickness, aqueous diffusion constant of the particle
and the concentration gradient between ‘the bulk water phase and the cell
membrade (Thompson and Dietschy, 1981)." For the sake of simplicity, if we
consider the thickness of‘ the UWL as constant, the Iu;wn'd\etermining the
diffusion through the UWL are the concentration gradiént and the aqueous
njiﬂ\uion ’constm.t. For the lippphil?c substances including the PAHs, the
concentration gradient depends on the micellar solubilization which enhances
aqueous sol.ubi.l.ity. ‘Micellar solulyiliza;tion may slightly increase the diffusional
resistance due to incressed particle size of the micelle M eom‘pu-e& to the
monomers, but this increase is modest compared with the possible jncrease in the

driving force (Simmonds, 1074).

In‘ our study we ined c‘he role of duodenal bile on the ab ion and
subsequent excretion o} a number of PAFls inat. Our selection of tl;e PAHs was
governed by several factors. In one extreme ;)f the list we had 7,12-
dimethylbenzanthracene (“I,I_M)MZBA] and benzo(a)pyrene (BP), compounds with
high molecular weight, very low water solubility, and four or five :rnm(tic rings in

their structure (Fig.1-1). At the other extreme we had 2,6-dimethylnaphthalene

(2,6-DMN),- 8 smaller d with lower molecular weight and relatively high
water solubility. In the middle of the list we had the structural isomers

and anth Both these ds consist of three aromatic
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rings: in anthracene the rings are connected linearly while in phenanthrene they
are connected angularly (Fig.1-1). This structural difference has a profound effect

on their water solubility (Tab.3-7).

We sssumed that, since the aqueous solubility of 'th-e lipophilie mbsv;anca
determines the driving force across the UWL‘And micellar solubilization enhances
such solubility, then s PAH with relatively high water solubility should be able to
attain by itself enough driving force to cross the UWL, v?itho;xt theé help of the bile

»ultg', Our results are ln keeping with’ this hypothesis in. the case of 2,6-DMN.

* Fig. 35 shows the b L ilability of this d when admini
! _:mtuduodemuy in corn oil in‘the presence and abfnce of duodenal bile. The
compound is well absorbed in both situations and total excretion of radiolabel in
24 hours is not si;’ni.ﬁemtly different from each other. If the b:.lnry recoveries of
radiolabel i;: presence and absence of bile are compared, !her’e is no significant.
difference in 0-8 hour period but in 8-24 hour perbd-th‘q biliary recévery. is
significantly higher in absence of bile (Tab. 3-6). This may be d\le’w a faster
initial rate of absorption in presence of bile whichreduces the concen‘tr;tibn

gradient on the luminal side resulting in‘a slower rate of absorption in the later

period. 'I'h: faster rate of jon in the p: [ bile may be explained in
the following way: due to the relatively high water solubility, 2,&DMN is
dispersed in the intestinal aqueous phase quite adequately for diffusion through
the UWL.™ At the same time bile-salt micelles solubilize some of the 2,6-DMN
increasing the proportion in adueous dispersion. These two additive factors
increase the rate of absorption initinly. In the absence of bile the -compound is

absorbed fairly well due to sufficient aqueous dispersion but the lack of mixed
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micelle may reduce the rate of absorption initially so that in the 8-24 hour period

the absorption is greater compared to the control group. When overall biliary

and urinary excretion of both groups are pared, no signific diffe is
observed, indicating that the ab ion and s excretion of 2,6-DMN in
the absence of bile is very efficient. =

On HPLC analysis of the collected bilz'vit was found that 10% of the
radiolabel was in the parent compound and 90% was present.in the biliary
metabolites of 2,6-DMN, This shows that like nmost other l;AHs, the biliary route

is the principal excretory pathway for this compound andv metabolic

is & ui for tion though perhaps not an absolute
prerequisite. In an intact Aninul‘thua'bilinry metabolites would be available for
cnurol;epntic circulation aad since we recovered almost 80% to 85% of the total

-excreted radiolabel in the bile (Fig.3-12), this recyejing must be quite significant.

In our next i 1 dure we used ph h in the test meal,

118

which has & water solubility of 1.290 mg/L as compared to 2.0 mg/L for 2,6-DMN ~

(Mackay and Shiu, 1977). The results obtained are comparable to the 2,6-DMN

data. The absence of bile brought no significant difference in the recovery of :

radiolabel in- 2-8 hour bile, 8-24 hour Bile ‘llld 0-24 hour urine. So it is evident
that a water solubility of 1.20 mg/L is sufficient to cause. enough aqueous
dispersion of the compound to maintain n‘ positive chemivcnl ‘gradient across the
UWL even in the absence of bile. Both in the presence and absence of bile,
between 73% to 769% of the excreted radiolabel was recovered in bile (Fig. 3-12).

This is 10 te 12 percent more than that observed with 2,6.DMN. This may
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indicate that the higher the male;:ula.r weight of a compound, the greater is the
proportion of metabolites being excreted in the bile which are subsequently
. available for enterohepatic circulation. i

If the percentage of recovery of radiolabel from 2,6-DMN and phenanthrene
are compared ig may be observed that a higher proportion of radiolabel is
excreted in ‘the case of i nanthrene ;rwm;nud to 2,6-DMN (Fig. 3:11). This
may- be. ;lue to a greater tendency of 2,6-DMN mstnbolito‘: to bind to cellular
structures andl!o accumulate in the body. Although this is only a speculation, its

implication from the toxicological point of view cannot be ignored.

For both 2,6-DMN and phe_nanthrene, the lack of an absolute biliary

for is i to ‘their relatively high water

solubility as compared to other PAHs. Other investigators have shown ‘that the

nutrient trace lipid, cholesterol, which has similar water solubility (2.0 mg/L)

(Merck's Index) as 2,6-DMN, has an absolute requirement for bile salts vfor_

absorption (Siperstein, Chaikoff and Reinpardt, 1952). This may be because of

t'l:e special nature of the bilesalt. niicege which, facilitates the uptake of

\choluteml by the enterocyte‘lihembrme‘ Mclnty}e (1975) has proposed that:

cholesterol is absorbed by the micellar collision with the intestinal membrane and

\

is not imp and this collision somehow changes the
P

membrane so that cholesterol is absorbed.

Anth h b

but has & much lower

isa | isomer of

water solubility of 0.073 mg/L (Mackay and Shisu; 1077). When [1CJ-anthracene
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is given in the test meal, a different pattern of biliary radiolabel recovery was
observed compared to phensnthrene. In the sbsence of bile the peak biliary
recovery in the 0-8 hour period was not only lower than in the presence of bile
but the time of peak excretion was also delayed -and the cumulative recovery
during this period was l'iy.lilkultly lower Asa con:equence, the total excretion
of radiolabel r the absence ol bile was also significantly lowered, even though

there were n limiﬂcut differences in- the 8-24 hour biliary and 0-24' hour

urinary tion. C d to ph h h has a slightly different

.

P .
ltrueclln.l conﬁgunﬁon and a lower water solubility. Since there was such & -

difference in the MOI,lﬂlbl.llly of these compounds ‘in the absence ah‘luodenll
bile, it is logical to come to the conclumm that water lolublhty played the critical

role. It is evident that a water solubility of 0.073 mg./L for anthracene is not

enough to maintain an sdequate aqueous dispersion in the intestinal lumen to
crehte the driving force to overcome the resistance of the UWL and that it must
rely on micellar solubilization to attain this force. e

I{: the continuation of the study on the role of bile in the absorption of
PAHs we next used benzo{a)pyrene (BP) and 7.lHimelhylbe‘nzmlhncene
(DMBA) in the test meal. BP is a five ring compound with a ;nnur solubility of
&?0038 mg/L and DMBA is a four ring structure with a water solubility of 0.081

-mg/L (Mackay and Shiau, 1977).

When [’H]-7,12-DMBA was administered intraduodenally, a pattérn similar
to that with anthracene was observed. Abseice of duodenal bile caused

significant drop in radiolabel recovery in-the 0-8 hour bile (Fig. 3-8), but not in
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the B-24 hour bile or 0-24 hour‘urine’ (Tab. 3-8 ). The total recovery of radiolabel

- I’
is reduced by almost 56% in absence of bile (Fig. 3-11). It may be noted that

although the aqueous solubility of DMBA and anthracene are rather similar (Tab.
3-;1). there is a considerable difference in their bicnvailli)ility both in the presence

and absence of bile.. Perhaps the size of the DMBA molecule with an extra

benzene ring (Fig.- 1-1) and other unidentified factors may play a role in

determining the uptake of the PAHs.

As shown, in Fig. 3-9 , absence of intraduodenal bile caused a dramatic
decrease in the radiolabel recovered in the 0-8 hour bile after “intraduodenal
administration of [*H]-BP. There was a fall of almost 85% in the biliary recovery
during this period when bile was absent. But in th: 824 hou; peri’od the absence
of bile did Dot produce such a drastic change in cumulative biliary recovgr}; This
indicates that in the presence of duodenal bile a fn‘ajor part c;f an intrn’d‘u?denal
dose of BP is excreted in the bile within the first few hours of administration,
conﬁrmil{g previ?::s reports that the principal route of excretion of BP in rats is
'v;a bile (Chipman, Frost, Hirom.and Millburn, 1981a; 1981b). ’i‘here was also a
significant drop in the excretion of radiolabel in urine in the absence of bile (Fig.

3-10). This reduction in urinary ion of radiolabel

in the absence of bile was

water solubility as pared to anth only a fraction of the total test meal
of BP is absorbed (6.91{%) in the first place and a negligible percentage finds its

way to the systemic circulation.

Our resylts with BP and DMBA further ‘validate the observations with

S
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anthracene. It seems. that at and below s water solubility of 0.073 mg/L, the
PAHs have a requirement for bile salts for efficient aqueous dispersion in the
intestinal lumen to maintain the kinetic enmergy -required to overcome the -

a

resistance of the UWL.

Fig. 3-12 shows that after an intraduodenal dose of a PAH, a variable
fraction of the metabolites appear in the urine. This Varies from 40.20% for 2,6-
DMN lo l7 25% for BP. _Thus, lowey the molecuhr welght of the parent |
compound the higher is the proportion of the metnbohta found in the urine. A

' molecular weight threshold. determines whether a compound w(ll be exereted in
’ * = - —
urine or in' bile, compounds with molecular weiglit below the threshold being
» excreted primarily in urine. Our results are in agreement with this theory. .

Py

From the above a number of

lusions can be derived. Al the
. PAHs included in this study are well absorbed from the intestine in the presence
. of bile. In ili‘;:g!\e\of lntl?n’c‘ene, DMBA and BP, absence of duodenal .bila
" reduces their bionvsilnl;mly hut by no means is it completely abolished. This xs .
an lnom’aly in nature, since in the w\b\ence of bile, absorption of trace nnlrient_
lipids like ‘cholestrol and vitamin A is almost negligible. Water sciubili'.y of the

lnleldIIl-l PAHs, however, seems w play the deciding l‘sclor in the blonvulabxhty

ccmponnds in absence of Inle f—

The efficiency of absorption of the PAHs in the absence of duodenal bile

mn}be p dass p of the at rpti in the presence of bile. Tab.

3-7 shows the efficiency ohgbsorption of the representative PAHs. In the case of



-2,6-DMN and phenanthrene the efficiency is close to 100% in the :bsencelol bile.
But the efficiency of absorption of anthracene, 3 structural isomer of
phenanthrene, is 70.84%. From there wnh the decrease in wuter wlubllll} the -
efficiency gradually decreases : 43. 38"6 for DMBA and 22 94% “for BP. From
these observations it.may be concluded that, up fo a water solubility of
approximately 1.0 mg/L bile plays little role in the bioavailabi!ity of the PAHs
but for PAHs with water solubility of m; thin 1 mg/L, intraduddenal bile
» % .,

becomes a critical factor for the efficient absorption by the enterocytes.

.A major proportion .of the recovered radiolabel v’vn; in bilfwhicl;: is in.
agreemenl with previous, observations indicating that tlus »g the chlef route or
PAH excretmn in rats (Chlpmsn et al., 1981a; msu)) The dependence af the -
biliary excreuon in the handling ol PAHs is well established. It has peen pbserved
that prelreslment with ‘inducers of hepnuc mlcrosomal enzymgs enhances bnh_ary

+metabolite excretion (Levine, 1974; "1972' 1970). Ehxj,ensive studies ox; the
_metabolic fate or the PAHs reveals that a number of polar ;netabohles can be
formed in yitro in the’presence of rat Iwer prepnranons These include epoxndcs,_
dlhydrodlols. phenols, ketones and quinones nnd the con)ugated derivatives of
these metabolites have molecular weights of over 350, l.he appmxlmale mxmmum

Ilgure deteriined by William and co-workers (M|Iburn Smith And William, 1987)

for sub: that hnve gnifi biliary tion in rats. Arhough the liver is
. the main site for snch metabolism, a considerable porhon of "the PAHs may -be
metabolized by the enterocytes during absorption (Bock et al. 1070) Thde
metabolites mny.thuybé:ixgéeud into the Iun:en of the intestine nnd are Ava)‘]nble
for enterohepntié circuhﬁfm. '

- & 3 . 14
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Althawgh bile is the main route of excretion for the metabolites of: these

pounds, a significant p tage of radiolabel was excreted in the urine in this
study implying their ibility to the systemic circulati This may be-due to
direct port from _the ytes to the lymphatics and thence to the

systemic blood (Rees, Mandelstam, Lowry and Lipscomb, 1971) and -from the
hepatic venous blood (Chipman et al.,-1981b). : :
2 .

One technical problem rellled to lhe use of tnlmed hydrocaxbons in this
study is lhe loss oI a erum utom,‘durmg hydroxylnuon steps. Hydmgen |s>
known to mngrnle nronnd the ammam nng syslems dunng such hydroxylnuon
(lhe NIH : shlﬂ) The hydroxylauon reslll!s in (% formation of °H, ,0 which P.nlers '

the body water. “l‘hu will crnte .a small e);ror when tritisted derivatives in bile -

.and urine are assayed by mnullauon coudhng

4.3.2. Role of the Dietary Vehicle in 2,6—Dlmethylnsph¢halene (DMN)
Abmrptlon = s
The experlmenul model used in. this study providu & means for assessing

the contribution of concomitant fat absorption to the systemic delivery ol

mluduodemlly admlmstend 2, B—DMN

Fragments of evidence indiclte-thlt concomitant fat feedil;g greatly

& PAH absorption.. Highly lipophilic PAHs are I‘kely to be f.olnnd in the,
lip?a portion of the diet. In nddi'tion to the possible eacer promoting effects of -
fat, dietary lipids can markedly increase the blonvnlnbnhty of hydrophoble

molecules such as the PAHs (F:lk snd Kotin, 1033) Dl;auble fats when used as

- vehicles for PAHs, provide™profoundly grester systemic availability of

4
o
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° Eydrocarbons than do aqueous suspensions (Dao, 1069). The absorption from lipid

vehicles of PAH and hlorine ¢ ds has been repeatedly d gk

(Daniel et al., 1967; Wilson et al., 1082).

The apparent depend of hyd: 'l b jion on

triglyceride digestion and absorption may be explained in terms of the
*hydrocarbon continuum® conception ‘ol I%anon (lﬁ&]-). Because: of the .
exceedingly low water solubility of these c;mpounds the‘y pass through a series of
solubilizing phases in the intestinal lumen, 'crea;ed by trigiycer‘ and their

digestiop products, in_order to each the enterocyte membrane. Another possible *

explgmuion".[o: the appa’reni d d of hyd b b i on

concomitant fat digestion and absorption may’be during active triglyceride (TG)

absorption,

are being f: d in large ities and thus the .
\_’\3{)§orbed hydrocarbons can be carried away rapidly by these lipoprotein particles.

In conl,'mst; in the s&bsence of active i f jon, the absorbed

hydrocarbon will be carriedqﬂnly by the very low density Iip({proteins. Thus

active TG transport will not only facilitate the rapid transport of absorbed

)f&’rocarbon, it will also intain & low ¢ ion of hydi b

intrace!ll\xlmlyvto facilitate the uptake of hydrocarbon-by the enterScytes.

“Since 2,6-DMN has a relatively bigh water solubility compared to BP or

*  -DMBAs we assumed. that if 2,6-DMN is administered intraduodenally in a non-
Jlipid Sebicle like ethanol, instead of oil vehicle, the bipavail‘ubilily of this
compound will not differ significantly. Fig. 3-17 5hows that the total rn;liolnh;i
.recove'r‘y\wu not signil?clntly different from the animals wherey!.h;_..compound w_n‘a

» 5 ™ % . - “ ”

. g 1F
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. ndmiv}'ulercd in oil. This seen;: to indicate that concomitant fat absorption plays
little role in the system‘i‘c availability of this compound. If the pattern of
radiolabel recovery in_ the 0-8 hour period is compared between the conirol (corn

.. g
o'il vehicle) and the experimental animals it is observed that peak recovery occurs
earlier when 2,6-DMN is administered in ethanol. This further implies the pon-
essential role of fat absorption in 2,6-DMN uptake by the enterocytes. Whe’n the
compound is administeredsin sorn oil, some time is required_for the pancreatic
lipase to act on the fat dropletsand release the 2,6-DMN molecules to the aqueous
environment as micellar solutes. But when administered in ethanol, due to };igh
water miscibility of .this solvent, the 2,6-DMN molecules are immediately
dispersed into the aqueous phase of the intestinal lumen and are available for ’

uptake by the enterocytes.

4.3.3. E; h ic Circul of 2,6-Dimethylnaphthal (DMN)
Metabolites "
s
The role of metabolic activation in converting relatively inert parent PAHs

to ‘carcinogenic intermediates is’ well known (Levin, Wood, Chang, Ryan and

Thomas, 1982). Following the production of polar bolites by the liver the

PAHs are readily excreted in , the principal route of excretion for PAHs

(Levin, 1970).  The biliary metabolites of PAHs are known to undelgo
»
hepatic ci jon. Conj of BP bolites in rat bile are hydrolysed

by rat and-human intestinal microflora (Renwick and Draser, 1976)£nd a
7 ¥ 8 o W

‘significant portion of biliary. metabolites undergo in the
4% (Chipman et al.; 1981a). Similar recycling of DMBA biliary metabolites has

also been shown (Laher and Barrowman,-1984). Enterohepatic circulation has .
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also been reported in rats for i j derived from p bl

(Bakke, GustaféSon and G}lgtnlsson, 1080) and naphthalene (Pue, Frost and’

Hirom, 1982). Thus ially cy ic,, ic and inog ic products
excreted in the bile may well be reabsorbed from the intestine and become
available to a number of tissues. This systemic availability of hepatic metabolites
of PM{Qnay have a toxicological significance as regards other tissues of-the body,

in particular, the lungs which present the first capillary bed passed through by

hepatic venous bldod.

From the above discﬁ;&i(;n it becomes apparent that many PAH tetabolites
@;go enterohepatic circulation and it was highly probable thnt B—bMN ’
metabolites would also do so. Fig. 3-17 shows that 82. 20% cl an mtuduodenal
dose of 2,6-DMN biliary me!nbolites. was excreted in bile and urine in 24 hours,

blishing the exist of an h ic circulation for bolites of this

compound. A sxgmllcant proportion of the reeycled metabolites (46.18%) was

‘d in the urine indicating the ibility of the bolites to the systemic

circulation. No, major difference was observed in the excretory pattern of biliary

radiolabel_between t‘he parent ound anfi_biliary boli 20.58% of an
intraduodenal ciose of 2,6-DMN was excreted in bile in the 0-8 hour period
compared to 28.34% for tte metnbolites. ‘This may ngaiP be attributed to the
. relatively high water solubility of 2,6-DMN. An interesting phenomenon s the
secondaty peak that was observed in the recovery pattern of the metabolites in
the 0-8 hour period (Fig. 3-14).:‘This may ‘I':e due to the fact that some ‘of the
metabolites are excreted back into the intestinal lumen by the enterocytes and gre

reabsorbed. Thus in an intact sbimal the’ tecycling of the met;boliles could be
A

/ E . '
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active not only for thilisry metabolites but also for the metabolites excreted by
the enterocytes. The origin of the latter metabolites is not clear. They may

from the hepatic venous

reach the ytes from the

lation (indirect]

blood) or they may be produced by the y i I enzymes during the
absorption or they may be available from both sources.
’ . L ' L ®
So, this study blishes the exist of an

circulation for
the bilinry metabolites of 2,6-DMN. The text step would be to assess the

Cytotoxicity and icity of , these ;

when evaluating the

tox_icologic‘al significance of 2,6-DMN.

4.3.4. Role of Lipid Hydrolysis in 2,8-Dimethylnaphthal (DMN)

Absorption

The major dietary lipid species; triglyceri  is ydrolysed in the
1l-i inal lumen by p: “ ‘lipase together with colipase. ,This»l;ydrolysis

*is a prerequisite for sbsorption. It has been established that absorption of trace

nutrients, such as sterols and fat-soluble vitamins is intimately dependent on the
normal processefs of fat digestion and absorption and that bile salts, whicil play a
facilitatory role in triglyceride absorption, are obligatory for ‘absorption of these
trace lipids (Hollander, 1981). Bysthe action of the pancréatic lipase in' the
intestinal lumen, long-chain tri,dgé? e is hydrolysed to mc:noglyceride and two, N
fatty acid molecules, which then form the bulk of a subsequently formed viscous
isntropig phase of low sur£ace tension and containing water (Pallon, 1979). There
are continuous lipid lnnd a\ueous media in this phase and non-polar tracers such

as p-carotene and dibenzanthracene can be seen to flow from the triglyceride
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phase into the viscous isotropic phase as the former is digested and the latter
phase crgﬂ!ed. PAHs, which are presénted to the intestinal lumen s ‘solutes of

triglycerides, are likely to behave in a similar fashion. ‘

Laher and Barrowman (1983) have shown the influence of the degree of
simulated trighyceride hydrolysis on the aqueous partil\)n of thf hydrocarbon
DMBA. They observed maximum aqueous partition (micellar solubilization) of
DMBA at 40% *hydrolysis® and also noted an inverse relationship between the
percentage of hydrocarbon presént in t’l?e micellar phase and the quantity of
trigly’ceridf/ Triglyceride -hydrolysis is, therefore, neces;ar): lm'- the appreciable
partition of Aydrocarbon from an oil phase into an aqueous dispersible bile-salt
.solulion, thus forming the chemical gradient necessary for the uptake by the

enterocytes. 3

In our’experim’ent therﬂas fio significant reduction in the recovéry_ of total
radiolabel in bile and urine after an intraduodenal dose of [*H)-2,6-DMN in covrn
oil, when both pancreatic secretions and bile were absent from the duodenum.
This shows that bioavailabilityof this compound does not #epend on concomitant

S b vdralvk

trigly y The ive recovery of radiolabel in the 0-8 hour

~period was significantly lower than the controPanimals (Tab : 3-8),"indicating that
in absence of pancreatic hydrolysis, the 2,6-DMN molecules tend to cling to the
cor’)ﬂ droplets effectively reducmg then rate of absorption. But, in contrast r:-/ - d
the 8—24 hour penqd the cumulunve recovery was slgmﬁcanlly higher than the
control animals indicating that the 2,6-DMN molecules gradually escape from the
fat droplets and are absorbed efficiently, so that in the 24 hours cumulative

recovery there was no signiﬁ/cgn difference. ¥ B e
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Thus, triglyceride hyd: by ic lipases, which is an essential
factor for bionvnihbﬂity of trace nutrients and many PAHs, does not play an
essential role in the intestinal absorption of 26-DMN.




SUMMARY
This thesis examines several [actors governing the intestinal absorption and

metabolism of the PAHs. The study was divided into two main parts.

A wide variety of fdctors are known to influence the activities: of intestinal

AE s bolizi

glucuronyl transferase (UDP-GT). Ini the initial part of this thesis, the effects of
two differént factors on these enzyme activities were observed. The trophié

action of the i inal b (p S kol dain aad

secretin) on rat intestine is well established. In the beginning of this study, the

effects of these hormones on BPH. and UDP-GT activities in rat intestine were

: A number of i i have observed that, after proximal resection

and  anastomosis of small-intestine in rat, the remnant ileum undergoes
morphological and functional changes. In this study, as n-cont;nixul.ion of the
"factors influencing xenobiotic metabolism in rat intestine, the-effect of sucil post-
resection adaptive hypertrophy on BPH l-,l:d UI?P~GT activities was examined.

1
Our results indicate that p i produces a signifil

increase in the BPH activity only in colonic mucosa. No effect of pentagastrin
was observed on this enzyme activity in duodenum,* jejunumm ileum. The
hormone also did not have any effect on UDP-GT activity in any region of the
intestine. CCK-OF or secretin did not cause any change in the BPH or UDP-GT
activities in either the small or the large intestine. It appears that under the

<

enzymes, benzo{a)pyrene hydroxylase (BPH) and UDP- *
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1 diti 1

only p in has a effect on the

present experi

activity in colonic mucosa.
- : k)
_After proximal resection and end-to-end anastomosis in rat small intestine,
followed by 4 weeks of recovery, the remnant ileum showed significant increase in

the mucosal thickness. _The total protein content of the mucosa was also

increased indicating a sti ion of protein hesis. There was no change in

E L/
the BPH activity (expressed as nmol. BP hydroxylated /mg prot./min) in the

. " hypertrophied ileum as compared to the pre-resection igfate, but the UDP-GT
- activity (expressed as nmol. l-nnphthol/_cpnjuga:ed/mg prot./min) was
significantly lowered. Sinvce the hypertrophied mucosa consi_sts of rapidly dividing

| relatively ir.nmnture cells, this may account for the fall in UDP-GT activity when -
S— \ expressed per weight of mucosa. However, the lack of change in B‘PH activity is

difficult to explain.

The second portion of the study exa;ninej the absorption of several PAHs in
1 & &
the rat.  When radiolabelled PAHs- [*H]-2,6-dimethylnaphthalene(DMN),

[MCl-ph b [4C}-anth [*H}-7,13-dimethylb (DMBA)

and [3H]~henzo(a)py§ene(BP) -were adsninistered - intraduodenally ‘to‘ rats,
radiolabel was excretedl in bile and urine and w.as' used as an index of relative
absorption. All the compounds studied were well absorbed from the intestine,
- although with the larger molecules DMBA and BP, the percentage of absorption
was 7relntively lo;l. The representative PAHs were absorbed from the smsli
intestine even i‘n total absence of luminal bile but the efficiericy of absorption in

absence of bile was gelated to the -aqueous solubility of the PAHs. A.lthmlglh these
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PAHs are probably transported 'fmm the enterocytes by both portal venous and

lymphatic routes, this study didnwtumpt to determine the relative importance .

of these two routes. HY

The efficiency of absorption of DMN :(wner solubility 2.0 mg/L) and’
phenanthrene (water solubility 1.20 mg/L) in absence of bile was not significantly

different from the absorption in presence of duodenal bile, 91.84% and" 96.67%

o
“xespectively. It is known(that thl "unstirred water layer® (UWL) lining the

\
absorptive surface of the intestine constitutes the major obstruction to thepassage

of lipophilic ¢d ds to the en ytes. Therefore relatively high water

solubility of DMY' and Phenanthrene” as compared to the other three PAHs-

' studied, might account for these results. This observation is further validated by

the d. d of anth (water ility '0.073 mg/L), 8 structural isomer of

phenanthrene, on luminal bile for efficient absorption. In the absence of duodenal

bile, the efficiency of absorption (% of absorption in presence of bile)'orv .

anthracene was significantly reduced to 70.84%. In the case of DMBA (water
solubility 0.081 mg/L) atid BP (water solubility 0.0038 mg/L), the efficiency of

& i
absorption was further reduced to 43.38% and 22.94% respectively. The
: 4 .

significant difference in the bi of | isomers and
anthracene in absence of bilp indicate the importance of water solubility in
determining the biliary. requirement for absorption of the PAHs. The

observations made in this study seem to indicate that for the efficient absorption

of PAHs whose water solubility is less than approximately 1 mg/L;»bile plays an

incressing‘ly important role as water solubility.cf the compounds progressively.

¢ .
decrease. i f ‘
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When the factors g ing the bigavailability of 2,6-dimethylnaphthal

Wl’l further studied several other observations were made. There was no
significant difference in the bioavailability of this compound when it was
-

administered in ethanol instead of corn oil. This indicates that DMN does not

require concomitant fat digestion snd s c
(hydloc;rbon continuum) for efficient absorptive process. This theory is further
“strengthened by the observation that the E!Jl;lpollnd was efficiently absorbed even
when the intestinal lipolysis was inhibited by- diverting both the bile and the
pgn}:rentic secretion from "; duodenum. It was also oburyed that, like most
¥ other.P'AHs, the biliuy/n"fetnbolitz‘s of. DMN unde‘r'go 'ext_ensive enterohepati¢

circulation. The results obtained indicate that 2,6-DMN is well absorbed from the

. intestine and the : ilability of this i lluts seems o be
independent of most factors which regulate the iyioauilability of other PAHs.
The observed enterohepatic circulation of the biliary metaboltes of 2.&DM;I
indicates that the metaboHiles may be available for exerting various toxic effects

while‘l; may prove to be more important than the parent compound.
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