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R TMs stﬁ weas undertaken to determine mechan\s LI
e {nvolved in absorptinn of Tipophilic xenobiotics and tu.
define factors_which m;) a]tervthew pioavax]abﬂni‘es'.. B
‘Firs’t examined weré the‘i{vitro'partitiéns of 3 hydrocarbon

carcmogens. 7 12 dlmethylbenz(a)anthracene (uMBA). 3-

m thylcholanzhrhne and benzo(a)pyrene and one -

. ‘ - . H
.biphenyl compound between ‘an emu]sihed 0i1 ) I

polych]o i

phase and a: mixed ;nlcenar so1ut|on simulating intestina'l

—cunten\t. Nearly identical behaviours -were exnlbﬁ,ed by the

4 hydrocarbnns whose so]ulnhzat‘lnn was dl\rectly dependent g
upnn the formation, of bile salt micelles. - 2 olubu\;gnon 2
was enhanced by increasing concentrations’of bile sait, 5
redu‘ct;iun of triglyceride cu,:rlcentrati‘on and«the formation of

mixed rather than pure bile salt micelles. Micelles

containing- lon: chain fatty acid and monoglyceride we’e

better able: than medium-chain 1ipid.mixed micelles to
. h ¢ . 2\
solibilize. thevhydrocarbons. The second part of the study

éxan{j r;gg jintralumip‘al factors which might alter hydrocarbon
b1oa’ya11ajbi;|ity M;v_ijg_. Conscious, réstrained'rats were i
admin-i‘ste:r’ed‘ 3H-?MBI\ i variou‘s lipid test meals via ~ :
duodenal lcannuiae. Subsequent biliary excretion or plasma.~ = . v
Tevels »n\_“‘ r‘adiohp;] were monitored using common bile duct .- .

or 'tai]‘drterial catheters., In therabsence of Tuminal bile,,
DMBA was absorbe‘ from tr‘lgfycer}e yenicles to an o ‘/

apprec!able ex:en/t Luminal b1l rep]acement did-not , . /




i

influgnde radiofabel 'v{;_%v{ery f’rnvp'th: medium-chain

triglyceride (HCT‘) but &raﬁticalli enhanced it from long- -

chain. tr(glycermes ‘(LCT) uhether -ono- or polyunsnurated

With fuminal bi'le present. plasma lcvels a'nd Mliary
'recavery were s|gn$f|cant|y greater- frol both LCTs‘ than,_frnm

N
thg Mt :arrler. In a 6 ho )xudy yeriad. ‘plasma levels of

radmlabel were inversely related to the volume of triolein

srrier Rats receiving intraduodenal nfusinns of 3m DMBA'

_thelr b1le w(th!n 24 hours: “ In rats wﬂ.h Iymphauc
hstulae, b|Hary rad1nlabe1 excr‘tion vns used as an
7 indirect index of ¢ portal transpurt of hydrourbon.
Increasmg doses of -radiolabel were. ad-lnistered then
rehtige Iy-phaﬂc and biliary ridlohbll re:nver1es ve‘re y
‘-cﬁntnred. Despite a 2000 fold variation in dose (10 gg Vs

20 -g) tatﬂ recoverl:s as percentige adllnistera were

biliary pruducts subsequenﬂy eliminite '83% of the dose\in

L__sj__h_r_._u_thnushfsau—,degr e of i 2d—ty .,..»»:v

transport was evident with increasing DMBA burden, at.’le_ist

75% of ghsnrbed radiolabel was transported in vértai'&'lood. ;

This q;tu1y demonstratgs™that conditions favouring mice‘l]arv
solubilization of hydi 9'af'bon in the iptestinal lumen
produce greatest. b'mnvalla‘l_nii‘cies. Portal tnnip_o_rt(,
acéounts for the major route. of hydroga'rbon"‘(or der;'ivan.v'e)
A transpt;rt ‘jf’olr]oulng .Ai'n‘gestinn »ni‘th the Iyl’lphatic §ysteu.|
playing qnl‘y' an auxiliary rvo}e_. Ange in .tﬁelhuay.‘ the
compound {s efficiently excre‘teq in tiue bile and ;xtensive

enterohepatic recycling ensues. g ~
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INTRODUCTION
1. Background #nformatjon 5 []
o, . T - .
' 5
w< “A. -Lipophilic’xenobiotics
. = .

Any on1c ‘s’ubst‘ances in the énviranﬁent, including
certa1n b(eﬂ recognlsed carcinogens, are high?y lipophilic
and exlst in. svgmhcant amounts *in the food chain.
Polycyclic aromatic hydrucarbons (PAHs), many of whitch are
carcinagenic, Ahave been detected in foods':uifs throughout

the world. 4Such nccurrence can resu]t from methods of

preparatiun such as urmg meat. and fish by smoke (Gray and
Morton, 1981). In the early 1960's Lijinsky and Shub1k

(1964) det 4’ the/presence ui many PAHS |nc1u’d1ng the:

.’;' carcinngen benzn(a)pyrene (B(a)P) in c‘nav‘t}k;arl brn\led meat.

Even produce” grown. in=or- near urban areas is suscept)b]e Y.o %

contamlnatVan by ‘external surface depns)tmn uF air-borne
9o1lutaut hydrocarws 1Lo and sandi, 1978 shabad. 1980).
Particulate matteér.in cwarette smoke contaim}g adsorhed
carcinoganic “PAHs is swalloned and ulumately reachas the,
gastru1ntestinal tract. 3 ’ .
- Another c]ass of xenol‘notic, the po]_ycnlo,;mated
hiphenyls (PCBs] have been found in¢the adipose tis‘sue,of‘
cmamans (Mes et al. 1;82) probab]y resulting from
tnges'clon. PCBs are deposned in the fatty tissue of fish
(Ca‘rnpbel] et al.-1977) and are‘excreted in breast mitk




% enVIrnnment contamlhating s0i]

’euvirunmenf (D1pp1é,“1933_

2

. 2

Y- :
(Wickizer and Brilliant, 1981). Contamination is widespread

as a result of huge.production volume (85 million pounds pér

\
year in the U.S.A. at peak usage) and resistance to both
chemical and-microbiological degradation (Campbell et al.

1977)1 A\tpouqh they have been supplied only for use in

closed systems since 1971, their stability renders them
persistent envirnnmenta] p;llutaﬁts which'have accumulated
‘n the food cha1n, contamxnat|ng foodsy from breakfast
cereals to puultry and eggs Tux1colng|ca1‘actxuns of PCBs »

“include mndu)atwn of chemical carcinogenesis as well as

: po}phyria. endocriwel rep}uductlve and skin‘disorders, and a

syndrome charanter\zed by uasz1ng (safe E[ al. 1982).

1hus the gastro1ntest1na1 tract is.often exposed to

ic 11ppph71|c substances and can a1so serve as a major
porta1 of entry &o»the organ1sm. A]tnough'many studies have
exam\ned thelr metahahsm, partlcular]y in the 11ver, the
fate .and bwavaﬂabihty af ora'lly ingested xenobiotic
hydrocarbons such as PAHs and PCBs remaln 1arge'|y ignored.

PAHs consist. df 3 or more fused heuzene rings and as a'

resu]t are‘hxghly,hydrophqb1:. 'Formed by -the pyro]ysls of

} organic sunstanceé'they are wide\y d1§pgrseh in'the

. air. water-and food (for

Baum,,1978) - For: example, it has

.:Although not all PAHs cause

cancer,. certain of these common hydpucérbnns have been used




as standard =nlm;l carcinogens and are believed to be . 5‘
. potential carcinngen’s in the human. Fnr.exalple. some
populations of the world who frequently consume _smoked food‘s
(e.g. China, Japan, Ice’land) have a gre’ater 1nc|d‘ence of
cancer at certnn sites, particularly, the gastro!ntestmal
'tract (Natiunal Research Couneil, 1982). The most well-
known of the powerfully carciqogenic PAHs are B(a)P, 3-
'methylchn]anth;ene (3MC), and 7,12-dimethylbenz(a)anthracene
(DHBA),“nhase,structures are shown in Fig. 1. Although each
of these have been detected in foods (e.g. Lo and -Sandi,
—"1978), "they. are ‘rare]y found alone usually occuring as
mixtures with other PAHs, .and hence should be considered as
an epidento\'lo\ical group (Berg, 1975).

Many non

hr xenobiotics (suhshnces foreign to the

body), once In_thz body, are -etnbolued to_polar or.more 7
read’ily’ excretable forms. This detoxiﬂutj.on mechanism
usually involves 2 phases. Pha;e 1 produces derivatives

with suitable groups such as -OH, -COZH; -SH and -NH, which
then undergo conjugation (Pn.ise 11). to water solu’bl‘e

entities (Hilliihs and Millburn, 1975). The end products(.of
detoxification are usually non-toxic, water soluble -
substances which are readily excreted in the urine or bile
accnr}ﬂ‘ng‘ to molécular v‘veig‘ht. Although it is Reyond Fhe

~._scope- of this thesis. t(o'cnver this process in detail, the

reader is referred to(fav!eu"s which are cited where
Ipp;'upr:iit!. '
Metabolic conversions of PAHs, however, Ilf!: often \

. associated with the transformation of relatively imert =



&

b used in the study.

L

: . ? T
Figure 1: Structures of polycyclic-aromatic hydrocar

bons
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chemicals to Mghiy r‘e‘_a‘ctive "ultimate carcinogens®
(DiGiovanni and Jughau. 1980; Gelboin, 1980; S|m‘s, 1980;
L.evin et al. 1982). Many tissuesjin both human and rat.,
such as liver, lung and colon, can metabolize PAHs. Certnn

tissues, honev:r, such as tn: Tiver remain refractory in PAH

. induced :arcinogeneiis. It is probabl: that due to their

highly reactive nature mhich prohibits widespread:. b /
,d!str‘ibution..mnst ultimate carcinogeéns are formed in~

susceptible tissues.’ Concelvably, however, proximate

carr.1nogens may alsn be " furmed in remon sites (e.g. livev)

nriur to delivery’ ta the target site such as the maumar_y

.ghﬁd (sims, 1980). " - S

Besides. activuting potentul car:inogens. the liver is
canible of detoxifylng these hydrocarbons to ha_stenAthelr
excretion. As propu‘sed in'an extensive review on

: i = =
carcinogenesis by Farbir (IMW}) the ultimate fate of a
chellcal lay depend largely upon the hllance between_
activation and 1nact|nt1an, with the letlhollc patterns of
a particular nrgln or tissue determlning its susc__epllblht_y
to cancer. An important considern'_lon. which is oftén
~°"r]~~00hd; however, Js tm of expusu;r a tissue
Tiable to tumour induction may }:c;‘l‘;/e.”-As mentioned

earlier, the gastrointestinal tract is directly exposed to

and aiso serves as: a ma:j’i:r pnr»t;1 o‘f entry for.xenobiotics

such as PAH and PCB but hctur&govgrnhg their uphke’
remain obscure. )
_In the diet Kuch highly 1ipophilic subsnn:es are

Tikely to be found in Qatpn with fat. PAHs present in .

charcoal-broiled meat are located in the.lipid portion

» Lo




& facilitatory role in triglyceride absorption are

4(L1ﬁnsky and Shubak, 1964) and the,content of PAHs in meat \
has ‘been shnwn to correlate with_ th the amourit of fay (Gray and
,Morxon, 1981). It is established that the.absorption of
trace lipid nquienti'such‘a sterols and faf-;olub]e

vitamins is intimately dependentwpn the normal processes of

fat.digestion and absorption and that bile sa1ts,'which.p1;y

obligatory for absorption of these trace lipids (Hofmann,

1968). [It-seems likely that lipophilic x

obiotics will be
“haridled 'inasimilar fashion to trace nutrié Flipids in the

learly stages of asslmﬂahon by the smal] 1nte tine.

The object. of the present study was to |nvest19ate
factors which® govern the efficiency uf l]pophl{ic,qox1n
absorption. Since the basic premise of this work is that -
foreign lipoph1lic‘;nmpnunds acbompany djetary‘]ibids anj

are absorbed in parallel with.them, it is appropriate to

“summarize the current understanding of Tipid digestion and

‘ absorpt1nn. Although it -is not feaswhle to present an

extensive coverage of this subject heré, the reader 1§

referred to several excellent reviews (Borgstrém, 1974,.

1977; Patton, 1981; Shiau, 1981; Thomson and. Dietschy,

1981). ) . L
o o»_[, LR " &

B. Lipid digéstion. and absorption .
In, the- gastrnintestinal Tumen ingested lip(ds,_nutrient

or non- nntr1ent, zxist in an aqueous envlronment. Since



¢ en;eracyte.

Tifia absorption is passive ‘(Sallee and Dietschy, 1973),

C s B v
sufficient concentrations of.1ipid in monomolecular Solution’

must exdst close to the enterocyte membrane \tq create th‘é‘
diffusion gradient necessary rs?’upzare.- Lipid diyestion

involves a series of steps which.increase the concentration

..of* these hydrophublc cnmpounds in aqueous- phase. w7y

The maJur metary Tipid speﬂes, long-chain
triglyceride, is absorbed in the small intestine following'
hydrolys1s by panc\reatlc l1pase. Th\s process is very
effmwnt and ~Lt ‘ha's hean ast\mated that 140 grams of fat,

per “minuted can be dlg!sted 1n the‘ rma] uman smaH

intestine (Patton, 1981}, The spln proﬂucts of hydro]ysls,-

fatty acids. and monoglycerfde (see Fig. 2 ot ar,e
so]ubﬂued in m\xed bile salt micelles and it*is from these

nncel]es that they are thought to be agsorbed by the ‘

- Recent studies have ;uggestzmthat the older ‘concept of
the H‘pid microenviranments of ‘the smaI] intestine

conslstlng of an-oil phase of unnydrc'lyzed trig!ycende and

a nnceHar phase of ‘bile salts, partia'l glycerides and fatty

amds (Hofmann and Borgstrom. 1962, 1964) may be an over-
slmphfinnian. 6bserv1ng fat digesnon by Hgm: ‘microscopy,

Patton and Carey (1979) were -able tb demonstrate as many as.‘.

4 coexisting phases. Of pqrt\‘cuhr note was a “viscous
i‘sotropic. phase" containing primarily monoglyceride and
protonated fatty acids, although fts exact composition was

not determined, 0f low surface tension, this phase could: be




" Figure. 2:
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1

d1spersed by bile salts with subsequent formatign of a mixed

micel'lar _phase containing the products of triglyceride

. hydrolysis. There is also evidence that bile salt micelles

cnexist with Targer!particles of identical composition
termed l\posomes (Stafford et al. 1981J

R thick
100-to 500 mi

in thickness covers the absorptive
surface qu the sma]]llinvtestinal mucosaq(westergaard'_and
Dietschy, 1974). AThi‘s u_nsti’t:red uat‘er'layer'is conssrelered
to be a.barrier-for diffusion of lipid substances which

becomes incwsingly rate hmitmg with exvandxng fatty ac1d

'and monoglycer\de chain length (sallee and Diets:hy, 1971)

lt is. feasible that diffusion through this layer becames
coppletely rate Timiting for lm\g chain fatty and non- po!ar
solutes such as cholesterol uhich must permeﬂte this barrier
before they can'be absorbEd (Wilson et a'l. 1971. Nufmann.
1976). The diffusive flux of Tong-chain ‘Iipa]yti_c‘ preducts .
through the unstirred 1ayer is® incheased by-.a- f»‘actur of 100
to 200 by so'luhﬂizat{nn in bile salt mice'l]es (Hufmann, .
1976) . Patton (1981) has suggested the concept of a
connnuuus hydrocarbon domain’through which the: spht

products of hydrolys1s flnw.JThls “hydrocarbon a:onnnuum_\

©aliows non-po]ar mc,]ecu'les to .mave from a -non- d1spers1h1e

¢ . \
oi'] phase to a vh_ase‘disp'ersible in an_aqueous medium- and

‘_yes remain constantly-in associatipﬁ with a hydrophobic

microenvironment. - e

3

irred water Tayer varmus]y estinated to be

.~

®



It 1s thought .that 1ipid absorption occurs from a
monomer phase 'invequmhri"um with a micellar phase (Wilson :
and Dietschy, 1972; Westergaard and Dietschy,. 1976) It is
postulated that micelles dissacwate near the - enterncyte )

*membrane, an action probab]y favoured by an acid -

microcl-imate. (Shiau, 1981), and fatty acid and monoqucerlde

arh subsequent 1y absorbed. Bile salts remain in the lumen A'

“continuously bm‘ng'ing m’g\yceride'digest‘i'ori'pré&u’c:‘s to the
enterocyta border. Some passive absorptinn of bile acids
oc‘:urs in M\/upp!r smaH 1ntest1ne, but the ma,]orny are
absprbed. by an aqnve process |n the termina’l ”eum
(Dietsch,y, 1968). Under normal cnnditwns fat absorption is
a remarkalﬂy efﬂclent process (Thomson and D|etschy, 1981)
where rémnval of even 40% of -the smalla bowel h the rat has
-very little effe:t/an absorption ()3ennett, 1964)

AT'though reduced, appreuah'le absorption ‘of lonq chain
.fatty.acid can occur 11| the absence :f bile (Galla’her el: s
al, 1965; Morgan'and Borgstrom, 1969) but the absorptmn of

cholestern! and fat-soluble Hta‘mns is vlrtua\ly abolished

(Hofmann, 1968). Therex.ict means by w)nch bl'le salts 8

enhan:e trace Tipid absnrption “is not clear. Feldman and |
Cheng (1975] postulated that cholesterol absorption from a
-m'lcellar dolution requires a specific ‘interaction, of bﬂe
salt-and fatty acid or monoglyceride with the ahsorbing
membrane. It is, also probable that si nce these trace 11p1ds
are rather nan po]ar they may simply- depend on h(le salt
micellar solubﬂlzat-ion to achieve’ snff1cignt1y high

v

v



.mitlal d1ssnlut1op in dietary fat tu eventual transfev:to

3 cholesterol -and its estérs (Sylven akd B,

monomanc concentrations in:aqueous,solution near the .
‘enterucyte membrane . to promote uptake. MacMahon and T

Thompson (1970) showed that while .a polar Vipid, o1ei~c( a.cjd,

' was abshrbed‘nearly és well. from an emylsion as fr:)m a bile e :
v - , .

sa]t micedlar s'o]uiiun, a-tocophérol, 'uptake“.f‘rom the

e
emu}iop into intéstinal mucosa was Tower’ than that. fromh “\
nnceHar sn!uhonu Thls lndi:ates the' g,mpor‘tance of i .

m1ceHar sulubihzation for non- Rnlar hpids. It "therefore

' appears Lhat apprectahie ahsorpt1on uf trace nutr1ent Hpids

is devendent upon the creatlon of a pnntinhous Hp'ld dnmain \ .

within the lumen. Through \tMs continuum a trace IIPN’_ !‘-. ]

substance cnuld “bé expected to pass “with reTane ease, T

the anterocyte in mixed 1ipid-bile sa]t m1ce]fes. : . . -8 -
'Fn'll,owing,pasu ve absorpqluq of long-chain

mon‘oglyceride and fatty acid‘they are re:syn‘thesi‘}ed to

'trig]ycenide‘wi.tbinv r.he enterocyte. © Trigly;:er:ide drop!et‘s

)
yre‘ diyen a polar :nat nf protein, phasphalipm and’ -

»9,] thereby forming chylonncra.' These are thi ma.lor

i *of the enterocyte dnring fat ahsarpt\un whiuh exit

‘ from the lataral plasma membrane to travel :hrbugh the

mucosal Intersmt um em:er the 1ymphatic system. The -

0il :ure of the chylumicra ‘Is a solvent for a number of non-"

3
polar componnds incluyding Hpnvitam!ns (Barrowman, 1983),. .
EN

gstrnm 1968), and _
a number oyphﬂic xenohiot!d‘s including UD‘F (Pocock and
Vost, 1974 4 i




Short- and medium-chain triglycerides (which have fatty
_acid chain lengths of JJess than 12 carbon atoms) are hahdled
dif(erently than Inng cdhain llpid and the1r digest!un may

not provme the cantinuous 1ipid medium seen during long-

cha1n tr1g1yce‘r1de digestion and absorption. Medium chain -

N © fatty acid;.aqd munoglxceridés are hate’r;snlubl’e and ) 3
therefore, do not depend upon SolubiliZation in bile salt

. micelles to' reach the ev{terécyte. Also, although ihey are N

\ z readHy split ‘by lipase,. hydrolysis is not ‘obligatorysprior

to absorption. Tr1octana|n, a medium chain tr1wer1de of
)molecular weight 471 can be absorbed 1ntuct and hydral,ysed. .
_in the enterocyte (Bennett Clark and Nolt. 1968). . MWithin . '
the enterocyte, med(um cham fatty acids are not reestent’gd ’
. but, Teave the cell Mund. to proteins such & albumin and are i
}’ ) : transported 1n purta] venous blood. During rapid medium_ . S
o o chain trvglyc:r!de digestiun and, absorption, w1thau the |

formation of “ait effectwe mxcellar phase, non-polar sn]utes

may ‘not have. a ruute tu the entero:yte. As chylomicra- are

not e]aborated,, exit of trace solutes from the ce]l may ‘also Pl

be "'"7”"“" By n e, &

C. . Hydrocarbon mic¢11ar solubi
- 2 'Esorpno il E g

-studied with a view-to their micellar solu‘ant_inn in ~

i

E A number- of model hydrophobic compounds have _b,een',/- 3 ’
% yitro: In a study in 1967vBo'r‘gstr'6m examined the pdﬁr!ti}:n_ P
! LILro 4 i i t

b

< of 'vqrin‘us lipids between emulsified oil and micellar:phases
} . 3 i A




of glyceride:fatty acid:bile salt dispersions, Non- .
glyceride 1ipids in such a system’parntionea‘hetweeq' oil

and miceyar phases; the distribution seemingly gov;Fned. by i

’ thefr pu]arlty. -Thi's »chaleéter‘yl oleate partitioned much ' ..
_ more in favaur af the 0il phase than chn‘lestero].‘ Fat- -- *
St soluble. vitamlns suchv as B carotene, and ret\mﬂ (E'I Gorab
: and Underwood, 1973) and a- tucnphern'l (Takahashl ‘and -
Underwood, '1974) .are also dissolved 1n~b|le‘sa1tv micelles.‘ T M

“ﬂon‘iholar"soltﬁeé are more readily solubjlized when polar '

'Ii‘pids are present and mixed micellés rather than puré bile
.salt nnce]les are furmed (Carey and Small, 1970 . It is;
- generally believed as| ‘discussed above,.that the mixed I

N mlce'llar phase s, the preferred medwm fur the absurptwn of

. U Vnon-pnla/hp{ds._ The abthy Lof a b1’le sa1t mu:e]le to

_so]usze »a part1cu]ar solute’ may- determine .the efficlency

of the’ xntestina'l mucosa 0! ahsurb the su'lut

¥ so]ubine non- nutrlent substances. savary ahd Constant'

greater in mixed than 1n pure m‘lce]lus. These workers 3150‘ » L

ymph'_l:'n v1vo when hexadecann was qdmlmstered wi:h . /(\ 7

oIeic acid or brd

ein rather f:han when given alone. & e e
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investigated as a mice'l]ar solute hy Burgstrum (1974) who

obtained similar, in vuro results. In viv oAhe dem_o_nstrated

“octadecane abscrptiun ‘to be directly related to “the amount °

of carrier triolein fed to rats. Early studies by Ekwall

“and assoctates (1948, 1951) established -the agueous.

solubilization of several PAH carcinogens when present with

‘higﬁ concentrations of bile salt (in excess, of 100 mM) .

. Norman (1960) demonstrated 3Mc so\ubnizatlon in solutichs

-6F con‘]ugated and uncanJuga(ed bile salts beginning at 12

'mM, although )m f rther studles of this phenumenon appear ta

have béen made. { By m/ 4 o B
i In additwn to s{ud]es micellar solubnlzatlon of

fore1gn hydrncarbons 5ome work has heen dnne relating to

thur intest\nal absorphon in vivo., Heptadecane is 1ar9e1y

absorbgd,when jnresent as a dietary cnﬂammant (Tull‘lez and

{ Bvriés‘,rlwe)' Other straight chain hydrocérbnns dre known

bn be ‘converted to, their fatty ac\# counterparts in the

enteracyt (MQ arthy. 1954) M1cellar,saluhvluatinn

appeérs necessary for passlve’ly absorbed Hpids and mtght be

fa prerequis»]te for ahsorption of hydrocarbons, 1ncluding

PA#s, which are’ p!-ol;anly .also absorbed passively. Rees et

-at.i(1971) d'em nstrated-‘ B(a)P accumulations in everted sac‘s

ntéstine 1ncreased exponennally with 1ncreases in

tonce,ntratinn ‘af B(a)P. in Qe Incubation medium.«

Iod_nagetate or ‘anaerobic cnndﬂlons were unable to

si gn.if.i'ca'ntly “influence accumul ations
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.
Fragments of evidence indicatébthat concomitant fat

fEeding greatly enhances PAH absorption. The absorption
frrom+ 1ipid vehicles of PAH and organochlorine compounds has
I;een repeatedly' affirmed (Daniel et al. 1967; Rees et al.
.1970; Jahss and Moon, 1970; Kamp and Neumann, 1975; Wilson

et al. 1982) and shall .be treated at greaier length in the
Discussion section of this thesis. An excellent example of -

¥ the‘!‘mpruved biuava”qbility of one PAH when atiministered in
fat is prov1ded by. Daa (1969). He ohserved that during the
absorptian uf 3MC H| mice, :he compuund fed in an aqueous ’

"SUSPEHSIOH was ahsorbed to less than 6% of the extent

% a;hieved'wihen fed in sesame oil.- Following absorption these =
‘compounds have:been dete;:tad in thoracic duct lymph. - Kamp
and N:bs{ (1975) recovured 9% of an administered dose of
3nc in Iympn\lint only 0.3 to 2. 7% of administered aromatic
dwethyhmnes, suggesnng that increased Hp|d solubility

: favou:s.lynphatlc versus portal venous transport.

9, z .

TE. - SUMMARY . , ) ) = ®
From the foregoing dnta it is evident that smal]"
amounts of hydrophobic substances present n the’ 1ntestina1

) .1umen are likely to be contained in lipophilic
microenvwonments' mov1ng through the “hydrocarbon"_‘

. continuum" from initial ,disso\uuon in, dietary fat, through .
..a viscous ‘isotropic phase and ﬂnally 1nco the hydrophobic

cores of mixed bile salt micelles. As passiyely a ’rhed
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1ipid soluble substances, their assimilation in the body may
depend on their particular sa‘(nte'pr perties and the ease
f ! with which they undergo micejlar Abmzacion ‘prior to
' uptake by the intestinal mucosa. The process of long—chail;
_triglyceride absorption offers a hydrocarbon continuum but * N
not so medium-chain triglyceride di’gestion and dbsorption.
These latter fats have no absolute requirement for micellar
solubilization.as medium-chain triglyceride-and its

ie .

v
hydrolysis products are water-soluble, and hence they may be

less efficieny at creating nixed miéeﬂes to solubilize the
hydrocarbons. - . -
That these xenobiotics are transported in thg lymph to
‘ a significant extent after administruiion in a long-chain
lipid vehicle denotes a»pnssib’le depenQen'ce on co!\comitant
fat absvrpttnﬁ. Transport in chylomicra implies tha\‘: the
i “intesti‘na] enterocyte is the nn]y ‘cell through whick these . »
c;@popnds pass until they rgach»tne general circulation and
B ‘/ the i:h’sﬂicmfcra are finally disassemhleﬁd. The aPity of the:
enlierucyte to metabolize PA_Hs may govern their transport; -
yiﬂarw derivatives destined for tﬁ Tiver in perta] blood and
non-polar compounds (perhaps as pa\r\eht hyd‘rucarhoq,)
favouring lymphatic transpor.é and d{rect entry to the

systemic circulation.

B
I11. Objectives ) .

. The present study was undertaken to assess dietary and

physiological influences on the intestinal intraluminal
A\ it A

N 1



. p “
behaviour and absorption of hydrophobic xenobiotics. ;

Experinent? with PAH's comprised the bulk of this uorl.('and
were chdsen on account of‘their toxic potential and their

ubiquitous distribution in the food chain. A preliminary in

vitro study on a PCB compound, andther wide-spread
lipophilic toxin was perforued‘to lay the ground-work for
future -experiments. A

0f primary interest was the influence of concurrent
dietary ‘Hp1d digestion and absorption on intestinal ’
absnrpt(mn of the hydrdcarbons. The first part of the
1nvest19ation tnvolved an in vitro analysis of the physu:o- .
chemical behaviour of the above substances in model
|ntesu‘n]al content. The aim was“to define factnrs which
eitl.ue;- favoured or hindered aq}ecus 1}/5persion of the '
hydrocarbons which in turn might influence their
tztoavai'l'aﬁllny. Factors included, the presence -of bile acid
micelles, extent of simulated triglyceride hydrolysis and
degree of fatty acid saturation and chain ‘length.
' Once the 'in vitro data was collected, an in vivo
analysis of the’ effect of cun'c_onitant, fat feeding and

a‘ssimnauon gf the substances by :nnscinus, restrained rats

7 was :arried'out. It was thought possible to :hdracterize 5

intraluminal factors which may modify the rate and extem: of
absorption.of a PAH in vivo by administaring the carcinogen
!n various 1ipid carmers. These veh!cles "e chosen with
rega;d to their abilities to influence PAH behaviour in
slnula‘ted:intest(nal content in vitro. Using bile fistula

= o .

&
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rats permitted an assessment of the role of bile in \\

hydrocarbon assimilation, :and the importance of the
interaction of bile with the partitular 1ipids-in promoting
uptake of hydrocarbon. It was also‘cgns{derad of imp:;tance
to determine the influence of triglyceride carrier volume on
piasma levels of hydrocarbon because high fat intake is
associated with increased tumour incidence. Any tendency
for the comﬁm{nd to favour either the portal venous or
1ymph§ti: routes as ‘determined by dose of.DMBA were examined
to assess the metabolic capability of the enterocyte.

In summary) the information gained by studying. the
phxsico~cﬁ§mica] behaviour' of .hydrophobic toxinsviﬂlllglg

were applied-to an in vivo situation to define tgﬂse factors

which may either favour or hinder the appea?ance of
: 11poph1li¢ toxins in the mamma1xan system. fhere‘is a

dearth of information on the intestinal absurvtlon of ‘such

compounds -dnd since the gastrointestinal tract is a major

- portal of entry into the ho'dy, it is vital“to understand the -

‘factors which may maximize nr m\nimlze the absurption3of
sucﬂ ublquitous and powerful toxic agents.




ARTERIALS AND METHODS @

I. In vitro experimentation . S

A. Ey_.gen’mentaﬂ procedires

1. General method for preparation of micellar
solutions

The basic procedur_e' used in the prepardti’on of micellar

»s‘olununs' for oil-micellar partition ‘studies has been

. adapted from E]—Go;‘ab. and linderwood (1973) and Takahashi’ and

Underuoud (1974) and ‘is summa’rized in Fig. 3. The lipids
used \n e\h particular s&ction of the study were combined

in apprnprmte proportlons in heptane; phusyhandylchcllne
~

. wWas’ disso'lved in k\:y,qroform; the-hydrocarbon- under

iﬁve'st(gation and its radio_’labe,\!ed,cracer (’0.5'\:C| *3’}1 u}'

O.ii uci'”c) Were dissolved in toluene. A‘Hquots of ‘these
solutions were combined .in glass vi.als, then_“the so'lvents‘
w‘ere' evaporated under a steady s;:reumvof nitrogen for lq .’

minutes to yie]d‘ an oil droplet containing the hydrocarbon.

As far as possible the hydrocarbbn was protected from 1|ght.'

Buffered sodium taurocholate (NaTC) solution and 0.1 M
sodlum phosphate buff r.(pH 6.3, 0.15 M Na*) were added to
g\ve ﬂnal test uthure volum ml. " The biphasic
mixturas were then sonicatzd for exac 'y 1 minute with a
Sonifier Cell Disrupter (Mod:l W185, Branson Sonic Power °

Co.) equipped with a standard microtip at power output 3 to



.
|
I . 2 g s
Figure 3: -Simplified 'in vitro Ietﬁodo?p{x.
“ .
.
. ’
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yield h@neﬁ emul_sion_s. These weve- then incu’h'ated at
379 for 30 mikutes and 50 y1 samples removed for
scintillation counting. . The mixtures were transferred to 10
ml polycarbonate centrifuge tubes of the Dakridge type
(Beckman Instruments.Inc., Irvine, California) and then
ce;mﬂfuged in a Beckhan type 75 Ti rotor at 106,000 x g,,
(40,000 rpm) using a Beckman L2-658. ultracentrifuge fo‘rc,la
hours at ambient temperature. _Centrifugatian produced a
s»upernatant‘ 0ily .phase and.a clear aqu\euus infranatan bHev
salt so]ut\'r;n.‘ FaHnwing asp‘lratnm of the uﬂy gn'as; the

infranatant ‘phase was carefully dramed using a flne pasteur
. p!petce and: analyzed for salub\'l\xed hydrotarhnn by liquid

scinmllatinn cnunt'lng nf/apprupriate aliquots. " .

' .
< ¥

2.: Micell‘ar_solxbbﬂizatiw; of hydr"\ncqrbnns

The 1ipids used in this portion of the study-were oleic
a‘cid’ (a 10n§-ch£!n monounsaturated fatty ac'l;!), 1-mono-
olein, -triolein and phosphatidylcholine.: Tﬁese were -
combined with the Ah,vdrocarbanS\ (B(a‘)P‘ 3MC, DMBA urvPAB) as
descr’ibed above: Apprnprlate volumes of a 0.1 M NaTC
sn]utmn (0. 15 M Na*) and sodium phnsphace buffer were added
to the 1ipids-'in each flask to total 3.0 ml final volume: .
Final cnncentratiuns of the components were hydrocarbon’
100 uM, tr‘lole-ln 1.,13'mM, l-mono- o]ein 2.5 mM, oleic acid 7.5
mM, . phosphatidylcholine 0.68 mM and NaTC 0, 1, Z,-J, fi, 5,
.6, 8, 10, or 12 .mM. Subseque‘nt procedures were as outlined

insection 1 (General hethods). ’ .
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Hydrocarbon micellar:oil ratios at each NaTC

‘concentration were calculated as

)“
DPM aqueous /ﬁ]PH emulsion * - DPM aqueous

jnfranatant before infranatant
cengrifugation

and red‘esent the mean.+ SEM for at least 4 repll:ate
experiments. Data were alsq calculated as'nmoles .

hydrocarbon solubilized in the micellar phase per il

concentration. Using these-results, a partition ratio .
(mules hydrocarbon so1ubi]ized 1n the aqueous phase/mo]e of
bile salt) was der1ved far each hydrocarbon by regressinn
analysis of the data aboue the CMCNof -NaTC (tﬁe;e ‘partition
rat'ios‘ ;mrrespo‘nd to’ the slope of. the curves above the 4_'IIN_ ;

inflection points in Fig. 5, post ).

3. Simulated tr(glyc:r\da hydrolysis
01e1: acid, triolein and l-mono-olein were combined to

give final, concentrations—in 3.0 ml as follows:

triolein 20, 18,16, 15, 5 mM
'1-!-953\1:1» < 20 aM - [triolein (mM)]
oleic acid 2'x,t1-mnno-olziﬁ (mM)]

NaTC, phnsphat(dylbhnlIpe'ipﬂ'DHBA éoncentratians were fixed
at 12 mM, 0.68 nM and lOO»JM, respectively. Conditions and

prucédyres weré as outlined-above in section 1(General

-méthuds). "Micellar:oil ratios and percentage of DMBA

solubilized at egch ;tage of simulated triglyceride
hydrolysis were calcglite& and represent the.mean + SEM for

4 replicate experiments.



4, Upﬂi’ saturation and chain 1engtn
The 1-monoglyceride, triglyceridé and fatty acid of
‘ elther the octanofc (Cg,q), oleic (Cig,;)-or 1inoleic
(Cyg:2) eries together with-phosphatidylcholine were the

lipids studied. 'In this series of experiments the amount of

triglyceride was 1ncrea§‘ed from 1.13 mM to 5.0 mM to obtain
v( a more nefin1te'11p1d supernatant—. Concentrations of otherja
componen‘b& were fatty acid 7.5 mM, monoglyceride 2.5 mM,
phosphatidylchnline 0. GB mM_and hydrocarbon (3MC, DMBA or
PCB) IODl uM. ‘Conditions and prace_d;}es,,_were as outlined
above in section 1 (General metnads.).‘ Mice]lar
N salubihzanon of ‘hydrocarbon was calculated as mean

b percentage solub\Hzed (+ SEM) for'8 rep'hcate experiments.

5. Malar saturation ratio .
' A leEd mlce’l]ar sulutwn was prepared containing NaTC
18 T, oleic acid 7y5 mM, l-mono-olein 2.5 mM,
Ehosphandy!chohne 0.68 mM 1n 0.1 M sodium phosphate buffer
g (pH 6.3, 0.15.M Na*). Appropriate volumés of this solution
- . were added in combimation with‘sodium phosphate buffer to .

total 2.'5 ml in flasks containing 10 ‘mg crystalline DMBA

P (0.6 uCi 3H-DMBA).‘ Final NaTC concentrations were 0, 5, 'y

L 5.7; 8.3,\30, 12, 15 mM. * The sea]ed flasks were then
:;un'l‘cate‘dl_ in an ultrason‘ic water ‘bath (Cole Panmér) for. 1
B vhéu‘r at am‘izieni temperature. .Following-this, they were
. shaken in the.dark for 18 ho'urs at 37°C then centrw for
’ 30 minutes at 3 000 ‘rpm (sorvalf GLC- Z Benchtop Cencrifuge),

A .
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The™ supernatant soluﬂon was decanted and Fﬂtered/thrnugh
S~ Whatman . 02 fﬂter paper. to retaln crystalline DMBA.
Aliquots of 100 u1 of the micellar solutions were removed
for liquid scintj_ljatibn counting to ﬂetgrmiqé soTubilized
omBA.” 3 v B
B : § By ¥ )
B. Liquid scintillation M :

i Approprtate vn1umes of em.llsion or 'ceuar ;o]'uch-
. were combined uith 10 ml nf scintill on cocktaﬂ for . ~

v directscintﬂlati.cn ‘counting in"a ‘Beckman LS 8100

v’ScinLHla‘ti’on Counter. Quenchlng was \:orrected hy means nf S

an éxternal’ standard to aHow count’s per minnte (cpm) to be\

converted into absrﬂute act|vH:y (dpm)




Il."_l@ vivo experimentation *~ .

- Animals = " : <y
- :

Male Sprague Dlwley rats were purchased fron Charles

River Breeding Labnratnrics (St. Constant. Quebec) and ‘vere

maintainu under standard light and tempzrature condinons.

They were a]lowed free access to food (Purina Rat Chow, ¢
" Ralston Purma “o.) and tap uater until the t'lme of - 4
¥ operationﬁ which tide they weigh} berween 215 and 325 g. : “ o
B. Su garzmgost-ogeraﬁve grogedures .o % ]
¥ # 5 |

B, et PR Ahaesthes!a 2 > o<k

& # ot 7 D thylether vapour was- used to indu:e and maintain

anaesthes!a- .‘H1nila1 dosage and ’IgngtJ\ of exposure to the -

- T ahesthetlc ns attenpted frr each aninl. nuring the * < .

prn\qedure“tuh rat was closely observed for signs- of.
‘\\-/ ' ® ,respiratory dlstress or cn»ﬂapse and the ether was vitﬁd'ra'un'
SN A NE gt oa P

i
|
i

4 The animal ‘was ‘ed |n a: dorsal recumbent pos(tipn_

and |ts nbdomen ‘sh ved. « Iaparntony was perfnrmed.

" Bleedﬁlg ﬂonq ;he |nc|sed Hnu Tba was usually nlnimdl

and heuostasis. when necessary. was acnlev:d by H_ght

pressure. Yhe common blcﬂ!uct was-visualized by drawing'




" the duodenum to the left through the laparotomy wound. A
catheter of polyethylene tubjn{] (PE 10) was introduced inte
the .common bile diict above its confluence with the

pancreat1c ducts. The common bile duct was ligaied with 4-0

o surg'lcd'l s11k immediately be]ou the pmnt of entry of the

c.a‘theter. When-bile f]ou |n the catheter was Judged to ba
‘adequate the ciatheter wa}osgcured‘tn the dm by an

additian‘al 1igature of 4-'0'silk. and exteriorized through a
stab nound Jin the r|ght flank usmg a 20 g hypodermic needle :

“ds a trocar: L N

i el o3 I]\mdenum cannulatmn
Following laparotomy a; sallne filled prematnre infant

naso-gastric feeding tube was passed into the duoﬂenum

-through a small inc1s|on 1 cm distal to the pylnrus un its v

antlmesenterlc horder. Thi 'cannula was fed in a caudal

d'H‘ECtIDn for 3 cm and secured vnth a ‘drop nf
,cyanobutylacrylate adheswe. Patency was checked -by | .\ .
mJecnng,l m of. formal saHpE into the duodenum and

examining the site for, Ieakage. "The' chnnu\a was . *\\

exteriorized through th aparntanw uound.. s

T H artery can u]ation

A2cm] ngltud(na1 dne ade an the v‘entralv

surface of th tail beginning 2 cm frnm the anus, Following
blunt ‘dissection of surrounding tlssue. the ventral fail

artery was visualized and ]tgated with 4-0 silk. .
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Heparinized PE.ld tubing was inserted into the vesse

immediately proximal to the ligation and fed :in a cephalad
dlrectton ur about 4 cm. A 30 gihypodermic needle attached
to a hepar!nﬂfllled sy;lnge was inserted into the free end
of the catheter. The b]ood/neparin margin in the catheter
was examined f@r pulsation ‘to insure that the catheter was

p}opefly positioned. A 4-0 silk ligature held the catheter

:sacure and the wound was closed with 2. sutures of 4-0 silk.
A so1ut1nn of heparin1zed saline was infused durlng the

:recovery perlod at a rate of 0.5.ml/h tu dé]xver 10 I.

hepar1n/h to prevept clotting. R .

+ U5, Intestinal lymphatic cannulation
fo]]o;ing laparotohy the dundénum u}s Qéflected to the
left aﬁd ébvered with warm saline soéked gau?e. .Thls

’ expoaed the supertor mesenteric artery bordered rostrally by
. the? Juper1ar (mawn) mesenter1c lymphatic guct and cauda]ly

f’%y ‘the |nfer|or mesenterlc 1ymphat1c duct: - Using a 16°g
hypodermic need1e as a trocar, yinyl tubing filled with
heparin was introduced into the ahdomwnal‘cqvity through the
right flank. A }urved :api}1§ry iube was passed under the
'vena cava and the.right kldney. The'end of’thé catheter was
fed into the cap1llary tube which was tnen withdrawn back
along |ts urig1na! route. This prncedure placed the cannu]a
Ieve! nitn and parallel to the main iﬁtestinal Pymphatic
duct. Overlying connect(v: tissue was. gently. dissected away

© from the mesentquc nrtery'and lymphatics and a 5-0 silk,
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~ 1igature was passed be]awm ' Both ends of the\ silk were
5. held taut so that the lymphatics'could be distinguished from
! surrounding tissue fo]luw‘ing puncture.ahd subséq‘uent
collapse upon Toss of lymph. The silk -was left untied to
.ravoid occlusion of the vessels. .
The cannxj]a (cut‘at a 45° angle) was introduced into a
small cut on the superf1ci$1 surface of the superior
’ .77 lymphatic and inserted in a caudal direction for about .‘)nm.
! when consistent 1ymph f\o'w was obtained, cccastona]'ly aided
by gentle massage of the-abdomen, a drop of adhesive was
app‘l(ed to the site ef entry._ The- inferior lymphatic duct
‘was srnpped and glued to ensure that no auxiHary &
*. xnteﬂ1nal 1,ymphat|c drainage escaped the catheter.
' <Infusion of dundenal saline 1n the posc operative  period
L hiel ped ret‘ard clot formation in the cannula by producing an
"_adequa;e f]ow. of .rather dilute lymph. If clotting occurred,

; e
pulsing suction with a saline filled syringe often helped

“ dislndge the clot. If this was 1mposs1ble. the animal-was
d‘lscarded from the study.\ Animals exhibiting lymph in their
»ab'dominalAcavﬂies at necropsy were s1m1lar1y rejegted.

* g “
6. Closur®’ - ' ¥
-

The -abdominal or;ans were carefully replaced in the
peritoneal cavity, with attention to the maintengncevf)f
correct 1n_tra-abdumi_nal relations, particularly with the

ducdehum. The abdominal fascia and peritoneum cogethév were
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closed us(ng'a simple cuntinuou‘i suture pattern with 4-0
surgical silk. The skin layer was closed in a similar
IVIBHHEV‘; . * A L !
~ i )
e /Pust-aperativé maintenance

Immediately ‘fol]owing surgery and‘prior'co their
recovery from anaeusthesla, the rats yer‘e pTaced in Bollman-
type restraint cages. These provided effectlve ’
immobi1ization ‘and- prevented accessito the §'§nnu!§‘e.‘ An
overnight duodenal infusfon of saHv‘\e'delJivered at afa
2.5 ml/h preventw‘atwn.ﬁoﬂwmg uvermght . '

recovery, and prior to test meal admmistration, the anlmals :

were abserved for a 30- mmute perwﬂ to ensure adequate fluw'
of the fluid to be sampled (e,g. bile, 1ymph, b]ouq)'. If
this was not achieved, the animal’ was discarde‘d frqr‘ the
study. - .. P
s .
8. Sacrifice, R

Following the experiment the animals were given 30 mg’
of pe‘ntobarbital sodium -intraduodenﬂl,y. If deéath had m;t
occurred within 15 minutes, the then anaesthetized animals +
were sacrificed by cer’Bta’thlocation. Animals which had
exhibited abnurmalﬁfué‘mance (e{g’. 'I'u‘w flow rate or Jack
of chylomicra‘ in lymph) and ‘é'everal animals choseq at t
random, were examined at _ne'cra'prsy gor,‘prg'perjlacement' of )
catheters and leakage ||ito.ti\'e"a§dnm1na.l Ea;'ty. liat; with

dislodged cannulae were re-ject‘ed.- from the S’tuldy.



C. Dosing and collections

1. Test meal preparaﬂdn

Test meals 'wer‘e administere‘d intraduodenally via- the
duu’deqa'l cat‘:heter . This route rather than intragastric
administration. was chosen as it-obviated irtéranimal
variations in gastric emptying patterns. The lipids used as
vehicles were olive oil, saf.flu;ter oil, -MCT 0il and
trio»'l’ew'n. 0live ofl and safflower. oil were obtdined from
local snurcesvnn'able to supply c_o@pusitiona] information. ’

They were therefore anE]yzed by gas ’quuid:'chromaugraphy to

_.detérmtne‘fatty acid compositions,” which ‘are giveﬁ'ln Table 1 )

aTong with the composition.of MCT oil, according to the .

manufacturer. .

‘a) DMBA in 1ipid vehicle )

A stock solution of DMBA i\n toluene was combined with a
to'luena solution of 3y- DMBA in a glass vial. The solvents
were evaporated under._ a gent]e stream of nitrogen (4}
dryness, Teaving a known quantity -of radiolabelled and

unlabelled hydrocarbon 1n the. bottam of the'vessel. When

: using quanhnes -of DMBA ‘in excess of 10 mg the crystalline

hydrocarbon was weighed d1rectly int.o t.he tared vial in
hhich 34-pMBA had previously. | bezn added and dried down.' As
far as puss_ib]e,’ the:compound was_kept ﬁrotected_from light.
A'sﬁeé!.ﬂc quantity of oil.was then-added and the Wi xture
stiri;éd gently in the @ark for 16’ to 18 hours. Prior to

(-3 . .




v .

Table 1. Fatty acid compositions of the trig'lycerides
used as 1ipid test meals

v

; ) o E, . % of total
‘Lipid vehicle fatty acids

0live 0il.

. o .
aleic (Cyg,1)
Tinoledc (Cqg, 2) - o
pa\mhc “:16 10) . 1.3

1

Safflower 011

13,2

Tess than Cgq L i 3
" octanoic (Cg.g) . PRRS BRI
decanoic “10:0) 23
greater than C;p

34
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administration, the*solution was visually examined fur\‘the
presznce: of ,undissolved hydrocarbon and samples wers/émoved
for liquid scintillation counting. R
b)-.DMBA in Tipid-bile vehiicle
The ahu_ve procedure was followed then poofed rat bile
was added to the DMBA and SH-DMBA sn]uti‘un so that the final
0il to bile ratio was«Z:lr;/v.‘f This mixture was then’
vortexed for at l'east one minute to emulsify the " .
preparatlon. When ev1dencelof creaming or. cracking '
(separation’ of the oﬂ and aqueous phases) appeared, the -
mlxt‘ure was Pga1n “Vortexed to maintain humogemzaﬂon.

Aliquots were removed for 1iquid scintillatipn counting.

c) DMBA biliary me’ta’boHtes

.'lnree donor rats equi p;:ed ‘w|tﬁ biTliary catheters were
given a®bolus injection of 50 ug DMBA. (30 uCi 3H-DM§A) in
0.1 ml ethanol via the tail’ vein. Bile was col]ected for §
hours, pooled, then brought up to 18 mls with pocled rat
bile containing no DMBA or derivatives. This resu'ltlng
'ml);ture 'contalnjng l;3d1u'|dhe]’|ed metabolites of DMBA were
taken for liquid scintillation counting prior‘tn‘ -~
,administrgﬂon to recipient rats.

2.” Test meal administration
rior to administration of test meals samples of fluwid

(e g. bﬂe) were taken and hsed as.concrols. A1l dosing was
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carried out using an apprupr1ate1y s\zed syr1nge containing
(ﬁb:fiz;;\heal. A pre- determlned volume of the test meal was

drawn up in the syringe which was_then weighed on a Mettler

A30 analytical balance. The test m;als were administered

either as bolus doses or as iMfusions using Harvard infusion

pumps (Harvard Parélle]/keciprocal Infusion/Withdrawal Pump:

Series 940 or Harvard Compact Infusion Pump: - Series 975).

Using a separate syrinqé, the residual mii;ure in the

cathater yas rinsed in with 0. 5 cc of saline or bile;
dependlng\cn the experlmental prntocb‘{" The empty syringe
used to adm1n|ster .the test meal was then reweighed to

determine the exact quantity given to each animal. Dasing
procedures areés\‘mmarized in Table 2.
3. Sample co]]e:tign

afN\Bile R .

Bile nas‘:ol1ep€ed at timed intervals into preweighed 7
ml glass ;ials which were partially stoppered to retard
evapnratlon. The vials were then reweighed on,a Mettler A30,
ana]ytxcal balance to determ1ne the weight of "bile excreted.
Using a specific’ graviFy v;]&e of 1.00, the bile weight (g)
Was equivalent to biie vy]ume (m1)‘excre£eﬁ. Aiiqubts were
éemoved for liquid scintillation counti;g and total dpm's

excreted pef Unit time were calcul%}ed.
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Table 2.  Procedures for intraduodenal test meal ad- * zo
ministration . 5
S L
. Aporoximate * : Method \of ! Catheter .
Test meal F vo'l\ume .adninistration rinse
DMBA in o0il* ')1.0 ml .infusion: 1.0m/h x 1 h saline <
DMBA in oi'l’)’b':]e 1,5 ml . infusion: 1.5 m'(/h_)f 1h ~bile ’__\
OMBA in triolein  0.25, 0.5, bolus- dose: x 1 minute  ° saline
L0&2.0m )
DMBA b%h’ary ‘3.5 m infusion: 1.0 mi/h x 1 h bile
products 3
* olive oil, safflover oil or MCT ol
: 3
& 4




* was spun at 30,000 rpm for 30 minutes. The opaque

b) P']a\sma
Arteri‘a] b\ooé (250 u1) was withdrawn into a
heparinized 1 cc disposable syringe 'via the tail artery
catheter at half-hour-intervals. An arterial infusion of
ial'\‘ne was maintained at a rate of 0.75 cc/h between
collections “to prevent clotting. : fhe blar’:d w‘as expelled

into heparinized-400 ul microfuge tubes then cenérifug(ed for

2 minutes (Beckman 152 microfuge). = Plasma volumes nf 100 u1

were removed for liquid sclntﬂlahcn cnunting.

! ¢) Lymph. - :
At half-hour intervals, lymph was collected into
p;rtiaﬂy-stoppe’red prewéighed vials containing "sodium

citrate as an anticoagulant. The vials with lymp'mne then

reweighed to obtain iymph weight. Using a specifm'ngﬂty )

of 1.00 (Barrowman, 1966), lymph welght (g) was.equivalent

to volume uf 'Iynwh (m1) recovered per unit time. The 1ymph -

| was vortexed nd 100yl quuots were taken for ]1quid‘

’sc1nt\’|1at|on countmg.

-Ultracentrifugation of paoled lymph dﬂuted 1:1 with

‘normal saline enabled senaratmn of chylomcra.: The.mixture -

’

.‘supernatant containing chylomicra was aspirated ‘then 100 4

< ) 4
aliquots of the clear infranatant phase were removed for
> s . e
liquid scintillation counting. Comparing dpm before and
ifter centrifugation enabled calcllation of the_fraction of

radiolabel confiped to chylomicra.

!

g
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T DPM Lymph - DPM inframate x 100 = % in chylomicra

’

DPH lymph

D. Liguid scintillation counting
R

Dupllcates of an apprnprlate volume of each sample to
be analyzed were combined vnth_ 6 m of liquid scint-lllaﬂun
cockepil, then’ subjected to direct scinci]latiun coynting in
a Beckman LS 8100 scintillation.counter. Quenching was . .
coi‘rected' by means of al:\ e;(ternal standard which ailéwed cpm
to be conyerted to dpm. ‘The dpm of eacl go‘ntrol sampl ez-were

cnmpared to the dpm of coHeztlons su sequent to tne test
meal. . \ C " /
E. Exgerimenté] Qrocéduie '

In all instances experiments ue‘re‘nerfarmle,dvnn the ]
first-post-oper&ve day ‘and involved"iritr‘aduodenal test-
meal admimstra}'on. Except wheré noted, an intraduodenal
1nfus1on of saline at 2.5 nl/h fn\]oued the test meal.

Details of each expe,rimenta!‘procedure are summarued in

*rable 3. ¢

g &
Procedu 1. Biliary uxq;etinn of radiolabel following

;’H-’D)@BA' administration in 3 11pid “
A S b

vehicles; bile diversion

In animals with bile duct and duodenal cannulae a

o BN
control bile sample was collected over a'20 minute périod.’
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OMBA (10 ug; 2.5 uCi SH-DMBA) dissolved in 1.0 ml olive,

i s " .
o safflower or MCT 0il was infused intraduodenally at a rate »
Bile was collected every 20 minutes for 74

of T.0ml/h.
, then g ive 17 i taken and
ﬁoun§ then fcumu]atwe 17 hour col}ectwnvwas aken a.n

“analyzed for radiolabel. .

Procedure 2. Billiary excretion of radiolabel ‘')

‘ o = following 34-DMBA administration,in 3.

* lipid vehlc]es,Jblle supp'lementatlan

~ Procegyre 1 was modified sllgntly in wh1ch thg_xgst

meal was a comh1natmq of oil and bile; -An vmtraduodenul

‘infusion of bile at 0.4 al/h for 7 Kours followed:

adinisiration of the' test substance. An additionat 3

" radiolabel from 7 to' 23 h after the™test meal .and then L

cumulatively from 23 to 36 hours. _ . H
Plasma levels of radiolabel in anihals

« Procedure 3.
with- intact enterohepatic circulé‘tions
following 3H-DHBA ddninistration in 2. Hp!d
v vehicles. '\

An mtrnduodenal infusion of DMBA (10 yig; 12.5 uC\ 3y-
: g DHBA) d\ssu]Ved in olwe or MCT oil ‘was given to arnma]s
with duodena’l and arteria] cannulae. Plasma Tevels of
radialabel were monitored, immediate]y befnre test meal - |
ndmu\stratinn theén every 30 mlnutes ‘for 6 hours fcl]nwing

adm‘lnistratinn of the test meal.
: o, .

i animals'were monltared every ‘na1f hour for bile excretmn, ot/




T mlnuteffur 7 hours.

G
Procedure 4. ' Plasma levels of radiolabel in animalg
or With intact edterohepatic circulations
fallnwing 34-DMBA adninistration in
1ncreasmg volumes of tr1ole|n carrier. |
. A control sample nf blood was taken then bolus test
mea'ls were given to an\ma]s with arterial and duodenal
ca'nnulae.‘ Each arnmal received 100 nmo]es DMBA (25 6 93
12.5 Wi 34 DMBA) in 0,25, o 50, 1,0 or 2.0 ml triplein.

Plasma levels of rad1o1abel “were then. monitored every 30°

Procedure 5.‘. Lymphatic «and biliary recovery ofe -
s 0 radiolabel fullowing 1ntraduodenal .
: » administration of 3 doses of DMBA in

.ohvt LILEN bile_ sup;ﬂementatiun

'
Control samples of ’Iymph and h'\le were collected then

DMBA was given at 3 dosage levﬂs (10, w..lﬂ mg, 20" mg; 2.5

Wi 3H-0MBA) dissolved in zflive oil With bile added LA bile

Tin sallne mixture (l 5) was then inﬁsed at a rate of 4.8

mllh’fur 7 hours. Lymph and bile 1evels of radia]abe] ‘were
monitored every 30 mnutes for 7 hours, followed by a Iy
hour and g.hen a 30  minute célléction. In the 17 ‘to 24.5.

hour.period, 2 s ine infusion of 2.5 " /h Was given.

i’ru‘ce’dure, 6. Bﬂiary excretion of radiolabe] fu]lomng‘
/

- an 1ntraduadena1 1nfusiun of b'l’lhry
Iroducts of 3u-omea.
A 3.5 h infusion of exog'ennusl pooled 'bl'Hary.

m;tabolit‘:e_s of - SH=DMBA was deliveret_i'-1ntradﬁbdenl11y -at a
: .. o

A wnd® 8 I -
£ d § : ‘."\,

&
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’ rate of 1 ml/h. 'Ehdagenuu; bile nas‘collecte’n‘i and monitored
. B “for. radiolabel every half-hour for 6"huu;'s. then & v !
- _ cumulatively i‘ar‘ an 18 -hour-period. ~ .
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‘Lh\olei acid (cis, cis:

4

HI. Materdals . /

:
ey ;

.Aroclor 1242 (PCB, an isomeric m\xture of pnlych]ornnated

Mphenyls .containing 42% ch]or1ne by weight); Foxboro

o Canada Inc., LaSaHe, Quebéc.

Benzo(a)pyrene (B(a)P) 983 pure; Signa Chemical Co.,.St.

Louis, }ﬁssouri, U.S.A.

(1 3,6-3H)- Benzo(ajpy’i‘ene (3H B(a)P), .20 Ci/mmole, 98.6%

pure; New: England Nucleur Canada Ltd., Lachine, Quebec.
chlornfcrm (CHC]SJ, with 1% ethanol: as preservative, Burdick
and dackson Laboratorie& Inc., Muskegun, Michigan,

U.S.A.

7,12-D’imeth}'1benz(a)anthiacenz (DMBA); 98% pure; Sigpa

Chemcal Cou, St. Louis, Missouri, U. S.A.

(G-3H) 7,125 Dimethylbenz(a)anthracene I3H DMBA), 43 CI/mmole

92. 41 pure, Amersham Corp.; Oakvine, Ontario.
Ether, anhydrous A.C.S., F\sher Sclenhf\c Limited, Don
Mi'l'ls, Ontario,

'Heparin Sodium In,)ectian U SaPyy 1000 U.s.pP. umts/m], Allen

& Manburys ca., Torontn, 0ntar1o. . s <,
Hepcane, -Eastman Kodak Co.. _Rochester, New. York, U.S.A.

-9 12- uctadecatﬁenoic acid) > 991
pure, ‘Nu Chek Prep Co.. Elys1an. M1nnesota, U.S:.A.

‘L|qu1d scintﬂlatlun cocktail Aquasol-2 L.S.C. Cocktail;

"New England Nuc]ur CanadE f?d., Lachipe.gu\‘ebec.

MCT 611/ (medium chnin ‘triglyceride oil, canipositia given in

Table 1); Mead Johnson Canada Ltd., Candiac, Quebec,
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3-Methy1:ho1anthr‘ené (3Mc; 20-methylcholanthrene); Sigma
Chemical Co., St. Louis, Missoari, U.S.A.
(6-3H)-3-Methylcholanthrene (H:3MC), 35 C1/mnole; Amershan
Corp., Oakville, Ontario. #
Monolinolein (l-monolina]eoy!g1ycerol)'> 99% pure; Nu bhek' ¥
Prep Co., Elysian, Minnesota, U.S.A. *
Mnnunctanoin (1 monooctanoylglycerol) > 993 pure; Nu Chek
v il Prep Cows—Elysian, Minnesota, U.S.A.
. Monoolein (l-modoo]eoyig]ycerul)|> 99% pure; Nu Chek Prep
- : fe Co., Elysiam, Minnesota, U.S.A.
Octapoic acid, > 99% pure Nu Chek Prep Co., flysian.
Minnesota, U.S.A. § : (Y
Oleic acid (cis-9-octadecenoic acidy, > 99% pure by GLC;
Sigma Chemical Co., St. Louis, Missouri, U.S.A.
0live.oil (composition given in Table 1); Diamond Brand
 Mfgrs., St. John's, Newfoundland. A
Pentobarbital Sodium Injection (somnota]“), 65 mg/ml; M.T.C.
Pharmaceut(cals, Hamilton, Ontario.
_+ * Phasphatidylcholine (lecithln; 1,2-diacyl-sn-glycero-3-

¢ phosphncﬁn11ne. egé source); Serdary Research p

Laboratories, London Ontario.
Po1ycn10rinated biphenyls (PCB; see Aroclor 1242)°

: B ‘ (u—14C) Polychlorinated biphenst (M¢- -PCB; an isomeric
mixture of pnlych]urinated h{phenyls containing 42%

\ ; chlorine by weight; 14c-Arocior 1242), 24.4 nC i /nmole;

( v New .England Nuclear Canada Ltd., Lachine, ngbeg. .
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Polyethylene (PE 10) tubing, external diameter 0.61 mm,
internal diameter 0.28 pm, animal tested; Clay Adamg,
.. P»arsippany, New Qersey, U.S.A. LI .
Pre Pture Infant Feeding Tube (Bardic,)f. size 5 Fr., 15"
E‘Qength; C.R. Bard Ltd., Mississauga, Ontario.
safflower oil (composition ‘given in Table 1); Sunny‘_Crunch .
Food$§ Ltd., Markham, Ontario. w5, & )
Sodi«n{m’ chloride (NaC1) A.C.S., Fisher Scientific -Ltd.,.Don
Mills, qntario.
Sodium’ phasthaCe'huffe 0.1 (pH 6.3, 0. 1/.{Na )
Sodium phosphate, monobasic 1 07 g
Sodium pho;sp‘hate. dibasic . 0.32 9
Sodium chloride

istilled water to

Sodium\ phosphate, dibasic (NaZHP04) A.‘C.S., F'i/sher

scYentific Ltd., Don Mills, Ontario ’

L4 Sod.lum phosphate, monobasic (NAHZ_PDQ-HZU) A.C.S., J.T. Baker
‘themical Co., Phillipsbyrg, New Jersey, U.S.A, ;

Sodium’ taurncho]ate (NaYC. taurachnli: Weid; sad1um salt),
98% pure; Sigma chemical Co., St Louis, Missouri,
v U.S.A. . C
Ssurgical silk, 4-0,.5-0; Ethicon Inc., Somervi:lie, New
Jersey, Y.S.A.
TN uene A.C.S.; Fishér Scie‘r:tlf(c Co.,y Do‘n Mills, Ontario
Trilinolein (tr‘ilino]éoylg]ycerol). > 99!‘pure, Nu' Chek Prep

\ Co., Elysian, Minnesota, U.S.A.
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_~ Trioctanoin (trioctanoylglycerol), > 99% pu;e, Nu Chek Prep
3 Co., E]ysian,'M‘innesnta. U.S.’A. ) ’ )
i ’ ) Triolein (trioleoylglycerol), > 99% pure, Nu Chek Prép Co.,
’ Elysian, Minnesota, U.S.A. i
Vinyl (SV31) tubing, external diameter 0.80' mm, internal
d1ameter 0.50 i, medical grade, Dural Plastics and

Eng1neer|ng, Dural, N.S.W., Anscralia.

& . S~
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IV, Statistical analysis and/éta presentation .
X 3

)

The mean’ and standard error of the mean (SEM) were
‘f:a]culated for eachi-group of results; both Mn_tro and‘ in
yivo. Gr;phicgl présentation of da_ta has included standard
errg/’bars wheneyer possible unless at. the expense of
cla/rity. Student's t-test for unpaired values, or an : T ,
ana‘ysi; of variance where appropriate, were used to test . ‘
stétvisncﬂ» significance between groups of d:at_q within an "
experiment. -Sign‘ific.ance was est‘abﬁshed at“‘p £ 0.05 unless

otherwise specified. . [

' .
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EXPERIMENTAL DESIGN AND RESULTS .
: : “N,

1. Factors influencing hydr‘ncnrbon behaviour in vitro

A. Introduttion®

The in vitro expérimenta‘tion examined the physico-

" R .
chemical behaviour of 4 xenobiotic hydrocarbons -irP model

1ncest1na_‘1 content. The systems used were\usua”y-biphasn ~

and attelmpt.ed to simulate Fas.t-prandial intestinal luminal
cond1t1ans. Various camponents of each mixture were
adjusteq to’ determine poss1h|e factors influencing
hydrocarbon partition from an,oil (-ntg an aqueuus phase and
the ultimate m‘lcelllar-aqueo‘us s,q]ubil’iz‘aﬂan’af“the non-
polar camyounds.“ o )
. s % 2 e
B. Mice'(lar so]ubﬂization
This experiment 1nvolved examining the partlzion of the
4 hydrocarbo.ns fronl .an oil’into a rnicellar phase as bile
salt concentration was increased. The ability of NaTC to
* influence the nﬁcel\ar:oﬂ ratios of B(a)P, 3MC, ﬁBA and *
 'PCB is ‘shown in Fig. 4. The hy&‘roca\rhons exhibit similar
micellar: aH ratios which are dependent upon bile salt
concentration. At physiological bHe salt. cnncentrauuns
bthere are ‘no slgnﬂtcant differem:es between the ratios fnr
the 4 hydrocarbons (p > 0.05). The average supernatant: 011
ratio increases from 0.005 * 0.002 in the absence of NaTC to
4.3 +1.2 at 12 wh KaTC. Approximately nalf of the 300

o~



\ .

Figure 4: Effect l;f NaTC concentration of the micellar:oil
ratio of DMBA, 3MC, B(a)P-and PCB in.a twa-pr;ase
system_: Each -point represents the mean for 4
determinations. Composition of the mixture in
0.1 W sodium phosphate buffer (pH 6.3,,0,15 W
Na*): triolein 1.13 mM, I-monoolein'2.5 mh,
oleic acid 7.5 mM.'phusphatidylcho»‘Hne 0.68 mM,”
hydrocarbon 100 u‘M,'NaTC,as‘\s’pec-\"ﬂed‘.'

-
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nmoles of each hydrocarbon present is found in the 3.0 ml of .
micellar phase at 10 mM t{pTB and a;| average of 79 + 4% is
solubilized at 12 mM NaTC. Although of comparatively small
volume (Ca. 30 ul), the oil 'phase manages to retain a
significant proportion of the PAHs and PCB.

!)‘\i§ure 5 shows the quantitative retationship between
solubilized hydrocarbon and NaTC concentration. At. about 4
mM NaTC, thére occurs an‘ |!|_fie;:t|nn point below which very
Tittle hydrocirbun is found, ® Abuve this 4 mM v lue, the
amountof hydrocarbon solubi”zed in the. miceﬂ% phase is
directly proportional to thn—amount of bile sa'lt resen
Deter‘minaﬁon of the slopes of these curves by reM;g'
analys'ls allows calcu’lation Jof a parhtion ratio for each '

- compound in this -system. 4These r.atws §re nearly |dent1cal
and are giveq in T;ab]e 4. The va‘lues~ corre‘spond to.l
molecule of hydrocuar_ban solubilized per approximately 100
molecules of NaTC in the‘ biphasig system. . .

These derived molar partition ratios do nat‘ refl‘ect the. -
-true ta_palcity of NaTC micelles to solubilize hydrocarbon.
Instead”they are 1nd1c’a’t1‘ve of the abthy-of a typical bile’
salt, .N_aTC, to influence the partition of hydrocarbon )
between a: n,“l and a miceliar phase. A fu‘rther"e}(pe’vv:in[lent .
involved determining the micellar solubilizing cayac{cy of
mlxed lipid- bﬂe salt m{celles for hydrocarbon im the
absence of a cumpetlng 1ipid phase. Increasing -
concentraﬂons of mixed Tipid-NaTC micelles were added to an
excess of crysta'lline DMU. and solubilization of the



. " i ¥
. 5 y i .

Figure 5: ., Effect. of NaTC goncentrat.iun'un the ‘aquieuus solu-

bilization of DMBA, 3MC, B(a)P and PCB tl}'n a tWo-
phase system. Solu‘bility exp;ressed as ‘v‘rmtﬂes
“hydrocarbon solubilized in 3.0 ml of an\,NaTC‘ '
solution at spec'\'f\'ed ccnceqtratinns. 'E‘sgh poim;
represents the mean for 4 determinatidns. Above
¢the 4 mM MaTC"concept‘ration, each curve -h;‘as‘ plotted
by regression analysis of individual results and a
co’rre'lati.un coefficient determined. _Comp'osltion"of
the mixture in 0.1 Msodium phosphate buffer (pH 6.3,
0.15M Na*): "'triolein 1.13 mM, 1-mono-olein 2.5 M,
oleic Fcid 7.5: mM, phosphatidycholine 5.68 mM, o
* hydrocarbon 100 uM, NaTC as specified.’ .
. \
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N N
. Tab& . Molar parjtilt.ion ratios of hydro‘carhuns
E in t3|e biphasitc systema'
i . , —_—
" Hydrocarbon . Molar partition,ratio
) il d (+ s.0.)
- v G ¥
3 . g -
B(a)R ;. 1.04 x 1072 ;
; s eaox w0y oL
iy T ' -
3MC * 1.04 x 107 .
e 7 (£ 8.80 x 1075) .
HBA 9.63 x 107
: (+7.60 x10°%)
)= &
e . PRI ’ _ )
13 . T g2 x0T
(+ 9.70"x 1075 -
P A
’ ; W ) ¢
* calculatedeby’ regression 'analjsis/f“rum individual — .
results summarized in Fig. 5 for bile saH; concen-> v
t¥ations above 4 'mM.. 5
Lo R TN
i ¢ o
v .
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hydrocarban assessed The resu]tlug plot. ‘(Fig. 5), attained
by regression analysis. has a slnpe of 0.162, equiva]er\t ‘to
the saturation ratio (moles DMBA. solubilized/mole NaTC).

* " . The reciprocal of the slope (6.2), inditates that

© approximately 6 mo1écu|es of NaTC in the presence of fatty”
.acid and monoglycer'de scan soll@ﬂ\ze 1: mo]ecu!e of a

representative PAH in*the absence of a competmg oil phase

e ; C.\'IL'i’gids I o P . L
N T s o FIEY S IR s e
o ’ 1. Triglycer(da vofulre * - . p
R\_/ As shnwn in Table 5, as the tr g'lycerlde concentration

An the: hlphaslc system is. increased, but the fatty acid, -
i 'monoglycu'ide “and bHe salt cogcentratlons rem{n cuns!‘nt,- -

‘there 15 greater afflnlty for hyercarhan lrl the oll phase._‘ L
% % § ;: . “A study of the effect of slmu]ated tr|g!ycar1de hyprn]n!s
' on DMBA partition where lnng-.cha!n triglyceride (tn‘olem)

1s rep]ac:d by its d|g=st|on prodncts was performsd
Phys1a]agica1 bHe salt (12 mu) and phasphatidy]choline

'(0 68 mM) concentnﬁans remalned constant._ The results are”

depicted in’ Fig. 7. . i i

When no monoolein or- o]evc acid _1n‘clude§* in +the

v systenofle. 20w triolein) 4.8+ 8, 41 of the DMBA fs',

|

l, . 1ucated in ‘the mtcellar ﬁffranltant. The partition of DHBA
% o . .. into- the mice'llar nluse from. the oi p ase progressgs as /‘ .
. c e “ fon

| 5

]

|

i

1

i

i

trioleﬁl is.gradually rephcad by menoolsin and ole1c acid

«Signiﬁcanc 'ncreases (n m1c51hr solubniutian are evi
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.+ Figure 6:

Aqueous su'lubllizaﬂon of excess DMBA‘by mixed

" NatC miceﬂe& in the absence of'a 1ipid phase!

‘The urve was ca]cu]ated by. regression analysis

and.each point represents :he mean - SEM fnr 4

i

determinatmns. Cumpositwn of+the mhgture 1n o,

2 's m1 0.1 1 sod|u7 phnsphate buffer (pH. 6.3,
0;15 M Na ) DMBA 10 ‘mg; NaTC concentratlons

varied as-indicated from 0 - 15 mM. Oleic acid

.dnd 1-mono-olein were present according to a~

jNaTC-QEv‘.y acid-monoglyceride ratio of 7.2:3:1.

>}

N
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Ta

ble 5. Effect of triolein concentration un\the par-
tition of DMBA, 3MC and PCB between an oﬂ/phase and

a mixed micellar solution

« ““iriolein concen- Percentage of 300 nmoles of hydru- :
tration (mM) carbon solubilized in 3.0 ml. aquéous
i, DHBA anc pcs *
1.13 74 £ 4 87 -+ 4 17
5.00 21 3 ) Zﬂlg 1 25 2
“ .
2

at fixed bile salt,

monoo]ein and n'leic acid concentrntluns
of 12'mM, 2.5 mM and 7.5 mM, respect{vﬂy (n = 4).

i
i
i
i




Figure .7:

Influence of simulated triglyceride hydrolysis
on the partition of DMBA from a 1ipid p‘hase iintn
a mixed NaYcrniuHa»r solution. .Partilinn'ex- '
pressg‘d as percentage of “DMBA (; SEM) present in
the aqueous phase (n=4). Total DMBA present 1’n
3.0°ml = 300 nmoles (100 uM), NaTC 12 mM, )
;‘:hu.s;;h'atld.ylcnoﬂne 0.68 mM. Lipid components

varied as follows:

Triolein
1-Mono-d1ein

Oledic acid

20, 18, 16, 15, 5 mM
20 mM - cTriolein (mM)3

2 x C1-Mono-olein (mM)3

-
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this-40% “hydrolysis" point DMBA found‘ in the_aquE?us ph‘asg"
N ! ys,

0.08). . L

3
from 25 to 50(1,"hydrolys1‘s" as compared to the absev;ce of
1ipid dig’estion products (p < 0.05).  Maximal m'lqe”ar .
so'lubﬂi‘zatinn occurs at 40% “hydrolysis* (i.‘e.-l‘Z mM .
tr!o'lehl. 8 mM monno'IeM. 16 mM oleic acid) uhere 13. # 2% of -
total DMBA is,present in the mixed mcellar so!ntian. After

decreases to reach'0.9 + 0.1% at 75% "hydrolysis" (5 mM
p -

‘triolein,. 15 M monoolein, 30 nM oleic-acid); significantly .

‘Tess thdn hydrocarbon. solubilized at 0% “hydrolysis® (p <

i 7 ~
24 Fatty acid saturatlon ahd chain Tength..

This experiment used fatty acids, monoglycerides and

trl\glycerides of 3 1ipid nlasses to examine possible

inﬂuenceﬁ of . 1dpid type on the nH micellar partition of
hydrncarhuns. The l1p|ds uere chosen on the basis of thur
fStty acid saturation and chain Tength.. "The oleit series
represented 1ong-cha1n:‘nnn‘&mnsaturated Tipids (cle:l); the
linoleic 'se'ries, long-.c)fnn polyhnsatura_ten 1ipids (Clagz)

© and the ~oc§.anu1¢; §er1es;' mediu,m-cha‘in saturited lipi'ds

(CB o) The ab‘il(tiés of the various Tipid c1§sses to.
lnfluence the ofl: Mcel‘lar partlt{ons nf the PAHs,. DMBA and

3MC, are shnwn An Hg. .DMBA is sulnhﬂlzed in the

micellar pnasa of the octanoic system in. an mount only 55%
of: that seen with.the vleic system (11,6 * 1.0% ys 20.9 .

’Z.'7'l.; /< 0.05). Differences in the micellar 'selubi'lll'at',j,on

X



: Figure B

~glyceride 2.5 mM, tri

S
R i

. Influence -of futtj‘ac|¢ s&turatiﬁn and chain

length on the partition of DMBA and 3MC.from a °
1ipid phase into an NaTC micellar phase. Par-

tition is expressed as-percentage of hydrocarbon

(& SEM) present in the aqueous: phase '(n=8).

thi] DMBA Br 3NC present in 3.0 ml g 300 nmoles

. (100 uM); NaTC 12 ﬁM,gIa}ty acid 7.5 mM, mono-

yéeride’ 5.0-mM, phosphati=

“dylcholing 0.68 mM.
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- of DMBA betweem the Tinoleic ‘system and the oleic or

octancic syStems are not statistically significant (p >
3 p -

The oleit system so1uMHzes 3MC- to the same excent as
it does DMBA (20.5 # 1.3%). Solubilization of 3MC is
significantly greater with the-oleic sy}stem than with-either
the octanoic or linoleic 1ipi\3"mi)§tures (p < 0.05). -Again,
micelldr sofubilization of this PAH in the medium-chain
system to_an extentof 112 +-1-4%— is—onty S4gof that™
solubilized in the'oleic mixture and is nearly identical to
the amount of DMBA solublized. The linoleic mixture ‘
sol‘ub{nzes sigmfitant\y less 3MCethan does t{e oleic
sysLem (p < 0,05).

The effect of fatty acid saturatlnn and.chain length on
the oil: aquenus partltvnn of PCB-is shown. ‘m Fig. 9.

Likewise for this :ompnund the amount presunt in mn:eﬂar

*solution with the ‘octanoic’ system is only 54% of that

observed usimg the oleic mixture (13.5 + 1.3% vs 24.9 + 1.7%
solubilized; p < 0.05). In contrast tc ‘the RAH data, the
po]yunsaturated Hnalevc system promotes the aquéous
partition of BB more than the oleic system but t\‘h}s effect
is not slgnificant. <

a ‘ . . 5
II.  Factors influencing DMBA bioavailability in vivo

A.: Introduction - . ’ ; - <

As shown 4in Results I, distribution patterns of. PAHs hd
and PCB between phasés in ;imuléted intestinal content can " °
VNG . B



Figure 9:

4

Influence of fatty acid satnraﬂon and chain

length .on the partltwn of PCB from a lipid phase W,
into an NaTC micellar solution. Partition ex- ‘
pressed as percentage of hydrjocari:on {t SEM) pre-—-

sent. in.the” aqueous phase (n=8). , Total PCBin “ . @

3.0 m1 = 300 nmo1e$ (100 uM), NaTC 12" mi; fatty ..
.acid 7.5 mM, monoglyceride 2.5 ‘mM, triglyceride ] L

5.0 mM; phosphatidylcholine Q.68 M. . . ‘
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aqueous phase to various degrees . On\f%hasis of insight

be influenced by the state of 1ipid in-the system. Not only
is the amount of unhydrolyzed triglyceride idfluential in
hydrocawbon 0i1:aqueous partition, but 1ipids of different = ° /

fatty acid chain length will promote partitiominto the

gained in the in ‘ntrc situation, in vw‘vﬁx_;;erlment‘s were -
devisgd to examine the role of nnra]umlna] conditions in - '
gavermng the\b‘lnavaﬂabhty of a PAH co- admuﬂszered with

d'setqry Tipid. = The. lipids chosedl'ss vehicies are e Hey %

representanves of 3 lipid Eateguries ,nlive n|l as'a’

prutntype of 1ong- chain onounsa;urated fat.

$afflower oil”

for & 1ong~chnn n}yunsatunated at and, .l‘:T -‘M\‘ " et & 3

(p34) ‘;. gt 2
2 e w ¥ ;
B. Lipid c]ag and bilé garticigutw i ; T
R . .

[ 1. B1'I1ary recovery

It is. knaun)\‘.hat mllouiny syszemic entry of 2" ‘PAH, the

majority oﬁ an‘ dmmstared dose ]S rap’hﬂy -and ef ficient 1y

_excreted in the bile. As well, because ‘biliary exgrenon nf L i
a radlolabe]ed sample s sImp]e to mnrncur it has beén i |
vchasen as an Index of the. relative: Maavailabﬂ\ty of BH-, ) & ’
DMBA fu'l\cwing Intradundena'l admi niscratlon |n Qifferent - -
lipid vehlc]es. A major dlsadvnntage nith thls method; ; :

|

Jm/evzh
gkl
\.

extends from the cnnplete d(version of bﬂe -




(S . Co ) ok 0
5 5 ._ (conta‘in’l’n’g bile acids .crucial to ngrmal fat d1gest|on and ‘-\ gk &
ahsorpnoh) from the intestinal lumen! To maintﬂn a g .

% ’_,_‘ physiolaguca] mtr@lulmnal snuat\on, in’ certaxn experlments,

bile was cnadn\lnis%red with hydrocarbom in Hn-s 1upid . CE i

vehicle. Cémparinq. these results with an1ma]s tnta.lly

L Q‘ devo!d Jof 1ntraduodena1 bile, it was possibJe to assess the
role\of bile fh ﬂydrocarhnn bioavailability from ﬂifferent o
classes of dietary fat (c.f: Met'hods_ i1, E; prpcednres 1%nd, ..
2y - 3 B : M

' a F|gure 10 shows the 7 hour - pa;tern at huurly in(:gru]s

N T ohofbi iary radm]abel récoery fﬂlwing 3y- UN ‘

“w, admn strat or in tl\e 3 o\ls, both’ with and w1thnut hile

ﬂar fram ulwe., safﬂouerdud MCT

e af‘ 3y biHary excretion r%ﬁni rel'ativély
) “constant betueen 2 and 7 hours fQHemng nsy/tfon vnth ® 'é‘f__
e St no abviﬂus peaks nccurring. The 1argest huurly recover.y of
\v * radialabel occurs in "the 5- ﬁ hnur period for McT and olwe e
Pl i
crHs and in the 6- 7 hour period for safflower 0il. Theé L
of

highest I_murly _recovery is fcund for Mc‘T oil (0:80 +0

the given dose/h) but this'is not significantly different

from ,che largesqivalues for either long chain ol (p > :

I 0i0s). W, »’.» L na
. % JeN
R ! Upon“mclusion of exogenous bﬂg with HCT oils there 1; :
) “ R ALY ‘slight yet lnsignif'cant Increase‘ in peak bi'liary ’ -




e
N -DMBA naministranan/in

e Inmng 1ntraduodehul K
nHve 0i1, sartfiver ot of et o1}, each with

and without the coadministratlnn of exagenous g

h‘l'le = B‘I-Hary excret!nn ‘of radio‘lahe] was moni-

“thetest meal
€3 SEM) for.
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|
i
i

-
# I
e test medl, Eii t . s F Iid , : (\

'5 J s . s
-infusion pericd. Unlike its effect observed with MI:T,
exogeneous bile pro'faund!y enhances the recovery of
radtolabel from both ‘long- cham fats vmich have very similar
patterns*and peaks of recnvery (p 0. DS) Peak recoveries
’ from both long-chafn uﬂs are advanced to uitiﬁn 4 nours of.
administration and lncrease 1n magnnude 4- and 5 foId for* .
sa.fflouer and o¥ive 011. respect\ve'ly (p < 0. 05) Peak -
hour]y appearance of radhﬂabel us(ng the MCT/bile mh(ture )
is only 4D$ and: 44% nf peaks” attamned with biTe supplemeut

\\0405}”
Expanded p1ctur&s of the 7-hour radiolabel bﬂiary

saffluwer and ohve ails, respectiveLv (p

.elcretwn patterns showing ZU m(nute excretion’att_erns from
oHve and MCT oil are given ‘in Flg ¥l and Fig. 12
respectively: Figure 1# depicts thevmun biliary rid‘la‘lab!] X % 8

" excetion’ prufile for 3,animals takbn frnm 7 to 23 hours |
post-administration 'of 3H-0MBA 1n olivel of1 with’ bHe. This
porclan of ‘the sbudy wasvca‘rried out @ det‘ermlne 1f there . i

Mere any bséqueﬁt peaks in excretion o]lcwing the one " °
obsePved.between 3 and 4 hours. It éan b@seen that °
excret1on of radiolabel déclines steadily after the 1n1c|al

3 hner chb and plateaus aq about 18 hours fu]]ouing the
[

Cumuhtive recovery of. radiblabel undur theabove,
cond!t!ons is, shown in Table'6 uh‘lch dapic:s recovery on an * #
huurly bas1s for 7 haurs and in F'g.' H which shws v

cumulauve 24 hnur recova | of ndiohbﬂ in bHe. With »




Figyre 11:

Pattern of radiolabel. excreted -in bjle over a '7-

hour period fol10wind intraduodeal administra-

“tion of H-D§BA ih-olive oil with or without the

coadministratitn of exoger{uus bile.. Collections

" were ‘taken every 20 minutes. _Each point repre-

.. sents the mean (+ SEM).for 6 animals,

3 .
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Pnttern of radiolabel gxcreted in. bile over a 7
hour perlnd fo'l'(owing 1ntradundena'l admin1stra-

tion of H:DMBA in WCT of1'with or without. Ehe
coadministration of exogenous bile.

were taken every 20 n\ln‘ut'es,

\\ sents the esh (+ SEM) for6 animals

Each' point repre-

¢oTlections
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. nd-li\ls't‘uti_

“radiolabel was ldnfto}ed every 30

Pattern of radiolabel excreted in bile from.8

to 23 hours fnllmiihg 1ntrlduod_§nll ’cdninis\’g-'

ration.of 3HCDMBA 4n olive oil with the co-

of exogenous ‘bile. Excretion of °

‘m_l,tes.‘ Each,

j  point represents, the mean for 3 animals.
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Fliure 14: Total bi“lr.y. excretion of radiolabel in bile
I-f‘or a 24-hour period following intraduodenal. 3!1-
DMBA" administration in olive oil, safflower-0il” bt
: S or MCT oil, €ach with and without the coadminist= :
ration of ex;genén; bile. Each value’ r‘ep»resevnts' ’
the mean (+ SEM)-for 6 animals. 2 I £
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2 0.05).

recovenes of b111ary rad(olabe’l‘ 9.0 + 3.0% for, ohve oil “r
and 9.8 + 1.9% of the administered dose recovered from
safflower oil in a 24 hour period. The corresponding value

for MCT. il is s'igyﬁfi'c‘antly greater at 16.9 + 2.2% than’

from’ en:her Tong chain oil (p< 0. 05
with MCT oil as ‘the vehicle “for DMBA, duodena! bile

fails to enhance biliary recovery® in cumpar1sgn to. the oit

alone *(p > 0. 05)\n1th nn]y 14.1 >D 6% of the gwen dose ) !.

excreted M biTe in 24 ‘hours. Redoveries from-olive and ' I

safflower 0\1 are prnfnundly 1m:reased to 23.1 + 2.7% and

26.6 4. 91, respecher., These rebr!sent s1g{\\1f1cant1y

greater .recoveries from any of the u(ls alone. or 'from the
M}Xrolllhﬂe combination ised as the fest mixture.{p &

. Y

P'lasma recovery <

2.
A series of experiments were perfnrmedkp va]idate the
premise that biliary excretion of radto]abel can be used as w
a re'lative index Df ‘the bicavaﬂablllty of !ntruduodena]]y
’ adminlstered bydrocarbbn. Tes.t’meals of 3H DMBA in oHve g
..0i1 or MCT oil were infused intraduadeha]ly to rats n‘ith~ T
4 Intact enterohepatic circulations. ‘Plasm.i Tevels of’

- radielahe\ wem-man monitored at . regu!ar intervals (c.f.

Mét))ods II, E; proced)lre 3). Figure 15 shuns the relative

thonghout the study puriod ©live oil. anhieves mean

Phs{z lgge'ls of radinlah.l attained fol]owing each test D
meal

4 phsma Tevels of radiolabel mora tymn douhlh those uﬂng the

medllm-chiln vehicle (p < 0. 05) Pe (ﬁppunnu nf

H 4
g A e




. - i L
. duhdenal ‘administration of 3"-11!8! in olive oil
".or MCT ui'l to, anhn,als uiq- 1ntact entaruhnpaﬁc

.clrcuht!uns._ Plasma 'Ievn]s w!rl mnnltn

'eu\ry 30° Ilnutes f’nr 5 hours 'fvllouing the test

Plasma appearance. nf‘_rradinl'lbel' fo]Towing' intra- ‘_-. )

-nls, El:n point repr:s#nts the mean (£ SEW)’
for 6 aninﬂs. B 5
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radlalabel is ‘not apyarently achleved 'by 6 h following

E ~ﬂmi~nﬂ'ﬁration tnvo ive 01l but may he hcmeved ‘before this.

time wit"h\thkmedium thain 1ipid, “Peak_levels of raNolahe1~

are equivalent to 6.9 + 1.0p moles

. K “seen with MCT ‘oi
- DMBA/m1 plasma, whereas ' maximal levels attained with oliver
5 oil in the § hour period correspund to 16.5 + 3.2 p \ &

mol es/ml .

.. :C. Enterchepatic recycling .
. Becanse PHBA metabolites are extensive‘ly excret.ed 11&

l the (le\there is alstrong possibility nf spme subsequent

i - i § reabsnrptwn. Rat hiii;ry ‘metabolites of’ 3ii DMBA \iere.
. . ¢
colleqfkd and poaled. These radiolabelle,d/DHBA dui‘vahves

vere then infuse

intraduodenally to rec1pient rats-and

subsequent fbiliary ‘eit_-"re\tionlnf r_adiolabel was monitored

1 e (q.f. Methdds 11, E; proce?ﬂrgs) Table 7 expresses the *
medn cumulative percentage of the- }dmimstered dnse re- t

. " excreted in the bile fnllouing the .infusi‘ng. lne recipientl ’

D.

- These exppriments were carried out to determine if the -

Vbl\ume af carrier triglyceride cancomitantly absorbgd “with

v % ~:  DMBA could influence ‘the amount nf‘hydrncarban absorbed. A o

constant quantity of JH DMBA was ndministered

g . \ Ty
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Table 7. Cumulative relovery of biliary radiolabel fol-
lowing 3dm1 jstration of radiolabelled biliary pro-
3n s Ty o ¢ B 3

" ducts of
i & : v ¥ )
~ e ' nr i LeE
D X . % g o \
4 | . Cumulative excretion of
Time (min). | biliary radi\olahe]

3% 0o - ? 2.37 (+ 0.70)
S o B B gl o
i 30 - bl - 3.30 (+ 0.97)
4 - S -
: % 60 - 4.83 (£.1.20)
i 0 - 57 (+ 1.40)
120 %% 6.86 (+ 1.6177
150 # 8.17 (+ ¢.84)
. . 1230 . .32.81 (+ 2.76)"
K o
N
3 infusion period of 210 minutes, t-o at 210 m\nutes '
¥ ; . \from commencing infusion
. - '?' recovery expréssed as percentage of adm1nlstered

dose; each value represents ‘the mean (+ SEM) tar
6 determnations\

o . e ok




- intrlduadena]ly in increasing voluies Df a tv:i'ulein test 8 .
vmea] and then plasma levels of radio]abel - Were munitured fur

7 Kours (c. f Methods II,\ 3 prucedure 4) s fuund that

. 1 levels of .plasma rad1olabel are invér e'Iy related to : =

.. triolein volume (Fig. 16) Levels attained followlng .
administration in 500 umoles of trio]em are consistenﬂy .
greater than those observed with 1000 ar 2000 umoTes of—-

'Hpid but. cuns'sténﬂy less than those ach\a tha 250 .7 e

wnole dose of triqlem. The 250 umnle dose 0 d, produces

@ significantly greater (p <. 0.05) plasmalradtu]’atjgl 18ygels at
—. \ -

all time points-when compared to.the ZDM\e

v also tke 1000 umol’e{dose (exéept'at 7. hours whé‘re‘pk 0.1‘0‘)‘.

dose.,and}_.»’- P

Th}e relatively low amounts.of plasma radiulabe’l\\abséfv'ed!.

b 5 £ \ %y 7Y .
wit‘I}JOO and the 2000 umole amounts of triglyceride are. . .~ -
nearly identical ‘(p > 0.05) throughout the 7 hour st\uji,y

period.

The most r:apid rise in plasma radiolab;'l‘ls bbserved.:
follou(ng the smanest ‘dose of tr'hﬂein, with, 500 \pl‘llo.les of
% o 11p1d producing a more modest rate of 1ncrease. Peaks of- Wi :
radiolabel may be discerned at 4 hours and§ hours .post- '
administration for the 250 umolé afd 500 ymole tr;_le!ein
doses, respeciively. With the largér amounts of lipid.there ¥
are smaH but perslstent hourly increases 1n p’lasma ;
radiolabel with nu leveHng trend yet apparent at 7 hours

rpost- administration. 2 5 .
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Figure, 16: -
" 'DMBA following

with intact enternhépa‘ti: circilations.

folloulng the test Iea].

.

_intradusdenal administration sin

. different amounts of triolein carrier to rats

Plasna

radlnhbe\ was monitored every hour for 7 hours

-Each nn-lnt_renresents
the mean (0 SEH) for 4 animals.
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E.; L atl ¥s gortal transport: effect of &

1drncarbn dase .

To: assess tne maJor route of transport of DMBA from the

’ small’ lntestine, anima]s um. main 1ntestvna] 'Iympnatlc and
. ©biliary’, catheters were infused wn.h olive oil-bile test i

¥
i meals xiuntaimng 3 d1fFerent dnses of hydrocarban (c.f. ° i
X Methods Il, E, procedure 5

It was presumed that mth |

to:al Iymphntic dwersion, dtolabe] excreted in bile ha‘d i
galned access to the system \ua the portal bllood.  As portal’
hlood lS generally. consldered respnnsible fcr the carr\tage ¢ T
of predaminanﬂy polar cumpounds. and the Iymp\atlc syst.em i |
b .is mainly concerned vnth “the transport of non- polar i . |

suhstances, it is Tikely that the distr1but10n of rsuio1aue1
£33 be! en the two systems w{ll roughly reflect the dégree the.

metabolism of the.xenobiotic. The lJMBA_duses used (10" ugy

o 10 mg.and 20 mg)-were chosen in én attempt’to find a dose of

< ‘hydrucarbnn wnich would exceed the metabolizmg capacn.y of !

the 1ntest1na1 nmcasa. and a\ter the Tympn bi]e ratl

of
“rddiol abel.

An assay of tnsfractwn of lymph resp.

. for radiolabel transpnrt was aHo undertaken.‘ The frelative

‘recoveries-of' radio’labe\) in bﬂe and in Tymphs fro the 3

doses. were ca]cu]uted. as-weall as tne relahonsh'p of bile %0

or lyhph flou rate with their respective radiolapel 1eve]s

" to'the overall.recovery of radiolabel in ei_tner compartment. e

W |




,‘ m1/30 min),

1. Recovery_ patterns . L

. a. 10 wgOMBA' _® - Ll e e
Figur‘e.l?" shows -the 7-):0;19‘ patterns of* 1ymph and bile
flow and”their transport of radiolabe'l (represenhng parent =
DMBA and/or‘ metabolites) f011ow1ng a 10 ug dose of DMBA. V :
Following test. meal adm\mstwation bﬂe f!pw |ncreases from®
0. 24 + 0.03 m]/30 min-to plateau at approxhnately 0.37 &
10.02° m1/30 min gwithAﬂuctuations petweenlﬂ‘.Z‘Q 'and 9.42
Radiolabe] “is.detected in bile within 3of . i

minutes of begmnihg test meal” 1nfus|on with ’Ievels

incraasing throughnut the ent\re@l hour study periud. .: LA

Conceéntrations of rad1o1abe1 atta‘lned at the -end of ‘thi's v
’pel‘]ud are equiva'lent to.271 + 62 ng DMBA/m1 bile.

Lymph flow rises dramatica'lly 2 hours subséquent to the

test meal from 0. 65 ‘m1/30 min to reach a mean rate of { 28 o ]

0,05 m1/30 min.. Fluctuanona in flow rate occur thrcughput E .

the study periad. - No ‘or ;:n’ly trace quantit’ies of radiolabel

are dete:ted in lymph 30 mlnutes fram deginning the test

<

meal, by contrast with the early app_ear_anc_e of biliary .

Ea\iioactivity. 'éy two hours post-administration, lymphac1é

,radiolabel goncéntrations c\imb rapidly and appear to

carresmnd with the appearance of chy]omicru.
uConcentraHons peak at 3 hpurs achlievﬂm 1eve)s_equivalent
K to 31.9 + 5.5 ng DMBA/m1 l‘ymph. Lymp?’\’a‘tic radiolabel then - e
dcclines to leve]s at 6 to 7 hnurs which are apprnxhnate]y IS

50% uf peak“]eve]s.; . »




Figure 17:
&

Relative recpver

l;lmpﬁ 'qvev‘\7 \Qou

. 10/ug SH-omBA 1
T+ (a) ‘Bile,volume

“#(b) Lymph volume

(c} Total rec‘ayq.

and in lymph

stered radio

mindtions. ' Vert|
which are. shown
*Concentrations o

.
surement of radi

lies} of {a‘

q;:'label in-bile and

L‘s’ fo]lnwlng" administration of
olive 'ni‘x:wn‘njumim bile.

and IDMB}\"'qoncéM.:rat‘(un" -

\"and DMEA concentration®

ies of radiolabel ip bile

as :percgqcag'e of admini-

label. . ' =

‘Each point represgn& “the mean for § deter-

A\
ffor-(c): only. .
F DMBA ‘are derived from mea-

plabel only and therefore may

include thé pres

ence\of metabolites. ! .

ical \]dges represent the SEM.
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Actual recoveries of radiolabel are'a prBQuc»t of II;oth
:»oncentrgv;lon ig and volumée of bile or lymph for each.30
r'nim‘nte period. - Daring the'7"huur post-test’ meal peri‘odm
. lymphatu: radlolahel recovery remalns consmerably lauer R

. than correspandmg radlulabel retriaved frmn bile. Alr.hcugh

blllary concentrinons of rad\n'label _rise steadily, marked
i fluctuat\ons in actual:quantities recovered are evident and

corféspund to diterations dn\bll‘e fléw. Variations if lymph

flow, although not wlthout effect, do not exlnlnt as. !

¥ yrofuund an \nfluence on- lymphntic radiolabel recover,y wh;‘c

more: closely parallels lymphatic radlolahel cnneentration a
. patterns. s : k
i ¢ b. 110 mg DMBA
) The 7 Mour' radioldbel recovery pattérns im lymph and
bile following a 10 mg dose of DMBA are.shown 1n Fig. 18.
"% Bile flow incheases following' the fest.meal to plateau at”
D s about 0.37 +0.01°'m1/30 min from a pre-lnfusmn 'rate of 0.31
#0.Q2 m1/30 min., Within 30 minutes from beginning the test
meal, radiolabel is detected n bile and peaks at 164 % 22
B ug DMBA equlvalents/ml bl'le over the next 3. 5 M)ﬁs.
I; Thereaftery_)ﬂntratlons gradually decllne to 130 + 25 pg
DMBA equlvalents/ml -at 7 huurs pcst adminlstratlon.

Mean 1ymph flow lncreases markedly follwlng

lnstlllatwn of the test meal: from 0.58 + u .2 m1/30 min prE-
infuslon to reach a plateau of roughly 1. 13 + 0.14 m1/30

n_nn. Only trace\quantltles uf ‘radiolabel are detected in

N X : A;‘ e ‘ P




Fi gljre_‘ 18:

v

)

Relative recoveries of radivlabel in bfle. and

Tymph -over 7 hoursfollowing administration of™

3

£10 mg H-nMiaA in olive oil with luminal bile. -

(a) Bile vn1ume and DMBA eoncentrat'un*

(‘b) Lymph vdlume and DMBA concentration*

(/c' Total recuveries vof -radiolabel in bile and

in 1ymph as: percentage of adm1nistered €
rad1o1ube1 i oyt
Each pomt represents “the: m'ean for 5 deter-

winations. vgrt1nal 11nes represent the Sfﬁ

which are shnwn for (c) only. .. 4 : S

' *Concentrations of DMBA are derived from mea=-

surements of rad{n]abe1 only“and therefore may

include the presence of vﬁetahb’”_ﬁes.
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dministration whereas

bﬂlavy(nppearance at this tim s!gnvficant‘ Peak
R

.concentations of 35.8. pg DMBA enuivalents/ml 1ymph were seen
e at 2.5 hours post-feeding. " The subsequent decline .in

'concentration is 1n1tially rapid-to reach a p]ateau “at :

1eve1s abouc one- thw of pea* values during the latter - "
PO

.o _phase of. the study perfod. !

. 2 o
P % Actyal recoveries of radiglavel in bile are

cons1ste 1y greacer .than correspwndlng lymphatlc values.

. Betwesn Zyanﬁ 3 hpurs post- admlnistratiun (near peak

" = 3 - '1_ymphatic radiuIahe1 recovery)/there 1s no significant

s T dwference betwgen ‘lymphatic  and bﬂiar_y recoveries (p > - ’
s .+ . 0.05). THe spbsequent” decrease>in 1ymphatic" radfolabel /\
4 dccompanisT{n increase inbiliary recavery furing the next °

" 4 '"3 hours. “Recovery jn bile begins to decline in the 6 to.7
B ' = ’ g s % e e
hour post'}dministration period. . 'Fluctuations in actual

b11xar,y rad1olabe1 result I’rum de'uations in bi’le flcu and -

™ are not attributable to-erratic _alterations n com:entrat'lon
A wh1ch decline it an even rate. . a Y
ool T " . 20 mg DMBA

. * ! 'Total transport of radiolabel “in bilethroughout the 7-

; hour st’udy/&pe»r'od s significantly greater t
corresponding lymphatic transport (Fig. 19).

redovery of radiolabel in bile peaks-at 4.5 hours post-

administration which is equivalent.to 370 + 80 yug DMBA/ml

- ; . .

1o : bile. Following tHis, biliary levels of radiolabel~assume a. :
A . | ) o = gk ; -
. : . 5 i ,/ .

| e o ) 4 . .

‘l ” N . . \ .

! . : '

¢




Relative yecoveries of radiolabel 'in bile and

'Figlure 19

iy p 1ymph over: 7 haurs followin

dministration of

20 mg H-DNBA in olive oil with Tuminal bile:

(a) sile volume ‘and DMBA coficentration*
e . L (b) Lﬂh vu’lume and DMBA concentranun* e
ol ’ . (e) Total 'recoverles of radiolabe'l ||| bile and '

£ ’ “in Tymph as percentage of administered

r . 3 radiu‘lahel

et Lot £

‘iﬁaz:ﬁ 'bdh’l\:'repr'esent's the me&n for.§ deter- :
o5 W e 7 minatfors. Vert|ca1 lines represent the SEM- . - "

which ’e shown for (c) only.

@ - ’*Cnncentratmns of DMBA are derwed form mea--
surements of rad{a'labe] only and therefore may
] include the presgnc"e of.metabolites,

e T L ‘ : -
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gent\‘e d.ecHné attributah.ie to ‘reduced co‘ncentrations of
radiolabel and slight fluctuations in flow rate. . )

' Peak lymph concentrations of radiolabel (cnéregvonding
tq 49.4 1’15.8 ug DﬁBA/m/l lymph?) occur at 3 hours post-
feeding. This, however, is not reflected in a peak for B
actual recovery of radiolabel in lymph. Acco;npanyin'g i:he ’
suhsequent'c{echne in-radiolabel concentration is a s;eady
1ncreavs’e in lymphatic flow rate from 1.31 + 6.28 ‘m1/30 min
concomitant with the peak to over 2 m1/307min at 7 hours ~
‘post-administration. Total transport of radiolabel in
1ymph, therefore, plateaus from 3 to 7 hours post-

-admin!strahan.

2. Total recovery t
“Figure 20 fl1ustrates the cumulative 24-Hour recover}:
of radiolahel derived: from bﬂe and Tymph with the relative
dlscrlbutvon of rad]oactlvity between these compartments at '
each level ‘of hydroc;rbon. Total recoveries a's percentage.
qf?adminis‘tered dose arg, not sibn(’ficanﬂy di;ferent between
the 3 doses (p > 0.05); although re’covery from the 10 mg

dose as.covﬁpared to the 10 ug and ‘20 mg doses wds somewhat

Tess (p ¢ 0.01)

' In -a 24-hour period, the percentages 3 radiolabel
recovered in _the lymph from the 10 ug, 10 mg- and ZO mg doses
are4350112 ,332+0351and462*1 111.of the.

administered doses, réspective!y. Biliary radioactiv!ty‘

accounts for the greatest proportion of retrieved radiolabel.



Figure 20:

.01l with bile supplementation. -

Twenty-four. hour recoverie§ of radiotabel in
bile and Tymph fohom\%‘g intraduodenal admini--
stration of -H-DMBA'at 3 dosage Tevels.in olive

fa) Total radiolabel “recovery from bile plus
“lymph as percentage of administered dose

(b) Distribution of recovered radiolabel be-

© tween 1ymph”}vz\‘{ bile
(c)-Bile : Tymp ratios of radiolabel

Bach value represents the mean. (+ SEM) for at

least 4 determinations.
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regardless qf the dose of hydrocarbon giyen. The 10 mg dose

i . 3 Y
exhibits a significantly lower bile:lymph ratio and >

percentage of recovered dose present in bile than did the‘ll)

“pg \dose of DMBA (p < 0.05). Values obtained for the 20 ng_

dose are n})t significantly different from either b{le 10 ug

or'10 mg dose of hydrocarbon (p > 0.0‘5)/.- . ;
. » oy

| 3. .Detection in chylomicra

_As significant levels of 1ymph rad‘lnactlv'lty are nn'ly
nbtamed once 1ymphat|c turbidity i's observed fol]nwvng the
Llipid test meﬂls, it wds decided to asrzay the chylomicron
fract1on of 1ymph for the'presence of. radnﬂabe‘l. Samp1es
Z ]_ymph were noo'led then uItracentrifuged to separate the
chy’(onncra. Radiolabﬂ reta'lned in” the clear infrdnatant
ias con to the el sbtaifed prior to centrifugation.
Following removal of the chy] omcra on]y 14.0 +1.3% of the
original radhﬂabel remamed i the - mfranate. Separation
of the chylomicra extracted 86% of the raqjdacti»{it:y from .
the .'lymyhv., " , L ) ‘ %

4. Lymphauc contribution to blhary recovery

To.gain insight into the bﬂiary excretion of- 'lymph—

. derived radiolabel, cumparlsons of tota\ radlo]abe1 recnvery

in animals with and without 1ymphat1c fistulae ‘were ‘made.

“AN aninaly/reciived 10 ug DMBA with H-DMBA in. aryﬁwe 0il,

- plus bﬂe 0eh|c1e. Animals with bile fistulae alone were

monitured for MHary excretion of radio1abe1 and those with

-~
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both bile and 1ymph fistuT ae had” both these fhnds munitored
.and total’ recovery ca]cu]atpd (c.t Methods, 11, E;

pro:edures 2 and 5). A comparlson of the two groups |§'shown,
.in'Tah’le 8. Employing Students- t-test at ;ny of the time
“intervals studi‘ed. it is évicrent that bH\iary recovery in .
animals. with 1ntact>in§estina\ lymphatics doés not )
significantly differ from total re:o‘v‘e‘ryw('lymph plus bile)

"in rats with 'lxmphatic diversion. . .




*Table 8. Total recovery ‘of radiolabel from animals
with bile fistulae only.or from animals with bile

105

o and 1ymph fistulae ﬂ-h -
o
. e oy "f : o = c
“ % : Fistu'lae .Cumulative % of‘ administered dos.e’ tjeuovered
Yy e on created. .. 0= 7 h . \ 7-24h -
g AL -
Bile " 12.09 ' 11.26 .~
(n=6) +0.98) - < (4 2.59)
BiTe + Ll e T Ty : .
. 1ymph 10.70 ‘ 22.74
e . (n=6) (+ 3.18) . (+ 5.01).
=t - - - =
% . 4
) a. recovery .of 10 ug dose of 3y DMBA given in oHve 0il
g with bile supplementahon
R b aach value shows the mean (% SEM)
i °
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. DISCUSSION OF RESULTS |

\

1. Factors lnf1uencin§~ hydrocarbon behaviour in vnro

S b7 » b
A. Micellar solubilization of hydrocarbons

1

|

Non-polar solutes possess an understanda’b]y +igh

affinity\for a lipid medihm. Falk and Kotin (1953j studied
the parﬂtion of' B\(H)P( between a hydrophilic (dilute plasma
protein solutiun)and a hy rophuhic (hpid) medium. When

or{gina]l,y present in the aqueous phase the

sluw'ly equﬂ-ibrat.ed between the- aqueous a,nd lipid phases.

No transfer occurred, however, when B(a)P was. ar1g1na'|ly

“present in the Tipid sol_ut on which retained all ‘the

hydracarl)ong |

The abih’ty of bile sa\'lts to promote aqueous '
solubilizatidn, of non- polar\ substances is recognised as an
“important charactemst\c (Carey and Shall, 1970) Efflcient
/\estinﬂ absorption of hydruphchic cempounds (e.g.
cno]estgrol) requires so!ub‘\hza?‘.iun into bile salt min'elle;
as one of several stebs invo‘lved 1ﬁ‘lipid' assimilatiun

(Hofmann, 1968)." During fat‘ digesthm. intestinal Tipids .

- partition b\etween an oil p:;yg,n&'ni}ngv mainly higher
glycerides and a bile salt'mic :

ar pha_§e containing -
mnnoglyceﬁde and fatty acid| (Hofmann and Borgstgom, 1952‘,:
1964). Since bile salt Hp‘id nicelles ?ngngrally thouglht

to be of great importance as .a medium fdr &e]!véry offtrace
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nutrient 1ipids to the absorptive epithelial ceIls of the

small 1ntestlne, and since slmﬂar considerat‘lons probalﬂy

apply to lipophilic xenobwotlcs, this th’es\s examines

factors governing u;e digtr“ihutior;.af PAH and PCB between an

oil‘phase and an aqueous phase, The simulated 1ntest;nal

. syst.em is modelled after“that used by E'[-Guzah ar.ld..l.lnderwood
y (1973) at physiologica]‘pH (6.3) .cantg‘im'ﬁg concentrations

of fatty a‘b\c{, monoglyceride, triglyceride, phosphniipid and
sodium 1on likely to be found post- pN‘m{mHy insthe sma’ll

“intestine.  The maJority (about two- thirds) of monogl_v:erme
present 1n the Tuminal contents of the smal'l bpwel after a. .

: m.ea'l is in the form-of, Z-munog'lyceride (Hofmann and
Borgstrom, 1964). Hufmam\ (1963b) .has shown th,gt 12
monz;ulein and 2-monoolein are solubilized 1‘den'ti;:a]ly by
bile salt salut%‘ons and it. is therefore expected that the A
use of k-moniglycertde vl_duld not sighificant’ly alter thg
physico-chemical properties of the model syétem.

= Th% mixed micellar system.“\which was generated
progressively from a mixed 1ipid:phase t_:y increasing €he
concentration,of. bile saIt,iéffiE1en§'1y transferred the PAH
and‘PcB compuunqs from a;v 011 fo an aqueous phase. The
micéi]ér:cil ratios of the»4 pydrocarbon’s examined at 12 mM
NaTC were about 1000-fold greater than the system devoid of
bile salt-(Fig. 4, p. 51). As shown in F1g. 5 (p. 54)
partitinn of the hydrocarbons from the 011 1ntn the micellar
phase is- dependent upon bile salt concentratio’m Only trace
amounts of the 4 hydrourhnng‘ were ‘detected in the micellar

t
=

6 7
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’molecu]év of solubilizate. . Carey and .Small’ (1970) estimate ./ .
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“'phase below 4 mN NaTC. This concentration corresponds to

the critical micellar concentration (CHC) of 4.2 mM for "NaTC
in a system con)nn‘lng monoolein and 0.15 M sodium ion Y
(Hofmann, 1963a; Carey and Small, 1972). Abovg this value,

the solu

ization of each hydrocarbon was directly
propurtio@.to NaTC concentration suggesting that aqueaus
solubilization of PAMs and PCBs is directly dep:néent “on_
bile sa'lt mlcel]ar formation.
. Rid
The vpri‘ncipla nf "true mice\l@)ar solubilization"

proposes that each micelle must contain at ‘least one

that NaTC ln‘celles-unde_r phjsiﬁloginl circumstances contain

about 15 bile salt molecules. The présent partitﬁon ratios-

given in ‘Table 4 (p. 55) of:1 PAH or PCB molecule per:lﬂo
NaTC molecules ihdica;e(that the prinbiple.df "true”
micellar solubilization-is not strictly followed. | 3 must

be remembered, hnuever, that these ratios are.not saturation

. ratms. ‘Each parntion ratio is’ a measurement of relatlve

affinity of the hydrocarbon for the Tipid yhase versus the

hydrophilic core of the miceHe. Past attempts to “calculite

" the volume: of the micellar phase “have not been.successful

(e,é.- Borgstrom, 1967) ‘and therefore calculation of Me
partﬁ!on coefictent for the'sy.ste_ms does not seem p.ﬁssihle,t
at* present.” . = '
i Tu-'de,t_!rni(nn' tﬁﬁvc;pacity.uf mixed ljce"ﬂes o ™
solubilize a representative PAH (DHBA_) in the absence of a
ci)mpetlng 'Hp‘ivd phase, 2 molar saturatto‘r{ ratiornis'
N A

1
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"‘true“ m1ce11ar su’lubﬂ!zatian but is 1n
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dvet;ermi ned u;i]izing an excess of DMBA and solutions with .",
increasing concentrations of mix(ed Na?c micelles. The

apparent saturaﬁon ratio fur DMBA (moles DMBA

solubilized/mole of bile salt) was calcu]ated tu be 0,162 & §
which corresponds to about 6.2 molecules of NaTC in the .
presgnce of 3 § polar Hp1d -molecules (e.g. !ﬂElC acid and
mono-olein) as necessnry ‘to promote the agueous
solubilization of 1° DMBA mole:ule. Th1s ubservat’lon in the

mi xedA(;elhr system Is consistent with the principle of

rast to resu]jts
from earher studies fnr po]ycyc'Hc hydrocarbons in pure *
micellar ‘systems. In s1mp1e_h_1rl_e‘ sa’Tfmic_eHes, Norman
(1960) found;hat about 1000 ‘rr;ol ecules’of b‘ll_e::s_a’l.t were .- e
required to €oTubi]ize-3 molecules of 3ML.  Ekwill (1951)

obtained somewhat similar resu]ts for other-, PAMs ranging

*from 63 molecu'les of b\le salt per DMBA' mo'lef]e to 385 bile

salt molecules for each solubilized 3MC molecule. lb is
difficult to suggest an ‘explanati‘nn_for these early
s‘o'lu‘hiH-z.atIun phbnome‘né-.‘. Carey and Small (}970),):)@&
flnding these observations at variance with ';true" |;|ice11ar
sxﬂuhﬂizatlon, gave proposed uther factars may be 1nvnﬂved

such as..change in water structure due to tne_ presence of

“detergent molecules, etc: It 1s- erly that the expanded H

_ Tipophilic corés of the mjcelles,tn the present-study can w
5 it e . . vy s
accomnmedate more hydrecarbow\th.an could the_ pure. micelles ‘1n

‘the e'arHer uorksv‘a‘ﬁd that: these Eﬁmpnunds aremicellar |

solutes in mixed rather ‘than pure Mle sa]t micelles. Thi‘s

observnt'lon is suhstantlated by the wWork nf Borgstrdm (1974)
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who noted ‘that the s‘o'lubﬂity’ of .octadecarme 'in § mM .
taurodeoxy:ho]ate af pH 6 3 was 1ncreased more than 10- fo]d
upon the addltwn of 7.2 mM 1~ mnnoolem. Thlslaspect of ._’
micellar solub¥lization capa:ity shal] wbe dea'lt.w?‘_th' 1n.
'gre'ater de‘pth in a Iater‘ 'sect’hn, of this chapter.: & \\' '
- The enhanced sol upﬂization of the P'AHs and, PCB onces
the CHC of NaTC was attamed coup]ed wityh the capacity of Py

.one m1xed micel1€ to. accummodate at \east one “molecule of .
so] ute 1nd1cates that these hydrocarhons are true b1le sa]t/ NG
micellar sslutes fn a phys’lo]ogical sn’.uatfon. As tn?.-

compounds ethited slmHar parhtwn ‘atios in the in® vltrc’

isystem, it 1s possible that they u1|1 have :omparq
behaviours in.intestinal content. It is also likely that‘in

Jivo, the 6 to 10w bile salt concentrat(nns found in thgf b
intestinal lumen (Hofmahn, 1965) will be npab'le of
effectively, sn'lubﬂizing xennbiotlc hydrocarbons of h%kkﬂ o
~and PeB c'lasses. LI X . (5 .
{ p e ' /‘ . ., .. e

1. 'lriglycer!de volume J
Because DMBA 3MC, B(a)P and PL‘B demonstrau s1m11ar
behﬂav‘jwrs 1n the bile salt -1ipid mixture nf the preceedi-ng
'sectio;x, ‘one compound’ (DMBA) was selected to determine the -
1nf1|f%nce of simulated triql_yci‘rlde hydrlﬂysis on hydro-
curban ofl: micellar partition (Fig. 7,p. 61). Hhen ‘both
fatt,v acid and monaglyceride afe excluded from the system,

with tr{g'lyceride and, 'Ieclth'ln as the onl,y Hpids present, LFia

LI ‘ 3 vt



| approximate]y 5% of the IOD u M DMBA partitions !nto the
‘“\ ) ‘ micellar phase. The mu:el]ar solubility of tr'olein |s & ) N
small’ (Borgstrum, 1967) but the so\uhiluatron of ‘lecithin
# ~in mlcelles is ‘well established (Carey and Small, 1972).
- That mixed phosphoﬂpid bile salt micelles are capable of D —
solubilizing the -hydrocarbons is. evident. With reference to
x the poor m1ce1lar solubllltles of PAHs in pure bile salt

m1ce11es (Ekwall. 1951, Norman, 1960) the \ncluswn of

phosphnl1p1d in tMs study suggests a cap-anty of mixed
e

- . mtcelles to carry hydrocarbon, * Firaw »

o

Studies pe}‘formed on the micel]ar'soluhilizaticn are in
accnrd ?:1th this prem1se. ) Mtnodgh pure micelles car,\ )
promote svlub1yzat1on of cho]esterol, it -is” knowh that the
‘ . addition of Tecithin increases, the cholesterol I ,
¥ . so,'l,ubi]izatjon capacity éf pure bile salt mice]lés\(&rey

T e -and Small, 1970)’ Carey (1982) has proposedi‘an interesting

i . 7" model for this pheoo enon:. ‘Whereas cholesterol is

g v so'lubﬂued within the hydrnphil‘lc interiors of mixed : L
;_ mice”es. he suggests that simple bite salt micelles’ adsorb

. ch\olestev\ﬂ mnlecu]a> on their exter1or (h_ydrnphilic)
5

I
’ surface. = . N

| . }' : o As' teioTein 43 replaced by its digestion products

|m:rzasing quantities of DMBA part’ition into the m!ce]lar

phase; reach(ng a maxiuum of 13% of the hydrocarbon in the bR

aquenus phase at 40% 'hydrolys1s" (f1gure 7 ‘pa_ge 61). ‘It .

. appears that the increased micellar.fro,lum

i

? , :
i y“_expanvsion, of ...
i a (8 ¥ g :. .‘ . ) "

i

t
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the phospho]ipid_.-pile salt micelles with monodlein and oleic
acid is responsible for ‘further partition of DHBA into the
murellar phase of the system. Bey(;nd 40% "hydrolysis", a
greater propgrnon of DMBA is retamed 4n the ldipid phase.
Tins is particularly evldent at 75% “hydrolyns where the ¢

"' aMth of’ bﬂe salt micel‘les tus.s bililé tr1g’(ycer(de

digestion products 1s apparenﬂy exceeded A suhstantial
. oil phase,,nsible féllowing u tracentﬂfugation is able .to .
. By retain greater’ than 991 of  th DMBA. ’
B £ Using the present expermental methed, a hp!d phase 1s'

oo . . vc'n‘ntvnul'lly present. In a normal phys-(ological sn:uaﬁon, &

. houe“ver p canstant d1m1nution of an uH phase will’ occur. . ta

i -Fatty acid .and monag]ycer‘lde generated fram the trlglycemde

& i v wn_u'ld be rap1d1yvabsorbgd by: the entero’cytes and therefore
g ow BN g be ’upavaﬂame for expansinr{ of ‘the ail phase. - From Table 5
- ’ (p. 59),. 1t ts evident that deplehon of triglyceride
"!\" cnntent it fixed 01e1c dctd and monuo'le1n concentrations

significantly,pron\ot s hydrocarhan partition from an aH

‘Fatty acid saturatiun and chain 1engtn)‘\
s

vt The amﬂtinn of mnnonl'ein or. Lﬂelc acid to bile” salt
s o

rsolutlnns has ‘been shaun to enl\ance tne mlcenar : .

. solub(lizatlon of variuus o= pohr so\utes such as,

= .




X g : : . - 1
- dzobeniene’ (Hofmann, 1963a) :and hexadecane (sév;ry and . .
“Constantin, 1967). The solubility: of cholesterol in bile.
. salt solutions was found. to }ncrease dra?nnt\ica'l]y. a‘nd in
Tinear proportion;to the amount of Srefe mevd and/or s
monoolein present in the system (Simmonds et &l. 1967).
Borgstrom (1967) demonstrated th‘at cholesterol -partimoriéd
more in favdur-of‘ an agueous ‘phase 'whe'n‘the fatty acid
specles was ‘oleic rather than Hno]eic acid. - This is ’
. cnnsxstent vuth the present observations regarding the’
g B T : '.gffe_ct _of saturation on the‘ parﬂtion of DMBA apd 3MC

" betwgen the ofl and micellar phases (Fig. &, p..64).

o . Cnn\lerse*l.y. PCB . appeared’ to fa'vou'r aqueous solubilization

3 when ‘the po'lyunsaturated rather than the monnunsaturated

fatty acid and monoglyceride were present (Figw:9, p» 67).

E R “These contradictory observations, in.spite’ of 'othe'ruise

H w53 sim‘llar behaviours 1n the simu1ated Jintestinal systems, are -

; uq' ficult to mterpret at pr!sem: but: may be related to

s chgmtcal structure - and stereuchemlcal “fit" into the Hp‘ld ’

g W " cores of the mixed micélles. - DHBA and 3HC, both PAH ‘s,

""" mignt have a batter *fit* when the olefc. 1ipids arg

n - . 1ncorparated An the mice11es. The PCB compound, of a s ¥

A D d1fferent chemica'l class, might -be better accnmmodated in

: hwhﬂxed m1ce1les uhen}the palyunsaturated lipids are . .

present. ‘It, is also possible ‘that' the hj¥rocarbons hive

d1fferent af?!n}ties for the non-dispersed triglyceride’




114

Fatty acids and monoglycerides of medium chain length "

forim micelles with a’s!gnlficant]y pborer capacity to
solubilize the hydrocarbons than the corresponding long

chain fatty acids and monoglycerides (Figs. 8 & 9, p.’ 64

“and 67). . This influence of fatty acid chain length was very

similar in magmtude for all 3 hydrocarbons. The oleic
system was able to solubilize DMBA, 3MC and PCB to nearly

twice the extent.which thé octanoic mixtSre achieved.

similarly, Takahashi and Underwood (1874) found that aqueous -

sulubihxatmn of. .a- tocuphern] was increased wh-en 11p|ds of

medlum-chain length were, incorporated into a mle salt

mice'l]ar system but this Fffect was 3-to 7—fold‘1ess‘ than

for a'corresponding long-chain.mixture.. If thé hydrocarbons

'dq,unaer_gn solubilization in the lipid cores of ‘the ﬁ\ixeq

“ micelles, then’perhaps greater expansion of the micellar

hydrophnblc interior by long-chain’ leds |s respansvble for
the observed differences. " 2 T

It nust also be remembered-that medium-chain: fatty
“acids and- monnglycer1des have an inherent water solubility.
Borgstrum (1967) demonstrated that - fatty acid cha\n 1éngtt|
will determine theiv‘ oil: micellar dlstribution. At pH 6.3°
octanoic acid was a]most comp]ece]y dn mn]ecu]ar]y disp,E\/'sed
form, preferring true solution to micenar sclubﬂizatian.
In contrast, \ong-cha!n fatt_v acids have very’ “low" water
solubility and tnﬂr presenca 1n aqueous solution was
attributed to m(cellar salubﬂization. It therefore seems

Tikely that not en!y do long :‘(_:ha.in,fatty. acids and -
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monoglycerides create mixa‘g bile salt micelles with larger

Tipophilic interiors; but by(ﬁ.rtue of their oblidatory

micellar solubilization,form more mixed micelles with bile

+salts than do-medium-chain lipids, and are therefore able to

promote’ hydrocarbon micellar solubilization %o a larger

degree:

_ ) ' oo

N I1. Factors influencing DMBA bioavailability in vivo
. ) P
i X |
4 A. Choice of relative bicavailability monitoring |

P =

method . \
' i |
: . g s oo

The two primary methods emp'loyed in this, thes1s to

méasure the retagive bloavailabitity of: - DHBA following |
intraduodenal admipistration to male Sprague-Daw)ey rats = 4

were biliary radiolabel excretion and plasma radioactivity. »
Monitoring radiolabel in the bile was”chosen because biliary

excretion is considered the main route’ forf®iimination of
these compounds, in Fodents.

Metabolites appear quickly in
the bile followilg an intravenous dose of B(a)P (Kotin-et
al. 1959; Bgraujer}i et al' 1981; Chip;nan et¥al. 198la),

DMBA (Levine, 1574; Khanduja, 1981) or various other PAH's
(Harper, 1959) and account~for the majority of the’
admiMs‘tered’d’o"s’e.

For exampie, Falk and Kotin (1969) have -
repurted that faHowing an .i.v. dose of 14C B(a)P, greater
¢
|

than 60% of administered radicactivity was subsequently

- excreted. in the.-bile in a4 hour perind.
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. ml/kg) there is a restriction on the size and number of
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Biliary excretion also allows. ajrelative ass‘essmentkof

biocavailablity on a cumulative basisiand not merely relative
e ~

. tissue levels at a particular time. As well as being an

easy substance to harvest, (see MeU‘mds.{ p.28 ), collection

of bile with fluid replacement. should not severely interfere “
with the normal physiology of ghe animal or influence the
distribution volune of compound. Male rats are able to

metabolize and excrete ?(a)P, and presuma@'ly other PAH's, in

the bile more extensively than are females (Fa‘lk and Kotin,

1969; Levine, .1970). 'As this thesis 'dea1s with lr}a’\e riats vt
exclusively this difference between the s;xés is not 'v

applicable, - ' ¥

Plasma radiolabel wgs also monitored and,used both to
s S g N
confirm the bile data and--to study absorptive patterns in ad
animal model. with an uninterrupted enterohepatic

circulation, Due to the limited blood volume of the rat (65

~ samples which can'be drawn. Plasma~Tévels do, 'however, -

provide a re"Hah]e index of systemic bioavailability and

therefore cannot be'overlooked.

. § ' ﬁ.
B. Lipid class and bile participation

Three different die‘tar,v oils were ‘used as vehicles for '
the'administration o 3H-DMEA. 01ive™i1 and safflower oil
represent‘ed long-chain monounsaturated-and lnng-cha‘ln’v ‘ e
polyunsagzurated fats, resp‘ec’tlvely‘. MCT o1l was chosen.as a

3 EENERS




medium-chain saturated fat. (For fatty acid compositions of -
these triglycerides refer to Table 1, p. 34). Creation of a-
bi¥iary fistula in an animal diverts bile from the duode;mm .
permitting the assessment of .the importance of Tile 4n the
absorption of h;'drncarbon.
T omea absorption is r“‘apid as significant biliary . N
_appearance of radlolabel occurred within 30 minutes of
{ntraduodenal adm(mstration in most animals. Daniel et al’ s
~(1967) noted the bﬂiary excretion of rad1o1abe] following
|ntragas\:,lc admiMstrati"an began at “about 'l hour after”
instillation of 3H-DMBA. ‘Th1s delay probably reflects
K Qi‘stri_c emptying, obviated by intraduodenal agmi\n\istra{ti‘on
in the present work‘. Pt E

With no ]‘uminal bii; present, 7 howr excretory patterns ' \
-af biliary radioactivity are very si;uilai- fo]!o‘wi ‘ ) ,
vadm1n1strat1on in the 3 'Ilpid vehlcles (Flg. 10, '?.'
Cumulat‘lve 24 hour InHary recoverlgs of radiolabel are .
nearly identical from the two 'long chain oils but
.significantly greater bilfary recovery of radiolabel follows
administration of hydrocarbon in l1cT eil.. A medium chain \’
'l'ipid phase would ﬁe‘d’ep'leted'mm‘e rapidly than a long-chain -
v‘jls_cous isotropic phase. :

In the absence .of bile, long chain.triglyceride
absnrption proceeds- but® 1s impaired (Gallagher et al. 1965;
Murgan and Borgstrom, 1969; Knoebel, 1972). U.ndgr these
conditions ISMBA"absorptlor_n f}om a long-chain vehicle is" ) )
.markadly hindereu. ,,This may: be attributed tt; the Tack .of a -]
" mixed Tpid- hile salt micellar phdse to solubilize

P v




hydr;carhun and provide transport to the absorptive
enterocyte men‘hrane. Alsg contribu£1ng to this effect could
be the presence of unabsorbed 1ipid in. the intestinal lumen
which would withhold the hydrocarbon from the absorbing
ep‘lthel‘ um. Falk and Kotin (1963) noted that following
intraduodenal administration of B(a)P in a Tipid medium,
biliary récovery of rad‘iblabgl was °F1y, a fraction of that
reéovered‘ when a protein sulut'lml ;as employ&d as a vehicle.
As these authors made no referem:e to bile acid
supplementatlon. the re'laﬂvely lau recovery from the Tipid
carr1er probably ref)ects .poor 'l|p|d absorption and -absence
of a mlceUAar phase(buth favnurlng h!drocarbon retention in
the Tumen. - 5

Upon the addition o?‘h’ﬂe to eitﬁ:rvoliv: or safflower
oil, permitting long-chain fat digestion and absorption to
p‘roceed in a pﬁys!u!oglcal manner, biliary excretion of
radiolabel dramatically increases. The magnitude of the 4
to '5-fu'l.d increase '!n‘pegk excretion s indicative of the
ability of the digestive tract to rapidly absorb a1.|d.
e’l_ininate thesé compounds. In the case of medium-chain

triglyceride, whose absorption is not impaired by the

‘absence of bile (Bnnnntt'clhrk and Holt, '1968). lumjnii bile

- has H\ttle effect on the b‘syrﬁtion of DMBA. -~ Csimilarly,t i

study!ng a-tocopherol’ absofption, &Qavies et al. (1972) found '

\that whereas cholestyramifie (which binds bile acids) did not

* influence the percentage of vitamin absorbed "from a medium-

chain lipid, it sfg'n'l_ficnnt'l‘y reduced recover’y from a long-"

= - N




_ DMBA -to ‘the enterocyte. 8
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)
chain triglyceride. It is possible that these observations
are, attributable to the relatively poor capacity of medium-
chain 'Ii‘p‘ld-’hil'e salt micelles to s'clubi]*f;e PAH's, as
difcussed earl‘let./arwe'!l', the water solubility of the

1|p1gs/,alrd’th/e/ir ready uptake by the enterocyte prevents the

‘creation of an effective micé]lar phase in.the intestinal

Tumen (Benpett, Clarke and Holt. 1963) 1mped1ng delivery | ‘of

An:hough bne acids increase \ntastinal permeabﬂity.,

this éffect does .not appear to be' solely responsible for

increased uptak\‘e of "hydrocarbon in the présence of biTe..
Rose ‘and Nahruold (1982) noted an .increased loss of both
DMBA and inulin from rat and glnnea pig colomc lnops upnn'
inclusion of bile acid “in the infusate. The magmtude. of‘
Toss was greater for DMBA than inulin indicating that ’
increased‘permég‘bﬂuy is no&: ;@e only factor. It is']fke]y

that these and the present results reflect the"importanc‘e of

m_icelles in DMBA agsorbtion for greater absorption ocurred
using Tong-chain fatthan mediun-chain Tipid in the present
study although the amount of:bile infused was k,‘pt constant’,
Asrthere are no, prnnounced' pe‘aks in biliary radiolabel
excretion Jn sizuations where no substantial micellar phase

is created PAH uptake probably involved re\atl(;y

inefficient absorption in proximal regions of intestine

resulting in distal invglvement in absorption. Such

phénomena are Know'to occur.under cohditions which

compromise Hp‘ld‘abs_urpﬂoh (Simmonds, 1976).
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*® 10 the absence of bile the major barrier to passive
lipid absor;‘utio’n, n'amely ~\1—i;fﬂzs1on tnruug_h the aqueous bui_k
of the intest‘l‘nal lumen and unstirred wate;‘ layer becomes >
|ncreasin{u rate 1imiting as polarity of the lipid mnleclﬂe
decreases. Whereas ‘the mucosal uptake of polar 1ipids such
as short- and medium- chain fatty acid ls not notably
influenced by the absence of bile, absorption of an
insoluble 1ipid such as cholesterel is reduced }b,y‘a factor
of 150, becoming virtually abolished (Thomson & Dietschy,

1981). The results of the present experiments.demonstrate = -

that ‘there is appreciable biliary excretion of radioactivity -
following intrad‘uod.ena'l administration of DMBA insthe total
a'bsencevof duodenal bile. This finding, although presently
unexp'lamed, ‘can be compared with the fact tnat the
absorption of cholesterol and 11pnv1tam|ns is.markedly
impaired by ‘the diversion of bile .(Hofmann, 1968). -

- With bile suppl"ementat‘lon,'cuuulativve,zli-hour bile
radiolabel recoveries using long-chain oils as vehicles are
nemnle.those observed from MCT oil. In animals with. .
1n’,tact bile ducts, plasma radiolabel levels are al'so twice.
as great from olive oil as compared to the medium-chain fat
{Fig, 15, p. BA). These, findtngs are in accqrd with scudtes
by Dao (1969) whn found olive '0il and sesame oil (both long

‘chain fats) superwr to trluctano!n in promoting the

absorption of orally 1nges'{ed 3-MC. 1n mice. - Cholesterol
uutake is also markedly 'enham:ed |n direct prupurt\on (n
increasing fatty acld cha1n length of the carrier

triglyceride (Sylhn and Bargstr'dm. 1p59b). It ‘may be
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argued that the enhanced bioavailability se’:n with long-
chain vehicles in the present work is attributable to
lymphatic t}'ansport. However,\ as will be discussed later in
this thesis, the amount of  radiolabelled DMBA actually
tr‘ansported insintestinal lymph is not sufficient to explain
the magnitude of the observed differences, and™factors
within the lumgn itself are responsible for“altering DMBA
uptake.. & * “,
The above results are vmost likely-related to the betten
ability of 1dng-chéin-lipids, in the pre.seneeyuf bile, ' to
maintain non-polar solutes in a "hydrﬂcarbon continuum*
untﬂ they- are eventually absorbed. It .is feasvb]e that the
Iipid'.domain cReated diirtng Tongschatn trigiycenide
'mgesunn and absorption ‘could literally "feed" DMBA to the
cencerocyte, while med{um-chain fat, vnth or without b11e.
may tepd to leave the PAH .stranded in the lumen, pos‘s‘ihly
clinging to.other hydrophobic cbmpnnents in the diet:
‘Pnss1hly another mechanism may-also. be contribﬁtlng to the
enhanced uptake with the bile- long chain. fat test meal.
Feldman and Cheng (197§) have postulated that' specific ) N

dinteractions of the enterocyte membrane with bile salt and

long chatn fatty acid or monaglyceride'érelnece‘ssary for.
mucosal uptake aof trace 1ipid solutes. -It is premature tfo
'attr‘l‘bute ‘the observed :résults -of the present study to such
a mechanism but it is an attractive hyyothesis wor‘thy of

further study. L o st et
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It should be noted, in contrast to the present study,

that. the presence of long-chain poliunsaturated fats has
been shown to hinder the absor‘ptian of fk soluble vitamins
tnstHled 1n micellar su\ut(ons into intestinal Toops
(Ho'lhnder. 1981). This has been attributed to an mcreased ,_/
affinity of the V|tam1ns for the hydrophoh(c interiors of
the micelles. resulting in decreased p_arntlonmg froi '
micellar core to ‘enterécyte membrane. It is qifficulf't_o %
compé're experiments employing closed Toops, however, with
‘ones such ‘as the present where the entire intestine, is
involved in absorphon and ai"\ micellar camponents.
including bile acids, are permitted .a.chance for absorption.
Ga-]lvu-Torres et al. (1978) observed Fhe b\ioavaiiablit‘y of ~ !
vitamin E to belgreater from an emulsion o‘f tripctanoin thar;
from one of triolein following intragastric (nsti\latjen.
It is possible that the small.amount of lipid admlnisterjed
by these authors. (200 ul)‘ cumh'{nedr bg.:.h' very rapid'
absopption.of MCT might contribute to the- observed

. differences.

C. Evn.terohegati‘c recycling

It is well known that metabolic activation is =
responsible for-conversion of relatively <inert PAH. compounds «
io 'cytotoxu, mutagenic and carcinogenic intermediates (for
‘re'v,iews see Ge'lhboin. 1980; Levin et a,l'.:l982). " Hepatic
mixed-function oxidases ha_ve a.notoriaqus rep:nat'ion for
involvement in the bioactivation of PAHs such as DMBA
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{(vDiGiova'nni and Juchau, f980) and intestinal mixed-function
oxidases are probably similarly involved. Proximate
cn{inogqns of B(a)P have been detected in recirculating
bile and mutagenic-metabol 1tes BF tnis PAH are known to
undergo venterohepatic circulation in the rat (Chipman et aI.g
1981a).» Following |ntravenaus admmstration of 3H DMBA,
96~ ‘9\'1 of. radioactivity subsequently excreted in the blle is
present .as polar metabolites (Levine, 1974), with g]ucuronide
conjugates of diols and d4ihydrddiols as the main metabolic

. species (Rhanduja“et al. 1981)., It is highly prohable that
certain biliary products of DMBA; like those of B(a)P;.
Apossess great toxic pntentiél, and it is therefore important
to assess. the extent’ of their. enterohepazic recycling.

The existence of an enterohepaﬂc circulation for this
hydrocarbun becomes apparent in a comparison: of radioldbel
patt‘erns between animals with or without biliary fistulae.
!ub\animals with intact b1:Ie‘ ducts peak plasma radio]ai;el is
not attained evén 6 hours fo'lluwing‘a test meal v‘f»:’_H-DHBA t
in olive oil (Fig. 15, p. 84). In contrast, peak b‘ih:ary
_excretion in bile f(stul'ae animalsafter the same test meal
Yti'th bile supp‘l;,mentation occurs within 4 hours (Fig. h,, P

4 " i L
74) at biliary products of DMBA-are rapidly absorbed and

" re-exceted in the bile of reciptent rats following’
intraduodenal 1nfusion. The recycling is extensive with at .
least a third of an’ administered anse avaﬂabl\ g
reqbsorptlon (Table 7, p. 846)

/ Levine -(1974) showed that the* appearange of MHar,y
.radioactivity was achieved ‘more rapid]y fnl{plﬂng Lo T
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intravenous administrati‘un of DMBA metabolites than with
DMBA itself, -leading to th‘e hypothesis that metabu]i;m is
the rate limiting prucess in the. excretion of PAK in the
Vbi'le. The present study concurs wnh this assumption as
significant 1evels uf radiolabel appeared in the bile at a
faster rate foiiwing biHary product adminlstratwn than
parent compound. It cannot be i nnred, however, that polg;
metabolites ni]’l be more rapidl dispersed f.hreughout an
aqueodus intestinai iumen than parent hydracarbtyi, suggesting
iuminal dispersion may be an alternative rate Hmiting -

factor. § . ‘ x

LIt ds possibie that the rapid and exr.gﬁnsive
enterohepatic circulation ‘which DMB)« under‘go!s can 1ean to
‘increased systemic exposure. of poten:iai- carcinogens. An Pl
assessment of the efficiency yith; uhich thé fliver “excracts
these substances from pertal blood and an ana'lysis of their
presence 1n gastro-lntestinal lymph wnuld be important in i
dvete_rminingvth_e risk a;_sociated “}?!‘iﬂ'e .recyc]ing of
metaholites. vlt‘ has hegn snonn.that a fraction ‘oAf»the _. ¥
recycled metabolites of B(a)P are voided in the-urind .
(Peacock, 1940 Chipmar; et a‘I.‘lsslh), i»mplying that a .
vpropurtiun ‘of PAH. biliary metuboliges do attain systemic
distribntion and mSy be available to 1nfl1ct damage at &
aztraﬁpatic sifes, :

, 1 P o s o
_¥. .Lipid carrier volume . - ] 2

As mentiuned eaiier. under fay)urible oonditions in the (

‘upper intgstinal Jumen, Hpid absurptinn car\,proceed wlth-

% -
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“striking.efficiency . ™If “conditiohs become less suitable

‘causing decreased 1ipid uptake, sites in the dlsta! bouel
becume involved 1n absurptwn ($1monds, 1976). ‘Such a

yhenumenon has been reported for olefc acid and monmﬂem

; (KnuebeL,?lwz). = Due to distal bowel |nvo]vement in

i

absarpt1nn of. these Tipids when'bile salts were absent frnm
the Wmen, there was no marked‘alteratiun 1n overa’ﬂ uptake
in comparison to lnfusiun of m(ce'l'lar 'Hpids‘

) Plasm levgls ‘of rad!nlabé] vary in 1nv§rse relation zo

b c / trioldTn Volume during a 7 hour perfod following s
14 L i g

mtraduudena] administraﬂun of a canstant/dose of 3= DMBA

in increas‘ng amounts of carrler. The surge in p'lasma.

; radlalabe . accmnpanylng 250 umoles of, trwlein 1s in mgrked

7 contrast to the s1ugg1sh rise observed. uith the 1000 umole

and ZUDD wmole dns s of 1ipid. * Effm!ent cUgestinn and
absurptloh uf the smah volume of trfolein and the resu’ltant
“To ss of a n(mina: 1ipid uicruenwronment 6 Fetatn DMBA is

the most plausable exu‘lanat(un. Re'latively 1ncomp'|2te.

oses of carrier. ]evels increase in a

ion ulth Increus1n§ vehicle. volume, uhich

i -might.. 1n;t1cate d!stal baue] 1nvolvement in hydrocarhon

1

) absprption.' _Il'grmally, fat is_.delivered to the diodenun at a’

‘s]uu rate by contir.oﬂ'eg gast 'empi:yi\ng.' ., In the »preseni-




exper'ment 1arge bolus doses of 11p|d may overwhelm the
su]ubilizatlon capacity of bile salts enteriny the lumen. '
Consequnt]y. led absgrption ma,v not be complete even 7'
hours after adm1n15tratznn. 3 *

In th1s study, the 7 hour observatiaon period may not be
§dff1_cient to fuﬂy assess the influence of veniclé volume
on the uptake of m@rucarbun. A cummisdn of areas under
tne curves for a longer t\lne frame (e. g. 24 hours) would be
he]pfu] in reducing this prub]em. As well, the extensive '.’ .
- lenterohgpatic circulation observed” from. DHBA WiTd tend to”
. maintawlhigh Tevels “of plasma raduﬂabe'l that ma\y.\mt be.
- “a:tﬂbutable entire'ly to 1n|t1a’l absorptlon of parent

hydrocarbon.  These comﬂ'lipa_tions may be circyimvented “in

future studies by measuring biliary excretion of radiolabel,
* thereby ‘ints‘rruph‘ng the enterohepatic ci‘rcu1-at’1‘on and also

allaw{ng quanHtative determination uf b‘l]iar,y radiolabel

excretion in“a cumulative manner. \

£ Lzmg“hatic versus portal transgdrt
hzd‘rncarbn‘n dose T

'M‘ng ab'soi"pt}on nf a cornpnund its route of r4 v

systemi n r,y‘ is 1ar§ely detarmned hy 1ts polarit_v, 4n1th

_hydrophf c compounds predominanny favuuring transport in
¥ ; ]ymp‘h ‘and. h,vdrophﬂic substances mainly partitioning towards

- portal blned. .
The ab(Héy of the enterocyte' to convert a non.—pnla’r
o .

ydrocarbon into a hy_drophnic' derivanve_may. define its’
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subsequent extracellular transport.. Since PAHs have been in
the diet for millenia it is mot surprising that intestinal
epithefial cells are capable of their metabolism, although
studies on \the ab#lity ¢f the-liver to metaboH.er"PAHs.harve
usually eclipsed similar investigations on extrahépatic..
tissues.

Metabolizing capabilities of gastrmntestlnal

epithelial cells tawards PAHs have been demnnstrated in the
. rat (Hﬂtt_enberg et al. 1962; Chhabra et 'al. 1974; Stohs et
Gt al. 1977) and human (Autrup, 1982). Although metabolic

actiHc’y\is found in an’ regions. of rat -intestire, highest °

activity is located in the proximal small intestine with

'\d1min‘1s‘hed activity in distal regions («lgiat_tehberg et al.
1962). Within the epithelium the nidvillus region exhibits '
the greatest locahzatwn of metabolic activity. (Porter et

o, } . al, 1982) with essentla”y no enzyme activity located in

cells of theAcrypts, stroma or muscleﬂayers of the

intestine (Wattenberg ‘et al. 1962). -Water soluble -

metabolites of B_(ajP are.rapi!ﬂy formed using .everted rat

intedtinal sacs ‘(Hietanen, 1980) and isolated rat intestinal
epithelial cells (Stohs-et al..1977) which are mainly
phenol’s, dihydrodiols and u‘xi‘d}es }argély conjugated tov
>g1‘ucuron‘c ac»id..b Similar metahnH.c patterns are seen in
cul‘tured human colén and duodenmwexcept that conjugates are

»predominant,ly su'lphate esters an. g]utathione con;ugates

(Autrup. 1982). %
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Radioactivlty has been detected in both rat portal
blood (Bock et "al. 1979). and lymph (Daniel et al. 1967; X
Janss and Moon, 1970; Rees et a): 1971; Kamp and Neumann,
1975) following 'Iun_nnval instillation of radiolabelled PAHs.
As the lymphatic a;;pe'aram:e of radiolabel in these studies
is associated with 're'lativa)y large PAH-dns-es-(e.g. 10-20
mg), it is feasible that the enterocyte possesseSna )
metabolic threshold for PAHs where excess hyﬁrocarﬁon,

escaping metabolism,“will be trans‘vurted in gastrointestinal

. 1ymph -when administered in an il vehicle.

In stidies using-rat jejunum in situ, Bock et al,

(1979) insti]leﬂ_radiol\abel]ed’ B(a)P-in a solvent
1ntra]um§nal1y and monitored appea_r"ance of’free hydrocarbon
and metabolites in pnrta\‘ blood. It was found that within
30 pinutes of {nstillation, portal blood contained 40% of
administered r_ad’ioac.tivlgy with greater than 90% _of this
present as métabnlite‘s._ Ihe majdritj of thé hydrocarbon
remained in the lumen with only 2 to 5% of "total
radioactivity associated with the mucosa, indicating that

absorbed PAKs are rapidly passed from the cell. Finﬂlngs in

) the present study are in accord with this observation.

Significant levels of radia’labe'l are observed in bi’e (an
indirect measurement af portal transport) prior to lyimphatic
appearance of radioactivity fpllowing intraduodenal
adm(’l\istratlion of JH-DMBA ‘to rats with.lynphatic fistulae.

N

At no point does the l,y_mphat_ic recovery of radiolabel exceéd -

regovery ‘in bile despite heroic incv:ehsgs in- DMBA- dosage.
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This pattern imdicates that this hydrocarbon first gains
access to the system via,the portal blood, probably
reﬂectl‘ng‘the‘capacﬂity bf the enterocytes to ﬁetaboh’ze PAH
carcinogens. - N

PAH transport in Jymph 15 usually associated with the - =
chylomicron:fraction (Oaniel et al. 1967; Janss and Moon, s
:1970 Kamprand Neumann._l975~) v{here it is he'lleved they 4
exist predummantly as. free compound. Grubbs .and Moon . i
(1973)° found parent. DMBA. d|ssn1ved in'the trlg]yceride core

of chylomicha fol wing gastnc adm1n1strat1on of ‘the

hydrocarbon in sesame oil. :In the present study _e%surabl'e

quantities of ’lymphatlc radvnactlvity are cuncomﬂant with™

the visibly. m11ky appearance of Tymph' laden vntn c,hy]omi.cra.‘

Peak concentration in Iympﬁ.nccurs at 3 -hours. post

administration in the olive oil vé‘hi_cl'e, S period associated

with high total lynphatfc triglyceride transport (Furner,

1978)., Fractionation of the lymph confirms the existence of

nearly all the radioiabel in.@’he chylomicra. K
Nearly identical ’patterns_ of radiolabel recovery.in

1ymph. are obtained for 10 ug avnd 10 mg iioses of DMBA.

Relatwely transjent peaks in lymphatic radmlabe\ are

accompanied bw}inuaﬂy increasing biliary radiolabel . .

concentratlun‘s" The exy]anaﬂon for maunting hﬂiary . .

radlo]abe1 even:-after -lymphatic radio]abe] (and presumahly ¥, e

peak ahsurpnan rate]’ has declined. is not 1mmed__iate|y

obvious an’d mn‘y‘ .nr may: nut be related to absorptive

,‘phennmena. Perhaps s_ystemc entry of hydrucarbon occurs

faster than bﬂury eliminaunn and the patterns reflect a
.

vy N
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lag time in biliary excretion. It .is also possible that

+ distal bow€l involvement in DMBA absorption is responsible

’

“-CNS_ and mammary glands. which did not begin to dlmlnjs

for the maintenance of re]ativel); high biliary excetion, -
s’/q:k;\."sequent to" the i;:ﬁtia] rapid DMBA and triglyceride '
iymphqtic transport proxjn}aﬂy. Pn§sib‘1y, a decrease in the-
Tymph chy]omi‘cron population eliminates the alternate rn;ute.‘

None of these explanations is satisfactory, however; as ‘the

.patterns are dosage lndependent. V'Sampling of portal venb;ns

bloud using an 1so!ated mtestmal loop in an animal

equipped with a lymphatic Tcatheter would help further define’

the 1ymphut|:/venous partit!on\ng patterns of radm'labe]'lea
DMBA apd/or -derivatives: 2
Vcancqntr'at'ions‘ of radiolabel in bile tend to steadily - -
increase at the 10 ;Ag dose (Fig. 17, p. 93) but plaéeau and
hegin‘a, slight decline- at’ the lTarger doses (Figs. 18 and 19,
p. 96.and 99 '). Levline (19;4) has proposed that metaht‘ﬂjsm
is ‘the rate-limiting 'stap 4%n thé biliary excretion mechanism
ifor DHBAL Similarly Kotin et al. (1959) na;i'ced a threshold /
for B(a)P MHary elim{natinn T1’50ug' 1.v.)-beyond which a %
plateau in excretion cccurred. These authors suggested that
excess PAH hecomes d\aﬂab‘le for- extrahepatic deposition.
Following an injection of B(a)P ‘to'rats (Peacock, 1940), ' /
ydrocarbon was rﬂ;mﬂy distrlbuted to adluose cissue. thu/

_until up to.6 hnurs following the injection des;ﬂ/e constant *

b('lhry excretinn. Perhaps in this: stUdy. larger dosés of

PAH are deposited at remote sites once absorbed. but as they

° " 4 i
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plrent PAH this explana
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.
probably enter the system as polar ‘metabolites and not as

ion awaits confirmation.

In the past, Wcn emphasis has been placed on lymphatic
PAH transport largely attributable to studies monitoring
thoracic duct lymph. Janss and Moon (1970) ‘repurted 40% K/
recovery of radiolabel in a 24 hour period ful]oulng a;|
intragastric dose of 20 mg 3H DMBA. A 10 to 201 re:overy
followed a 10°mg dose-of B(a)P (Rees et a'l. 1970). Kamp and

* Néumann (1975) observed that of a5 mg/kg dnse Gf 3MC, 91/ <4

was recovered in lymph’ but with a 10-fold 1n:rease 1n/dose
2.5% was retrieved in 24 hours, - ik
Approximately 4% of DMBA at_each dosage in the present
stiudy is recovered in the |nte§tinal lymph in a 24 hour
period, -;hl:h is _comparable i‘\‘) the 5% r:ecnvery value
obtained by_ nnnie],.et ;nl. (1967) i;‘l]o-ing 5 ug to 2 mg
doses. These co’-parlt‘lve’ly low recoveries in contrast to

those cited above are difficult to interpret at present due

~to lack of methodological information. It is likely,

" however, that the lynph Sampled (intestinal ys thoracic) may

play a factor in the observed differences. HepStic lymph is
a majar.icomponent of thoracic duct Tymph with estimates of
its contribution to the‘lu ul/&ay tho‘raclc flow in the rat
varying from ibout 2 ml/day (Voffey and Courtice, 1970) to 5
ml/day (Birrownun ‘and Granger, 1981). However, ‘more .

‘significant differences in the methadalngy must be. present

.as the l"gher recoveries of 1ympnu't|c radiolabel ‘fe.g. 40%)
e

in previous works, exceed the total recovery of radio]abel
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'
from 'Iymg}t p}us bile in the present study. (:I rly
additional studies are required to determine Tymphatic
transport of hydrocarbon as a fraction §f total hydrocarbon’
absorption, o
Total recoveries of hydrocarbon do not significantly
" diffet between doses of hydrocarbon, nor does the fraction
in each comp‘artment significantly change w1th );ydrocarbon'
burden. ‘Because the fraction of 3 20 mg DMBA dose
. transported in 1ymph is almost identical’to that recavered

with a 10 ug dose, it is unlikely that PAH 1nad is a factor”

in determin\ng lymphatic recovery. Mthough the reason for
constant f%actwinn absorbed is not clear, the‘ data is’
reminiscent of that cbtainéd for cholesterol by Sylven and
Borgstrom (1968). These authurs' found that dlmost constant
fractions (about 0.4) of cholesterol doses ranging from a
trace‘to 100 umoles were recovered in thoracic duct Tymph.
similarly, §itos£‘ern1"transport in 1ymph was 1;nge1y v
‘independent .of the dose administered (Sylvew and Borgstrom,
1969a). )

The cumulative 24 hour bile: 1ymph ratio of radiolabel
may give the mnst reHable profﬂe of. dlstributian patterns
between different dosés of hydrocarbon as 1nter animal .
variations in absorptive capacity can be lgno#ed. The 10 mg

" dose .of .DMBA provides’a 'significantly lower bile:Tymph ratio
.than did the 10 ug dose. As would be expecteri. a smaller
dose of PAH Hould be more readily metabolized and avaﬂahle

for partul transport. Conversely, with an increasing



( 133 P e

y-dq:o,cahon burden, the metabuliiing capacjty‘ of the
/epithelium may be overwhelmed and excess hydrocarbon 1eav€/§
' . the cell .in the lymph. It is apparent, Huwever, that t'he
portal vein .is responsilﬂ,e for the.majorit_y of‘PAH
transport, and ;lot the lymphatics as previously supposed.
Aga;n, this is probably a reflection of the overwhelming

metabolic }:apacity of thé gastrointestinal epithelium which

qonve'rts thes'e’ c&mpounds to polar derivatives.l
" It cannot be overlooked that'sdiet &an have a profdund v
" 2. . influence o the PAH metabolizing'capability of intestinal
epith’eHa'l enz_ymes. 0f particular-concern to the, present
> study is the presem:e of exogenous 1nducer 1n a normal
& ‘abovat»nry rat diet, specificallygPurina Rat Cllnwr.v as
determined by Watténberg (1971). i:arvaiior! and’ low- fat
diets .are associated wi_t.h ra;:‘d &epfen‘on in enzyme ‘acnvity
(Wattenberg et al. 1962). -Extrapolation to the present
' study Ais ‘difficult, for although the rats had been
ma1nta|ned on a Purina diet untxl the nme of the study the
,_ammals were fasced for near]y 24 hours pr\or to. test meal
_administration. Starva‘hon for as Htﬂe as one day has
* heen assocwted with nearly a complete Toss in',enzyme .\ W
. activity (Wattenberg, 1971). 1In 1ight of the rapid and
significant ‘transport of DMBA (or ‘metabolites) in portal
blood, it is likely that “the animals have retained'a -

significant degree of PAH metabolizing capability:’
i’AHs transpor’ted in the lymphatics ‘have-a_patanﬂally
widers systerﬁlc distribution than those bound for the Tiver



) in portal blood. - Compounds travelling in lymph escape first
pass metabolism by hevatocyte‘s and enter the systemic
c'rculation directly. Conceinbly parént hydrocar:mn thus
becones ava(lable for deposition at renote sites such as the
mammary gland folloﬂng disassembly of chylomicra (G‘r-i@
and.Moon, 1973)." Results Of the present study show that
excreted hHlary rad‘lolahe1 follouing a 10ug dose of 3H DMBA
in an'l_ml]s with ntact lymphat!c systens. is equal to total
recovery of radjolabel (\from lymph plus bile) in a[ﬂnfals
wlih biliary and lymphatic f'istulae. This suggests ,@nt "

hydrocarbon entering the body 1n assvcfation with chy]omicn

is-ultimately déstined for hepanc extraccion and excrennn
in the bﬂe_ and nnly a s-gll fraction of lynph -derived PAH

is deposited, and perhaps retained, in remaote tissues.




solubilize hydrocart;on_ than micélles lcantaimng medium-chain

! significantly h‘\fTuen:e partition of hydrocarbon.

i

1

3 3 . < 0

of DMBA .in the rat. -The 1iver appears to be very efficient . I
" at clearing this compound whereupon radiolabel is ! ' ;"
X . : - i 1
subsequent]ly excreted in the bile and can be used as an !
X i
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SUNHARY

This thesis examines intraluminal factors governing the

biocavailability of PAH carcinogens. Information gained by

studying the physico-chemical bahavioﬂr of hydrophobic

xenobiotics in vitro was applied to an 11_| vivo s1tuatdon to

def\ne chose factors which may either favour or hlnder the
appearance of lipophilic toxins- in the mammahan systemr

The initial stidies were. undertaken to determine the-
physico=chegical behaviour of 3 hydrocarbon carcinogens i
(8(2)p, anc and OMBA) and a PCB compound in simulated ' v Hg
intestinal con‘ten’t. The results 1ndicate that all these £
compuunds behave very simlldrly kL 1ntest|na1 content and
are micellar solutes, being readily dlssu]véd"ln miged bile
salt-partial vglyceride»fatty acid mlce‘]'les. It appears that
mixed micelles containing g1ycer1des and fatty acids are
better able to salub!Hze hydrocarbon than pure bile salt

mlcel'les.‘ Partition of PAH from an oil into a mixed

‘mi,:e]]ar ayst_em improves as the triglyceride phase is . . \:

Arep]a'ced by /its hydrolysis products. Micelles conta’ining

Tong-chain fidnoglycerides and- fatty acids are better able to
lipids. -Degree of fatty acid saturation does not’

The Ye®ond portion of the study examined the absorption

»
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index of relative absorption. In rats with bile fistydae

"DMBA is absorbed from the small hnw_el despite the absence of

Tuminal bile. This contrasts Swith Tipovitamins and
cholesterol which sho_w'a virtually absolute dependence on
bile salts for their absorption: Und‘er these circumstances,
absorption from a medium-chain oil is greater than that from

a long-chain triglyceride Vehicle reflecting the efficient,

\absorptiurr of medi um—cha1n\gipid in the absence of.bile.

When bilé'is replaced dp the duodenym, DMBA intestinal
ab;orpﬂmf and biliary exc’re‘ ion are\gre;tly enr}am;ed from a
Tong chain vehicle, regardless of fatty acid sa!:‘ur%tion..
When DMBA is £af in'a medid-chain 0il, bile has no,
.sign\‘ficant effect in enhancing the absorption as judged b)/
biliary excretion. An assessment of absorption in animals
with intact bile ‘ductsvby'monitoring arterial plasma levels
confirms this observatien.  Following intraducdenal

administration of 3H-DMBA, considerably greater plasma _J

Akyels of radiolabel aré achieved with long-chain than with '

medium-chagn 1ipids.. The,presence of un;bé?:rbeti*fat in the

digestive tract severely retarﬁs hydrocarbon uptake as

¢ © .
- significantly higher plasma levels of radiolabel are

achi'eve:‘f\in a _Ilhuur period in inverse rglatiun to the
volume of riglyceridg cagrier. "'Theslg vﬁesul’ts suggest Ehat
- factors faMouM_né the creation of a continuous H’p’cphﬂtc‘
.rmicroenvi;onment, (with a .substantial micellar phas;)\'uﬁicvh
can solubilize hydrocarbon in't.he aqueous intestinal }qmen

“will also promote uptake -of PAHs .« Thére.is élso extensive

0
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ahsarpti‘an and reexcretian of biliary me abohtes of DMBA._
Thus when a dose of hydrucarbon is given to an animal, ther\e
is the potential for extensive,_ repetitiye epterohepatic
recy‘cling of “the'biliary metabolites.

Once in the en’terocyte, a PAH cah gdin a‘ cess to the
system by transpurt |n both intestinal lymph d4nd péuta]
bljood. Radiolabel associated w1th 1ymph is™ al nst
exclus1 vely cnnﬂned to the chylomicron T‘actior{, suggesting
that it is present as a non—pola'r compound probably as
parent hydrocarbon... Ee‘nversely, portal h\locd‘ wvv'n‘ch
transports hydrophihc substanees most 1 ely carr-nes
metabolic derivatives generated by f.he enterocyte. Biliary
excret!on of radm]al;el in animals with 1y ‘phat‘ic fistulae
can be used as.an indirect asséss'ment of po\rtal transgort,

and is 3- to 4-fold greater than lymphatic t&\ranspért. This

\suggests that these compounds are largely me abo’lized by the

enterocytes prior to systemic access. The fraction of
administered DM r’ecovered remains"largely ';nhchanged.
despite a ZUOO fold increase in dosage. The Irazﬂon of
absorbed hydrocarhon carried in, 1,ymph or portal blood is not
si gnihcanﬂy altered with vary-ang doses but an increased .

1ymph:portal partltwn is obsérved w‘lth a-larger burden of

DMBA. . D

Essentially all of the hydrocarbon.transported in 'Iym‘p))
is destined fon eventudl excretion by the bilfiary system.

Although s0) deposition at remote sites no doubt also
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- dose. Whether the amount remaining is sufficient ta promote .

x . ;
N
carci nngiuésis remains to be seen.
.
5 e
.
& o N @
A

<
¢ ‘-
* 5y
. _'
v i gt
* X
s . . w o
3 — "
s _




- . w
' REFERENCES . AP . 139 o
Autrup. “H. (1982) Carcinogen metabolism in lumn f.rssues
A and cellsy: Drug Metab. Rev. 13: 603-646
\ . Barrowman, J.A.' (1966) The flow and® compositinn of lynph in
2 4. the cisterna chyli of the rat<~ Ph. esis .

/- University of London

Blrraunan, J.A. (1983 tastinal absorptton of fat-soluble

i ~ vitamins: physiology-an) pharuco‘log_y.- In: -Intestinal -
absorptign. Hindbook o experinental pharmacology. .
Edited by Csaky, T. Springer- Verlag, Neidelherg. In °

; press.
e .
Barrowman, J.A. and Granger, D.N. (1981) Hepatic lyuph. .
e In: Hepatic circulation in health and disease. - Edited
P < hy Lautt, W.W. Rawen Press, New York,. pp. o -

Bw. E .J. {1978) Occurrence and:surveillance of polycyclic
aromatic hydrocarbons. In: Polycyclic hydrocarbbns e
and cancer, Vol. 1. Edited by Gelho‘ln. HwV. and T'so,
_P.0.P. Academic Press,.New York, pp. 45-70%

1 Bumett, S. (1964) lntestina] absorptlve capacity and site
- : of absorption of.fat under steady state conditfons in
g o = the ﬂnan;asthaﬂzed rat. Q. J. Exptl. Physhﬂ. 49

3 210-21849 »

Bennett Clar¥, S. and'Hc.lt, P.R (1965) Rate-\t-inn§ steps 2
u ste dy state ntestinal . absorptwn of trioctanoin- 1- ‘e
¢ Clin. Xnvgst &7 6 2- 62 .

Voo L Bgra. . ¥i575) igt. phrsons at high risk of
& x = * cdncer.. Edited y Fv'a‘men J.F. Academic Press, Nen
- Vurk. pp. 201-22% 4' Y

Blumer, M. (1976) -Polycych aromatrc comyounds %- nature. H

_ S 1 Aner. 234

S w Bock. Ko H., V. Clausbruch,.U.C. and Hinne. D+ (1979) i e
B © Ab sor{tlon and metubolf’sn of naphthalene and.. .

.benzo! n)p,yrene in. the rat: jejunum in situ. He '
"5 26‘-25 % P [ S ‘ . ~

Borgstrbn. . (1967) Partition ‘of 11p|ds between emuls!ﬂed
oil and m1cel1nr p?ases of glycerlde-bile salte .
) .dispersions? Res: _:

' Borgscrbm. B. (1974) Fat digest’lon and absorption. In:
T -~ Biomembranes, Vol. 4B. Edited by Smyt , DuHe P1enum
o . Press, New Vnrk. PP. 555 620, i

!orgstrnm, 8. ¢ (1917) Digestion and ahsorvtion of Hpids.
Rev. Physial. 12: 305 3 3. s




e o 140

Boroujerdi, M., Kung, H., Wilson, A.G.E. and Anderson, M.W.
(19 Metabolism and DNA binding of benzo(a)pyrene in
n the rat. Cancer Res. &i: 951

. Campbell, A.D., Horwitz, W., Burke, ##., Jelinek, C.F.,

o Rodricks; J.V. and Shibko, S. 1. (1977) Food additives
and contaminants.’ In: Handbook of physiolody, Section
9: " Reactions to environmental agents. €Edited by paee,
?7? K. Am. Physiol. Soc., Bethesda, Maryland, pp.”167-

o 5 .
Carey, M.C. (1982) The enterohepatic circulation. In: The .

i Tiver: hiology and pathobiology: Edited by Arias, I.,
‘Popper, H., Schachter, D. and-Shafritz, D.A. -Raven
Press,. New York, Pp- 429 465. f
E —
o . - .. Carey, M. C. and $mall, D. M (1970) The characteristis of
i mixed . micellar so'lutxons with particular reference to
bite. Am. J. Med. 49: 590-608.

S E . Carey, M. C. and Smal], D.M. (1972) - Micelile formation by
'. . “bile salts. Physical-chemical and thermodynamic
‘ considerations.  Arch. Intern. Med. 130: 506- 527,

Chhabra,.R.S., .Pohl, R.J. and Fouts, J.R. (1974)
comparative study Xenobiotic-metabolizing enzymes in
v, " liver and intestine of varioys animal species. Drug.
Metab. Disp.-2: 443 447,

“ chiphan, J.Ki, H(rnm. P C,, Frosdt, G.S. and Millburngs P.
. 1d) The ‘biliary excretion and enterohepatic 3
nr Mation of benzo(a)pyrene and its metabolites. in

the rat. Biochem. Pharmacol. \30' 937-944. .

8 Chipman, JeKey Frgst G.S., Hirom, P. C. and Mﬂlburn, P.
= (1981b) BHlary excrétion, systemic-availability and
> reactivity nf metabolites following .intraportal
- . infusion of [ H]benzo(a)pyrene in the rat.
s i Carc(nagenesis Z., 7‘41-745.

.nani’em W. Pratt, 0.E: ‘and Prichird, M.M.L. (1967)
. Metabolism of labelled carcinogenic hydrocarhons in”
rats.. Nature 216: '114221146. ‘ :

. - .pao, T.L, (1969) Stud(es on mechanism of carcinngenens in
N 22: mammary gland. Prog. Exp. Tumour Res. ll- 235-

b Davles, Ty Kelleher J.; Smith, C.L., Walker, B. E. and |
Losowsky, MiSs (1972) Effect of therapeutic measures
L which alter fat absorption on the absorptio ofeL
d ;gcnphernl in the rat. 'J.-Lab. Clin. Med. 79:  824-




] .
..
\ ! .
£ ) 141
Digtschy, J.M. (1968) Mechanisms for the intestinal
absorption of bile acid®. J. Lipid Res. 297-309.

DiGiovanni, J. and Juchau, M.R. (1980) Bwtransfurmatmn
and bioactivation of 7,12:dVmethylbenz(a)anthracene °
(7 IZ-DMBA) Drug Metab. Rev. 11: 61-101,

»D1pp1e, A. (1983). Formation; metabolism and mechanism of
action of polycyclic aromatic hydrocarhons. Cancer
Res. ' (Suppl) 43' 24225-2425s.

" Ekwall, P. and Setala, K. (1948) 0n the so'lubﬂlzaﬁnn of
carclngic hydracarbnns by association colloids. "
Acta Che Scnad. 2: 733-739. -

Ekwa]l. Pi, Setala, K. and Sjoblom, L. (1951) Further
|nvestvgat10ns on the solubilization of carcinogenic x
_;grocgrbons b_y assoc(ation cnl]oids. Acta Scand. 5:

-18 . «

El- Gorab K. and Underwnod, B. A. (1973) Solubilization of
B carotene and. retinol into aqueous-solutions of mixed
-micelles. Biochim. Biophys. Acta 306: - 58-66.

\
Falk,, H. L. and Kotin, P. (1963) Chemistry, host entry and
metabohc fate of carclnugens. CTin. Pharmacol. Ther.
“4:. 88-103. A :
Falk, H.L. ahd Kotin, P. (1969) Pesticide synergists and
their metabolites: potential hazards. Ann. N.Y. Acad.
Sei. 160: ~299-313.. :

-Farber, E. (1982) Chemical »carcinngenesis. ca bmlogic
v . perspectwe. Am. J. Path. 106: 271-296

Feldman, By B.-and Cheng," C.Y. (l975) Mucosa'l uptake in
;vitro of ‘cholesterol from bile salt and iurfactant k
solut(uns. Am. J.°Clin. Nutr. 28: 69 4

Gallagher, N., Wel b’h“\). and Dawson, A. li‘ﬂ (1955) The

. .absorption of C oleic acid:and C triolein in bile
fistula rats. Clfn. sci. 29' 73-82.

Gallo- -Torres, H.E., Ludnrf J. and Brin, M. (1978) The,
: effect of mediumi chaln triglycerides on the 2
bigavailability of vitamin E.,lnternat. J. Vit Nutr. \
Res. 483 - 240-243. X

. ' Gelboin, HaV. (1980) - Benzo(a)pyrene me?n\g ism, act1vat1on.
and carcinogenesis: role.and regulatTon of mix

function oxidases and related enz,ymes.1 Physinl.,kev.

60:. 1107-1166.. !




142

Gray, J.I1. and Morton, 1.D. (1961) Some toxic compounds
produced .in food by cookihg and processing. J. Human
Nutr. 35: 5-23.

Grubbs, C.J. and Moon, R.C. (1973) Transport of orally
administered 9,10-dimethyl-1,2- benzanthracene in‘the
Sprague-Dawley rat. Cancer Res. 33: 785-1789.,

Harper, K.H. (1959) The intermediary metabolism of
polycyclic hydrocarbons Brit. J. Cancer 13: 718—731.'

Hietanen, E. (1980) Oxidation and subsequent
glucuronidation of 3,4-benzopyrene in everted
intestinal sacs in control and 3-methylcholanthrene
pretreated rats. Vharmacol. i 233-2 N

I~

Hofmann, A.F. (1963a) The function of, b\]e sais in fat {
absorption. Biochem. J 89: 57- /

Hofmann, A.F. (1963b) The behavicur and solubility of 7
monog]ycerides in dilute, micellar bhile-salt Solution. .
Biochim. Biophys. Acta 70: 306-316 [

Hofmann, A.F. (1965) Clinical§mplications of ' . :
physicochemical studies on bile salts.: Gastroentejol.
481 484-4

Hofmann, A.F. (1968) Functions of bile in the alimentary
canal. In: Handbook of physiology, Section 5:
Alimentary canal. Edited by Code, C.F. Am. Physinl.
Soc., Bethesda, Maryland pp. 2507-2533.

Hofmann, A.F. (1976) Fat-digestion: the interaction of -
lipid digestion products with micellar bile acid
solutions. 1In: Lipid absorption: biochemical and
clinical aspects, Edited by Rommel, K. and Goebell, H.
MTP Press, Lancaster, pp. 3-18.

Hofmann, A.F. and B. Borgstrdm (1962) Physico-chemical state
of ‘1ipids in intestinal content during their’ digestion
. and absorption. Fed. Proc. 21: 43-50.

Hofmann, A.F. and B. .Borgstrém (1964) The intraluminal
phase -of fat digestion ineman:. the lipid content of
) the micellar and.oil phases of intestinal conteént
obtained during fat digestion and'absorption. J. Clin.
Invest. 43: 247-257.

Ho]lander. D. (1981) 1Intestinal absarption of vitamlns Ay
E, and K. J‘ Lab. Clin.. Med. 97: 449-462



¢ 143

Jandacek, R.J. (1982) The effect of nonabsorbable lipids on
the ntest!nal absorptwn of lipophiles. Drug. Metab.
Rev. 13: 695-714 L4

?
Janss, D.H. and Moon, R.C. (1970) Absorption of -
intragastrically administered 7,12~
dimethylbenzanthracene. Fed, Proc. 29: 817.

Kamp, J.D. and Neumann, H.-G. (1975) Absorption of
carcinogens into the thoracic duct lymph of the rat:
aminostilbene derivatives and 3-methylcholanthrene.
Xenobinticu 5: 717-727.

~

-Khanduja, K.L., Dogra, S.C. and Sharma, R.R.

(1981)
Glucuronic acid conjugates of metabolites of 7,12-
dimethylbenz(a)anthracene excreted through hile ducts
in rat. Ind. J. Exp ‘Biol. 19: .375-378.

Knoebel, L.K. (192 Intesclnal nbsorption in vivo of
mlcell;r an n-micellar 1ipid m. J7 Physiol. 223:
255-261. N R

Kotin, P., Falk, H.L. and ‘Busser, Riy (1859) Distribution,
retention and elimination of C -3,‘-benzpyrené after
admin;:tr;g(un to mice and rats. J."Natl. Cancer Inst.
23: 1-585. - i o

\evin, W., Wood, A., Chang, R., Ryan, D., Thomas, P., Yagi,
H., Thakker, D., Vyas, K., Boyd, C., Chu, S.,_ Conney,
A. and Jerina, D. (1982) Oxidative metabelisf of
polycyclic aromatic hydrocarbons to ultimate
carcinogens. Drug Metab, Rev. 13: 555-580.

Lev!ne, W.G. (1970) "The role of microsomal drug
tabolizing enzymes in the ‘bfliary elcreﬁion of 3,4-
henzwrcne in the rat._ J. Phgrmacol. Exp. Ther. 175

301-310.
[}

Levine, W.6. (1974) Hepatic uptake, metabolism, and biliary

excretion of 7,12-d imethy]benzantnrncene in the rat.
Drug Metab. Disp. 2:. 169-177. °

Lij1nsky. W. and Shubik, P. (1964) Benzo(a)pyrene nnd nther
polynuclear hydrocarbans in charcoal-broiged me
Science 145:

.Lo, M.-T. and Sandi, E..(1978) Polycyclic aromatic

hydrocarbons (polynuclears) in foods. Residue Rev. 69:
15 :



144

MacMahon, M.T.:and Thompson, G.R. (1970) Comparison of the
* absorption of a polar 1ipid, oleic acid and a non-polan
1ipid, alpha-tocopherol from mixed micellar solutions
and emulsions. Eur. J. Clin. Invest. l: 161-166.

McCarthy, R.D. (1964) Mammalian metabolisi¥of straight-
ghain 2aturated hydrocarbons. = Biochim. Biphys. Acta
4: . L

Mes, J., Davies, D.J. and Turton, D. (1982) Polychldrinated
biphenyl and other chlorfnrated hydrocarbon residues.in
adipose tissue of Canadians. Bull. Environm. Contam. '

Toxicol. 28: 97-104 3 . i,
Morgan, R.G.H. and’/Borgstrdm, B. (1969) The qechnn(sm of
. fat absorption 1n the bﬂe fistula rat. q. xp.

Physiol. 54: 228-24

National Research Council (1982) Elecutlve summary of the
committee on diet, nutrition and cancer. -Nutr. Today,
17 (4):- 20-25.

’Normnn, A. (1960) The beginning solubilization of 20-
methylcholanthrene in aqueous solutions of conjugated
nd unconjugated bile acid salts. Acta Chem. Scand.
14: 1295-1299.

Patton, J.S. (1981) . Eastrotntestinal lipid digestion. In::
hy s(o!ogy of the gastrointestinal tract. Edited by
Johnson, «R. Raven Press, New York, pp. 1123-1146.

Patton, J.S. and Carey. M.C. (1979) Hatching fat digestion.
Science 204: /l 148 8.y

Peacock,. P.R.- (1940) Biophysical factors 1nf'|uenc|ng the
absorption and distribution of benzpyrene, and their
bearing on the méchanism of carcinogenesis. Am. J.
Cancer -40: 251-254.

Pocock, D.M.-E. and Vost, A. (1974) DDT absorption and
chylomicron transport ‘ln rat. Lipids 9: 374-381.

Porter, C.H., owor¥cyzk, D. and Gurtoo, H.L. (1982)
Biochemical localizatjon of aryl hydrocarbon
hydroxydase . in the hu;estina'l epnhe’llum of the rat’
Cancer R&§. 42: 1283-1285

Rees, E.D., Mandelstam, P., Lowry, J.Q. and upscnmb, HM
(1971) :A study of the. mecmnism of intestin
absorptlon of benzo(a)pyrene. Biochim. Blnvhys. Acta
225: 96-107. .., &



on absorption of 1,2-dimethylhydrazifje and 7
dlmethylbenz(a)antnracene in the co
* guinea pig. N.C.I. 68: 619-622.

= Rose, R.C. and Nahrwold, D./(lQBZ) 513 acids.v effe:ts B .

n of Lhe rat and

Safe, S. Robertson, L.W., Safe, L., Parkinson, A., Bandiera,
. 3 S., Sawyer, T. and Campbell, M.A. (1982) Haloyenated
biphenyls: molecular toxlcology. Can. J. Physiol.
Pharma:ol. 60: 1057~ N .

- sallee, V.L. and Dietschy, JH “(1973) Determinants of. -
P intestinal mucosal uptake of short- and medium-chain
fatty acids and alcohols.. J. Lipid Res. 14:  475-484.

Savary, P. and Constantin, M.J. (1967) Sur la
| solubilisation micellaire de 1'hexadecdne et son
: passage dans la lymphe thara:ique du rat. Biochim.
Biophys. Acta 137: = 264-276 -
Shabad; L.M. (1980) Circulation of cir:inogeni: polycyclic
5 ) aromatic hydrucarhons in the hunan environment
* 'v . cancer prevention. J.N.C.I. 6 405-

s‘hiau. Y-F. (l9§l) Mechanisms of intestinal fat absorption.

Am.. J. Physiol. 240: 61-G9.

Simmonds, W.J. (1976) Uptake of .. Fatty ‘acid and -
nonoglyceride. In; Lipid ‘absorption: biochemical :and s
clinical aspects.” Edited by Rommel, K. and Goebell, H.,
HTP:Press] Lancaster, pp. 51-61.

- Simhonds, W.J., Hofmann, A.F. and Theodor ', E. (1967) .
et Absorpnnn of cholesterol from a micellar solution: . :
. intestinal ptrfusiun studies in man. J. Clin. Invest.
46:

Sims, P. (1980) The metabolic activation of chemical -
carcinogéns. Br. 'Med. Bull. 36- 11-18.

Stafford, R. J.. Donovan, J.M., Benedek, G.B. and Curey. MicC.
(1981) ‘Physical- ~chemical characteristics of aqueous
duodenal content after a fatty meaI. GastroentaroI.'
80: . 1291. .

Stohs, S ey Grafstrom. R.C., Burke, M.D. and Orren|us. S.
(1977) Benzo(a)pyrene métabolism:by isolated rat
intestina'l epithe'lia] cells. Arch., Biochem. B1apnys.
L1729 s :

. ";
i

)
sylvén, C. “and anrgstram, 8. (1963) Absnrption ind

> lymphatic transport of chnlest:r.ﬂ in'the rat. d.
‘Lipid Res. 9-’ 596 601."




Ty 146
/

Sylvén, C. and Borgstrom, B. (1969a) Absgrption
- lymphatic transport of cholesterol and snosterul io
the rat. J. Lipid Res. 10:  179-182.

N
Sylvén. C. and Borgstron, . (1969b) Intestinal absorption
and lymphatic transnort of cholesterol in the rat:
influence of the fatty acid chain Iength of the carrier

triglyceride, J. Lipid Res. 10: -

Takahashi, Y.I. and Underwood, B.A. (1970) Effect of long
and medium chain length Hpids upon lqueous solubility
of astocopherol. Lipids 9:

Thomson. A.B.R. and Dietschy, J.M. (1981) Intestinal lipjd
~absorption: major extracellular and intracellular -~
events. In: ' Physiology of the gastrointestinal tract..
Edited by.Jolnson, L.R. Raven Press, New York, 'pp.

1147-1220, \ :
Tulliez;* J.E. and Bories,.G.F. (19,7&,) Metabo]ism of ¥un-
id

s paraffin, heptadecane, in rats. Lipids-13: 110-115.

Turner, S.6. (1978} Intestinal lymph flow and protein
+ transport during digestive activity. Ph.D. thesis,
University of London.

Wattenberg, L.W. (1971) Studies of polycyclic hydrocarbon

. hydroxylases of the intestine possibly ated to
cancer: effect of diet.on benzpyrene hydroxylase
Lactivity. Cancer‘ZB. 99-102 P

Hattenherg. L.W., Leong, J. L. and Strand, P J. (1 BZ)
Benzpyrene hydroxylase activit) in the gastrointestinal
trac!. Cancer Res. 22: 1120- 1125.

Westergaard, H. and Dietschy, JiM. (1974) Delineation of
the dimensions and.permeability characteristics of the
two major diffusjon barriers to passiye. Micosal uptake
in the rabbit intestine. J. Clin. Investi 54:  718-
732. 3

Hestergaamﬂ. H. and Dietschy, J,M. (1976) The mechanism
whereby bile acid micelles inarease the rate of fatty
acid and cholesterol uptake into the lntest\na’l mucosal,
cell, Jo Clin. Invest 58: . 97-108.

Wickizer, T#M. and BrHHant. L.B. (1951) Testing for
xczlgr;;;ted biphenyls in human milk. .Pediatrics

-~

6!

‘Williams, R.T. and M{11burn, P. (1975) Detoxication Y

. mechanisms - the biochemistry of foreign'compounds.
In: Physiolaglca) and pharmacological biochemistry.-
Edited by BlaschRo, H.K.F. Butterworth, London, pp. -
ZH 266,



% 127

Wilson, F.A. and Dietschy, J.M. (1972) Characterization of
bile acid absorption -across the unstirred water layer
.and brush border of the rat jejunum. J. Clin.-Invest.
51: 3015-3025.° - _

Wilson, F.A., Sallee, V.L. and Dietschy, J.M. (1971)
Unstirred water layers in intestine: rate determlnantv‘
of fatty acid absorption from micellar solutions.

. Science 174; 1031-1033. * .

Ril.," Clark, D.E. it Elissalde, M.H.
ufaentach]nropheno] by the ovine
chnical note. Vét. Hum.

ca ) 7 - X
Yoffey, J.M. and Courtice, C.F.-(1970) Lymphatics, lymph
and -the 1ymphomyeloid .complex. .Academic Press, London.
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	007_Abstract
	008_Abstract iii
	009_Acknowledgements
	010_Table of Contents
	011_Table of Contents vi
	012_Table of Contents vii
	013_List of Tables
	014_List of Figures
	015_List of Figures x
	016_Abbreviations
	017_Introduction
	018_Page 2
	019_Page 3
	020_Page 4
	021_Page 5
	022_Page 6
	023_Page 7
	024_Page 8
	025_Page 9
	026_Page 10
	027_Page 11
	028_Page 12
	029_Page 13
	030_Page 14
	031_Page 15
	032_Page 16
	033_Page 17
	034_Page 18
	035_Page 19
	036_Page 20
	037_Materials and Methods 
	038_Page 22
	039_Page 23
	040_Page 24
	041_Page 25
	042_Page 26
	043_Page 27
	044_Page 28
	045_Page 29
	046_Page 30
	047_Page 31
	048_Page 32
	049_Page 33
	050_Page 34
	051_Page 35
	052_Page 36
	053_Page 37
	054_Page 38
	055_Page 39
	056_Page 40
	057_Page 41
	058_Page 42
	059_Page 43
	060_Page 44
	061_Page 45
	062_Page 46
	063_Page 47
	064_Page 48
	065_Experimental Design and Results
	066_Page 50
	067_Page 51
	068_Page 52
	069_Page 53
	070_Page 54
	071_Page 55
	072_Page 56
	073_Page 57
	074_Page 58
	075_Page 59
	076_Page 60
	077_Page 61
	078_Page 62
	079_Page 63
	080_Page 64
	081_Page 65
	082_Page 66
	083_Page 67
	084_Page 68
	085_Page 69
	086_Page 70
	087_Page 71
	088_Page 72
	089_Page 73
	090_Page 74
	091_Page 75
	092_Page 76
	093_Page 77
	094_Page 78
	095_Page 79
	096_Page 80
	097_Page 81
	098_Page 82
	099_Page 83
	100_Page 84
	101_Page 85
	102_Page 86
	103_Page 87
	104_Page 88
	105_Page 89
	106_Page 90
	107_Page 91
	108_Page 92
	109_Page 93
	110_Page 94
	111_Page 95
	112_Page 96
	113_Page 97
	114_Page 98
	115_Page 99
	116_Page 100
	117_Page 101
	118_Page 102
	119_Page 103
	120_Page 104
	121_Page 105
	122_Discussion of Results
	123_Page 107
	124_Page 108
	125_Page 109
	126_Page 110
	127_Page 111
	128_Page 112
	129_Page 113
	130_Page 114
	131_Page 115
	132_Page 116
	133_Page 117
	134_Page 118
	135_Page 119
	136_Page 120
	137_Page 121
	138_Page 122
	139_Page 123
	140_Page 124
	141_Page 125
	142_Page 126
	143_Page 127
	144_Page 128
	145_Page 129
	146_Page 130
	147_Page 131
	148_Page 132
	149_Page 133
	150_Page 134
	151_Summary 
	152_Page 136
	153_Page 137
	154_Page 138
	155_References
	156_Page 140
	157_Page 141
	158_Page 142
	159_Page 143
	160_Page 144
	161_Page 145
	162_Page 146
	163_Page 147
	164_Blank Page
	165_Blank Page
	166_Inside Back Cover
	167_Back Cover

