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INTRODUCTION AND REVIEW OF THE LITERATURE

The ebsorption of lipid has been studled for over one hundred
years. As the tools available for biological research have progressed
from simple steined preparations for the light microscope to complex
tracer studies, so too has the study of lipid absorption evolved and
become ever more refined. As refinement occurred, it early became
clear that lipid absorption involved many facets, any one of which was
difficult to assess because of their complex interrelationships.

Stated briefiy, a fragmentation of the subject of lipid absorption
into its components would include such facets as: 1. The extent of hy-
drolysis (both luminal snd intracelluvlar), 2. The form in which the
lipid is actually absorbed. 3. The means by whieh the lipid enters the
mucosal cell., 4. The biochemical events related to lipid metabolism
which ocour within the cell. 5. The transport of lipid from the muco~
sal cells inte the cireulation, and 6. The role of bile, The proabil-
ity that many of the above facets vary according to the type of lipid
involved limits peneralities and has been a factor contributing delay
to progress in the field,

Fach of the sbove facets has & history of investigations which
have contributed information te its understanding., In some instances
the progress has been rapid and the hlstory short. & case in point ls
the advance towards an understanding of the pathways involved in muco-
sal glyceride synthesis. In some instances the history has been long
and has involved prominent names and long controversies, such as Plig-

er, Versdr and Fraser end their respective theories of lipid absorption,



2

Pfluger (46), working eround the turn of this century, came to the
¢onclusion that dietary glycerides were completely hydrolized to gly-
cerol and fatty acids and that the fatty aclds wers aubuaquentiy trans-
formed to soaps with "the help of bile and soda®, He believed that
only as sosp could lipid be absorbed into the mucosal cells of the in-
testine,

In 1936 Verzér published a monograph entitled *Absorption from the
Intestine” (58). This publication marks a period of achievement and
accumilated knowledge in the fieid of absorptive physiology for, as
ststed in the general preface tov the monograph, "In this present ser-
ies of Monographs on Physiology, it is intended to set out the progress
of physiology in those chapters (areas) in which the forward movement
is the most pronounced”, Surely, Verzdr's extensive studies in the
field of sbsorption entitleﬁ him to selection as asuthor of the monograph.

Versar agreed with Pfliger that dietary glyceride must be hydro-
lized into its constituent fatty acids and glycerol before absorption
sould occur. He disagreed, however, with Pfluger on the following
point: Pfluger hed concluded that fatty acids present in the intesti~
nal Jlumen were converted to soaps} Verzer conciuded that the formation
of soaps in the lumen was impossible due to characteristic luminal ph
values of less than 7 (47).‘ Vergér further concluded (on the evidence
of several experiments which involved the diffusion behavior of fatiy
acid-bile szlt combinations) that the faity acids which were released
from dietary glycerides by hydrolysis were absorbed into the micosal
cell as part of a fatty ascid-bile salt compliex.

These conclusions of Pfliger and Versdr regarding the necessity



of complete hydrolysis prior to absorption were quite generally ace
cepted for thirty years, Scme contrapy evidencs hsd, however, begun
to appear as early as 1927. In 1927, Msllanby wirote, in conclusion %o
one of his papers (38), "The observation which I wish o emphasize is
that a mixture of neutral fat and bile only, to which no lipase has ac-
cess, is rapidly absorbed from the dvodenum and Jejunum and less rep-
idly from the ileum into the lymphatic system of the smell intestine",

The growing skepticism in the hypotheslis of 'complete hydrolysis!
(termed thw‘ﬁpcl,ﬁic Hypothesis') was exemplified in the following
guotation freom s review article on lipid abeorption which was written
by Frazer in 1940 (19): "For several reasons, however, the Lipolytic
lypothesis must be regarded as unproven®, In 1945, Frazer (22) pre~
sented concrete in vitro evidence that the end products of the hydrol-
ysis of olive 0il by pancreatic lipase were fatty acids and mono~ and‘
diglycerides, rather than fatty acids and glycerol. 1f a brief aside
may be allowed here, it would be well to mention thai the final reso-
lution of problems related to the extent of luminal lpdrolysis waited
uatil the sdvent of radicesctive tracers as sxperimental tools. IHelser,
et, al,, in 1952 (,8), studied the absorption of a syathetic triglye-
eride in which the glycerecl was labeled with Cu“ and the fatty ecids
wie conjugated double bonds. Analysis of the lymph lipids led %o ke
following conclusion: Approximately 25 to 46 percent of the ingested
triglyceride was completely hydroilszed during abgorption; the remaine
ing 54 to 75 percent was hydrolized to monoglycerides. This study, as
well as others, completed the demise of the Lipolytic Hypethesis.

let us return to a few last commends upon the work of Frazer. He



stands as a prominent figure in the historieal background of lipid
absorption, lis prominence was associated with his 'Fartition Hypoth~
esis', an hypothesis of lipid absorption which was quite popular through
the 1940%.

karly ‘'suggestions' of the Fartition Hypothesis appeared in his
1940 review of lipid absorption (19), while a complete discussion of
experiments relevant to the hypothesis appesared in a later review in
1946 (21), The essence of the Partition Hypothesis involved the follow-
ing two postulates: 1, ¥ono- di- and triglycerides could be absorbed,
probably not as molecular digpersions, but in particulate form, and 2,
ibsorbed fatly acids were removed frou the mucosal cell via the portal
blood, while the absorbed glycerides were removed from the mucosal cells
viae the lacteals of the lymphatic system. The latter postulate began
to be experimentally disproven as early as 1950 by Bloom, et. al. (8 ).
These authors fed paimitic acid~CH* (labeled in the carboxyl position)
as the iree fatty acid dissolved in corn oil to rats with either tho~
ragic duct or intestinal lymphatic cannulae, They recoversd 70 to $0
pergent of the absorbed palmitic acid~C ¥ from the intestinal Lymph of
the 4 rats studied. G&ince these percentages indicated that an average
of 75 percent of the sbsorbed fatty acid was transported away from the
muscnsa cells wia the lywmphatic system, the PFartition Hyjmthesis was
congidered as no longer tenable, Further evidence against the hypoth~
esis has scounulated in the years since 1950 (4, 7, 49).

Histochemical approaches to problems of lipid absorption have hise
torically been co-ordinate with physiologlcal approaches; this was par-
ticularly true in those studies related to the 'form' in which lipid



was absorbed. Both Verzar (58) end Fraser (20) used histochemical
evidence in support of their respective hypotheses of lipid absorpiion.
However, uuch of the histochemicsl work was, and is, strongly criti=-
cized on the grounds of uncertainty in the specificity of the stains
used (44).

The aspect of lipid absorption invelving the actual means by
which lipid enters the mucosal cells has scarcely been clarified by
slectren microscopy, though meny interesting observations have been
noted (43, 36, 2), Palay and Karlin (L3) prepared electron wicrographs
of intestinal tissue taken st various postprandial time intervels from
rate which had been fed corn oil. From their micrographs they ohserved
the following: 1, Small droplets of fat (meximum diameter of &5 my)
lodged in the intermicrevillous spaces., 2. The occaslonal appearance
of membranous extensions of the microvilli into the terminal web, ldpid
droplets could sometimee be seen enclosed within these menbranous exe—
tensions - which the authors called pinccytotic vessicles, thus infere
ring that the absorption of the lipid was pinceytotiec ln maturs. o.
The presence of large numbers of lipid droplets (110 to 240 wy in diam-
eter) in the apical portion of the mucosal cells., These droplets ap-
peared o lle within the endoplasmic reticulum, since esch droplet was
enclosed by a thin membrane. 4. A noticesble accumulation of lipld
within the Golgl complex, and 5. The extrusion of lipid droplets from
the apical regions of the mucosal cells inte the intercellular spaces.
These extruded droplets were no longer enclosed by a membrane, Lacy
and Taylor {36} prepared electron micrographes of intestinal tissue

teaken from rats fod olive vii and were able to make observetions simi-



lar to those ef Palay and Kerlin, .L&ey and Taylor, however, noted
lipid inclusions within the microvilli; these were nol observed by
Palay and Karlin, GSince electron micrographs do net allow distinctions
to be made between the types of idpid obsdved (i,e., fatty acid vs.
glyceride), the integration of the biochemlcal aspects of lipid absorp-
tion with the visual espects still remsins as & challenge.

The rols of bile has always been an inbtegral aspect of the inter-
est in lipid absorption. Jeports that fals were absorbed to a 1initad
extent in the absence of Lile began to appear in the iiterature of phys-
ialogy as early as 1892, Through the yesrs a very extensive literature
has héﬁn socumulated on the relationship of bile deficiency and lipid
abgorption. Three papers have been selected as examples and will be
briefly reviewesd,

In 1935, Riegel and others (49} presented an investigation on the
sbsorption of oleic acid from permenently isolated Jjejunsl loops which
had been prepared in four dogs. These loops were prepured by surgi-
eally resecting a small length of Jejunum free from the remainder of
the intestine, yet leaving the mesentary and, hence, the blood supply
to the section intaet, 4 permaneant fistule through the abdominal wall
wes made for one end of the jejunal loop, while the other eid was
closed by suturing, (This is called a 'Thiry' loop end, it will be
noted, is a bile-free preparation,) The Table of thelr data appeared

as follows:

Teble 1. Per Cent of Uleic acid Nob Hecovered from Intestinal lLoops
when Introduced Alone or in Combination with Sedium Taureo-
cholate, Hepatic Bile or Gall~bladder Bile,
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MEAN PER CENT 103S Average all

HATERLALS USED Bog d __ Logp 2  Dog 2 AT

¥ .T X
Oleic aeid (869 mgn 5.9‘-‘13.3j 12.432,1 11.2%2.6] 6.681.5 |9.1t0.2
used in all expt's,) (6)! (4) {10} (6) (26)
Renoved in 2 hours
Oleic acid 15.46%1 ok | 10.6%2,0 12,286, 5] 10,9419 12.993.7
(12} {7} {4} (6) (29)

Oleic acid + Na tauro= 45.6%2.0 | 36.723,6| 21,881, 2] 28,483, 5] 38.0%2.1
cholate (82«246 mgm) (21) (5) {n) (&) (37)

Oleic scid + hepatic  41.9%4.1|19.0 | 13.083.5 26.755.6
bile (taurochoiate (5) [ (1) (5) (11)
content: 166-275 mgm) '

Oleic seid + galle  35.742.2 | 23.0%3.9 16.6%2,3 25.7%2.4
bladéer bile (tauro-  {7) (6) {6} {19)
cholate content: 166
275 ngn)

# = 3,B. of mean

! = Number of experiments entering into the mean.

Although generel conciusions can scarcely be drawn from data in-

volving only four experimental animals, observations arising from this

study wight include the following:
1. In two dogs (doge 2 and 3) there was no indication of significant
sbsorption of oleic acid in the abseuce of bile salt, In the re-
meining two dogs some absorption did ocour iu the absence of bile
salt,
2, In all four dogs the presence of sodium taurocholate incresased
the sbsorption of oleic aeid. This lnecrease was not always so
evident when hepatic or gall-bladder bile replaced sodium Lauro=
cholate in the infused mixture.

The authors observed that "the relative consentrations of oleie
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acid and taurccholste in the fluid introduced into the loops precluded
any direct chemical reaction between the two as an explasation for the
sbsorption of oleic acid", &lso, they concluded their paper with the
following stavement: "It is spparent, therelore, that the action of
taurocholate in facilitating the absorption of olele acid must be in the
nsture off a surface phenomenon and that very minute concentrations are
sufficient to produce absorgbtion of relatively large guantities of fatty
selds.®

Heersma and Annegers {27) presented data on lipid absorpticn in
the absence of biie from an experimental 'balance! study. Dogs with
bile diverted to the renal pelvis wers fed (daily) 25 grams of lard mixed
with dog food (total lipid fed was 36 grams) over a seven day peried,
Tecal material was collected during the last Pive days and a pooled fe~
cal sample uué taken for quantitative analysis of fat, Hean fecal fat
output (nine dogs) in grams per day was lncreased from the precperative
{(i.e., normal) 3gm/day level to 27.4gn/day after diversion of bile from
the intestine, The following Table illustrates what happened when dee-
icated ox bile was administered daily in an effort to decrease the steai-
orrhea; staétorrnea is defined as "the fecal loss of dietary fat due to

impaired fat absorption”,

Table 2,
humber Average fecal fal output
segime of dogs (grems/day)
3pme desicated 7 26
ox bile
6 gms desicated 6 20

ox bile



Table 2 continued.

Humber hiverage fecal fat output
degime of dogs {grams/day)
6 gms desicated 7 2.5

ox bile in solution

tion,

1.

2y

(90 mls)

Two points of interest relative to the above work deserve atien-

Steatorrhea was assgociated with bile deprivation., Another study
by these same suthors (26) indicated that, when endogenous lipid
quantities were considered, bile fistula dogs excreted about 58
per cent of the fed lipid (lard).

Normal lipid sbsorption was approached but not accomplished by
rather tcasually' adeinistered ox bile preparations -~ 'casual!
in the sense that a). the bile salt activity may have been al-
tered by desication and, b). the bile preparation was not admin-
istered continuously.
In 1953, Pessoa, Kim and Ivy (45) undertook a study of fat absorp-

tion in normal, in biliary-fistula and in pancreatic-duci-ligated dogs.

The results from this study listed below were chosen from the data pre~

sented to illustrate differences between the normael and the bile defi~

clent animals,.

i,

indogenous fat exoretion., This portion of the experiment in-
volved an analysis of fecsl fat using dogs fed fat-free diets.
A total of thirty-one analyses on nine normal dogs indicated
that an average of 39.4 (SD & 1.7) mg fat/kg body weight/day
were excrebed, Ileven analyses on five bile fistuls dogs ine
dicated that an average of 142.2 (Sbi 32,3) mg fat/kg body



2.

3.

welght/day were excreted.

Percentage absorption of corn oil. In this case, an analysis of
fecal lipid was made when the diet included 2.5 ml corn oil/kg
bedy weight., From a knowledge of fecal loss, the absorption of
the 1ipid may be calculated from the following formula:

fat absorption = 100 x ingested fat - (excreted fat -~ endogenous

o
ja gxcretion

ingested fat

Results indicated that five normal dogs (ten analyses) absorbed
an sverage of 96.4 (SD %+ L) per cent of the corn oil fed, while
three bile fistula dogs {three analyses) absorbed an average of

71,7 (3D % 12.2) per cent.

Per gent absorption of oleic acid. In this case, an analysis of
feca;l lipid was made when the diet included 2.5 ml oleie acid/kg
body welght, Calculations of absorption were made as explained
sbove, iesults indicated that three normel dogs (three analyses)
abgorbed an average of 93 (ilange: 88-95) per ¢ent of the olelec
agid fed, while two bile fistula dogs (two analyses) absorbed an
average of 70 (Ranget: 54~86) per cent,

1t may be noted that the results of these three pepers agree in

Tquality' but nol in 'quantity'; that is, all of them indicated an im-

paired sbsorption of triglyceride and/or fatiy seid in the absence of

bile, yet the magnitude of this impalrment varied. For excmple, the

the per cent absorption of oleic aeid from the jejunal loops of doge

" wes negligible, while the absorption of oleic acid in bile fistula dogs

(experiments of Pessoa, Kim, and Ivy) (L5) averaged 70 per cent. Also,

the study by Heersme and Annegers (26) indicated an average per cent
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absorption of fed lard of 58 per cent, while the per cent abserption
of corn oil by dogs in the Pessoa, et. al., paper (45) indicated an
asverage value of 72 per cent. ©Suffice it here, perhaps, to focus at-
tention on the quite general agreement that bile deficient animals dis-
pley a reduced capacity to zbeordb lipid.

The recognition that bile playe a role in lipid absorption has
given rise beth to speculations upon the mechanism of ite action and
to experimentation designed to clarify its action., The experimenistion
has shown that bile may exert not a single asction, but a multiplicity
of actions, In & recent review of intestinal lipid absorption, Senior
(52) presented references which implicated bile in a number of roles,
(One role might be termed an ‘'external! one in that it deals with lumi-
nal events and implicates blle in such diverse aspects of lipid sbasorp-
tion as emulsification, the formation of micelles, the action of pane
creatic lipase, gut motility, end the reduction of fatiy seid "pK "
values, Another suggested role might, in contrast, be termed an ¥in-
ternal' one in that it implicates bile in the mucosal intracellular
synthesis of triglyceride. It is the postulated intracellular role of
bile which will be the central theme for the remainder of this Intro-
duction and which forms the basis for the expermental design presented
in lster sections, Before turning to the spegific postulate of intra-
g¢ellular bile sction, however, it would be well to look briefly at
some of the ‘external' roles of bile.

it may be recalled that Pfliiger (46} associated bile with the
ngolubilization® of fatty acids and soaps, while Verzir associated

bile with the formation of a fatty scid-bile salt complex which was



essential for the actual transfer of the fatty secid across the mu-
gosal cell membrane.

Frager, et. al. (23) found that finely emulsified paraffin oil
(average particle dismeter of U.5)) was sbsorbed as effectively as an
olive oil emlsion of comparable particle size, Having found that
0.54 was the average particle size of the emulsion which appeared in
the intestinal lumen of rats fed olive oil, he conecluded that the nor-
mally ocecurring emulsification system allowed the formation of parti-
cles small enough for perticulate asbsorption, Using in vitro tech-
niques, he found that only the triple combination of bile salts/oleic
acid/monoglyceride could f¥#am an emulsion which satisfied the apparent
requirements for absorption.

tofmann end Porgstrém, in 1962 (28), rejected the idea that lipids
were absorbed in emulsified form, Instead, they presented experimentel
evidence which suggested that the lipid present in the intestinal lumen
wag abgorbed in 'micellert form. Although some investigators have pre~
ferred the term 'aicro-emulsion?!, Hofmenn and Borgstrom preferred the
torm ‘micellar solution' and attributed to it the following charactere
istics: "...usually transparent, have a particie size in the range of
3 to 10 my, form spontanecusly when the concentration of amphipath
{bile) exceeds the 'eriticsl micellar concentration'...", Hofmann and
Borgstrdm postulated that the micelles formed in the intestinal lumen
during the digestion of Atriglyceride were composed of Lile sali, fatty
acid, and monoglyceride, This postulate stimulated investigation and
has been widely (though not entirely) accepted, Johnston and Borgstrom

(31) have recently found that a). slices of rat intestine readily ab-
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sorbed lipid when incubated in micellar s&lﬁtims and b). thé absorbed
ilipid was partialiy synthesized into di- and triglycerides. |

Evidence was available in the early 1920's which indicated that
bile activated panereatic lipase. Borgstrom, who felt thet the evi-
dence was incomplete, presented & paper in 1954 (11) which showed (in.
vitre) that taurccholic scid (present in the concentrations most prob-
ably found in the small intestinal coﬁtmﬁz& during digestion) shifted
the pH optimum of pancreatic lipase from a pH of & to pH iaiuees between
6 and 7‘ These lower pH ranges were considered to be similar to those
normally found in the upper intestine,

It is generally accepted that the presence of fat in the duodenum
inhibits mutil.‘!.ty of the gastric antrum end slows the euptying of the
stomach, Several authai-a, Menguy (39) and Morgan, et. al. {(42) for
example, found thal this inhibition did not oceur in the absence of
bile. Henguy hae concluded that the inhibitory effect was directly
related to the secretion of bile which had been reflexly stimulated by
the presmeé of fat in thé duodenum, Morgan (40j, however, has shown
that ducdenal infusione of sodium taurocholate into bile deficient rats
gave no inhibiiicn of gastric motility. MHorgan also found that the in-
hibition occurred in bile deficient animals when emulsified oleic acid
was infused slowly into the ducdenum; Menguy did not find this to be
true in his experiments. MNorgan concluded that the inhibition of gas~
tric motility resulting from fat in the duodenum was a ﬁumi*.im of the
capacity of bile to emmlsify and, hemé, to promote the relesse of fatty
acid., Henguy would not agree with this conclusion.

iet us tum now, for the remainder of the Introduction, to inves-
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tigations concerned with the postulated intracellular action of bile.
The paper most frequently referved to in this regard, and which 1s usu~
ally cousidered to be the 'origin' of the postulate, is a reference to
experiments performed by Dewson and Isselbacher (16). Before presen-
ting this paper, however, it would seem profitable io discuss a paper
by the same authors which appeared in éz'iz;% a few weeks earlier (15},

Thie earlier paper (15) was oriented towards a delineation of the
cofactors involved in mucosal glyceride synthesis., The investligators
utilized the following two inecubation ‘'systems's |

i, & control system whieh eontained Tris-msleate buffer, palmitic
acid-l=Cl4, Tween "80" (polyoxyethylene sorbitan mono-oleate;
frequently used as an emuleifying agent), and an aliquot of &
mucosal homogenate from which the cell walls and the nuclel had
been removed by eenmtrifugation at 600 x G.

2, & "complets" éystem which contained all of the above plus an ali-
quot of taurocholate (.3 x 1072M).

Each of the above systems was incubated for 30 minutes st 37  C.
in air and without agitation., 4 comparison of the amounts of palmitic
acid—l—ﬂu ineorporated into each of the glyceride fractions wes pre-

‘sented and appeared as follows:

Table BQ
Incubation Total Palmitic ceride Frao
idxture ac_ig-cu* incorporated i D3 %
4 moles »
Controd i3.2 28 L9 23
Plus taurocholate 542 13 22 65
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- The above results wight infer that taurocholate had inhibited
glyceride synthesis. There are two things to keep in mind, however;
i.) taurocholate {under some conditions) is considered to be a lipase
activator (11,12 }, and 2,) the results did not indicate net synthesis
- only glyceride present at the moment of extraction, The above re-
sulls might, then, be explained by a lipolytic action of bile and give
no indiecation of its possible role in synthesis,

There are many a&pecw of homogenate studies which ecloud an at=
tempt to assess the normsl physiological role of bile, 4s above, many
investigators use Tween "80" as & means of getting the lipid to be
studied into emlsified form, This, in itself, is a compliicating face
tor for Iween has been shown to inhibit both triglyceride lipolysis (15)
and phosphatidic acid breakdown (53). 7This latter point, pérhsps s needs
same elaboration,. The blochemicai sieps involved in the synthesis of
triglyceride from absorbed fatty acid sre considered to include the ob~
ligatory breakdown of phosphatidic aeid to diglyceride, as illustrated
in the pchema shown in Figure 1, Interference with the breakdown of
phosphatidic seid could be expected to alter both the total amounte and
the relative amounts of the synthesiszed glyceride fractions,

Pigure 1, (15)

RCOOH + ATP + CoA

0-0CR
RCO-O{
0-p

! d -glycerophosphate phosphatldic acid

0-0CR
RCO-O{
{ 0-0CR T~

triglyceride RCO-S-CoA 0-0CR
cyt|d|n> RCO'O{
OH

0-0CR diphosphate
RCO-O{ 4 cholins 112 diglyceride
0-P-choline

oH
ou{ + 2 RCO-S-CoA
0-p

phosphollpid
{1ecithin)
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Another complicating aspect of homogensie studies, when experi-
mentally used in the investigation of bile action, is represented by
Lhe wide range of homogenate fractions possible; i.e., microsomal, mitow
chondrial, or supernatant, Each of these homogenate fractions has been
studied in relation to glyceride synthesis and, in many cases, conflic-
ting resulis have appeared., 4 last comment offered regarding the dif-
ficulty of interpreting results from Liomogenate studies relates to the
problem of how much teaurosholate showld be added in order to mimic nor-
mal conditions. It has been found (16) thal resulbts were often depend=
ent wpon the concentration of bilg salt used,

To progress, now, to investigations wideh &e&a direetly with the
postulated intragellular action of bile. Host of the papers to be dis~
cusged ure related to whole animal preparations, The Dewson and Issele
bacher paper to be disoussed next, however, utilised ’intestinel slice!
(1) and 'intestinal sae! (57) preparaticns. an intestinal slice prep=
aration involves the incubstion of & piece, or slice s of intaati_nc in a
known medium whieh contains a desired precursor, Aifter incubation the
slice is }wmogeniﬁed and the product of whatever synthesis is being
studied is quantitatively extracted. The formation of an intestinal
sac preparation inveives the following steps: 1,) The removal and ever~
slon of a segaent of intestine, such that bthe mcosal side is exposed.
2.) The formation of a 'sac' by tying one end of the everted section,
3+) The ifwerti«;m of & few mls lncubation medium into the lumen of the
sa8¢. 4.} Tylog the remaining end te form a closed sac. The sac is
placed in incubation mediwm and, after 1neui>atim, a qu&nt.imtiw anal-
ysie of the fluid within the sec and/or the sac tissue iteelf reveals
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activity which has oceurred in the tissue,

Some of the problems involved in the interpretation of homogenate
studies are still present in the papers to be discussed, some ere ree
noved and, as will become evident, some new problems are added,

{ne of the new problems added appeared in the first paragraph of
the paper which will be discussed next (16), This is the Dawson and
Isselbacher paper which, as mentioned before, is frequently referred to
with regard to the question of intracellular bile action. "This paper®,
the authors wrote, "presents observations on factors influencing the up-
take and esterification of p&lmitata—-l-cu’.” It appears pertinent to
ingert here the comment that, to whatever extent the processes of uptake
and esterification are interrelated, so too will be the extent of the
difficulty in pin-pointing the specific effect of sny condition imposed
upon the system, |

The above investigators incubated jejunal and ileal intestinal
slices with palmitic acid-l-C 4 in a buffered solution for one hour H
temperature conditions will be discussed later. To some incubation
flagks they sdded Tween "80" as an emulsifying sgent; to other flasks
they added teurocholate., In those flasks with tauroscholate the quan~
tity of esterified paimitate present in the tissue was 2 to 4 tizes the
gquantity found in the tissue which was incubated with Tween “80", It
was suggested thei, since both taurocholate and Tween were good emulsi-
fying agents, the difference in esterification might implicate tauro-
eholate in a role additional to that of an emulsifying agent, It might
be well to point out that the assumption that the éxtmt of emulsifi-

cation was equivalent in the sbove two cases was quite broad and cer-



tainly should have been checked.

The investligators utiliszed 2 'preincubation' system in an effort
to clarify the suggested "additional® role of taurocholate (the pre-
dominant bile salt in rat bile) (5, 25). This 'preincubation! system
invoived the following experimental steps: (Temperature conditions will
be discussed later.)

d. One group of intestinal siices were preincubated for thirty mine
utes in & medium which contained Krebs-idinger phosphate buffer
and taurocholate (1072 M), Following preingubation these same
siices were again incubated for another thirty minutes in the buf-
fered taurocholate medium to which had been added palmitic acide
TGt (100 my moles).

2, 4 gecond group of intestinal slices was preincubated for 30 min-
utes in a medium of Krebs-Kinger phosphste buffer only, Follow~
ing preincubation these same slices were again inecubated for an-
other 30 minutes in Krebs~dinger medium to which both taurocholate
(10™2 ¥) and pelmitic acidel~Ci¥# had been added.

The authors proposed thet the concept of an intracellular role of
bile would be strengthened if - during the second incubation - the in-
testinal slices which had been preincubsted in the presence of tauro~
cholate had synthesised more glyceride than had those slices which had
bean preincubated in'baffer sione, In six eoperiments the mean palmi-
tate esterification was 1,1 my moles/l00 mg tissue/30 minutes in the
siicss which had been preincubated in buffer and 1,9 my moles/100 mg
tissue/30 minutes in the slices which had been preincubsted in the pres-

ence of taurcchelate; a mean difference in esterification of +73 per
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cent, This difference in esgterification did not cecur when Tween "80P
replaced taurocholate in & siudler experimental system, The Table
(giving the range of experimental values) frox which these data were
drawn appears below,

Table 4. The Effect of Preincubation of Slices of Rat Smsil Intestine
with Taurocho te or Iween "80" wpon the fsterification of
Palmitate~le

Palmitate esterification/100 mg tissue
ter ubation with

Hean change
No. of Buffer only Buffer + wetting agent in palmitate

iddition M%‘eﬁw ‘ﬂv_&w
my 8 By moles

Taurocholate 6 1.3 0-7-'1.5 1-9 10&"201} "i’"?l
(10" u)

Tween "80% L 043 0.28-.60 0,40 Uo24~,61 -7
{0.1%)

with regard to the experimental data presented above, it should be
mentioned that an incresse in mucosal synthetic ability is not the only
possible explanation for the observed increase in glyceride synthesis in
the tissue preincubated with taurocholate, It is poseible thet the pro-
longed presence of taurocholate altered mucosal permeability., If s for
axample, the prolenged presence of taurocholate ineressed the permeabil~
ity of the mucosal ¢ells to fatiy scid, the amount of glyceride synthe-
sized might well be increased.

In all of the above work the authors have assessed net glyceride
synthesls by extraction of glyceride from the tissue. Ordinarily, to
arrive at figures for net synthegis, it would be necessary to analyze

the incubation medium for glyceride which had esceped from the mucosal
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cell. The authors eliminated this necessity by incubating the slices
at a temperature of Qﬁeﬁ.instead of 3706. it this lower temperature
they had previously found that the escape of giyceride from the tissue
wis reduced to almoet zero. It may be wondered whether synthesis was
‘normal'! under these conditions,

In an attempt to determine whether the observed inerease in glyc~
eride synthesls in the presence of taurccholate depended upon an increase
in absorption of the labeled fatty acids or to an incresse in trigiyoc-
aﬁid@ synthetic ablility, the authors utilized uniforamly labeled glu~
cose~Cl# in the following experiment: Iverted ret small intestine was
incubated in a buffer solution sontaining 0,02 4 moles (5 x 10° epm)
of the labeled glucose. After an incubation period of one hour the tis-
sue was homogenized and the tissue lipid wes extracted, It was found
that, if taurocholate was added to the medium, the extracted lipid con~
tained four times as much label as did lipid extracted Irom tissue ine
cubated with glucose-Cié in the absence of teurocholete, Wwhen the ex-
tracted 1lipid was saponified, more than 95 per cent of the label ap-
peared in the water-soluble fraction; from this it was concluded that
the radicactivity was present es lsbeled glycerol, Since no fatty ascid
was present in the medium, the observed increase in label incorporated
into lipid in the presence of tauwrocholate was sttributed by the authors
to a "stimulated lipid metabolism in the mucosal cell®, The actusl date
are given in the second column of the following Table: (Hach result is

a mean of triplicate determinations),



Tabl@ 50
; oagtivit gr u
Addition Total lipid Barium-ethanol ppt.
- (cpm) (¢pm)
Wonse 4,160 35430
Tawrocholate (2 x 1072 i) 16,400 3,360

It may be noted that the actual maximum incorporation of glu=-
cose-0h (i.ev, in the presence of taurocholate) amounted to only
0.00066 4 moles/100 mg tissue, The above results might have occurred
if the conjugated pile salt had increased the dabeling of the intra-
cellular glucose pool, secondary to a gréater transport of the tracer
glucose into the cell. The authors coneidered that s il Chis were the
expienation, an :lncra;se in the labeling of other products of glucose
metabolism (such as phosphorylated carbohydrate intermedisies) should
have occurred, The phmphory;mted carbohydrate intermediates were
Lherefore isolated by barium-ethanol precipitetion and (as shown in
the third column of Lhe above Table) did not show any increase in radie
cactivity when taurocholate wes present in the incubation media,

It is difficult to draw conclusions from the experiment discussed
above, It would seem that the very smell quantities of substances in-
volved in this situation of 'dynamic' metebolism might not necessarily
reflect a situation which involved the absorption of a fatty acid and
the production of relatively large amounts of glyceride,

It appears pertinent, at this point, to draw attention to evidence
which has indicated that the concentration of bile saits with which one

works makes a very significant difference in the experimental results,



Figure 2 illustrates the effect of varying concentrations of tauro~
cholate on glyceride synthesis, Standard incubation progedure was
used, ‘r}mre were 100 m 4 moles of palmitate~Cl4 in each flask and
teurocholate was added as indicated,

Figure 2, {16)

Jy ey C P

mum palmitate esterified
/100 mg tissue

|
o 5 10 15 20 25 pm taurochoiate/ml

At 5 y moles/ml or less there was no apparent effect snd maximm effects
were found at 15 o moles/ml or more, The authors usually used ‘opti-
mum' concentrations (i.e., 20 . moles/ml) of taurocholate in their ex-
perimente; an axcaption appeared in the e.xperim&ts of Table 4, wherein
the authors used 10 . moles/ml taurocholate. In vivo experiments o=
ported by Danielieon (14) indicated t}mﬁ the main absorption of lipid
ogourred at a bile salt concintﬁtim of 5 to 10 y moles/ml,
Tc summerize this paber préaented by Dawson and Isselbacher it

might Ee}apgsraprinte to suggest that:

i, If the assumpiion is correct that Tween "B0" and taumahniate

emulsify equally (in the concenitration used) and, slso, that

Tween Y80%" is otherwise 'inert', then it would appear that tauro-
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cholate has & role in lipid absorption which is additibnal to
its function as an emulsifier,

2., If the assumption is correct that there are no alternative exe
planstions for the observed increase in triglyceride synthesis
in tissue slices which had been preincubated with taurocholabe,
then it would agein appear as though taurccholate plays a role
in lipid absorpticn which is additional to its function as an
emelsifying agent.

3« Although there is some svidence that tauwrccholate affected mu—
cosal intracellular metaboilsm, this same evidence does not neces-
sarily infer an identical effect upon net glyceride synthesis,

Before turning to another paper, it is well to nole that the
authors were aware of the fact that the action of taurocholate in the
houogenate system of their eariier peaper (15) was different from its
action with the tissue slices in their second paper (16}, This second
paper, which has Just been discussed, ends with the following stetements:
"Ihe difference between the results using these two technigues probably
ie due to the abnormal structural reletionships of cellular particies in
the homogenate system, Thus, although homogenates are of use in de-
lineating reactions snd their cofactor requirements, the use of intact
cells is mandatory to evaluate the possible physiological role of such
reactions.®

Attention wiil now be directed to & paper presented by Borgstrém in
1953 (10}, 4ctually, it was this peper which provided the initial sug-
gestion that bile exerte an affect upon mucosal metabeiiem, Concerted

investigation wpon the problem, however, seems to have waited until ite



tre~introduction! by Dawson and Isselbacher,

Borgstrom prepared four bile deficient rate by cannulsting the
bii@ duc‘és and draining the blis to the outside, In these sawe four
rats he instailed cannulae into the main intestinal iyaphatic ducts.

The day after the surgical procedures the rate were fed a meal (by
stomach tube) of corn oid* ecarrying 0,5 per cent dissolved, free palm-
itie aeid-1-C'*, Borgstrém then collegted the lymph in periods of U-2,
2wiyy b=6, 6~9, 9=12, and 12-2 hours after foeding. 24 hours after
feeding he sacrificed the anlmals and enalyzed the gastrointesiinal
tract for remaining activity.

Resulte were as follows: These four experimental rats, in which
both intestinal lymphatic ducts and bile ducts were cannulated, absorbed
(in' 2 hours} a nesn of 65 per cent of ihe label fed (the range included
91.7, 84,2, 43.8, and 41.9 per eamt}z. A mean of 16,9 per cent of the
absorbed activity sppeared in the intestinal lgymph lipid. In & previocus
experiment, Borgstrom (9 ) had fed the same lipid mixture Lo normal rats
with lymphatic cannulae and had found that 87.5 per ceant of the label
was abporbed and, of this, 66.5 per cent was recovered in lymph lipid.

| tn interesting aspect of tids experiment focused attention on bile
ae it appesred to affect the synthesis of glyceride witkin the macosal
ecell, and/or, the transport of the labeled lipid frem the mucosal cell

into the lymphatis system., This sspect was assoclated wiih the difference

i, 0,1 ml lipid per square dm body surface,

2. This insertion of a range of values illustrates oneof the most
difficult fackis of investigelions on puremeters of 'absorption' -
the great range of variability between animals. '
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in the ratic of between the

bile deficient and the normal rets. In bile deficient rats the ratic
of means appeared to be 65/16.9 or 3.8; while in normal rats it appeared
to be 87.5/66.5 or 1.3,

Within the limitations imposed by the small number of animsls used,
the following might be said in sumary of the Borgstrom paper: The data
presented indicated that in the bile deficient animals there was not
only an impairment of absorption of lipid, but also an impairment in
either the synthesis of triglyceride (assusing this to be requisite for
lymphatic transport) or the removel of the label from the mucosal cell
into the lymph.

An experimental design somewhat similar Yo that used by Borgstram
was presented by Seunders and Dawson (50). They fed labeled cleic¢ sacid
{either in wemulsified form or as an aqueous esmmlsion} to the following
tma' groups of rats: 1. 4 control group bearing only thoracic duct fise
tulae and, 2, in experimental group bearing both thoracic duct and bile
fistulae, 1lymph was collected for 12 hours after fsediné in both groups.,
All rats were secrificed after this 12 hour period. The gastrointestinal
tracts (with feces) were removed at sacrifice and the lipid extracted.

when 80 mg unemulsified uniformly labeled oleic aeiﬁ-cl"" was fed
via stomach tube to control rats & mean {1l animals) of 72 per cent of
the fed radiosctivity was abeorbed in the 12 hour postprandial period,
81 per cent of the absorbed amount appeared in the lymph, and 5,6 per
cent of the label in the lymph was in the form of free fatiy acid,
There appeared to be no difference in resulte if the oleic acid~-0** was

given by ducdenostomy rather than by stomach tube, or if it were given
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by duodenostomy se an emulsion in Tween "20" rather than in unemulsi-
fied form. ihen unemulsified uniformily labeled olelc acid-CH was given
to the rats with bile .figtulae a mean of 49.l per cent of the fed radio-
setivity was absorbed, 7.2 per cent of the absorbed lsbel was recovered
in the lymph, and 28 per cent of the label in the lymph was in the form
of free fatty acid, There was no significant difference between ihe
volunes of lymph produced by bile deficient and control rats. In terms

of actual amounts the above percentages appear as follows:

Table éc

Ceontrol Animels bid ent
i, Fed £0,0 mEg 1. Fed 80,0 mg
2, hbsorbed - 57.6* 2, iAbsorbed 39.3 "
3. Appeared in lymph 46,7 " 3. Appeared in lymph 2,8 #

Le 48 neutral lipid in lymph A4 ¥ L. As neutral lipid in lymph 2.03 "

5, As free fatty acid in lymph 2.6 ® 5, As free fatty scid in lywph .79 *
ks in Borgstroi's paper (10), & consideration of the ratioc

?é%g%mg in control vs, bile deficient animele tempts

one to infer an inferior synthesis of glyceride in the absence of bile.

The following alternative inference might, however, be suggested: The

decrease in absorption in the bile deficient cases may retard the removal

of lipid from the cell out of propertion to the decrease in sbsorption

itself, In other words, the amount of lipid removed f{rom the mucosal

cell may not always be linearly related to the smount of lipid absorbed

but might, perhaps, foliow a relationship such as shown in Figure 3.

Figure 3,

amount
recovered
in lymph

amount absorbed
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Such an alternative might be the reason why, in a later experiment
{50), control animals fed only & mg olsic aew-c”* absorbed 87 per cent
of the fed amount, but only 63 per cent of the amount absorbed was re~
covered in the lymph. It seems to be & case of trylug to assess what
goes on inside a 'black box!' by knowing the input and the ouiput; one
problem, howsver, is that the ‘*black box'! contains two veriables -
syathesis and removal, The crucial investigation here would seem to
be an analysis of the mucosa itself and the relationships between the
amounte and forms of the lipids contained within it, in both normal and
bil@ deficient snimals., These workers asbandoned a mucosal project ap-
parently, having found that only 2 to 3 per cent of the fed lipid could
be recovered from the entire intestinal wall. |

Ssunders and Dawsen (50) also presented an experiment in which
they examined the ratio of 34 present in portal ve. aortic blood in
both bile deficient and normal rats. The blood samples were taken %
to 2 hours after feeding oleic seid-C'¥, The ratio of CM in portal
blood to C* in aortic blood in bile fistuls animals appeared to be
slightly higher than the ratic in normal animale, but it ie doubtful if
& significant difference could be shown (ratios are indiceted below in
Figure 4), The per cent portal blood Ot present as fatty acid was,
however, significantly hipgher in the bile fistule animals than in the
control animals (75-95% and 10-40%, respectively); as indicated in
Figure 4, The suthors suggested that bile mey exert an effect either
upon gynthesis or, perhaps, upon the route which the absorbed lipid
follows in its removal from the cell,
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Figure &, (51)

™ Normal Bilellfgstula
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In further investigstione Saunders and Dawson (50) found that
when bile deficient rate were fed oleic aeid-Cl¥ which had been emulsi-
fied with either Tween "20" or taurocholate - rather than unemulsified
oleic acid-»cu* several differences could be observed. The absorption
of the olelc acid-C¥ rose to a mean of 57.6% with the Tween 20
emulsion and to @ mean of 66,5% with the taurccholate emulsion, ilso,
the mesn percentage of absorbed oleic acid-C'* recoversd in the lymph
was L4.5% with the Tween "20% emulsion and 50,7% with the taurocholate
emulsion and, while taurocholate reduced the percentage of lymph iipid
present as free fatty acid -~ Tween "20" did not, when & mg sonicated
oleic acid-cu" {(prepared by emulsifying the fatty acid in an uwitrasoniec
ziisintegréwr for 1 hour; the optical density of Lhis emulsion was 1.09)
were fed to bile fistule animals the absorption of the 1ipid did not
appear to have significantly increased above the average level for bile
deficient animals (i.e., 47%), nor did the percentage of lymph lipid
present as free fatty acid appear to be altered (i.e., 23%)} the re-
covery dn the lymph of the absorbed Gié was, however, raised to 724,

From thiz collection of sgriuaibal deca the subthors concludsd the
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following: 1. Bile faeilitated glyceride synthesis, as indicated by
the lncreased percentage of fatty seid in the lymph in the abseuce of
bile and, 2, Bile, in its capacity as an emlsifier, altered the path-
way by which lipid in the mucosal cell was removed {as indicated by
recovery of shsorbed 1lipid in the lymph).

The experiments relating to recoveries of falty acid-ClH in the
blood do not sppear guantitative encugh to warrent a statemeant that bile
does, or does not, delermine the patlway of lipid removal Irom the mu~
cosal cell, It would seem, however, that such a possibility warrants
further investigation. It is well to mention, here, that bloed samples
were teken under ether anesthesisa; & procedure which has been reported
(6) to have profound effects on lipid absorption.

One small point before closing a discussion of this paper; the
sodium taurcocholate used in this paper contained "less than 53 free
cholic acid®, i gquotation from Dawson and Isselbacher (16) seems per-
tinent here, "Investigations on the physiology of abeorpticn when
erude bile salts are used must be interpreied with caution. Unless
stringent tests of purity are amployed the results may be misleading,
for traces of unconjugsted bile salts (especislly desuxycholate) can
alter mucosal function®,

A rather complicated but unique experiment has recently besen re-
ported by Morgan (41)., It seems sppropriate to discuss this paper next
because it tends to support the evidence (a2s presented sbove) thai the
particle size of the lipid avallsble for sbsorption may strongly influe-
ence events occurring within the mucosal celis., In brief, her experiment

was as followss A group of control rats had thoracic duct cannulae and
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duotenostomy tubes installed, Another group of 20 rats had cannulae
installed in the bile ducts, ag well as thoraeie duct fistulaze and duo-
denostony tubes. Forty-eight hours postoperativeldy she began experi-
pental procedures which conaigted of the following: 1., 4 siow infusion
of small quantities of lipid at & constent rate through the ducdenostomy
tube, The infusion period lasted 10 hours, but wes divided into twe §
hour periods., 2, During the first 5 hour period on the first day of ex-
perimentation the rats recelived 2 lipid mixture which had bile added,
During the second five hour period the rats received a lipid mixture
to which no bile hed been added. 3. On the second day of the experiment
the order of infusion was reversed, that is, the rats received a lipid
mixture which contained no blle during the first 5 hours and a lipid
mixture which contained blle during the second 5 hours, Thus, each
enimal was its own control - in the sense that measurements of lipid
absorption were made in the same animel with and without the presence
of bile, & swmary of results relevant to the bile fistulae rats in-
dicsted that: 1, vhen the lipid administered was unemlsified olele
acid the addition of bile to the infusate inereased the amount of esteri-
fied lipid appesring in the lymph and, 2., when the lipid administered
was emulsified oleic seld’ the addition of bile to the infusate appeared
to have no effect upon the quantity of esterified lipid recovered in the
Jymph, This quantity sppesred to stabilize at arcund 803 of the amount
fed and was only slightly leess than that recovered in normal animals,

The Ssunders and Dawson paper (50) and the Morgan paper (1), which

3. An Upjohn product; emulsified with lecithin and oxyethylene
oxypropylene polymer.,
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have just been discuseed, strongly suggest that the increase in the
appearance of lipid in the lyaph of animals which have been fed oleic
acid when bile is present is a function of the capacity of bils to
emulsify, Whether the presence of emulsified oleic acid within the
cell determines the pathway the absorbed lipid will finaily teke or
whether it allows a more rapid engymstically catalised glyceride syn-
theeis is uncertain., The Lawson and Isselbacher paper {16) (reviewed
on pages 17 = 23 of this Introduction) does not support the suggestion,

Before going on to continued work, it might be well to pa@&a and
comnent upon the experimental methods used in the papers discussed so
far, One comment might be upon the use of Tween as an emulsifier; this,
it may be recalled, has been subject to gquestion in previous discussions,
Another comment concerns procedures involving lymphatie dralnsge: It
is unknown to what extent the removal of lymph may alter absorption,
yet it seems reasonable to suggest that if circulatory effects are at
all pronounced due to removal of protein by lymph dreinege, the second-
ary eifects upon absorption might be quite considerable, This comment
is specifically mentioned with regard to the Horgan paper (4L1); her
last experdiments were run 80 hours after lymphatic cannulation, The
problem of surgical trauma and its effect upon sbeorption is also perw
tinent, although it is somewhat diminished by the use of controis which
have had almost equally extensive surgery.

Morgan and Simmonds (42) approached the problem with a novel
experimental deeign. They proposed to study the extent of lipid (cocow
nut oil commercially emulsified with glycerol monostearate and Tween)

absorption in two groups of rate; one group with bile diverted to the
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terminal ilsum and one group with bile diverted to the wrinary bladder.
The theory here was as follows: Bile salts are known (3) to be well
absorbed ia the ileum, These absorbed bile salts circulate in the blood,
are removed by the liver, and are resecreted into hepatic bile, The
group of enimals with bile diverted to the ileum might, therefore, be
asoumed Lo have relatively normal levels of bile salt in the blood and
tissue flulds., #ny difference in lipid avsorption between this group
of rats and the group with total bile deprivation (bile diversion to
bladder) might be considered to represent an "intracellular* action eof
bile -~ or &b least an action quite separate from its emulsification
capacity. Animsls in both groups were sacrificed 3 hours after the
coconut oil emulsion was fed. 4t this time the entire gastrointestinal
system was removed and the lipid remaining in it wae assessed. The
amount of lipid sbsorbed was calculated by subtracting the teotal lipid

recovered from the total amount fed. iesults were as follows:

Table 7.
Lipid Absorbed
Control Rats:
Group 1. HNormal 170.6 mg
Group 2, Bile to duodenum {sham} 150.1
Group 3. Blind ilesl cannuls (sham) 22,2 v
Experimental Rats:
Group 4. Bile to ilewm 107.1 mg
Group 5. Blle to urinery bladder 65,0 #

Wwith allowances made for endogenous fat (previously experimentally
measured), the authors found a significant difference between group 5
and all other groups and between group 4 and groups 1 and 2. In summary,
then, the above data indicated thai presumsbly normal blood and tissue

levels of bile salt (group 4) partially repaired & defect in lipid
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sbsorption due to sxclusion of bile from the lumen. The guestion
becomes, was an intrecellular action of btile necessarily involved?

To discuse this question it would seem besi to limit the use of the
phrase "intracellular action®™ such that ii denotes 'action' upon any
one or all of the events which concern the absorbed lipid once it is
inside the mucosal cells, and not uwpon mucosal permesbility, With this
narrowing of definition, let ue return to the above data,

If the greater sbsorption of lipid which ocourred when bile was
diverted to the ileum (compured to diversion of bile to the bladder)
ocourred because of an increased pamaabiiitj to the lipid resulting
from the possible 'resecretion' of bile salits from the intestinal wall
into the intestinal lumen, the effect would not {in accordance with the
above suggested limited definition) be considered to be the result of
"intraceliular bile action™, Forbes and lLines (18) have shown (with
rats) that, though bile had been shunted to the caecum, quite consider-
able amounts of bile salt still appeared in the intestinal lumen. This
apparently resulted from a process of '‘reseeretion' and was evident
after ten days from the operative procedure, Since Morgan and Simmonds
used rats experimentally 7 -~ 10 days postoperatively, the above com
nents may be only tangentielly pertinent. It is perhape appropriate
to add, as an aside, that Simmonds and Morgen found no evidence of ‘re-
gurgitation! (backeflow)} of bile from the ileum into the more proximal
regions of the intestine.

5 7o use the data {rom the Morgan and Simmonds paper (42) to impli~
cate bile in "intracellular action® in the previously discussed limited

sense, one would have to assume that the remowval of lipid from ﬁmﬁ*mn
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was direetly related Lo glyceride synthesis snd/or removal of lipid
from the mucosal cell, degarding this latter aspect, the experiment
might heve been improved had lysph been drained and caleulations made
for assessing the relationship between lipid sbsorbed and lipid re-
covered,

One possible alternative yet to be mentioned in the interpretation
of data from the Morgan and Simmonds paper is reloted te gastrle empty-
ing and intestinel wotiiity. If, in group 5 of Table 7, the stomach
failed to release the 1lipid meal into the intestine or if the intesti-
nal motility was found to be very rapid, the poor sbsorption would be
readily explained. The authors tested both alternatives and feund
neither to be true,

Several paragraphs agé a reference was given which indicated that
bile salts were well absorbed in the ileum (3), This reference (and
others) indicated that, not only was bile salt well absorbed in the
ileum, it was absorbed much better there than in any other portion of
the gut; in faect, absorption increased almost exponentially with in-
creasing distence from the pylorus of the stomach (3, 54). This is in
contrast to data concerning the site of maximal fatty acid absorption,
Johnston {30} found that the uptake of palmitic acid-clé by hamster
jelunal sacs was 3 times that of distal ileal sscs. The combination
of these two geogr&phia#l agpects of absorption does not eliminate a
propesed intracellular sction of bile - yet it certainly remains of
interest Y0 the gquestion.

The last paper to be reviewed in this Introduction has been
selected to terminate the discussion of a proposed imtracellular action
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of bile because it utilized 2 technique which has been pursued in the
experimental design of tids Thesis. The authors, Knoebel and Ryan (33),
prepared bile fistula dogs by diverting the bile to the renal peivis
of one kidney (cholecystonephrostomy). The operated dogs were allowed
to recover from the surgery for & tv 10 dsys prior 1o use in an experi-
ment. On the day of the experiment both normal and bile fistula‘ dogs
were fed a meal which consisted of 25 gm oleic scid, 25 gm casein, 25
gm sucrose, and 5 gn cellulose flowr. In one set of experimenis, not
to be discussed here, the 25 gm oleic acid was replaced by 25 gm cotton~
soed oil, The dogs were sacrificed 4 hours after feeding and the
contents of the stomach and suall intestine were removed separately and
saved., The intestine was divided into two portions (duodenal~jejunal
and ileal), each portion was split longitudinally and the smmcosal sur-
face washed with both distilled and tap water”, and finally, the mucoss
was collected by seraping the mucosal swrface of the intestine with a
spatula, The lipids present in the gastrointestinal content and in the
mucosa were extracted with a lipid solvent system and the extracted
lipids were separated into component fractions.

A summary of the data on mucosal lipids appears in Table 8 below,
The values pregented have been corrected for endogencus lipidj; that is,
the weight of the lipid fractions found in the mucosal samples of fasted
animsle has been subtracted from the weight of the lipid fractions found
in the mucossl samples of fed animals, Both Table & and lable § present

mean vaiues calculated from the data of 7 - 8 dogs.

4, My own histological work has indiceted that washing muccsa with distile
led water must be avoided if normal mucosal histology is to be preserved,
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Table 8&
Duod & jun lleum
N bile Normal
deficient def,

Lipid weight (mg/100 gu wet mmcosa) 289.0 161.0 ihd O 223.,0

Free f&@t}' acid (aﬁ i’g of lipid “o} l?o& 2?.‘9: 11.5 1907

Henoglyceride (as § of lipid wt.) 542 12.4 3.9 11.6

Diglyceride + Triglyceride (as % af 75.2 60.2 Bheb 68,7
lipid Wi’u)

The suthors conciuded that their data supported the congept that
intracellular esterification is retarded in the absence of biie, since
a greater than normal percentage of the mucesal lipid of bile deficient
dogs appeared in the form of free fatty acid (i.e., 27.4 vs. 19,6 and
19.7 vs, 11.5).

From a more detailed Table (Table 9} of the data presented by
Knoebel and fyan, it is im'.oruting te note the following:

1. The increase in mg fatty acid in the fed vs. the fasting condition
is very similar in both control and bile deficient dogs (duodenale
Jejunaly 57 to 134 mg, and llealj 62 to 113 mg in control dogs:
ducdenal-jejunaly 55-99 mg, and ilealy 67-111 mg in bile deficient
dogn ). |

2. The decressed amount of mucosel lipid in fed bile deficient dogs
ve. fed control dogs (duocdenal-jejunal; 393 vs, 567 mg, and ileal:
490 ve. 719 mg) is largely & reflection of decreased amounts of
synthesized di- or triglyceride in the bile deficient dogs (97
and 153 mg in bile deficient dogs ve. 217 and 373 mg in control

dogs)e
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Table G

Normal duodenum- Bile deficient  Nowmal  Bile-def,

_Jejunun &uodgum—-jgéun. ileum _Lleum
fat-free oleic fat-free oleic fat- oleic fat~ olele

diet = acid diet acld free scid free &seid

__-ﬂ‘-i.ﬂ : g e clel . added
. ngs mgs mgs mge @ mge mgs  mge

Free fatty acid 278317 56739 23tie a9adus 27etaé Tiedse 267%s7 Asotua
+ glycerides

Free fatty acid 5786  1ua7 558,  g9tza  eads u3tis e7dio 1ndiz
Monoglyceride 2002 3583 w1 wdio acde  svds  aetz  satn

Digiyoeride + 200413  s1etd 163317 260w 196ta3 seotve 1autyy 337de9
Triglyceride

LA AL

in conclusion to this Introduetion and deview of the literature, it
must be stated that the critical comments which have been applied to each
of the pepers discussed do not imply that the experimental designs have
been poorly conceived, They may, instead, be attributed to the complexity
of the problem and serve to indicate that most experimental results are
subjeet to alternative esxplanations,



METHODS AND MATERIALS

&, |Experimental Deasign.

48 was discussed in the Introduction, the assessment of & postu-
lated intracellular action of bile has been equivocal because of the
difficulty in separating the parameters of mucosal lipid metabolismj
i.e., parameters involved with the transfer of lipid from the intestinal
iumen into the mucosel cells, the intracellnlar synthesis of triglycer-
ide, snd the removel of the synthesised lipid from the mucosel cells.
The experimental design to be diseussed in this section was consldered
as & means of looking directly at the triglyceride synthesis parameter.
Before discussing the experimental design, however, it would seem well
to consider the proposed schema of the biochemical events involved in
the mucosal synthesis #f triglyceride,

Figure 5, (52)

e II
RCOOH
CHgOH Vot 2:1) CH20H CHZ00CR
HO'CH AL RC00-CH - CHoH
CH,0PO5: CH,OH CHoO0H

L-glycerol-3-phosphate RCO-SCoA

fatty acid

L,Rco-scm //( A )\

monoglycerides
RCO-SCoA ~ |RCO-SCoA

(l:Hp_OOCR -8 (IiHZOOCR' cleZOOCR
RCOO(liH RCOO(IIH | (lJH-OH
CHo0PO03: CHp0H CHZ00CR
phosphatidic acid diglycerides
cytidine intermediates RCO-SCoA
?HgOOCR‘///’ ?HzQOCR
RCOOCH CHOOCR
EHQOPO;:,-X éHZOQCR

phospholipids

‘triglycerides
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It will be noted that two alternative pathways of diglyceride
synthesls appear in Figure 5. The pathway designated by numeral I1
has been termed the "direct monoglyceride pathway“. The pathway desig~
nated by numeral I has been termed the “glycercl phosphate-phosphatidie
acid pathway®, Definitive evidence of the presence in rabbit mucosal
mitochondris of the engymes requisite for these two pathways wes presented
in 1961 by Clark and Hubscher {13). Circumstances probably determine
which of these pathways is quantitatively the most important., It will
be noted that the glycerol phosphate-phosphatidic acid pathway is oblig~
atory when the absorbed lipid is fatty acid, I the absorbed lipid
includes fabtly secids end monoglycerides the monoglyceride pathwey may
be preferential, for Holt, Haessler and Isselbasher (in preparation,
1964), as quoted by Senior (52), found that "the addition of monoglyc-
erides to the medium in which fatly aclids and glucose or glycerol are
being synthesized into higher glycsrides very markedly reduces the
incorporation of the carbohydrate into glyceride glycsrol.*

It may also be noted that the absorbed fatty acid is tactivated!
to a fatty acid-coensyme 5 complex (RC0-5CoA) before it enters either
pathway of triglyceride synthesis. 7This consideration is based on the
following chain of evidence: 1. In 1952 Kornberg and Pricer (3.4)
reported that the enzymatic (& "soluble ensyme" system prepared Lrom
the supernatant fraction of & liver homogenste) esterification of
i~a~glycerophosphate by long cerbon-chein fatiy asids to produce phos-
phatidic acid required the participation of ATP and coenzyme &, 2. In
1953 these same authors (35) isolated (using the same enzyme system) &
fatty acid~coenszyme i intermediate. 3, Mitochondrial enzyme
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preparations {(from mucosal cells), es used by ¢lark and Hibscher (13),
required the presence of ATP and coenzyme A in the ineubstion medium
for the synthesis of di- and triglyceride from palmitic aciﬁ-cu". By
analogy with the liver enzyme systems, the fatty aclid-cosnzyme A inter-
mediate was postulated to be an intermediste in mucosal giyceride syne
thesis.,

. With the above brief presentation of the postulated biochemical
svents occurring in glycwidé synthesis, let us continue on teo & dis~
cussion of the experimental design utilized in this Thesis. This dis-
cussion of the experimental design will consist of the following four
parte: 1., A statement of the problem to be solved and a proposal for
ﬁm solution. 2. A Justification of the proposal in terms of its

potential value., 3. A consideration of two inherent aspects of ihe

The problem: Is bile involved as a catalyst in mucosal triglyce
eride synthesis?
A Propossl for the Solution of the Problem: The mass law states
that "the rate of a chemical reaction is proportional to the active
messes {concentrations) of the reactants®. If both the rate of
reaction and the active concentrations(s) of the reactant{s) in-
volved may be meassured, it becomes possible o establish the pro-
portionality constent which relates the two, Such & proportionality
constant indicates, in & sense, the relative ease with which a
precursor is converted to a product., The experimental design
utilized in this Thesis involves an attempt to evaluate the
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proportionality constant @haraeteriatic éf micosal triglyceride
synbhesis during asctive absorption of fatty acid.

F tisl value the .

If the proposed snelysis would allow the determination of the
proportionality constant characteristic of mucesal triglyceride
syntheslis, & powerful tool would be provided which could be used
in the resolution of the problem concerning the postulsted intra-
gellular role of bile., Thus, if the proportionality constant as
determined for normal rats was found to be different from that
determined for bile deficient rats, it might be stated that the
presence of bile influenced the intracellular synthstic process.
If, in contrast, the proportionality constant as determined for
macosal triglyceride synthesis was found to be similar in both
normal and bile deficient rats, it might be stated that blle
exerted no influence wpon the intracellular synthetic proeess.

It is well recognized that such a proportionaliiy constant
is gross in the sense that ite magnitude is a function e;ﬁ’» ail the
events oceurring in the precursor-product pa‘hhw&:}‘i fet, it seems
reasonable to sugpest that a resolution of the queaiim of intra-
cellular action of bile must finally come from & comparison of
guantitative mensurements (&t the cellular level)} of the parameters
involved in triglyceride synbhesis in normal vs. bile deficient
enimals, |

If bile exerts a catalytic sffect upon mucosal triglyceride
synthesis, such an effect would repressnt a} major centribution to

the process of lipid absorption, This contribution was implied
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in the following queotation from & review article by Isselbacher
and Senior (29): "Since 1880, it has been known that fatity acids
fed into the intestinal lumen appear mainly ss irigiycerides in
iymph, Thersefore, it is evident that one of the major funetions
of the small bowel is the resynthesis of triglycerides.eses

The squational analysis designed t¢ determine the proportion=-
ality constant charaeteristic of mucosal triglyceride synthesis is
based upon a set of assumptions and conjectures., If, for any
reason; the assumptions or conjectures are invalid, the egquastienal
analypis becomes invalid. The data to be accumulated for the use
of the proposed equations must alsc be the data upon whieh the
validity of the proposed snalysis is based, The experimental
results of this investigation must, then, be considered from the
following two viewpoints:
a2). Is it possible to aceumnlate deta which; when used in sontext
with the equational analyeis, gives meaningful propertionality °
constant values?

b)s If the proportionality constant values are not meaningiul,
may the accumulated data be used in the re-evalustion of the as-
sumptione and eonjectures used in the equational analysis? Sueh

& re-evaluation, though not the central theme of this Thesis, would
contribute some ineight into the events associated with in vive
mucosal triglyceride synthesis. Data representing such events is
insufficiently, if at all, available in the literature,

The equational ved the osal,
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The equational analysis was based upon the following pro-
posed 'system':
Figure 6.
let the following ‘compartument' represent 1 gras of mmcosa,

let fatty acld be represented by the symbol 'AY,
let triglyceride be represented by the symbol 'Gt,

fatty
acid ﬂ
0
‘ 0
INTESTINAL | ° , LACTEAL
LUMEN Fatty Acid Pool Triglyceride Pool LYMPH
consisting of: consisting of:
A absorbed - G synthesized :
and P and ——
A endogenous G endogenous

The ‘'inputt repressntsr the absorptien of fatty aci;i {roa the
intestinal lumen into the mucosal cell, Bobh fatiy acid and trie
glyceride pools are repreaenieé as indicated. The following econ-
siderations, based on the asbove, would seem reasonsbles

1). A change per unit time in triglyceride concemtration within
the compartment will be a funection of the triglyceride syn-
thesized per unit time and the triglyceride removed per unit
time, or,

4G/dt net = triglyceride synthesized per unit time minus (~)

triglyceride removed per unit timej where 'GY
denotes mg triglyceride/gn mucossa.

2). The amount of triglyceride synthesized per unit time will be

& function of the size of the fatty acid pool, or,

dG/dt synthesized ~ A = KjA; where 'A' denotes mg fatty acid/mm



mucosa.

3). The amount of triglyceride removed per unit time will be
a function of the size of the triglyceride pool, or,
dG/dt removed = G = K 0

4). dG/dt net = KjA - Kob

Since the above expression for dG/dt net involves two une
knowns, a second equation must be designed so that a simulianeous
solution is possible, If the fatty seid input carries labeled
fatty acid, the following considerations may be madet

1), dG%/dt net = dG%/dt synthesized - dG#*/dt removed; where 1GX?
denctes the radicactivity (in dpm) present in 'G ¥,

2). The emount of label appearing per wnit time in the triglye~
cerlde synthesized will be a function of the amount of tri-
glyceride synthesized and the specific activity of the pre-
cursor (fatty acid) pool, or, |
dG%/dt synthesized = K3AS;, where '3,' denotes the specific

activity of the fatty scid pool (dpm/mg).

3). The amount of label removed per unit time will be a function
of the amount of trigiyceride removed and the specific
activity of the trigliyeeride pool, or,
dG%/dt removed = K,GS; where 'Sg' denctes the specific

activity of the trigiyceride pool (dpm/mg).
liow there are two eguations involving the relationships of
net triglyceride, trigiyceride synthesized and triglyeeride re-
moved:
1), dG/dt net = KA - K36 (equation 1)
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2). dG¥/dt net = KjAS; - KpUSg (equation 2)

The following algebralc treatment allows the determination
of the unknowns, K; and Ky, 41l symbols represent amounts per
gram of muc0OS&,

Multiply equation 1 by 8gs

dG/dt net Sg = KjASg - KyGSg and,

K268 = KyASg - dG/dt net Sg
Substituting the sbove value for K,GSp into equation 23

3. dG%/dt net = KjAS; ~ KjASy + dG/dt net 8y (equation 3)
dewriting the term dG#/dt net as follows:

G% net = G net Sy

d0%/at net = d(G net Sg)/dt

d0%/dt net = G net dASg/at + 8y AG/dt net
Hewriting equation 3,

@ net d8y/dt + §; dU/di net = K3iS, - K145 + dG/dt net Sy

ana,

G net dSy/dt = K348, ~ K3ASg

and 4 '

Ky = g%_ 5, “‘tsﬁi {equation 5)

Quantitative measurements of sach parameter used in the sbove
final eguation (i.s., equation 5) were mzde on normal and bile de-
ficient rats at the following postprandial time intervals: 1 hr.,
2 hre,, & hrs., and 6 hours. Individual valves for G/gm of mucosa,
A/gn of mucosa, 845 and Sg were used to caleulate Ky values for

each rat; thus, it was necessary to use only the common value, dsy’dt.
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K, values were caleulated by subsiitution of the previously calcu-
lated K; vaiues into equation L.
It should surely be mentioned that the equational analysis
just described was not only based upon a conjectured physical
tsysbem', bubt also upon Lhe following assumptions:

1), That mucosel glyceride synthesis is a 'first order' reaction;
that is, thet all ensymes involved in the synthesis are
funetioning &t sub-maximal capacity.

2} That the reaction fatty acid — > triglyceride is uni~
direstional; that is, that triglyceride is not hydrolyzed
withdn the mucosal cell, It also assumes thait triglyceride
does not move from the lymph back into the cell,

3). That the avallability of a-glycerophosphate is not a limibing
faetor,

B, QGeneral Procedure

1. Prepsretion of bile deficient rats.

Healthy Sprague-Dawley rats with body weights ranging frem 257 to
407 grams were snesthetized with sodium pentobarbital (Nembutol; 50 mg/kg
body weight) An abdominal incision was made which was large enough to
permit access Lo the common bile duct and te the urinary bladder. 7The
gommon bile duct was cannulated above its associstions with the panw
oreatic duct using polyethylene tubing (FE 20), The cannula was made
to lie alony the dorsal side of the abdomen and the free end was inserted
through the wall of the urinary bladder and stabilliszed there with a
purse-string suture. The operated rats were placed in individual cages,

given fres access to food and water, and were allowed to recever for
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five days before being used experimentally., The fecal material of
all operated animals was tested for the presence of bile pigments one
or two days before experimental use,”? Animale which were not considered
blle deficient or which had postoperative health problems were discarded.
2,

Al rats were fasted for 24 hours prior to experimental procedures.
On the day of the experiment, all rats were fed 1 nl (by stomach tube
under Jight ether anesthesia) of a mixture of 4 ml oleic seid lebeled
with tracer oleic acld-l-c'* and 2,857 gu fat-free mdlk powder, The
labeled oleic acid used in the mixture was prepared in three 'baiches';
the specific activity range was 181 dpm/mg to 201 dpm/mg, The specific
activity of the cleiz acid which was fed to é&ch enimal is listed in
Tables 13 and 14, pages 64,65. The enimels never had diarrhes nor did
histological investigation show any signs of mucosal damsge. The rats
were killed at specified postprandial times by & blow on the head.

C. itemoval of the Mucesa and ixtraction of Mucosal Lipid.

Impediately after death the abdomen was opened and the intestinal
lumen was flushéd with 900 ml cold saline (&DG.). All procedures involved
with the rinsing of the intestine and the removal of mucosa were carried
out in a cold room at 4 €. In éatic.ipa.tion of finding only small amounts
of fatty acid within the mucosa, it was deemed absolutely essentlal to
flush the intestinal lumen adequately; even small amounts of fatty acid
adsorbed to the mucosa or carried in the mmcous lining would be expected
to introduce considerasble error. The ‘proaeas of '"flushing' the intestinal

5. The "Watson malitative Method for Detection of Urobilin and Urobiline
ogen in the Stool” was used. This method appears on pg. 86 of the ippendix.
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iumen was es follows: 1. 4 large-bore hypodermic needlie 2 cam in
iength was inserted into the duodenwa at the junction of the duodenum
with the pylorus of the stomach., 4 iong rubber tube was atbached to
the external end of this needle so that the 'washings' {containing
oleic acid»1~ﬂ1h) eould be collected in a fiask for disposal. 2. 4
second large-bore needle was inserted into the ileua just proximal to
the junction of the ileum with the caecum, 3. %The cold saline was
injected into the intestinal lumen via syringe and the ileal needls at
such & rate as to prevent undue distension of the intestine.

Pollowing the fiushing of the intastin&l iumen, the intestine was
ligated at each end and st 3 additional points at epproximately quar-
terly intervals along the length of the intestine, ifter sestioning
&t the ligatures the sepuments were freed from the mesentery and were
placed in & beaker of saline at &?G. Working as quickly ss possible,
each segnment was laid upon a cork board, split lengthwise, and pinned
to the cork board with muceosa-side-up, Any obvious mucus remaining
atbached to the mucosa was gently wiped free with & damp gauze Sponge.
Finally, the mucoss was washed with an additional 25 mi portion of cold
galine which was collected and analyzed for residual radiosctivity,

In ell cases resicusl radicactivity was found to be negligible,

Tﬁe mucosa was removed from the intestinal wall by gentls scraping
with a spatula, As the mucosa collected upon the spatula it wae placed
in a stoppered and tared flask containing 30 ml methanol ab 4°¢, After
the mucosa had been collected {rom all four segnents of iuvestine, the
tared flask containing methanol and mucosa was weighed and the weight

of the mucosa calculated, Secause of the chemistiries involved, only
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one experisent {i.e,, one mucosal removal) was cone at a time - emeept
in cases where mucosal ssaples were pooled, These cases will be indi-
cated in the section on Bperimental Hesults. Hucosa was removed {rom
the intestinal wall of 22 normal rats and € bile deficlent rats.

The solvent gystem used for extraction of lipid from the mucosa
was 2:1 chloroformamethancl®, \ppropriste smounts of methanod and
chloroform were added to the flask containing mucosa and mebhanol te
bring the volume to 100 mls, The extraction was aliowed to proceed
over night. The foliowing day the mixture was filtered and 9V mls (in
a few instances, 40 mls) of the filtrate were placed in & separatory
fannel. Five mis water for every 20 uls filtrate were added to the
funnel and the mixture was well shaken and allowed %o stand for 2
hours., After standing this length of tiwe the lower chloroform layer
had completely separated i“;'csm the upper methanol-water layer and, hence,
could be removed and saved, Il was the chloroform layer which contained
the extracted lipids. Following removel of the chlorofora layer the
remaining methanol-woater nixture was twice "washed' with added 2:1
chloroformimethanol, water was added, and the chloroform layer was
again removed and udded to that which had formerly been collected,
\Pher the chloroform layer had been collecied from Loth 'washings! the
chloroform was evaporated under nitrogen snd the remaining lipid was
ready to be frectionated inte its components on silicic acid columns,

Ds  Preparation of Silicie fcid Columns and the [lution of idpid

6. The lipid extraction process used was a mouification of the Yoperry=-
Brand Methed {or Total idpid lxtraction from rlasma,! Details of the
methed are glven on page 87 of the sAppendix,
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Fractiona,

1, A 6 gm silicic scid~KOH column was prepared as outlined on
page 85 of the Appendix. The extracted lipid which remained after
evaporation of chloroform was resuspended in ethyl ether {all ethyl
ether used had been redistilled in glass) and placed on the column, &s
were several ethyl ether rinses of the {lask. The solvent wes allowed
to flow through the column at the rate of 1.5 to 2.5 mls/minute.
Heutral glycerides, cholesterol, and cholesterol ester were sluted with
175 mls sthyl ether, Free fatty acids were then eluted with 75 mls 3%
formic aclid in ethyl ether followed by 100 mls ethyl ether. Fhospho-
1ipid was left upon the column, The elution system used was a slightly
modified form of the system presented by MeCarthy and Duthie (37).

2, A 10 gn silicic acid column was prepared (as outlined om page
86 of the Appendix) to separate bLhe components of the first elutiong
i.¢.; to separate triglyceride from monoglyceride, cholesterol, and
cholesterol ester., Positive pressures had to be applied to the column
in order to maintain a solvent flow-rate through the column of approxi-
mately 2 mls/minute, after the ether solvent of the first elution had
been evaporated the lipid which remsined wes resuspended in 3 mls eyclo—
hexane and placed wpon the column., The flask was washed 3 times with
3 ml portions of cyclohexane and these portions were also put wpen the
column, The cholesterol esters were eluted with 100 mls 3:Z ¢yvio-
hexanesbenzol and the triglyceride was eluted with 150 mls benszol, The
solvent system used for elutions was suggested in a paper by CGriamer,
et, al. (24}, It is uncertain how well this elution system separates
triglycerides from diglycerides.



E. Quantitative inalysis of lipid Constituents.

i, The triglyceride and fatty secid eluants ware eveaporated %o
dryness, resuspendsd in ethyl ether, and transferred to 20 mi tared
glase vials, The ebhyl ether was evaporated and the recovery of tri-
glyceride was quantitatively deteimined gravimetrically; the quantie
tative recovery of fatty ascid was determined colorimetricaily, the
amount recovered being too small for precise gravimetric analysis.

The colorimetric determination of fatty acids utilized & mloro-
method as presented by Duncembe (17). Details of the method appear on
page 28 of the Appendix., A standard curve was run with sach set of
unimowns. The methed involves the formation of copper “so&ﬁo“ » followed
by a colorimetric dutuﬁzxatim of copper.

2. PFifteen mis seintillation fluid’ were placed in each glass
vial and each vial wes counted in a Packard Tri-farb liquid seintil-
lation epecirometer (Model 314JK-2) for an interval of time sufficient
to give & total count of 10,000, Efficlency of counting was calculated
by recounting the ssmples after the addition of an 'internal standard®
which carried & known nusmber of disintegrations per minute, A4ll radio-
activity is expressed as net dpm, where net dpm = total dpm ~ background
dpat,

F. PReliability and Validity of Methods.

1. Separation of fatiy asid from all other lipide on a & gn

pilicic acid-KOH column,

7. Reecipe appears on page 90 of the Appendix,
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T&bi@ 100
Separate Mﬁ.&%_ Mﬂ%&ﬂﬂ
tests lipid total mgs to dpm total mgs to dpm
Gleic sold-l-Clb 100.9 9164 995 9142
3
Corn oil : 102.7 0 1043 87
Oledc acid-l-gib 104.8 9679 112.5 9556
triolein = w.g g ,
cholesterol 5010 1
2 choleaterol 25.0 0 136.3 v
palmitate :
slyceryl - 36,0 0
wonostearate
total m

Test 1, Table 10, indicated the followings

1. 98.6 per cent recovery of fatity acld by gravimetric analysis.

2. 99.8 per. cent recovery of fatty acid by radicsctive determinstion.

3., 101.6 per cemt resovery of corn oil by gravimetric enalysis.

4. The appearance of a swall amount of radicactiviiy (87 dpm) in the
recovered triglyceride indiested thet < 1% of the oleic aeid-l-cM
had been eluted in the triglyceride fraction. |

Test 2, Table 10, indicated the following:

1. 107.3 per cent recovery of fatty acid by gravimetric analysis,

2, 98,7 per cent recovery of fatty acid by radicactive determination.

3. 96,7 per cent recovery of 'mixed! lipids by gravimetric analysis.

11, Efticiency of sepsration of triglyceride, monoglyceride, cholesw

terol, and gholesterol ester on a 10 ym silicic acid column.
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Table 11
Separate ipplied o Column  Hecovered from Celumn
tests lipid total mgs total dpm total mgs total dpm
g Cholesteryl paluitate 19.8 0 2.5 32
Tripalmitin-cib 75.8 21,351 72,1 18,85k
" Tripalmitin 96,9 0 94,0 24
Cholestercl-gib 39.5 19,556 3449 17,323
: Tripalmitin-Cid 25.5 72222 2645 65481
Glyceryl monostearate 18,4 0 20,8 522

Test 1, Table 11, indicated the following:
1, 103.5 per cent recovery of cholesteryl palmitate by gravimetrie
analysis. ‘ |
2, 95.1 per cent recovery of tripalmitin-C4 by gravimetric enalysis,
3. 883 per cent recovery of tripalmitin—[‘.n‘ by radiocactive deter
mination,
he The appearanss of & small smount of radicactivity (32 dpm) in the
recovered cholestervl palmitate indicated that 1% of the tri-
palaitin-cl4 was eluted in the cholesteryl palmitate fraction,
Test 2, Table 11, indicated the followings
1, 9% per eent recovery of trj.pabﬁitin by gravimetric enalysis,
2, 88.4 per cenit recovery of eholestax‘al«&u by gravizetric analysis.
3. 88,6 per dent recovery of cholesterol-gHe by radicactive deter-
mination,
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4+ The appearsnce of a small smount of radicactivity (21 dpm) in
the recovered tripalmitin indicated that ( 1% of the cholesterol-
¢l yap eluted with the tripalmitin,
Test 3, Table 1l, indicated the following:

1. 103.9 per cent recovery of tripalmitin-Clé by gravimetric analysis.

2. 89.7 per sent recovery of tripelmitin-gi4 by radicastive determin-
ation,

3. 113 per cent resovery of giyceryl menostearate by gravimetrie
analysis,

4 The presence of 522 dpm in the glyceryl monostearate fraction
indicated that 1.84 mg labeled triglycerdde had giuted in the
glyceryl monpstesrate fraction; this is 7.2%8 of the amount of
the lebeled triglyceride added, In this experiment the idpids
could not be Ywashed® on to the column (with three 3 ml portions
of eyciohexane), as was generally done, because of the almost
complete insolubility of glyceryl monostearate in cyclohexane.
This may have some relationship to the carry-over of tripalmitine
Qlé‘iatn the glyceryl monostearate fraction.

1II. Hecoveries of known quantities of lipid which have been
subjected to Lhe complete experlmental process; i.e.,
extraction and separation on siliclc seld colums,



55

Table 12,
Separate
tests  iipld .
, Oleio seldel-gté 10,2 175 9.195 1650
Qlive oil 19.95 0 19,0 89
Olelc seid=l-glb 10.2 175 9,917 1647
® iive eid 19.95 0 18,867 9

Test 1, Table 12, indicated the followinmg:
1. 90,1 per cent recovery of fatty acid by colorimetric analysis,
2. 94.5 per cent recovery of fatiy acid by radicactive determinstion.
3. 95.2 per cent recovery of olive oil by grevimetric analysis.
4, The appearance of 89.4 dpm in the recovered olive oil indicated
that 0,52 ng oleic seid-1~Ct4 eluted in the olive oil (triglye-
eride) fractionj this represents 5.1 per cent of the amount of
oleie acid-1-GM4 added,
Test 2, Table 12, indicated the followings
1, 97.2 per sent recovery of fatty acid by colorimetric analysis.
2, 9h. per cent recovery of fatiy acid by radicactive determination.,
3. 94.6 per cent recovery of olive oil by gravimetric snalysis,
4y 4e in Test 1, above,

It should be noted that, in experiments involving the analyeie eof
lipids preseant in the mmeosa, the range of total fatty acld recovered
was 0,33 to 4.0 mg and the range of total triglyceride recovered wes
1.2 to 244 ng.



RESULTS

As was discussed in the section on lethods and Materlials, the
sceumulated data msy be chamneled in two directions: 1. The primary
chennel involves bhe use of the data in the equstionsl analysis which
was designed to allow measurement of lhe proportionality constant
characteristic of mmcosal triglyceride synthesis. This propertion~
slity constant expresses milligrams of triglyceride synthesized per
unit time in one gram of mucosa, per milligram of fatly acid present
in one gran of mucesa, and is to be calculated for both normal and
bile ﬁifieim‘b rats, 2. If the proportionality constani values éh«
tained )rren the equational analysis appear unreasonshble, the secondary
channel would involve the uee of the daia to re-evalyate the conjec-
t.néea upen which the sguational analysis was ba.seci.

& genérali discussion of the raw data will be presented in this
section on Hesults, as will be the caleulations from a primary use of
the deta, l.e., the praport‘icnanty eonstents evaluaitec from the proe-
posed equational analysis, Two aspects of the propertionality const.in’a
evﬁu&tﬁmu indicated that the date should be used to re-evaluste the
basis i’& the analysis. These two aspecis will be pressnted at the
and of the section on Hesults and the re~sveluation itself will be
presented in the soctiaﬁ on Discussion,
he General discussion of the raw data.

The equational analyeis required & measurement of the following
six quantities. These six quantities were deterained in rats which
were sacrificed zt posiprandisl time iantervals of 1, 2, 4, and & hours,



1, Ngs fetiy acid/gm mucosa.

2. Mgs triglyceride/gn mucosa.

3. Radioactivity {dpm's) present in l.

4o uvadicsctivigy (dpm's) present in 2,

5« OSpecific asctivity of mwcosal fatty aeld,

b Specific aciaivitj of mucosal triglyceride,

The equation used to express the propcrtionality censtant (Kj)
of mucosel triglyceride synthesis sppsered as g = ‘,?;%EE 4 5, j’ 5e)"
for this equalion cnly the guantities represented above as l., 2.,
Sey and 6, are directly pertineat. These quaniities are cutlined for
norual and bile deficient rats in the Tables ant Graphs presented in
this section. I is recognized that (ke data on bile deficient rats
offers & paucity of information which is utiliszable in the equational
anslysis. 48 will be considered in the section on Uiscussion, the
squativnel analysis is shown to inadequately represent the conditions
of mucosal triglyceride synthesisy this inadequacy is revealed by a
re~gvaivation of the data from the normal animals. For this reason,
and for the reason that utilisation is not a eriterion of validity, the
data on bile deficient rats is considered below and slong with the data
presented on normal rats. The data presented were acquired from the
analysis of muevsa from 22 normal rets (15 analyses} in some cases
mucosal samples were pooied) and from B bile deficient rate.

For normal rats the renges in mg fatty acid/gn mucosa at the
indicated pustprandial time intervals are notated in Tsble 13 (ecolumn
5} and are ﬂhatmtad iy Flgere 7. Comparsbie values for bile de~
ficient rats are notated in Table 14 (colwmn 5) and are illustrated
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in Pigure 7. Values which are presented with an asterisk in Figure
7 indicate valuss obtained from rets which apparently absorbed negli-
gible amounts of oleic mi&-—l«»cm, for insignificant amounts of radio-
sctivity sppeared in mucossl lipid, No explanation for the divieion
of bile deficient rats into two different groups, i.e., those which
absorbed the labeled fatty aeid and those which did not, is offered.
This division would seem & pertinent factor in the interpretation of
experiments in which pooled mucosal sampies were usedj that is, velues
obtained in such an experiment would indicate a 'mean' which would be
dependent upon the mumbers of animals in the pool which had, or had not,
absorbed the fed lipid. It should also be noted that, at the 4 hour
postprandial interval, one bile deficient snimal had inexplicably low
mucosal fatty scid. It is tempting to postulate that thie animal was
not bile deficient, yet there is no experimental basis for the postu-
late.

It is apparent frem Figure 7 thet there was & significant dif-
ference in mge fatty acid/gm mucosa between normal rats and those bile
deficient rats which absorbed the oleic acmwl-cu, at all postprandial
time intervals, | ‘

It is interesting 4o note that in normal rats the amount of fatty
aeid/gn suoosa did not appesr to increase significantly (slope = 40,0283
coefficient of linearity = 0,39} through time. Turner, et, al., {s6)
fed & small smount of tripalmitin-C4 mixed in Purins Chow to normal
rats; each mesl contained 138 mg total lipid, They sacrificed i group
of 12 rats at each of four postprandial intervals (i hr., 3 lrs., and

8 hours), pooled the 12 mucosal samoles et each interval, and extracted
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and analysed the pooled mucosal 1lipids, Thelr experiment is not com-
parable to the one reported in this Thésis because of differences in
amount and type of lipid fed. 1t is of interest to point out, however,
that their results ealec indlcated a relatively constant wucosel fatty

acid level., Data froa their pooled samples were as followst

Hours Pogtprandisl Total mp Fatby todd

1 2ok
- 332
b 5646
8 27.2

The authors suggested that the rather constani fatty acid level
might function as one eiswent in a feed-back systew invelved in the
regulstion of gastric ewptying., I, for example, the mucosal falty
acid level increased markedly the suggested 'feed-back control' would
modify (deerease) gastric ewptying, with a subsequent decrease in the
lipi¢ availsble for absorption witivin the intestinal lumen, <This
postulated wechanism, lhowever, does nobt appear Lo be adeguate lor the
following ressgon: Iwo papers discussed in the lutroduction (39,42)
indicated that gastrie emplying was more rapid in the sbsence of bile,
yet the evidence prescuted here indicabed that - im blle fistula rais -
the mucosal Iatty acid level weg redatively high.

For normsl rals the ranges in ag triglyceride/gu mucosa ut the
given postprandisl time intervals are noted in Table 13 (coluwmn 6) and
are illusicated in Figure &, Comparable values for bile deficient rats
are noted in Table 14 {coluan 6) and are illustrated in Figuwre 8.

Those values associated with negligible absorption of oleic aaidul—cy‘



again sppear with an asterdsk.

In both normal and bile defiecient snimals the change in triglye~
eride with time (dG/dt; is indicaled by the siope of the curve passing
torougn the approximate 'mean' triglyceride vaiues at sach time interw
val, The siope values {indicated by tia? on Figure &) ave not used in
the evaluablon of 'K ', yeu il ssewed of interest Lo include them, It
is worth noting that the amount of triglyceride/gn mucosa iu fasting
bise deficient rate sppesred to be siganlificantly dess than that present
in fasting normal rats, as indicsted by Lhe smounts of trigiyceride/gm
mucosa present in rave which did nov absord olele seid-i-C*% as well
&8 by the slope (dG/dt) intercept with the crdinate, The changes in
mg triglyceride/pm micoss wilh time appeared to be guite comperable in
noragas. end bide deficient rats,

The specific asclivities of the fatbty acid exirscted {rom normal
Aucosal sempise are prescabed in Teble 13 (colwmmn 7). The following
two vaiues were Lo evident evrur {eppareciiy due Lo some snalytical
exrror widch could Bob Le traced)s L. Lhe specific activity value
noted with & sywbol M! was less than Lhe specilic activity of the
triglyceride from the sams mucopals sauple; this is not possible siuce
the fetty seld represcits the precursor poos for Lrigiyceride synthesis,
2+ ihe gpecific sotivity value notes with the sypabol 'Y wus ndgher
than the speciiic aclivity of the fed vieic aeidmlmCld,

it is of interest to observe tnat in those rabs lavelved in the
postprandial intervais of 4 by, 2 urs., aut 4 hrs, loe specific active
ity of the smucossl {atty acids tends to remain (with the exception of

3 cases) considerably lower than the specific activity of the fed oleic
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miﬂ-l-cu'. This point will be consgidered again in the seciion on
Digecussion.

The specific activities of the fatty acid from bile deficient
mucosal samples are presented in Table 14 (colwsn 7), Again, two
valuss were in evident evwror: 1, The specific setivity value noted
with the symbol '+' was less than the spevific asctivity of the trigiye~
eride extracted from the same mucosal sample, 2, The specific setive-
ity value noted with the symbal '+t was hlgher than the specific
activity of the fed olele anid—-l-cu'g

The specific activities of the trigiyceride exiracted from normal
mucosal samples are given in Table 13 {(column 8) and are lllustrated in
Figure 9. The specific activities of the triglyceride extracted irom
bile deficient mmcosal semples are given in Table 14 (column 8) and are
iliustrated in Pigure 9. ldnear regression lines have been established
for both normal and bile defiecient animels end are indicated on Figure
9. Theee regressioa lines indicate the value of the term dSg/dt; it
may be recalled that this value appears in the 'Ky' caleulation. The
linear regression line for normal animals had 2 slope of 5.907 and a
coefficient of linearity of 0.659. The linear regression line for bile
deficient animals had a slope of 13,61 and a coefficient of linearity
of 0.9955.

B, Proportionality constents evaluated from the proposed equational
analysis,
The "K;v and 'K;' values calculated for individusl normal and bile
deficient rats are presented in Table 153 definitions of "K,' and 'K !
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are included with the Table, The following considerations relevant
to Table 15 are of interest, | |
i, The mean X; value for normal rais was 2.549 when the seemingly
faberrant' individual K; value of 21.288 wes excluded from the
caleulation of the mean. lNo explanation for the sberrant value
is offered,
2, The mean K; value for bile deficient rets was 2,437 when the
- taberrant' individuel X3 velue of 31.461 was excluded {rom the
caleulation of the mean, The aberrant velue was associated with
a rat with an ebnormally low (relative to other bile deficient
rats) mucosal fatty acid level,
3+ The Ky values for normal rets included negative valuss in the
1%% ana 2 postprandisal tise intervals,

C. Aspects of the dats which suggest a re-evaluation of the analysis,
Two aspects of the data in Table 15 suggested that the caleulated
'Ky ' velues were erronecus, Osuch suggestions necessitated o re-evalu-
ation of the premises uwpon which the equational analysie was based,
The two sapecte suggesting error were as followst: 1, Hegative Ky
values, though they were smsll, .are not compatible with the relatione-
ship dG/dt = triglyceride synthesized - triglyceride removed = XjiA -
sz 2, The mean K; values presented for normel and bile deficient
rats were very slmdlar (2.549 and 2.437, respectively)., Since bile
deficient rets exhibited a much higher mucosal fatty acid level than
did normal rats, the consideration dG/dt = K4 would imply an increased

triglyceride synthesis in bile deficient rats, is has been discussed
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previously, investigators have never found indicatlons of an inerease
in triglyceride synthesis in the absence of bile,

The utilisation of the data in a re-svalustion of the prenises
uponn which the equational analyeis was based will be discugsed in the

section on Discussion.



- Table 13

Hours Weight

Data Relevant to Normal Rats

Specific Weight

Mucosal Lipids

post- of Activity of - mgs fatty mgs trigly- Specific Specific
) prand- rats of fed mucosa acid ceride Activity Activity
ial (gms) oleic , per per of Fatty of
acid-C gm mucosa gm mucosa acids triglycer=
(dpm) (gms) ide
-O* L20 0 1.040  .3076 2.989 0
2326 0 1.0%1 .5819 2.263 0
1 420,394,390**  184.0 4,772 4338 5.108 82« 7hb+ 109.43
290,312 ,204** 184.h 2. 740 6610 . 5.542 141.616 112.20
2 z04.5 187.2 2.055 .5542 7.244‘ 181.852 87.9
387.0 185.2 1.3638 L3112 8.703% 234.769++ 121.42 -
32300 181.0 1.6547 4986 8.461 142.909 gk ,3%
355, 361** 184.7 2.5462 L4277 6.546 128.111 115.93
4 371.5 183.2  1.1796 Tample 9.797 = VT N
371.0 181.3 1.2743 6714 , 8.371 153.109 124.9
320.0 181.6 1.1143  .4936 8.077 12044 115.9
Bhgxx* 1807 Ol L 3840 8,347k 107.39 82.23
204 187.6 .9985 .6927 11.6841 194.03 143,03
6  323%,305*%* 186.0 2.2773 .7166 5.0498 18%.358 131.80
300,350** 185.6 2.1988 .4750 5.9123 178,463 131.688
® Fasting animals
e Mucosa from several animals was 'pooled’
B Column trouble made data for this rat uncertain
+ Specific Activity of fatty acid is lower than that of triglyceride

++ Specific Activity of Fatty acid is higher than that fed



Table 1k

‘Data Relevant to

Bile Deficient Rats

65

Mucosal Lipids

Hours Weight Specific Weight mgs fatty mgs trigly- Specific Specific
post- of Activity of acid ceride Activity Activity
prand- rats " of fed mucosa per - per of Fatty of
ial (gms) oleic,) gm mucosa gm mucosa acids triglycer-
acid-C ide
(dpm) (gms)
1 327 187.6  1.5186 1.0975 2.3413 53.78+ 112.66
¥ 304 200.11 1.8129 3125 1.1032 15.296 9.861
2 Loy 196,37 2.2178 1.7635 4,5089 13617 119.79
i 277 194.76 1.6453 L4728 - .7090 7o1k 12.89
L 364 186.0 1.3890 3759 9.000 170.51 150.15
265- 198.42 1.4527 2.4284 77250 157.786  145.228
6¥ 257 201.7 1.4783  .3908 «9770 1055 18.4248
260 201.4  1.6927 1.1946 8.200 231.827"" 178.000
* Rats in which negligible radiocactivity appeared in the mucosal lipids
+ Specific activity of fatty acid is less than that of triglyceride
++

Specific activity of fatty acid is higher than that of the fed oleic

acid—Gl



FIGURE 7

Hgs fetty scid extracted per gram of mucosa are placed for
individual normal and bile deficient rats at appropriate post-
prandial time intervals,
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PIGURE 9

Specific activities of the triglyceride extraected from mucosal
samples taken from normal and bile deficient rats sacrificed at the
indicated postprandial times.
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Kl* and I:QH Values Por Hormal and Bile Deficient Rate.

Table 2-51
i,
Hormel dats
Hours Kl values ‘z values
poste for for
prandial individuwal individual
rite rats
4 1.677 (), 289
2 0.823 -0,161
1454 ~0,134
2,062 - =0,070
T els23 0,236
L 2,606 0,209
21,288 1,301
5%102 0 [ ] 234
1.957 0,115
6 0,8125 0.570
1.568 0.515

4 Ky defined as = =

Kl defined as = -

1,

t Hat
Hours Ky values Ky values
post- for for
prandial individusl individual
rats rats
2 2,125 0.359
+ .
4 31.461 1.313
3448 1.083
6 1,737 0,341

+ Case associsted with abnormal mmcosal fatty scid level



DIisCussION

The section on Resulis channeled the accumulated data into
caleulatione of the proportionslity constante characterizing mucosal
triglyesride synthesis in both normal and bile deficient rats. Two
aspects of these caleulations suggested that the data be channeled into
a re-evalustion of the premises upon which the equational znalysis was
based, Such & channel comprisee the secondery use of the deta and is
not witheut velus for, as wes previously discussed (pege 42), such a
re-svaluation provides informetion wpon aspects of lipid abeorption
which have been neglected. For example, information becomes avallable
upen changes occurring in endogenous pool siszes during active fatty
aeid sbsorption and amcoaal triglyceride synthesis,

Changes in the proposed 'system' upon which the equational analy-
eis was based will be disciassed individually,

1. The total dpm of individual smcosal fatiy acld fractions, when
divided by the specific activity of the fed faltty acid, indicated
the smount of absorbed fatty acld which was present in the mucosa.
Subtraction of the amount of absorbed fatty acid from the total
emount of fatty acid present, yielded a value which represented
the size of the unlabeled mucosal fably acid pool, When these
caleculations were made for individusl fed normal rats, it was
observed that the smount of unlabeled fatiy acid present (per
gram of mucoss) [requently appesred Yo be aboul one-fourth of
the amount found in normal festing anlmals (see Table 17, page
91 of the jippendix), Since this value remained quite consistent
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over the one, two, end four hour postprandial perdieds, it ap-

- pesred to represent 'insctive' fatty seld whieh might, perhaps,

be associated ae a lipo-protein structural cosponent of the
ameoss. The originally eonjectured physical 'system! {(at the
postprandisl time intervale al which it wee observed) might,

then, be altered ae follows:

Figure 10,

From
fatty

acid 'ﬂ
0
0
)

0
Fatt
Faity Acld Paol Triglyceride Pool ) my 'Afclld P‘;‘_" Triglyceride Pool
consisting of: consisting of: Anasbssorn[?eg i Gconslsflng of:
A absorbed }—> G synthesized g O syn:hnedsrzed
oo - P | " A endogenous G endogenous|

A andogenous G endogenous TO

The equation for triglyceride synthesis would, then, becomes
dG/dt synibesized = KjA', where i' represents the size of the
Tactive! fatty acid pool. |

ince, for the one, twep, and four hour posiprandial periede, the

amount of unlabeled fatiy éaiﬂ appeared to remain about the same
and, since the gpecific activity of mucosal fally ecid did not
sppear Lo be ineressing (with some exceptions) through the post-
prandiel time span of 1 « 4 hours, the 'active' fatiy acid pool
might be considered to ¢ousist of absorbed falily acid alone and,
hence, to be represented hy the specific activity of the fed

‘f&tt‘y acid. Then,
dG#/dt synthesized = R3A'S,, where 8; equals the specific
asctivity of the fatty secid fed,

2. The total dpm of individual triglyceride fractions, when divided
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by the specific activity of the fed falty acid, indicsled the
mgs of the fed fatty seld which hed been synthesized into trie
glyceride., When these amounts (for individual normal rais) ware
plotted against the total mgs of triglyeeride present (see Figure
12, page 92 of the lppendix), it sppeared thei the amount of une
labéleﬁ triglyceride did not change greatly over the 1 - 4 hour
postprandial periode. In this cese also, it might be suggested
| that this indiceted that the unlabeled triglyceride represented
en Yinsctive' triglyceride pool whieh could be sssociated with
structural glyceride or proteolipid. If the unlabeled lriglye-
sride pool remains of constant size, Lhe irigiyceride reunoved
must be composed of synthesized triglyceride. 4gein, it would
seem that the original proposal for Lhe ‘eystem' lnvolved in
mueosal trigiyceride synthesis should be altersd as follows:
Flgare 1d.

From fatty
fatty - e acid
acid :\)
] °0
L} 0
0 Fatty Acld Pool
) atty Ac 00, Triglyceride Pool
Funy_Acrd Pool Trlglyc'er.lde Pool consisting of: c?,,.ysism., of:
consisting of: consisting of: A obsarbed }———> G synthesized
A absorbed }—— G synthesized }——> 1 | and and ——
and and o] A endogenous G endogenous
A endogenous G endogenous

Trigiyeceride removal, then, might best be considered as some
function of the amount of trigiyceride gymihesized, or,

aG/dt removed = Ky (KyAt)
Since the twriglyceride synthesized must have the same specific
achbivity as its presursor ('active! fatiy acid) pool and, since
the triglyceride removed is composed of synthesized triglyceride,
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thent
d0%/dt removed = K, (K3A') 8g = Ky (K34') S,
This represents & seemingly insoluble problem, for the final
équational analysis bescomes!
1. dG/dt net = KAt ~ Ky (K34?)
2, AG/ab net = K4S, =~ Ky (K3A") S,

The sbove pair of eguations do not incorporate enough parameters
to allow thelr solution simulteneously. Iet us, thep coneider the
experimental data in somewhat general terms,

Several interesting observabtione ere possible with regard to the
‘tracing' of endogenous lipid pool simes during feliy aeid absorption
and mucosal trigiyceride synthesis: 1, The amount of endogenous faity
acid present in the smcose of oleic acid fed noruwsl raits was not the
same as that found in fasted normal rets, FPrevicus investigators (33)
have made the sssumption that amounis of endogencus lipid de nol change
during the absorptive processes, 2, Indogenous mmounts of fabiy acid
found in 5 of the & oleic =meid fed bile fistuls rats did not appear to
change beyond the normal rasnge of awounis found in normal fasted rats,
3. Therec was some indication thai, ‘%:,izsmgh amgunte of sndogencus trie
glyoeride did not chenge in oleic seid fed wormal rats through the 1 - 4
postprandlal periocds, & decrease may have ogcurred at the & houwr perilod.,
These observations indicate Lhat experisents designed to aeteraine the
significence of the changes in endogenvus pool sizes ocourring over &
long posiprandiel time intervei would be of value,

Before cliosing the discussion ol experimental dala, it uight be
of interest to coupare the data from the normal rats with that froa
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the bile deficient rats in & mawmer similer to that presented in &
paper by Knosbel and Ryan (33). It may be recalled that this paper
was discussed in the Introduction and Leview of the Litersture (pages
35-37), These authors fed normael and bile deficieni dogs a meal which
contained unmlabsled oleic acid, At 4 hours posiprandisl they saeris
ficed the cogs, renoved tie mucosa, extracted the rmcosal lipld; and
fractionated the extrasted lipid into its componenis. They observed
that, in blle deficient dogs, the fally acid represented a greater
percentage of the total umcesal lipld than was the case in normal dogs.
From this observstion the suthore concluded that thelr data indicated
impaired mucosal triglyceride syntheglis in biie,@ef‘:iaimt doge. The

actual percentages were as follows:

Bile Deficient Normal

» fatty aecid % fatty scid
Duodenal-jejunal mucosa 2 ods 19,6
Ileal mucose | 19.7 il.5

Treatment of the date presented in this Thesls in & meauner similar
t¢ the presentation by Knoebel and lyan leads to Table it. It will be
acted that column 2 represents the suwmsed weight of the labeled fatty
acid and labeled triglyceride extracted per gras of mucosa, In golumn
5 sre listed (for individwal animals) the values expressing lebeled
fatty secid as & percentage of the swmed labeled fatly acid and tri-
glyceride, The mean percentage for normal animals was 8.5; the mean
percentage for bile deficlent aniuals was 22.5. Conslderation of the
data in these terms leads to a concliusion comperable to that of Knoebel
and Zyanj i.e., an impairment of mucosal triglyceride synthesis was
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indicated in the bile deficieni animal,

Table 160
Weight of lebeled Fatty Acid Expressed as a Percentage of the
. Summed Weight of Labeled Fatty acid snd lebeled Iriglyceride,
For Individual Normal and Bile Deficient iats.

lormsl Rats
Hours Sumsed wedght weight of Weight of Iabeled fatty
post- of labeled fatty labeled fatty Jlabeled acid ag % of
prandisl acid and lsbeled acids : triglyceride ‘summed' {col,
trigiycerids <) labeled
- _ _Adpid
nglgm of mucosa mg/gm of mucoss ng/gn of mucosa B

i k29 Ge 53 3.78 L9

2 by 32 0u54 3478 i2.5

6,73 G.395 6433 B9

5.29 O 3% LoBY 7e5

4486 0,302 ko556 6.2

L 7.0L 0.567 b g.1

6DQ ' 00327 506? 5‘05

PN 0.288 bo22 5.1

10,64 0,716 .89 6.8

é’ z}‘?l 0-?06 g&bﬁ 150@

5.13 Ooks57 467 N

Bile Deficlient iats

) 1.876 031k 1,56 16,3

2 3.79 1.22 2.75 32.2

4 7.58 1.93 5.65 25.5

6 8,62 .38 7.2 16,0
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Several purameters reflecting events occurring during iantestinal
mucosal synthesls of triglyceride from avsorbed fatiy acid have been
studied in norasi end bile deficlent rats, Hate in the bile dedicient
proup were deprived of bile by surgiced ismplsatetion of cannulue leadw
ing frow bile duet to urinary bladder, sdate exposed to surgery were
not used experimentaliy until the {irfth posteperative day, Individual
normal and bile deficient rabes were fed 575 mgs olele scid containing
tracer oleic acideieCid, 4t postprandial periods of from L tu 6 hours
the animals were seorificed and the mucosa was penbdy seraped from the
intestinal wall., Idpide contained within the mucosa were extracted
and gusntitetive separation of thé fabty sedid and triglyeeride fractions
wag obbained with siliecie acid colums, The following; quantitative
measurements (for individuai rste) were msde upon Lhe {ractionsted e
cosal ilpide: Mgs fatty scid/gms of mucosa, mgs trigiyceride/gm of
mucosa, specific activity of the fatly ncid, and specific setdvity of
the trigdyeeride, /mcosa was removed from the intestinal wall of &2
normal rats (15 ansiyses; in some cases mucosal sauples were pooled})
and {rom £ bile deficient rals,

It wus proposed that the above gusntitetive neasuresentes be used
in the following two capescitiess 1., A capaecilty designed for use of
the measurements in &n eguational analysis intended Lo provide a solu-
tion to the current guestion, "do bile salls have an intracellulsr
function?®, The equational enalysis wae based upon & use of the law

of maps action and invoived the calouwlation of ihe proportionality
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constant characterizing the mucosal triglyeeride synthesis in
individual rats The progortionality constant was symbolized as Ky

and was defined as follows:

bhesiz
mg fatty acla

where each yuantity used in the csleulabion represented an amount per
sram of mucosa, It was proposed thai e comperdson of X3 values obtelned
for norsal rots with those obtained for bile deficient rets would allow
& definitive solution to Lhe guestioned role of bile in mucosal tr;ig,;:‘.;sram
eride synthesis. 2, Since the litersture affords ilttle, if any, ine
formetion on the kinetice of in vive mucosal trigliyceride symihesis,
the squational analyeis forming Lhe besls for the above caleulations
wae dependent upon several sssumptions and conjectures. 1L wee proe-
posed that, if the caleulations inciciled errors in the equational
analysis, the deta could be used in a secoud cspaeity, i.e., in the
possibie ldentification of deficiencies in the assumptions and/or con-
jectures. Aslthough the use of the data in this capacity would nob
resolve Lhe question of wile aection, it would coniribute Lo information
relevant to the intracelluwier conditions prevailing during active fatly
acid absopption aid synthesis of triplycerice.
The results of {iis investigation were s followst
i, In normzi animals the everage wucossd fatly aecid iucreased only
siightly with time, while net mucosal triglyceride incressed
prier to the A postprandiel hour and decreased from the A
through the 6% postprandisl hour,
2, Date from the bile deficient animals were llsited by the absence

of fatty seid sbsorption in three cases, iIn four of the five
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animals which absorbed the fed oleic acid the amount of fatty
acid found in the mucosa was sipgnificently higher then that
found in normal animels, The nel mucosal trigiyceride in the
five animals which absorbed the fed olele acid inecreused prior
to the 4% postprandial hour and decressed from the .i',t‘h through
the A postprandial howr, though the increase wae iinesr with
time in contrast to an apparentwn linear insresse in normal
anjmals.

The increase in the spescific sctivity of mucosal triglyceride was
iinesr in both normal snd bile deficient animals after the 18t
postprandial hour, The slope of the specific activity of mucosal
triglyceride vs, time was 5.907 for normel eniwels and 13,61 for
bile deficient animels. The coefficient of correlation for each
curve wag U.059 and 0,9955, respectively.

The following two sspecis of Ki. caleuletions suggested thal the
tsysten' proposed to be involved in mucosal triglyceride synthesis
e re-evaluated in the iight of the coilected data: 1. Siace
it was found that the proportionality constant for mucosal trie
glyceride synthesis in bile deficient rats {in those wiich abe
sorbed oleic scid) was comparabie to thet found for normal rabs,
and since the mucosel smount of precursor (fatty acid} found in
these bile deficient rats was wmuch higher than that found in
normal mucosa, it would be expected that bile deficient animais
would exhibit an increased gquantiteilve triglyceride synthesis.
Prior invesiigatione haeve never indicated thal thie might occur,

2, Values for & proportionality constant expressing the removal
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of triglyceride from the iucosai cell were found to be negutive
for normal rats it the i and 2 hour postprandial time intervals,
Such negative values were not compatibile with the proposed
equational analysis.
fe-evaluation of the proposed conjectured system and the equa~
tionsl analysis based upon it in the light of the accuwmlated
data indicated that unforseen changes in endogencus fatiy acid
and triglyceride pools prevented a use of the eguations in their
proposed form. de-evalustion of the dats for normel rats iodi-
ceted thet in six of the nine amalyses made curdng the 1, 2, and
4 postprandial intervals the endogenous fatly acid had decreased
to a vaiue of approximstely { of the amount Tound in fasting
mucosa, 1a all normel rats the endopenous mucosal triglyceride
did not change from festing levels throughout the i - 4 hour
postprandiel interval,

It mey be coneluded that there are demonstrable cifferences in
the meesured variables between normal and bile defieient rats
and that, though the equational anslyses desizned to quantitate
this difference did not prove feasiblie, the analysis was COliw

sidered to be justifieble aud informaiive,
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APPENDIX

Isopropancl-KOH reagent was prepsred in the following way
(32)s+ 25 gue KOH (85%) pellets were dissolved in 4OC mls iso-
propanol by werming and swirling on a steam bath. The super
natant isopropancl~KOH solution was decanted from the small
amount of agueous KOH adherent to the bottom of the flask.

The decanted isopropanol-KOH solution (sontaining approximately
50 mg KOH/ml) was cooled and stored in the refrigerator,
Following the method of MeCarthy and Duthie (37}, Mallinekrodt
gilicic aeid, 100 mesh, was 'washed! to remove Lue goerser
particles; this allowed iuproved flow through the column, The
gilicic acid was washed by suspending 100 gms silicic asid in
400 mls methanol and decanting off any particles which did not
s&ttls‘ in 5 minutes. This was repested once with methanel and
once with 400 mls seetone., Finally, the silicic acid was
rinsed with redistilled ethyl ether, permitied to dry in alr,
and stored in a desicator,

8ix gms of prepered silicic acid were weighed into a small
besker, To this was added, with mixing, 12 mls isopropanci-
KOH reagent and 36 nls redistilled sthyl ather; ifter stand-
iﬁg 5 minutes, the silicic acid slurry was poured into a glass
chromatographie column (16 mm in dismeter, 25 om high) and
washed with 100 mls redistilled ethyl ether. 4 new column wag
prepared for each experdment, Cold tap water was circulated
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at all times through the column Jacket when the column wag
in use,

Preparat. of a 10 [ UL

1. Silicic mcid (400 mesh; BlosHad Laboratories) was ‘activated!
by heating in a 11.50 C. oven overndght. For preparstion of a
éolumn, 10 gms ‘sctivated! silicle secid were slurried in ap-
proxcimately 30 mls leyelnham.z The slurry wes powred into a
glass chromatographic colwmn {16 ma in diamster, 25 em high)
and allowed 1o settle with no application of positive pressure.
The walls of the column were washed free of adherent silicic
ecid with small portions ¢f cyclohexane, A new column was pre~
pared for each experiment., Cold tap water was always cirecu-
lated through the jJacket of the column when the column was in

use.

Urobilin and urobilinegen were exiracted from the stool with
aléholic acetate. The asmount of green fluoresecence iu the extract
may be used as an index of the amount of urebilin present in the
specimen, Any stool may be used for the urobilin test, but fresh
stool is required for the urobilinogen test, Unly the presence of
urobilinogen wes tested for in this paper,

1., Hethod: About 2 gms fresh stool were emulsified with 10 mls
alcoholie Zine acstate. The emulsion was f{iltered and 2,5 mls
of the tutrat@ were mixed with 2,5 mls khrlich's aldehyde
reagent. Jifter 15 seconds, 5 mls of saturaled aqueous Sodium
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acetate were added. 2 slowly developing pink color was ine
diestive of the presence of uwrobilinogen.

Reagenis:

a) Zine acetate:r 50 gms Zinc acetaie were added to 1 liter
of 95% ethyl alcohol, The solution wes heated to 50 C.
and allowed to cool before use,

b) Ewlich's eldehyde resgent: 0.7 ga p-dimethylamino-
benzaldelyde was disselved in 150 mls conceatrated HCL,
100 mls distilled water were added, ieagent was stable
for geveral months if stored in a brown bottle. |

¢) Sodium acetate( saturated solution): Sodium acetate was
added to water and the solution hested to €0°C. When cool
the solution contained a large excess of crystals,

gedure; modified form of

Sperry and Brand 'Plasms Total Lipid Extraction! method., (55)

1.

in amount of methanel appropriate to a final volume of echleroe-
formimethanol 231 was placed in & volumetric flask, The lipide
bearing material (mucosa) wes added Yo the methanel, as were

& few mis chloroform, and the whole wae brought to a boil en

a water bath, The lipid-bearing meterial was extracted with
approximately 25 tiames its welght of extrection flwid, ifter
removal from the water bath, the samples were brought almost

to volume with chloroform, 3 drops of Q.1 N KCL/25 mis total
volume were added (te convert the scaps to fatty seids), and
the mwixture was aliowed to stand for ot least 12 hours al room

temperature, After standing the mixture was brought to volume
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with chloreform, shaken, and filtered as repidly as possible
{to avoid evaporstion of solveat)} through Ne. 2 Whatmen filter
paper. Ninety wls (in some ceses, 80 mis) of filtrate were
pleced in a separatory funnel. Five mls water/20 mls filtrate
vere auded and the funnel was stoppered and sheken vigorously,
Separaticn of the chloroform lsyer from the methanol-water
leyer was accomplished by allowing the funnel to stand for 2
hours, The chloroform layer was subnatant in the separatory
funnel and, hence, wes easily removed and saved. The methanol:
water layer waes twice'washed! by the addition of 25 ml portions
of chioroformsmethancl 2311, 4s with the regular extraction
procedurs, an appropriste amount of water was added and the
flask shaken and sllowed to stand 2, hours. The subnatant
chloroform liyer was again removed and wes added t{o the pre~
viously ¢ollected cliloroferm sample. Finally, the chloroform
was evaporated and the remaining lipid was resuspended in ap-
propriate solvent for lipid fractionation upan silicic acid

soluens,

1. Preparation ef semples: Ais described in the sectlion of Hethods
and Materiasls, the fatiy aeid fraction taken from the silieie
acid~KOH column had been quantitatively itransferred inte a
counting viai, the solvent evaporated, 15 mls seintillation
fiuld added, and the radicactivity maasu?ed with & Packard Tri-
Carb scintiiletion spectrometer (Hodel 31LEX-Q), ifter the
fatty scid samples had been counted they were prepared for &
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colorimetric quantitative determination by evasporation of the
seintillation fiufd followed Ly guantitetive transferal (using
chicroform) of the remaining lipdd inte 100 mi volumetrio
flasks, The samples were brought to voluwe with ehloroform,
Freparation of oleic acid stendards: Standaras were prepéred
by diluting oleie acid (U. S. P.3; Mallinekrodt) in chloroform
to known concentrations ranging from 0,02875 mg olels acid/ml
(1004 K) to 0.007187 mg olele acid/ml (25 yM). Precautions
were talen to insure that the preparation of the oleic acid
standards was compatible with the preparation of the experi-
mental samples,

Frocedure: Five mls of the echlorofora solutions of fatiy aecid
{as prepsred sbove) were placed in 15 ml glass-stoppered centri-
fuge tubes; together with 2.5 mis sopper reagent, The tubes
wel'e stoppered, shaken ?,igérww for two minmtes on a 'Vortex
Jundort', and centrifuged briefly in order to separate the water
and chiloroform phases. Following centrifugation, the super-
natant equeous phase wag carefully removed by suction; all
tracss of the aqueous phase (containing copper) must be removed.
A 3 ml portion of submstaut was pipetted into & clean, dry,
stoppered test-tube, cars being taken %o see that the pipette
did not touch the lnner wall of either tuls as traceg of copper
containing equeous phase might be transferred. 0.5 ml dieihyl-
dithiocarbamate reagent was added to each tube and, afbter the
solutions had been mixed, the extinction was read at 440 my
(Becknan spectrophotometer, Model B} in & 1 em light-path
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cuvette againet & blank solution which had been subjected
%0 the same procedure,
kv Heagents:
&) Copper reagent: § volumes of agueous 1 K triethanolamine,
i velume of i K agetie acid, and 10 voluxes of 6,458 (w/v
Cu{N0g )53t 0 |
b) Diethyldithiocarbamste resgents U.dd (w/v) solution of
Sodium diethyidithiccerbamste in 2-butancl.
¢) Both reagents were meade f¥esh every two days.
F. [FPrepsra : 5, .
1. The following reagents (purchased froa Packard Instrument C.)
were dissolved in 2 liters of toluene. |
a) 0.5 ga POPOP (1, 4-blow2n[5-Phenylaxasolyl | ~ Benzene;
Seintillation Grade.
b) 5.0 gus PPO (2, S-Diphenyloxszole; Seintillation Grade).



Table 17
Mgs Unlabeled Fatty Acid per gram of Mucosa
in Normal and Bile Deficient Rats

Hours Mgs unlabeled
Hormal poste fatty acid per
Havs prandiel grem of mucosa
0 31
.58
1 ' -09
o 2y
2 .0l
4]
-105
126
& « 104
<367
156
0
é W01
»018
Bile
Deficient
’ L | »78
2 o5l
4 . 032
+50
& 0
Hats in
which no
absorption
ooeurraed
i «30
2 kb

6 o37



FIGUREL 12

Changes with time of tobtal mg of triglyceride, mg of labeled
triglyceride, snd mg of unlabeled triglyceride in the mucosa of normal
rats,
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