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TABLE IIL. Transferrin Distribution and Turnover in 3 Iron-Loaded (1-3) and 3 Control
Rabbits (4-6).

Transferrin Fractional Absolutg
Plasma Total body  extravascular: transterrin transferrin
vol transferrin intravasenlar turnover turnover
Rabbit (ml/kg) (mg/kg) ratio (plasma pools/day)  (mg/kg/day)
Irou-loaded
1 32.9 148 1.34 35 22.0
2 26.0 137 1.62 .40 20.3
3 27.9 120 1.43 .34 16.9
Normal
4 24.9 198 1.60 .36 27.6
5 28.1 188 1.49 .35 26.2
6 26.2 183 1.68 .36 24.3

protein. The actual cells involved have not
been established.

Summary. Iron overload was produced in
3 rabbits by intramuscular injection of 1,300
mg iron as iron-dextran, while 3 control rab-
bits received no treatment. Four years later,
plasma iron and transferrin turnover and dis-
tribution in the main abdominal organs were
studied using plasma-bound radioiron and
131]-labeled rabbit transferrin. The iron-la-
beled rabbits when compared with the con-
trols had increased non-heme iron concentra-
tions in liver, spleen, kidney, stomach and in-
testine; most of the excess iron was in the
livers which showed only slight increases of
connective tissue around the portal tracts
where most of the stainable iron was depos-
ited. Iron-loading was associated with de-
creased plasma transferrin concentration and
total body transferrin and decreased absolute
turnover of transferrin. The distribution of
transferrin between extravascular and intra-
vascular spaces was the same in both groups
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of rabbits. Hence the decreased plasma trans-
ferrin level in the iron-loaded animals was
probably due to lowered rates of synthesis.

The authors appreciate technical assistance of Pat
Linde in this work.
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Previous in vitro experiments(l) demon-
strated that conjugated bile salts facilitate
the esterification of fatty acids by rat small
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intestinal mucosa. Furthermore, analyses of
thoracic duct lymph and portal blood in vive
(2,3) suggested that there was a decreased
esterification of absorbed fatty acids by the
small bowel mucosa of bile fistula rats. This
possibly accounted for the portal transport
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of the long chain fatty acids from the small
bowel in these animals(2,3).

The effect of bile deprivation on mucosal
esterification of absorbed long chain fatty
acid has now been further examined by feed-
ing 14C triolein to rats either with a bile
fistula or after a sham operation and estimat-
ing the incorporation of radioactivity into the
free fatty acids and glyceride fractions in the
small bowel mucosa. In addition we have ob-
served the effect of bile deprivation on the
hydrolysis of triglycerides.

Methods. Glyceride-1-14C triolein (Radio-
Chemical Centre, Amersham, Bucks) was di-
luted with pure triolein (Hormel Institute).
Chemical and radioactive purity was demon-
strated by thin layer chromatography while
hydrolysis by pancreatic lipase confirmed
that the fatty acids in the 1 and 2 position
were equally labelled. All radioactive mate-
rials were counted in a Nuclear Chicago lig-
uid scintillation spectrometer and quenching
was assessed by the Channels ratio method
(4).

Thirteen male albino rats weighing 200-
300 g were used. Seven had a sham oper-
ation and in 6 a bile fistula was fashioned
by cannulating the common bile duct immedi-
ately after its bifurcation with a Portex 10
cannula. The cannula drained into a glass
saddle(5) in the unrestrained rats which were
allowed to drink 0.99% saline containing
0.04% KCI and 5% glucose. The amount of
bile which drained varied between 8 and 15
ml in 12 hours. Rats draining less than 8
ml were discarded. The day after the oper-
ation each rat was given 0.2 ml (1 uC) of
triolein by gastric intubation under light ether
anaesthesia. Four hours later, they were
killed with ether. The total lipid of the stom-
ach and colon was extracted separately after
digestion and saponification in 25 ml of 30%
KOH and 25 ml methanol. The small gut
was cut into 3 equal parts. Each tract was
washed out with 20 ml of diethyl-ether and
immediately dried by adding sodium sulphate.
Previous work(6), showing that under such
conditions hydrolysis of glyceride was imme-
diately inhibited, was confirmed and histo-
logical sections of the mucosa showed it to be
undamaged. The ether extract was filtered,

TABLE 1. Distribution of Radioactivity (Mean
%) in Small Gut Segments.

Contents Mucosa
Bile Bile
Segment  Normal fistula Normal fistula
1 6.7 3.8 13 8
2 16.3 18.5 39 27
3 77 78 47 59

dried and taken up in light petroleum. The
small gut segments were homogenized in
chloroform-methanol (2.1), and filtered 2-3
hours later. The chloroform phase, separated
by adding water, was evaporated under nitro-
gen and the dried lipids redissolved in light
petroleum. The lipid extracted from the
small bowel lumen and the small bowel mu-
cosa was separated on thin plates of silica
gel. The spot identified after exposure to
iodine vapor was scraped into 10 ml Bray’s
solution before assaying the radioactivity.

From these experiments one may assess the
amount of triolein absorbed, its distribution
in the small gut, the degree of luminal hy-
drolysis and the proportion of glyceride re-
synthesized in the mucosa. The significance
of the difference of the mean was assessed by
the t test.

Results. Absorption has been expressed as
a percentage of the dose which has left the
stomach, because this varied from animal to
animal. The mean absorption in normal rats
was 81% and in the bile fistula rats 37%.

The distribution of radioactivity in differ-
ent parts of the gut (Table I) did not differ
between normal and bile fistula rats either
with respect to intestinal contents or the mu-
cosa. In both groups most of the luminal ra-
dioactivity was recovered in the distal third
of the small gut (Table I), although the scat-
ter was wide. The distribution of mucosal
radioactivity was also similar in both groups
and was present predominantly in the 2nd
and 3rd segment (Table I).

There was a significantly greater amount of
triglyceride and less FFA and monoglyceride
in the contents of the distal third of the small
gut (Table II); the mean values reflected
this trend in other segments but the differ-
ences were not significant.

In the first small bowel segment of the
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TABLE II. Radioactivity in FFA and Glyceride
Fraction in Lumen of 3 Small Gut Segments

(Mean %).
—1— —2— ——3—
Segment N BF N BF N BF
FFA 31.6 17 35 23.3 70 27*%
MG 9.6 6.8 5.6 7.9 11.9 3.7*
DG 6.7 10.8 3.3 17.5% 9.7 19.1
TG 16.7 643 58.6 50.6 74  36.7*

*P <.01 (BF »s N).
N — normal. BF = bile fistula.

sham operated animals there was a signifi-
cantly greater incorporation of label into the
mucosal (monoglyceride -+ phospholipid)
fraction (28.6%) as compared with the sec-
ond and third segment (12.8 & 9.2%). Sepa-
ration on silicic acid columns showed that
most of the radioactivity of this fraction was
in fact phospholipid. Less radioactivity was
incorporated into the mucosal triglyceride of
the 2nd and 3rd segments of the bile fistula
as compared with the controls, and in all seg-
ments a significantly greater proportion of the
radioactivity was present in the mucosal FFA
and diglyceride fraction in the bile fistula
animals.

Discussion. The relatively good absorption
of fat in the absence of bile has been noted
previously (7,8) and demonstrates that bile is
not obligatory for triglyceride absorption al-
though it facilitates it. Although traditionally
bile is thought to be important in triglyceride
lipolysis no difference was noted in the ab-
sorption of free acid and triglyceride in bile
fistula animals(7,8,9) and no difference in the
degree of luminal hydrolysis of triglyceride
was found between normal and bile fistula
dogs(9). This discrepancy with our work may
not be due to species variation but to techni-
cal differences in extracting the luminal li-
pids; indeed we found that unless immediate
ether washing of the lumen was used the dif-
ference between the normal and bile fistula
animals was masked as lipolysis continued if,
e.g., the lumen was washed with ice cold sa-
line. Whether these differences in lipolysis are
of physiological significance is difficult to
assess. The reason why most of the signifi-
cant differences were found in the third seg-
ment of small bowel is related to the large
amount of lipid which stagnates there.

The mucosal lipid analyses suggest that
normally there are differences in the way ab-
sorbed fat is dealt with in different segments
of the gut. The high proportion of radioac-
tivity in the phospholipid of the first segment
may partially account for the surprising re-
cent observation that within 1 hour of feed-
ing stearic acid 30% of the mucosal radio-
activity was in the phospholipid fraction(10).
Under the conditions of these experiments the
bolus of lipid may have only reached the
proximal small bowel. On the other hand the
greater proportion of FFA in the distal seg-
ment of the normal animals may accound for
the greater proportion of dietary fat in lymph
FFA late (8 hours) after feeding when pre-
sumably the ileum is the main site of fat ab-
sorption.

The decreased incorporation of radioac-
tivity into mucosal triglyceride and greater
radioactivity in the FFA and diglyceride sup-
port the suggestion that there is a defect in
mucosal esterification of long chain fatty
acids in the absence of bile. Recently Kerns
and Borgstrom(11) reported similar results.
They analyzed the proximal small bowel mu-
cosa in bile fistula and normal rats after feed-
ing free oleic acid; but their results might be
explained by a different adherence of luminal
fat to the mucosa in the bile fistula rats. This
would be an unlikely explanation for our re-
sults for in our experiments the luminal fat
contained a greater proportion of triglyceride
in the bile fistula animals than in the sham
operated animals.

The possible reason for this effect of bile
deficiency on mucosal lipid metabolism is ob-
scure, especially as it is thought that bile
salts are mainly absorbed in the ileum and do
not enter the jejunal mucosal cell(12).

TABLE III. Radioactivity in FFA and Glyecer-
ides in Mucosa of 3 Small Gut Segments (Mean %).

1 —2  —3—

Segment N BF N BF N BF
FFA 8.7 19.1* 45 242*% 153 317
Mg+ PL 286 111 128 123 9.2 13.2
Dg 7.1 151* 5.2 15.0* 6.3 11.2*
Tg 53.5 50.1 76.2 44.5*% 68.0* 42.5

* P .05 (N vs BF).
N — normal. BF — bile fistula.
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Summary. Glyceride triolein-1-14C was fed
to bile fistula and sham operated rats which
were killed after 4 hours. In the bile fistula
animals there was a diminished absorption
and decreased lipolysis of the triolein. Analy-
sis of small gut mucosal lipid showed a greater
proportion of radioactivity in the FFA and
lower glycerides of the bile fistula animals
than of the controls. This supports the con-
cept that bile facilitates mucosal esterifica-
tion of absorbed long chain fat.

1. Dawson, A. M., Isselbacher, K. J., J. Clin.
Invest., 1960, v39, 730.

2. Saunders, D. R., Dawson, A. M., Gut. 1963,
v4, 254.

3. Gallagher, N., Webb, J., Dawson, A. M., Clin.
Sci., 1963, v29, 77.

Alteration of Hepatic Protein Synthesis in Acute Uremia.

4. Bruno, G. A, Christian, J. E., Analyt. Chem,,
1961, v33, 650.

5. Van Zyl, J., J. Endocrinol., 1957, v16, 213.

6. Mattson, F. H., Benedict, J. H., Beck, L. W,
J. Nutrition, 1954, v52, 575.

7. Annegers, J. H., Arch. intern. Med., 1965, v93, 9.

8. Cohen, B. J., Proc. Soc. Exp. Biol. and Med,,
1961, v107, 40.

9. Knoebel, L. K., Ryan, J. M., Am. J. Physiol,
1963, v204, 509.

10. Raghavan, S. S., Guneta, H. S., Murphy, S. K.,
Ganguly, Nature, 1965, v206, 189.

11. Kern, F., Borgstrom, B., Gastroenterology,
1963, v48, 866.

12. Laok, L., Weiner, M., Fed. Proc., 1963, v22,
1334,

Received January 3, 1966. P.S.E.B.M. 1966, v122.

(31062)

GERALD J. McCoRMICK, LEROY SHEAR, AND KEVIN G. BARRY
(Introduced by W. S. Gochenour, Jr.)
Department of Metabolism, Division of Medicine, Walter Reed Army Institute of Research,
Washington, D. C.

Muscle wasting and protein undernutrition
frequently appear as complications in pa-
tients with uremia. These disturbances may
be due in part to the nutritional deficiency
of the diets usually prescribed to reduce the
blood urea nitrogen level (BUN). However,
some evidence suggests that azotemic patients
may not metabolize protein normally. Thus,
in nitrogen balance studies(1,2), uremic indi-
viduals appear to require higher than normal
protein intakes to maintain nitrogen balance.
Impaired absorption of dietary nitrogen can-
not explain the negative balance since it usu-
ally is accompanied by increased urinary
nitrogen excretion. These findings could indi-
cate either reduced utilization of nitrogen for
protein synthesis or accelerated protein break-
down.

Recently developed techniques with cell-
free systems(3) permit controlled study of
protein synthesis #n wvitro. The present in-
vestigation using such a system was under-
taken to examine the effect of uremia on
protein synthesis. Results indicate that incor-

poration of leucine into protein by cell-free
liver preparations is altered in uremic rats.

Materials and methods. Male rats of the
Walter Reed strain, weighing 200 to 250 g,
were used as experimental animals. They were
separated into 3 experimental groups: normal
fasting controls, normal non-fasting controls,
and uremic fasting test animals.

The rats were maintained on Purina chow
and tap water ad libitum preceding the ex-
perimental period. All animals in each group
were anesthetized with 15 mg sodium pento-
barbital given intraperitoneally. Uremia was
induced in the test group by ligation of the
penis. The animals were placed in individual
cages and the normal fasting control and the
uremic fasting test groups were given water
but no food. The non-fasting controls were
allowed both food and water ad libitum.

Approximately 48 hours after anesthesia
the rats were sacrificed by decapitation. Blood
was drained into beakers containing ethylene-
diaminetetracetate as anticoagulant and ali-
quots were taken and saved for subsequent



