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SUMMIARY

1. The effect of dietary restriction (sufficient to produce a loss of about
32% of initial body weight) on intestinal active transport has been studied
in the rat by the use of sacs of everted mid-small intestine. Eight D-sugars,
four L-sugars and two D-amino acids were employed.

2. Dietary restriction enhanced the normally occurring active transport
of D-galactose, 3-0-methyl-D-glucose and D-methionine. In addition, sacs
of dietary-restricted small intestine were able to concentrate in the serosal
fluid D-fucose, D-xylose and D-histidine, which sacs of normal rat intestine
could not do. The final (1 hr) serosal/mucosal concentration ratios produced
for these actively transported substances were independent of net water
movement.

3. Sugars which were not concentrated in the serosal fluid of sacs of
fully fed or dietary-restricted intestine were D-arabinose, D-fructose,
D-glucosamine, D-mannose, L-arabinose, L-fucose, L-sorbose and L-xylose.

4. The characteristics of D-fucose and D-xylose active transport suggest
that they are transported by the mechanism which actively transports
D-glucose. The comparatively low content of D-glucose in dietary-restricted
intestine, compared with fully fed intestine, may be part of the explana-
tion for observable active transport of D-fucose and D-xylose by dietary-
restricted sacs.

5. Thinning of the intestinal wall is believed not to be the cause of the
enhanced active transport found during dietary restriction.

6. The results show that dietary-restricted rat small intestine may, at
times, be more useful than fully fed rat small intestine in the study of
intestinal active transport.

INTRODUCTION

In 1959, Neame & Wiseman published their observations on the active
transport of D-glucose and L-histidine by sacs of everted upper small
intestine of young adult rats fed a restricted diet. The food was deficient
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only in absolute amount (20-25% of normal intake) but not in its general
basic composition; the animals lost about 20% of their weight. It was
found that the dietary-restricted intestine transported both the sugar and
the amino acid against much greater concentration gradients than did
normal intestine. In the following year, Kershaw, Neame & Wiseman
(1960) demonstrated that D-glucose and L-histidine both disappeared
faster from the lumen of the whole small intestine of anaesthetized dietary-
restricted rats than from the intestine of fully fed rats. They also noted
that the increased active absorption by dietary-restricted rats gradually
returned to normal when the animals were given food ad libitum. Aug-
mentation of intestinal active transport during dietary restriction was
later confirmed by Hindmarsh, Kilby, Ross & Wiseman (1967) for the rat
and the guinea-pig, although they were unable to show the phenomenon
with the golden hamster. In the case of the rat, dietary restriction con-
verted the lower (but not terminal) ileum from a region which does not
normally actively transport D-glucose to one which can do so quite well.
More recently, Neale & Wiseman (1968a, b, c) have obtained transport
against its concentration gradient of L-glucose by sacs of everted mid-small
intestine of dietary-restricted rats, whereas with fully fed rats, under those
experimental conditions, intestinal sacs were unable to raise the L-glucose
concentration in the serosal fluid above that in the fluid bathing the
mucosal surface.

Other workers to observe enhanced active transport by the intestine of
animals on an inadequate diet are Faelli, Esposito & Capraro (1966;
D-glucose by the rat), Dowling, Riecken, Laws & Booth (1967; D-glucose and
water by the rat), Esposito, Faelli & Capraro (1967; D-glucose and sodium
by the rat), Bogner, Braham & McLain (1966; D-glucose by the chick),
Suda & Shimomura (1964; L-histidine by the rat), and Ziemla'nski,
Cieslak, Pliszka & Szczygiel (1967; serum protein hydrolysate by the rat).
We have now tested dietary-restricted rat intestine for its ability to

transport some sugars which are normally transported against a concen-
tration gradient, some sugars which are not normally actively trans-
ported, and in addition D-methionine (transported against its concentra-
tion gradient by normal intestine) and D-histidine (not transported against
its concentration gradient by normal intestine). Of the sugars used, it was
found that those transported against their concentration gradient
(D-galactose and 3-O-methyl-D-glucose) by sacs of normal rat intestine were
concentrated to an even greater extent by the dietary-restricted intestine.
In addition, dietary-restricted intestine was able to concentrate D-fucose
and D-xylose, which sacs of normal rat intestine did not do. For the two
amino acids employed, the normally occurring active transport of
D-methionine was enhanced by dietary restriction, while transport of
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D-histidine against its concentration gradient was achieved by dietary-
restricted but not by fully fed intestine. The differences in behaviour of
dietary-restricted and fully fed intestine were not due to changes in net
water transport. The results show that for a number of substances dietary-
restricted intestine has greater powers of active transport than has normal
intestine. For many studies, therefore, dietary-restricted rat intestine may
be more useful than fully fed rat intestine.

METHODS

Animals and diet8. All the rats were young adult males and were kept in individual
cages throughout the experimental period. Those on the restricted diet were fed
6-10 g food/day for 9 days, which caused their body weight to fall from about 250 g
to about 170 g. The control group were fed ad libitum and they weighed about 250 g
at the time of experimentation. In addition to rats, some fully fed young adult male
golden hamsters (Mesocricetus auratus), of body weight about 100 g, were used for
D-fucose transport studies. All animals had free access to water at all times. The food
was diet 86, purchased from Oxoid Ltd., Southwark Bridge Road, London, S.E. 1.

Preparation of sacs. The animals were anaesthetized with 'Nembutal' (pento-
barbitone sodium) given intraperitoneally (0.15 ml. for dietary-restricted animals
and 0-40 ml. for controls); the abdomen was opened by a mid line incision, and the
small intestine washed out with bicarbonate-saline (Krebs & Henseleit, 1932) equili-
brated with 5 % C02, 95 % 02. The mesentery was then stripped off the small
intestine and the duodenum removed. To overcome the problem of variation in
transport activity of different regions (Hindmarsh et al. 1967), all the small intestine
was everted but only the middle fifth of rat intestine, or the middle 9 cm of hamster
intestine, was utilized for the making of two sacs. In the case of rats, each sac was
about 9 cm in length; for hamsters, each sac was about 4 cm long. The general
technique of preparing sacs was that originally described by Wilson & Wiseman
(1954a) (and in greater detail by Wiseman, 1961).
Measurement of initial andfinal volumes. The initial volume of fluid (serosal) intro-

duced into the carefully drained sac of everted intestine was determined by weighing
the sac before and after filling it. For rats, this serosal fluid volume was about 0-8 ml.
for a standard sac and about 2 ml. for an extra-distended one. For hamsters, the
initial serosal volume was about 0-5 ml. The final volume of the serosal fluid was
estimated by draining the sac of its contents and weighing the fluid collected. This
latter technique enabled about 96% of introduced fluid to be recovered from un-
incubated sacs. The volume of fluid (mucosal) into which the sac was placed at the
beginning of the experimental period was 20 ml.
Almost all standard sacs (initial serosal volume about 0-8 ml.) gained serosal fluid,

whereas extra-distended sacs usually lost serosal fluid during incubation.
Experimental procedure for transport experiments. The sac, filled with a known

volume (initial serosal fluid) of the appropriate solution, was put into a 150 ml.
Erlenmeyer flask containing 20 ml. (initial mucosal fluid) of the same solution as was
used for filling it, the air replaced by a gas mixture of 5% C02, 95% 02, and the
stoppered flask shaken (80 oscillations/min, amplitude 5 cm) for 1 hr in a Warburg
bath kept at 370 C. At the end of the hour the sac was removed, its surface drained,
and its fluid contents collected. Samples of initial and final mucosal and serosal fluids
were analysed for sugar or amino acid concentrations after deproteinization. For
sugar estimations, the samples were deproteinized with ZnSO4 and Ba(OH)2. For
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amllino acid estimations, samples were deproteinized with equal volumes of 0-6 N
perchloric acid, centrifuged at 3000 rev/min for 10 min, and the supernatant analysed
without neutralization for D-methionine but with neutralization with KOH for
D-histidine.
The serosal and mucosal fluids were usually Krebs-Henseleit (1932) bicarbonate-

saline plus the necessary substrate; where the composition of the bicarbonate-saline
was altered the details are given in the text and Tables. The latter also show the
amount and type of substrate investigated.
Dry weight. The dry weights of the sacs were derived from the initial wet weights

by application of a wet weight/dry weight factor of 19- 1. This factor was obtained by
measuring the wet and dry weights of 12 sacs of normal and dietary-restricted
intestine after 1 hr incubation in Krebs-Henseleit (1932) bicarbonate-saline under
standard conditions.
For fully fed rats the dry weights were in the range 80-130 mg; for dietary-

restricted rats the range was 50-75 mg; and for fully fed hamsters the range was
30-45 mg.

Chemical estimation8. When sugars were used separately they were estimated by
the colorimetric method of Nelson (1944). When D-glucose plus another sugar were
present, the total reducing sugar content was measured by the Nelson (1944)
technique and the D-glucose itself was measured by the specific D-glucose oxidase
method of Huggett & Nixon (1957), enabling the amount of the second sugar to be
obtained by difference. It should be borne in mind that different sugars may reduce
the Nelson (1944) reagent to different extents and allowance for such variation must
be made.

Methionine was estimated by the colorimetric method of McCarthy & Sullivan
(1941) and histidine by the colorimetric method of Macpherson (1946).
In order to determine how much endogenous histidine-reacting material was

released by dietary-restricted and normal intestine into the serosal and mucosal
fluids during incubation, sacs were shaken for 1 hr in media to which no histidine
had been added. The mucosal fluid at the end of the incubation period contained no
detectable histidine-reacting material. In the case of the final serosal fluid, fully fed
sacs released histidine-reacting substance which amounted to 8 %, and dietary-
restricted sacs 6 %, of the total colour producing material present in experiments in
which 2 mM-D-histidine had been added initially.

In experiments with D-methionine, 5 mm amino acid was added to the initial
serosal and mucosal solutions, which was sufficient to make any endogenous methio-
nine-reacting substance liberated by the intestine of no consequence.

Concentration ratio8. Thefinal concentration ratio was the ratio of the concentration
of the test substance in the 8ero8al (inner) fluid to that in the muco8al (outer) fluid at
the end of the 1 hr incubation. The initial concentration ratio was always 1:1.

Rates of tran8port. The amount of test substance transported into the serosal fluid
during an experiment was calculated (the initial and final concentrations and serosal
fluid volumes being known) and the transport rate expressed as fl-mole entering the
serosal fluid/100 mg dry weight sac.hr.
The rate of transport of water into the serosal fluid during the incubation is given

in mi-mole water/100 mg dry weight sac. hr.
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RESULTS

Fully fed intestine
Transport of sugars. Of the eight D- and four L-sugars employed in this

series of experiments, only D-galactose and 3-0-methyl-D-glucose were
transported against their concentration gradients by sacs of everted mid-
small intestine of fully fed rats (Tables 1 and 2). Even when sacs were
extra-distended at the start of incubation (initial serosal volume about
2 ml. instead of about 0-8 ml.) to cause some net loss of serosal (inner)
fluid (Table 3), the concentrations of D-arabinose, D-fructose, D-fucose,
D-glucosamine, D-mannose, D-xylose, L-arabinose, L-fucose, L-sorbose and
L-xylose in the final serosal fluid always remained below their final mucosal
concentrations. The inability of fully fed intestine to transport these
sugars into the serosal fluid sufficiently to yield final serosal/mucosal
concentration ratios greater than 1-0 (the starting value) was, therefore,
clearly not due to net movement of water into the serosal fluid compart-
ment. Likewise, prevention of net movement of water into the serosal
fluid compartment did not increase the final serosal/mucosal concentration
ratios achieved when D-galactose and 3-O-methyl-D-glucose were being
actively transported (Table 1), the concentrative ability being no greater
for extra-distended sacs than for standard ones.
The final serosal fluid concentrations and final serosal/mucosal con-

centration ratios for D-mannose, D-fructose, L-sorbose and D-glucosamine
with standard sacs, especially with the first of these, were very low (Table
2). This was due in part to water entry into the serosal fluid, and in part to
the metabolism of these sugars by the intestinal tissue. In the case of
D-mannose, L-sorbose and D-glucosamine, poor downhill movement across
the sac wall from the mucosal fluid helped to keep the serosal sugar con-
centrations low. For D-fructose, downhill movement from mucosal to
serosal solution was easier, so that the concentration of D-fructose in the
mucosal fluid fell from an initial 8-33 mM to 7-73 mm, whereas D-mannose,
L-sorbose and D-glucosamine remained unchanged in the mucosal solu-
tion, their final concentrations being 8-24 mm, 8-31 mm and 8-39 mM
respectively. When these sugars were used with extra-distended sacs
(Table 3) there was less of a fall in their concentrations in the final serosal
fluid because more ofeach sugar was introduced into the sacs initially (2 ml.
instead of 0-8 ml.) and there was no net entry of water into the serosal
fluid compartment.

In contrast to the lack of effect of extra-distension on sugars which were
transported against their concentration gradients (Table 1), extra-
distension caused an appreciable rise in the final serosal/mucosal concen-
tration ratios of the non-actively transported sugars apart from D-fucose

6-2
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(Tables 2 and 3). The latter sugar's final serosal/mucosal concentration
ratio was, however, as high as 0-91 even with standard sacs.
As the failure of normal rat intestine to transport D-fucose against its

concentration gradient was unexpected, because normal hamster small
intestine has been reported by Hindmarsh, Kilby & Wiseman (1966) to do
so readily, we repeated these workers experiments using standard sacs
of everted mid-small intestine of fully fed golden hamsters. When the
initial concentration of D-fucose in the serosal and mucosal solutions was
8-33 mM, the hamster intestine achieved a D-fucose final serosal/mucosal
concentration ratio of 1-54 + 0-06 (s.E. of mean; n = 8). For these sacs,
the final serosal concentration of D-fucose was 11-70 + 0-45 mm, the
final mucosal concentration was 7-61 + 0-15 mM, the sugar entry into
the serosal fluid was 7-99 + 0-51 ,u-mole/100 mg dry wt. sac. hr, and
the water entry into the serosal fluid was 15-5 + 3-4 m-mole/100 mg dry
wt. sac.hr.

Transport of amino acids. Sacs of everted fully fed rat intestine easily
transported D-methionine against its concentration gradient, its initial
concentration in the mucosal and serosal fluids being purposely kept at a
comparatively low level (5 mm, Table 4). That small intestine can actively
transport D-methionine, when present at a low initial concentration, has
previously been shown by Lin, Hagihira & Wilson (1962), who used sacs
of fully fed golden hamster small intestine. Unlike D-methionine, however,
we found that the final serosal/mucosal concentration ratio for D-histidine
remained at its starting value with fully fed intestine, even though its
initial concentration in the incubating media was only 2 mm.

Dietary-restricted intestine
Transport of sugars. Table 5 shows that sacs of everted small intestine

of dietary-restricted rats were able to concentrate D-galactose and
3-O-methyl-D-glucose to a greater extent than could normal rat intestine.
In addition, intestine of dietary-restricted rats transported D-fucose and
D-xylose against their concentration gradients, which normal rat intestine
(unlike normal hamster intestine, Hindmarsh et al. 1966) could not do.
Extra-distension of sacs to prevent net water transport did not improve
the final serosal/mucosal concentration ratios achieved for these four
sugars (Table 5), as was found for D-galactose and 3-O-methyl-D-glucose
with fully fed intestine (Table 1).
Under our experimental conditions, dietary-restricted intestine failed

to transport D-arabinose, D-fructose, D-glucosamine, D-mannose,
L-arabinose, L-fucose, L-sorbose or L-xylose against their concentration
gradients when either standard sacs (Table 6) or extra-distended ones
(Table 7) were used. Extra-distension, however, kept the final serosal/
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INTESTINAL ACTIVE TRANSPORT
mucosal concentration ratios for these eight sugars near 1 0, as was noted
above for sacs of normal intestine when non-actively transported sugars
were employed.
The final serosal concentrations of D-fructose, D-glucosamine, D-man-

nose and L-sorbose in these sacs of dietary-restricted intestine (Table 6)
did not fall as dramatically as with standard sacs of fully fed intestine
(Table 2).
Some of the characteristics of D-fucose and D-xylose active transport by

dietary-restricted rat intestine are given in Tables 8 and 9. Active transport
of both sugars could be completely inhibited by 106 M phlorrhizin or by
replacing the NaCl of the incubating media by mannitol. Also, the presence
of 8-33 mM-D-glucose in the initial mucosal and serosal fluids completely
stopped the active transport of D-fucose, and probably of D-xylose.

Transport of amino acids. Under the same experimental conditions,
dietary restriction enabled sacs of everted intestine to produce a
D-methionine final serosal/mucosal concentration ratio of as much as 4*45,
compared with a value of 2-28 for fully fed rat intestine (Table 4). Further-
more, dietary-restricted intestine, unlike fully fed intestine, was able to
actively transport D-histidine, yielding a final serosal/mucosal concen-
tration ratio of 1-43.

DISCUSSION

In confirmation of earlier reports (Neame & Wiseman, 1959; Kershaw
et al. 1960; Suda & Shimomura, 1964; Faelli et al. 1966; Hindmarsh
et al. 1967; Dowling et al. 1967; Esposito et al. 1967; Ziemlalnski et al.
1967; Neale & Wiseman, 1968a, b, c) we have found that when rats
were kept on a restricted (but balanced) diet their small intestine de-
veloped enhanced ability for active transport. This augmentation was
demonstrable not only for substances which were transported against their
concentration gradients by normal rat intestine (D-galactose, 3-0-
methyl-D-glucose and D-methionine) but also for some materials (D-
fucose, D-xylose and D-histidine) which, under the experimental conditions,
were not concentrated in the serosal fluid of sacs of normal rat intestine.
A similar phenomenon has been observed by Neale & Wiseman (1968a-c)
for L-glucose, which was concentrated in the serosal fluid when sacs of
intestine from dietary-restricted rats were used but not when the rats had
been fed ad libitum.
Although fully fed sacs did not actively transport D-xylose under our

experimental conditions, as measured by entry of the sugar into the
serosal fluid, dietary-restricted sacs were able to achieve a final serosal/
mucosal concentration ratio greater than 1.0. This was not unexpected
as there are several reports indicating that the absorption of this sugar is in
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some way facilitated even in the normal animal. In 1940 Larson, Blather-
wick, Bradshaw, Ewing & Sawyer stated that D-xylose disappeared from
the normal rat intestinal lumen 10 times more rapidly than did L-xylose,
and since then absorption by some special (possibly carrier-linked)
mechanism has been indicated by the work (using normal animals) of
Salomon, Allums & Smith (guinea-pig, 1961), Csaky & Lassen (frog and
rat, 1964), Csaky & Ho (rat, 1965), Duthie & Hindmarsh (golden hamster,
1966), Alvarado (golden hamster, 1966) and Lassen & Csaky (bullfrog,
1966). For D-fucose, the inability of normal rat sacs to concentrate this
sugar was somewhat surprising, as sacs from the normal golden hamster
do so quite well, as was demonstrated by Hindmarsh et al. (1966) and has
been confirmed in the present report. Dietary restriction, however, enabled
rat small intestine to transport D-fucose into the serosal fluid against its
concentration gradient, producing a final serosal/mucosal concentration
ratio of 1-25.
We believe this to be the first demonstration of transport of D-histidine

against its concentration gradient by sacs of intestine. It is of interest that
Jervis & Smyth (1959), who examined the behaviour of D-histidine and
L-methionine when the amino acids were present either singly or together
in the intestinal lumen of anaesthetized rats, recorded that L-methionine
decreased the rate of luminal disappearance of D-histidine. More recently,
Hindmarsh et al. (1966) argued that D-histidine was actively transported
by normal hamster intestine, because they found that it acted as an in-
hibitor of sugar transport, as did amino acids which were known to be
actively transported, whereas passively transported amino acids had no
such effect.

Extra-distension did not alter the serosal/mucosal concentration ratios
at 1 hr for sugars which were transported against their concentration
gradients (Tables 1 and 5) and the results indicated that the ratios must
have been the maximum (or steady-state) values for the conditions
employed. These ratios were, as the results clearly show, independent of
whether water was gained or lost by the serosal fluid. The serosal/mucosal
concentration ratios at 1 hr for the passively transported sugars, on the
other hand, were influenced by extra-distension (Tables 2, 3, 6 and 7),
prevention of net water entry into the serosal fluid by extra-distension
keeping the ratios comparatively near to the original value of 1 0 (Tables
3 and 7). When net water transport was allowed (Tables 2 and 6), by
using standard sacs (initial serosal volume 0x8 ml. instead of 2 ml.), the
more rapid uptake of water than of passively transported sugars diluted
the latter and caused the serosal/mucosal concentration ratios to fall
considerably. Presumably the steady-state concentration ratio for a non-
metabolized passively transported sugar is 1*0, although a 1 hr incubation
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period was insufficient for this to be attained. It should be emphasized
that even though extra-distension caused net loss of water from the serosal
fluid, it had neither deleterious nor beneficial effect on the movement of
actively transported substances as measured by the final serosal/mucosal
concentration ratio. In addition, despite extra-distension causing water to
leave sacs, it did not produce a final serosal/mucosal concentration ratio
greater than 1.0 for substances which were not actively transported under
standard conditions (when sacs gained water), the final ratios for such
sugars (Tables 3 and 7) not exceeding 1'0. Thus extra-distension is not a
procedure enabling passively transported sugars to appear to be actively
transported. The value of the procedure is that it highlights the fact that
the final serosal/mucosal concentration ratios for actively transported
sugars are independent of whether sacs gain or lose water.
The very low final serosal/mucosal concentration ratios seen for

D-mannose, D-fructose, L-sorbose and D-glucosamine were probably due, in
part, to metabolism of these sugars by the intestinal wall. Metabolism of
D-fructose by intestine is well known (Wiseman, 1964), and according to
Duerdoth, Newey, Sanford & Smyth (1965), D-mannose added to the
serosal fluid (but not the mucosal fluid) of sacs of fully fed rat small in-
testine was metabolized sufficiently well to support a water uptake which
was comparable to the water uptake noted when D-glucose was used. With
regard to D-glucosamine and L-sorbose, Sols (1956) has shown phosphory-
lation of both sugars by rat intestinal hexokinase, the rate for D-gluco-
samine being much faster than that for L-sorbose and about three quarters
that for D-glucose. Poor rates of passage of D-fructose, D-mannose,
D-glucosamine and L-sorbose from mucosal to serosal fluids would, of course,
help to keep the concentrations of these sugars low in the final serosal
fluid, especially when standard sacs, which gave net water transport, were
employed.
Some of the characteristics of D-fucose and D-xylose active transport

by rat small intestine are given in Tables 8 and 9. For both sugars, 106 M
phlorrhizin completely inhibited active transport, which was also stopped
when the NaCl of the media (but not the NaHCO3, equivalent to 25 mM-
Na) was replaced by mannitol. This sensitivity to phlorrhizin was similar
to that found by Neale & Wiseman (1968a-c) for L-glucose and was
appreciably greater than that found by Parsons, Smyth & Taylor (1958)
for D-glucose, the latter sugar being actively transported by rat intestine
in the presence of up to 10-5 M phlorrhizin. The active transport of D-
fucose and D-xylose was also prevented by D-glucose. The results support
the view that all three sugars are transported by the same mechanism
(Salomon et al. 1961; Alvarado, 1964, 1966; Csaiky & Ho, 1965).

It seems likely that the enhanced active transport of D-galactose, 3-0-
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methyl-D-glucose, D-fucose and D-xylose by dietary-restricted rats was
due, at least partially, to the reduced endogenous D-glucose content of the
intestinal wall of such animals. Neale & Wiseman (1968a-c) found that
the endogenous D-glucose content of the mid-small intestine (whole wall)
of dietary-restricted rats was only 108 mg D-glucose/100 g wet weight of
tissue, whereas the value was 37-8 mg D-glucose/100 g wet weight when the
animals had been fed ad libitum. It can be seen from Tables 8 and 9 that
added D-glucose was a powerful inhibitor of the active transport of D-
fucose and D-xylose, and Farrar, Small, Bullard & Ingelfinger (1956) have
reported that the rate of absorption of D-xylose by the rat in vivo was
greatly suppressed in the presence of D-fructose and D-glucose. Absorption
of D-galactose (Cori, 1926; Fisher & Parsons, 1953), 3-0-methyl-D-glucose
(Csaky, 1958) and L-glucose (Neale & Wiseman, 1968a-c) has also been
shown to be lowered by added D-glucose. It is not yet known how endo-
genous D-glucose affects other actively transported sugars, but it could
presumably act by preventing entry into the epithelial cell or exit from the
cell (or both). In either case active transport across the epithelial membrane
would be reduced.
Even though thinning of the intestinal wall, which occurred during

dietary restriction, may allow more rapid downhill passage of substances
from the subepithelial space to the serosal fluid, there are a number of
reasons for not believing that such thinning was the cause ofthe augmented
active transport. First, Dowling & Booth (1967) have described enhanced
glucose absorption by rat small intestine which had actually hyper-
trophied as a response to extensive intestinal resection. In another study,
Dowling et al. (1967) observed that stressing the small intestine by feed-
ing a high-bulk low-calorie diet (expanded by the addition of kaolin)
resulted in better glucose and water absorption by the jejunum without
change in its thickness. In addition, Hindmarsh et al. (1967) were unable
to demonstrate better active transport by golden hamster small intestine
despite considerable thinning brought about by dietary restriction. It is
also of interest that on passing down the small intestine of the rat, active
transport of D-glucose gets poorer (Hindmarsh et al. 1967) even though the
intestinal wall gets thinner (Wilson & Wiseman, 1954b).
The results show that dietary restriction is accompanied by enhanced

intestinal active transport for a number of substances, and for studies on
active transport the small intestine of rats kept on a restricted diet can be
more useful than normal intestine.

We wish to thank Mr D. Hutson for skilled technical assistance. One of us (R. J. N.)
is indebted to the M.R.C. for a Research Scholarship.

176



INTESTINAL ACTIVE TRANSPORT

REFERENCES

ALVARADO, F. (1964). D-xylose, a substrate for the process of sugar active transport
by the small intestine. Experientia 20, 302-303.

ALvARADo, F. (1966). D-xylose active transport in the hamster small intestine.
Biochim. biophye. Acta 112, 292-306.

BOGNER, P. H., BRAHm, A. H. & McLAIN, P. L. JR. (1966). Glucose metabolism
during ontogeny of intestinal active sugar transport in the chick. J. Physiol. 187,
307-321.

CoRI, C. F. (1926). The rate of absorption of a mixture of glucose and galactose.
Proc. Soc. exp. Biol. Med. 23, 290-291.

CSAxY, T. Z. (1958). Active intestinal transport of 3-0-methyl-D-glucose. Proc.
IV Int. Congr. Biochem. p. 80.

CsAxy, T. Z. & Ho, P. M. (1965). Intestinal transport of D-xylose. Proc. Soc. exp.
Biol. Med. 120, 403-408.

CsAKy, T. Z. & LASSEN, U. V. (1964). Active intestinal transport of D-xylose.
Biochim. biophy8. Acta 82, 215-217.

DOWLING, R. H. & BOOTH, C. C. (1967). Structural and functional changes following
small intestinal resection in the rat. Clin. Sci. 32, 139-149.

DOWLING, R. H., RIEOcEN, E. O., LAWS, J. W. & BooTH, C. C. (1967). The intestinal
response to high bulk feeding in the rat. Clin. Sci. 32, 1-9.

DUERDOTH, J. K., NEWEY, H., SANFORD, P. A. & SMYTH, D. H. (1965). Stimulation
of intestinal fluid transfer by mannose and fructose. J. Physiol. 176, 23-24P.

DUTHIE, H. L. & HnDmARsH, J. T. (1966). The effect of amino acids on the intestinal
transport of L- and D-Xylose in vitro. J. Phy8sol. 187, 195-200.

EsposITo, G., FAELII, A. & CAPRARO, V. (1967). Metabolism and transport pheno-
mena in isolated intestine of normal and semistarved rats. Arch8 int. Phy8iol.
Biochim. 75, 601-608.

FARLLi, A., Esposrro, G. & CAPRARO, V. (1966). Intracellular concentration of
sodium and glucose correlated with transport phenomena. Arch8. Sci. biol.,
Bologna 50, 234-241.

FARRRAR, J. T., SMAT.T, M. D., BULLARD, D. & INGELFINGER, F. J. (1956). Effect of
total body irradiation on absorption of sugars from the small intestine. Am. J.
Phy8iol. 186, 549-553.

FISHER, R. B. & PARsONs, D. S. (1953). Galactose absorption from the surviving
small intestine of the rat. J. Phy8iol. 119, 224-232.

HINDMARSH, J. T., KILBY, D., Ross, B. & WISEMAN, G. (1967). Further studies on
intestinal active transport during semistarvation. J. Physiol. 188, 207-218.

HINDMARSH, J. T., KnaY, D. & WISEmAN, G. (1966). Effect of amino acids on sugar
absorption. J. Phy8iol. 186, 166-174.

HUGGETT, A. ST G. & NIXON, D. A. (1957). Use of glucose oxidase, peroxidase, and
o-dianisidine in determination of blood and urinary glucose. Lancet ii, 368-370.

JERVIs, E. L. & SMYTH, D. H. (1959). Competition between enantiomorphs of amino
acids during intestinal absorption. J. Physiol. 145, 57-65.

KERSHAW, T. G., NEAME, K. D. & WIsEMAN, G. (1960). The effect of semistarvation
on absorption by the rat small intestine in vitro and in vivo. J. Physiol. 152,
182-190.

KREB8, H. A. & HENSELEIT, K. (1932). Untersuchungen fiber die Harnstoffbildung
im Tierkorper. Hoppe-Seyler'8 Z. phy8iol. Chem. 210, 33-66.

LARSON, H. W., BLATHERWICK, N. R., BRADSHAW, P. J., EWING, M. E. & SAWYER,
S. D. (1940). The metabolism of l-xylose. J. biol. Chem. 136, 1-7.

177



R. J. NEALE AND G. WISEMAN
LASSEN, U. V. & CSAKY, T. Z. (1966). Active transport of D-xylose in the isolated

small intestine of the bullfrog. J. gen. Phy8iol. 49, 1029-1041.
LIN, E. C. C., HAGIHIRA, H. & WILSON, T. H. (1962). Specificity of the transport
system for neutral amino acids in the hamster intestine. Am. J. Physiol. 202,
919-925.

MACPHERSON, H. T. (1946). The basic amino-acid content of protein. Biochem. J.
40, 470-481.

McCARTHY, T. E. & SULLIVAN, M. X. (1941). A new and highly specific colori-
metric test for methionine. J. biol. Chem. 141, 871-876.

NEALE, R. J. & WISEMAN, G. (1968a). Active intestinal absorption of L-glucose.
Nature, Lond. 218, 473-474.

NEALE, R. J. & WISEMAN, G. (1968b). Active absorption of L-glucose by the dietary-
restricted rat. J. Phy8iol. 197, 32-33P.

NEALE, R. J. & WISEMAN, G. (1968c) Active transport of L-glucose by isolated small
intestine of the dietary-restricted rat J. Phy8iol. 198, 601-61 1.

NEAME, K. D. & WISEMAN, G. (1959). The effect of diet on intestinal active trans-
port. J. Physiol. 146, 10P.

NELSON, N. (1944). A photometric adaptation of the Somogyi method for the deter-
mination of glucose. J. biol. Chem. 153, 375-380.

PARSONS, B. J., SMYTH, D. H. & TAYLOR, C. B. (1958). The action of phlorrhizin on
the intestinal transfer of glucose and water in vitro. J. Phy8iol. 144, 387-402.

SALOMON, L. L., ALLUMS, J. A. & SMITH, D. E. (1961). Possible carrier mechanism
for the intestinal transport of D-xylose. Biochem. biophy8. Re8. Commun. 4,
123-126.

SOLS, A. (1956). The hexokina.se activity of the intestinal mucosa. Biochim. biophy8.
Acta 19, 144-152.

SUDA, M. & SHIMOmuRA, A. (1964). Adaptive increase of intestinal transport of
L-amino acid in rats fed on proteins of inferior quality. Osaka Univ. med. J. 16,
11-14.

WILSON, T. H. & WISEMAN, G. (1954a). The use of sacs of everted small intestine
for the study of the transference of substances from the mucosal to the serosal
surface. J. Physiol. 123, 116-125.

WILSON, T. H. & WISEMAN, G. (1954b). Metabolic activity of the small intestine
of the rat and golden hamster (Mesocricetu8 Auratu8). J. Physiol. 123, 126-130.

WISEMAN, G. (1961). Sac of everted intestine technic for study of intestinal absorp-
tion in vitro. In Methods in Medical Research, ed. QUASTEL, J. H., vol. 9, pp.
287-292. Chicago: Year Book Medical Publishers.

WISEMAN, G. (1964). Absorption from the Inte8tine, pp. 27-29. London, New York:
Academic Press.

ZIEMLANfSKI, S., CrE§LAK, D., PLISZKA, B. & SZCZYGIEL, A. (1967). Einfluss einer
proteinfreien Erniihrung auf die spatere Aminosareresorption aus Eiweisshydro-
lysat im Verdauungskanal der Ratten. Nahrung 11, 559-565.

178


