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THE ABSORPTION OF AMINO ACIDS BY
TWIN LOOPS OF RAT INTESTINE

F. J. R. HIRD anp G. S. SIDHU

Departments of Biochemistry and Agriculture, University of Melbourne (Australia)

Three methods of studying the removal of amino acids by intestinal tissue have been
compared in a previous paper (AGaR, HIRD AND SipHU!). One of these methods
—uptake by numbers of small segments (0.5 cm)—has been studied in some detail.
Using selected amino acids, L- and D-methionine, as inhibitors, it has been found that
L- but not D-methionine inhibits the three processes, the uptake, transfer and absorp-
tion of L-histidine. Further, the content of L-histidine in the tissue at the end of the
experiment was found to be affected in the same way as the uptake, transfer and
absorption. As experiments with uptake gave similar results to the other two methods
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and are also the most convenient and precise to do, it has been concluded that thev
are a valid way to investigate the problem of absorption. )

However, an uncertainty remained. In experiments on absorption using twin
ligated loops in #ivo, it was not practicable to use more than 1 ml of the amino acid
solutions. A short experimental period was necessary in these experiments, and nearly
all of the amino acid disappearing from the lumen was recovered from the intestinal
wall at the end of the experiment. Therefore, little if any was removed from the
intestinal wall by the blood stream. This meant that our studics on absorption, while
they were in vivo studies, differed little in character from the studies on uptake. Ac-
cordingly, we have devised a new technique which independently circulates a larger
volume of solution of L-histidine through twin loops of intestine. The duration of the
experiment has been lengthened so that a much greater proportion of the amino acid,
disappearing from the lumen, has been removed by the blood stream. The results show
that, under the more physiclogical conditions used, the absorption of amino acids
follows the same pattern as does the transfer and uptake of amino acids in in vitro
systems.

METHODS

Young female rats, 100-150 g, were prepared essentially as given in a previous paper (AGAR ¢t al.l)
‘Two adjacent loops (signified upper, adjacent to duodenum, and lower) were cannulised and 20 m
of Krebs bicarbonate buffer, at 37° - 1°, containing the amino acid(s) (10 mM) was circulated
through each loop. using the principle described by FIsHER AND ParsoNs? to circulate and gas the
fluid. The circulation was continued for 40 minutes. At the end of this time both loops of intestine
were removed, washed with 20 ml of warm saline and either slit longitudinally, mopped with filter
paper, weighed and then dispersed in a glass homogeniser for determination of the histidine content
(AGAR et al.3), or dried in an oven at 110” overnight to determine the dry weight. The hydrostatic
head was 13 cm. The intestine and apparatus were drained at the end of the experiment and the
volumes measured. It was found experimentally that o.5 ml of the fluid is left undrained in the
apparatus and, accordingly, this correction was applied to the volume of fluid at the end of the
experiment.

The net weight of loops varied between 1.1 and 1.7 g. In experiments where pieces of intestine
were dispersed for the estimation of histidine a dry weight of 18.2°) of the fresh weight as found
previously (AGAR ef al.l) has been assumed.

Analytical method. Samples were withdrawn at varying intervals of time and the histidine
content was estimated essentially by the method of MACPHERSONY; the diazonium salt, however,
was prepared at 0, 30 min before use, and the optical density read in a Beckman spectrophoto-
meter (model DU) at a wavelength of 498 mu.

RESULTS
The absorption of L-histidine
The results given in Tables I, TII and IV show that with these rats the amount of
1.-histidine absorbed under the conditions used is not significantly different between
the upper and lower loops. However, the group of rats used to obtain the results in
Table II do seem to have a significant difference between the upper and lower loops.
Such differences do not account for the inhibition of absorption in the presence of
1.-methionine since this amino acid inhibits when present in either loop.

The absorption of L-histidine in the presence of L- and D-methionine

Table I shows the effect of an equimolar concentration of L-methionine on the absorp-
tion of L-histidine by loops of intestine. The marked inhibition of uptake by L-methion-
ine (p < o.01) occurs when both upper and lower loops of the pairs are used as the
References p. 393.
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TABLE I
ABSORPTION OF L-HISTIDINE
Upper loop Lower loop
Amownt absorbedg dry wt Amount absorbed/g dry wt
Replications
L-kistidine water L-Aistidine water
(umaole) (md) (umole) (ml)
1 324 13.9 329 14.9
2 393 16.4 401 14.4
3 307 13.6 304 12.2
4 300 15.9 312 14.0
5 317 14.0 333 13.7
6 300 13.5 332 9.5
Mean 323 14.5 335 13.1

Absorption of L-histidine — upper and lower loop not significantly different. Absorption of water -
upper and lower loop not significantly different.

control. The reduction in absorption by L-methionine is also accompanied by a reduc-
tion in the amount of L-histidine remaining in the intestinal tissue itself. This suggests
that L-methionine inhibits the absorption of L-histidine by inhibiting its entry into
the tissue and not on its release into the blood stream for, if this were so, the content of
this amino acid in the intestinal tissue would be increased. This is perhaps further
evidence to that given by AGAR et al.! that it is the uptake of amino acids by the
tissue and not the release that is active.
Table III shows a similar experiment with D-methionine. The presence of D-
methionine does |not |inhibitf{the uptake of L-histidine. Further, there has been no re-
400 duction in the histidine content of the intes-
tinal tissue at the end of the experiment.

i Tables I and II show that the per-
% 3s0F centage recovery of histidine in the in-
< testinal tissue at the end of the experiment
é over the histidine disappearing from the
o0k Iumen is usually much less than 25%. It
}E is assumed that the remainder has been
2 removed by the blood stream.

:2 4oL Fig. 1 shows a typical time progress
% curve for the absorption of L-histidine in
;5 the presence and absence of L-methionine.
S isob It can be seen that the rate of absorption

of L-histidine is linear during the whaole
of the experimental period and that L-
L methionine inhibits the absorption of L-
histidine over the whole experimental
period also. A similar result is obtained
when the L-methionine is added to the

120

60

upper loop.

Fig. 1. Absorption of L-histidine in the presence
| \ | ; and absence of L-methionine by twin loops ot
10 20 30 _ 40 intestine; O—QO upper loop L-histidine; @ —@

Time (min) lower loop L-histidine plus r-methionine.
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RN

AMINGO ACIDS

OF

ABSORPTION

“Corn - yuasapip spueoyiugis doopaoaof pue dadda asjem jo uonndiosqy “juatagtp Sppueoyus 1ou doof omof pue saddn - sutpyisty-1 jo uonydiosqy
. WP A Hrust [ B } ! 1A% BIP Al yt [ pusy-1j ! qy
€91 184 bt 09z o1 194 z'or glz ueIN
€z1 67 soddn ¢o1 887 19M0] 9
Tl 9€ g1 86T 1addiy b1 ob 16 Soz 10MO] S
91 1t L3 LSz 1eddn 91 t44 Tl 1434 I9MOT 14
601 L¥z 10MOT] g'ol 802 1eddn €
L1 34 <9 gz 19MO7T t1 134 6'01 6£€ 1addp z
17 194 ¢g voz 1amo] zz (634 6zt 9zz raddn I
gy (0 Aap Siopowt) (1) (stomnt) S wosayy (18 ap Bionar) () (otowar) -
4404V IUIPLISIH »:.:w&h.. prrrrs ausprIsty-1 douy fo p2q40sqy 7uipHsHL aussoruL 4on 2upYStY-1 doop fo
P24930223 2WPHISIH Wos| Pr4an0Ies - = — o150 J p24200334 JUIPHSIH Wos| pra2noIzs - —- —_— uotnsoq onporyds
o FUSPHSLH -1 0 Asp 8 | paqaosqu junoucy 0 SUOHDINGY

Quazogip Apurdsyuds doop wasof pue soddn - wies jo vondiosqy 1070 >

2usuosyp J - [7spris -1

ANINOIHI1YA

Juosagip APuedyiudis Jou vUuIOIYIdW-a Jo ddUussd1d 3y ul BUIPLSIY-T Jo uondiosqy

2pASLY T

AULPHSTH -1
W- 40 dONHSHEd FHL NI ANIAILSIH-T 40 NOI1dJOSsEV

111 A’ 1dvy

10 Ksp 3. paqaosqu punom

100 > ¢ ‘Juaiaylp S[3ULdHIUSIS SUIUOIYIBW-T Jo A0udsdxd ay3 ut SuIplIsiy-1 jo uondiosqy "Soo > ¢

¥<1

d ‘justagip spueoyrudis doot 1amof pue 12ddn - ouIpnsIy-1 jo uondiosqy

g€ [e4 Lg 11 123 96 Lot UBIP
61 Lz L6 €1 1add )y 91 6€ 09 1Sz 10M07] 9
€1 17 6°'g LE1 1add )y 7Y Ve 1Y 102 JOMO| 9
ot 17 Lzt 907 1add ) €1 6¢ S6 bo€ 19M07] 14
6 A 99 181 Iomor[ 6 LE ool oo¥ 1addp €
€7 €7 6¢ 001 1907 oI €€ €< 442 Jsaddn z
z T1 €g 6¢1 19M07] 6 1€ 11 (143 1addn T
Paqaosqu UIPUSHT (1 NM‘WQWNMES Hw_».%: !W“.MN\V, doo Jo Paqeosqo 2upuStH. (1= M“w:wwwﬁqza mﬂ“vs N_WNEG.“‘.W.A doop Jo
Eut.Svtcu::E.c: 04| Pasan0II _ - _ uOINSOf w»u\u.:aﬁou:,_w:mmm wosf pasnvrzs — - T P ———
o FUIPIISIEL -1 191 Asp 3ipaqaosqu punoms ° m K4p 3:paqiosqu punousy’ s

2aIpHSLH

vorL. 25 (1957)

FUIUOLY R [ - T, 24 PLISE T

aupiist -1

ANINOIHLANW-T 40 HINESHAd AHL NI ANIAILSIH-T 40 NOILJYOSHY

IT ATHVL




392 F. J. R. HIRD, G. S. SIDHU voL. 23 (1957)

The absorption of L-histidine in the presence of L-glutamate

Analysis of the results given in Table IV do not show any significant effect of L.-glutamic
acid on the rate of absorption of L-histiding.

TABLE IV

ABSORPTION OF L-HISTIDINE IN THE PRESENCE OF L-GLUTAMIC ACID

v-Histidine L-Histidine L-Glutamic acid

Replication Position Amount absorbedig dry wt ) Position Amount ?ﬁ:_nbed,’g dry wt
of loop L-kistidine walter of loop L-histidine water

(pmole) (ml) (smole) (mi)

I Lower 310 10.0 Upper 260 10.7
2 Lower 363 17.0 Upper 416 17.3
3 Lower 401 16.1 Upper 377 14.3
4 Lower 332 13.9 Upper 348 12.0
5 Lower 238 1.1 Upper 270 10.6
6 Upper 243 10.7 Lower 241 3.6
7 Upper 299 11.7 Lower 241 8.4
8 Upper 458 20.8 Lower 417 19.6
9 Upper 257 11.4 Lower 260 9.7
10 Upper 214 11.9 Lower 165 8.5
Mean 31t 13.5 299 11.5

Absorption of L-histidine — upper and lower loop not significantly different. Absorption of water —
upper and lower loop just significantly different, p & 0.05. Absorption of L-histidine in the
presence of L-glutamic acid not significantly different.

The absorption of water

The results given in Tables II, IIT and IV, but not Table I, show a significantly lower
absorption of water in the lower loop. This may account in part for the lower rate of
absorption of L-histidine in the animals represented (replications 4—6) in Table II. It
does not, however, account for all the inhibition given by L-methionine, because this
is still present when this amino acid is added with L-histidine to the upper loop.

DISCUSSION

A comparison of the relationship between rate and duration of absorption given in the
present paper (Fig. 1) and a similar relationship in experiments on uptake by segments
(AGAR et al3) shows that the former is linear but the latter is asymptotic at a much
lower final figure of removal of L-histidine from the medium. As L-histidine is not
measurably metabolised by segments of gut over the experimental period used (AGaR
et al.3) the additional process removing histidine in the intact animal must be the
blood stream. It is clear from Tables II and III that of the amount of amino acid
disappearing from the lumen more than 75% has been removed by the blood stream.
Such experiments are, therefore, more similar to #n vivo conditions than are experi-
ments involving uptake in vitro.

The inhibition of the absorption of L-histidine by L- but not by either D-methion-
ine or L-glutamic acid, over a period of time when the blood stream is carrying an
amino acid away from the intestine, establishes similarities between absorption in
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mwo and uptake in vitro. It seems from the present and i previous paper (AGAR of al.h)
that not only does L-methionine inhibit the rate of removal of an amino acid from the
medium but also the accumulation of that amino acid in the tissue both /n wive and
in vilro.

These results suggest then that the rate of absorption is governed initially by the
rate of uptake from the lumen presumably by the epithelial cells and that the rate of
removal by the blood stream is determined by the concentration of amino acid accu-
mulated in these cells; the amount of amino acid actually present in the tissue being
a steady state resultant of these two processes. The inhibition of the uptake (in vitro)
of r-histidine by r-methionine (AGAR et @l.}) is much greater than the inhibition of
absorption (in vivo). This is probably due to the continuous contribution of diffusion
during the latter process in which the blood stream would accclerate the contribution
by diffusion by preventing the attainment of an equilibrium.
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SUMMARY

A technique is described for studying the absorption, iz vivo, of amino acids by twin loops of in-
testine in the rat. It has been found that L-methionine but neither p-methionine nor L-glutamic
acid inhibits the absorption of rL-histidine. The presence of L-methionine reduces the amount of
histidine present in the intestinal wall during absorption. The implications of these results are
discussed with reference to previous work using in vitro systems.
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