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Absorption of glucose, galactose, fructose and leucine from luminal to coelomic
compartments across the intestinal wall of Scherotheca sp. seems to be a simple
diffusion process and not a product of active transport or facilitated diffusion. A con­
centration gradient never developed from identical initial concentrations of the re­
labelled substrates on either side of in vitro everted intestinal sacs. The rates of net
passage of glucose and galactose were in linear function with the respective sugar con­
centration gradient. A competition between these two sugars was not observed. The
diffusion rate of glucose was higher from mucosal to serosal than in reverse direction.
Intestinal tissues synthesized glycogen from glucose in the medium, this process being
strongly inhibited by dinitrophenol.

Sugar and aminoacid transport by the
intestine has been profusely studied in
vivo and in vitro in mammals (3, 4, 16),
and lately also in lower animals (2, 8, 12).
In most species, active transport of these
substrates has been evidenced, but its
universality cannot be affirmed since it is
lacking in several cases (8, 14).

In spite of frequent use of earthworms
for biological studies, the intestinal absorp­
tion physiology of these animals is very
scarcely known, and references on the
mechanisms for sugar and aminoacid
transfer through their intestinal wall. A
study, therefore of this physiological aspect
of Scherotheca sp., a species apparently 

unable to transport actively these substra­
tes, was considered highly interesting.

Materials and Methods

Specimens of Scherotheca sp. L., col­
lected near Pamplona, were kept in the
laboratory on trays provided with a layer
of earth taken from the same places in­
habited by the animals. Four days before
the experiment, they were transferred to
another tray with just damped filter paper
on the bottom to eliminate most intestinal
contents.

After longitudinal incision, the digestive
tract was exposed and rinsed with "saline. 
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the intestinal portion excised and everted
with the aid of a glass rod of a conve­
nient diameter, and placed on saline solu­
tion (9) at 4° C, buffered at 6.9 pH with
Tris-CIH. This pH can be accepted as
that of the intestine (15). Sacs of everted
intestine of about 2.5 cm long were pre­
pared in a similar way to the Wilson and
Wiseman method (19), filled with saline
solution (serosal) and then suspended in
2 ml of the same solution (mucosal) in
Warburg flasks, for 60 minutes, at 20 or
30° C and 100 oscillations per minute.
Substrates were present in serosal, muco­
sal or both solutions as indicated in the
experiments. When their concentration was
10 mM or higher, the adequate dilution
of other solutes to keep osmolarity was
made. The weight of the empty and filled
sacs was determined before and after
incubation.

No passage of Evans blue was consid­
ered as a test for integrity of the epithe­
lial barrier after manipulation.

In the experiments for measurement of
diffusion rates, the sacs were suspended
in a 5 ml solution volume and the incu­
bation time lasted 10 minutes. Both the
exterior sugar concentration and the dif­
fusion rate did not practically change un­
der these conditions.

Estimations of llC-labelled D-glucose,
D-galactose, D-fructose and D-leucine
(Radiochemical Center, Amersham) were
made by a liquid scintillation counter
with PPO, POPOP in alcohol-toluene (1,7).
Sf and Mf are the final substrate concen­
trations in the serosal or mucosal com­
partments respectively.

Synthesis of glycogen was measured by
incubating intestinal wall fragments in
2 ml saline solution with 2 mM glucose
in Warburg flasks at 30° C. After 60 min­
utes incubation, the total glycogen was
extracted and isolated after Seifter et al.
(17), and its radioactivity counted to
measure the amount of the incorporated
1‘C-jiluco.se.

Oxygen uptake was determined by War­
burg direct method (18).

Results

Absence of active transport. Incuba­
tion of intestine sacs of Scherotheca sp. in
the presence of glucose, galactose, fructose
or leucine at the same initial concentration
in both mucosal and serosal compartments
did not develop any gradient of substrate
concentration in 60 minutes. The Sf/Mf
quotient remained always 1, whatever the
initial concentration or temperature (20-
30° C) (Table I). In a few cases the incu­
bation was extended up to 120 or 150
minutes, and similar results were obtained.

Some experiments were made by incu­
bating intestinal fragments in 2 mM glu­
cose at 30° C for 60 minutes and then de­
termining the total sugar present in the
tissues. If a homogeneous distribution of
glucose in the total water of the tissue is
assumed, the sugar concentration did not
exceed in any case 1.7 mM, insufficient
for active transport.

Since a release of glucose from the tis­
sues takes place during incubation, mis­
takes could be made if sugars were deter­

Table 1. Non ability of Scherotheca sp. In­
testine for active transport of sugars and

leucine.
Everted intestine sacs were incubated for 60
minutes with labelled substrates. Mean values
±S.E. for final serosal/mucosal quotient (Sr/Mt)
and oxygen consumption are given. Number

of experiments are in parentheses.
O./100 mg

Substrate mM T 'C Sf/Mf w w<

D-galac-
tose 2.0 (13) 30 1.01+0.02 23.77±1.59

0.5 (8) 30 0.98 ±0.01 22.55 ±1.75
0.5 (8) 20 0.99 ±0.01 —

D-glucose 0.5 (10) 30 1.02±0.02 21.72±1.28
0.5 (10) 20 1.00±0.01 15.92±0.74

D-fructose 0.5 (9) 30 0.98±0.01 25.22±0.55
1.0 (6) 30 0.99 + 0.01 22.99+0.91

L-leucine 1.0(10) 30 1.01 ±0.01 23.60±1.21 

jiluco.se
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mined by reduction chemical methods.
This glucose release amounted 0.30 ±0.04
mg/g w.w./hr at 30° C (14 experiments)
and 0.18 ± 0.01 at 20° C (9 experiments),
and it ought to be enzymatically derived
from glycogen stores. This was the chief
reason for using labelled substrates.

Oxygen consumption. Oxygen con­
sumption by intestinal sacs throughout
incubations in the presence of different
substrates was not affected by the nature
and concentration of the compound ac­
tually present in the medium (Table I).
With 0.5 mM galactose, at 30° C, oxygen
uptake was 22.5 pl 0,/100 mg w.w./60
minutes, and very similar, nonstatistically
different, values were found for 2 mM
galactose or other substrates.

Temperature, however, clearly influenced
oxygen consumption. In the presence of
0.5 mM glucose, it rose about 36 per
cent by passing from 20 to 30° C.

Simple diffusion of sugars through the
intestinal wall. As active transport of
hexoses is excluded, it had to be decided
whether sugars passed down a concentra­
tion gradient through the intestinal wall
of Scheroteca using a specific transport
system or by simple diffusion. Two ap­
proaches were adopted to solve this ques-

Table 11. No competition between galactose
and glucose diffusion through the intestinal

wall of Scherotheca sp.
Everted intestine sacs were incubated at 30° C
for 10 minutes. Mean values ±S.E. are given.

Number of experiments, in parentheses.

Substrate in mucosal se
Sugar diffused to

rosal jUg/100 mg w.w.

2 mM ,4C-galactose 18.9 ± 0.9 (9)
2 mM ,4C-galactose + 20 mM

glucose 20.2 ± 0.6 (8)
2 mM,4C-glucose 12.1 ± 0.5 (12)
2 mM ,4C-glucose ± 20 mM

galactose 12.9 ± 0.7 (12)

tion: possibility of competition between
analogues and diffusion kinetics.

For competition experiments, sugars
were initially present in only the mucosal
compartment, and the net movement to
the other side was measured after 10 min­
utes of incubation at 30° C. As Table II
shows, diffusion of 2 mM 14C-glucose
towards serosal side was not modified by
the presence of 20 mM inert galactose,
nor that of 2 mM 14C-galactose by 20 mM
inert glucose.

Diffusion kinetics for glucose and ga­
lactose was separately followed in the
concentration range of 2 up to 100 mM
sugar. Diffusion rates of these hexoses
linearly increased with exterior sugar con­
centration, and saturation kinetics was
never observed (Fig. 1).

Both approaches strongly suggest that
sugar passage from luminal to the coelo­
mic side through the intestinal wall of the
earthworm Scherotheca sp. is a simple dif­
fusion process.

Intestine asymmetry for diffusion. To
test the symmetry of intestinal wall in

Fig. 1. Plot of diffusion rates of galactose
(-------) and glucose (—) from mucosal to
serosal compartments in everted intestinal
sacs of Scherotheca sp., against sugar con­

centrations.
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Table III. Preferential diffusion of glucose
from mucosal to serosal across the intestinal

wall of Scherotheca.
Sacs of everted or non-everted intestine were
incubated for 10 minutes with 30 mM ,4C-glu-
cose in a single compartment. Net glucose dif­
fusion was from outside to inside the sacs (x)

or in reverse direction (+).
Net glucose diffusion

(zxg/100 mg w.w.)
Gradient direction Everted Non everted

Mucosal to serosal 151.91 107.8 +
Serosal to mucosal 15.1+ 10.9x

respect to sugar diffusion net passage of
sugar from mucosal to serosal compart­
ment, and viceversa, was first measured
with 30 mM glucose initial concentration
either in the mucosal or in the serosal
solutions in everted intestinal sacs. The
surprising result was (Table III) a sugar
net passage from mucosal to serosal com­
partment about ten times higher than in
the reverse direction, i. e., the intestinal
wall showed a very strong functional asym­
metry for sugar diffusion.

Similar experiments were then carried
out with sacs of non-everted intestine,
and again a higher net sugar diffusion
rate from mucosal to serosal was observed,
although the differences between dif­
fusion rates in both directions were not
so great as with everted intestine. Mani­

pulation of intestine on eversion proce­
dure may be responsible for such differ­
ences. At any rate there is a very clear
preference for diffusion of glucose from
mucosal to serosal.

Glycogen synthesis by intestinal tissues
and DPN inhibition. Fragments of intes­
tinal wall were able to synthesize glycogen
from glucose added to the incubation so­
lution (Table IV). Before incubation, gly­
cogen content in the intestinal wall was
approximately 1.34 ± 0.12 mg/g w.w.
Starting with 2 mM (14Q glucose in the
medium, the labelled sugar incorporated
into glycogen after 60 minutes was 22.8 +
0.88 /zg/g w.w./h, about a 10 per cent of
the total radioactivity recovered from the
tissues, the rest being mainly free glucose.
Glycogen increase was nearly 1.7 % of the
initial amount stored in the intestine.

Addition of 0.5 mM 2,4-dinitrophenol
to the medium substantially diminished
the total radioactivity found in the tis­
sues and recovered as glycogen (71 per
cent), whereas it did not change oxygen
uptake.

Discussion

The results reveal that sacs of everted
intestine of Scherotheca sp. do not show
any ability to transport glucose, galac­
tose, fructose of leucine from the lumi-

Table IV. Effect of DNP on synthesis of glycogen, from glucose in the tissues and
O} uptake.

Sacs were incubated with or without DNP (5 X 10~4 M) in the presence of 2 mM I4C-glucose
for 60 minutes at 30° C. Mean values ± S.E. Number of experiments in parentheses.

Statistical signification, after Student’s method.

Control
DNP

5x10—4 M
Inhlb.

% p

Synthesized glycogen (/zg/g w.w./h) 22.80 ± 0.88
(22)

4.42 ± 0.86
(6)

80.6 0.001

O; uptake (/d/100 mg w.w./h) 20.81 ± 1.47 8.08 ± 0.52 61.2 0.001
Glucose in the tissue (ug/100 mg w.w./h) 24.02 ± 1.54

(6)
26.28 ± 1.83

(6)
—- N.S.*

• N. S. not significant.
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nal to the coelomic compartment against
a concentration gradient. Sac experiments
do not completely exclude the possibility
of active transport of the same substrates
from lumen into cells, but they offer strong
support for this exclusion. Moreover, ex­
periments made by incubating intestinal
wall fragments following the Crane and
Mandelstam technique (5) confirm the
absence of active transport.

In spite of the inherent uncertainty in
correlating experimental data from kinet­
ics with actual transfer mechanism (10),
the available evidence does not favour the
existence of a facilitated diffusion process
for the transfer of sugars through the in­
testinal wall in earthworm. Actually, there
was no competition between glucose and
galactose diffusion, nor was a saturation
kinetics observed for the passage of these
sugars.

The linear dependence of sugar move­
ment on the concentration gradient along
a large range (2-100 mM) is in greater
accord with a simple diffusion process.

The absence of sugar active transport
in earthworm intestine may be related to
morphological characteristics of the epi­
thelial cells which lack (11) the typical
microvilli present in other animal species
capable of non-electrolyte active trans­
port.

Non active transport for glucose, fruc­
tose, galactose, 3-o-methylglucose and xy­
lose has also been reported in the intestine
of other lower animals such as the trem­
atodes Fasciola hepatica, Philophtalmus
megalurus and Haematoloechus medio-
pleerts (12, 14). However, facilitated dif­
fusion of sugars seems to take place in
these cases, and so competition between
analogous substrates sharing a common
transport system has been observed. In
F. hepatica, D-xylose crosses intestinal
wall by simple diffusion (8).

It was surprising that in a simple dif­
fusion process, the diffusion rate for ga­
lactose should be 1.8 times higher than
for glucose, in as much as both hexoses 

share equal molecular size and very simi­
lar hydrophilic characters. There remains.
also to be explained the greater diffusion
rate of glucose from lumen to coelomic
cavity than that from the opposite direc­
tion.

The values of glycogen contents found.
in the intestinal wall of earthworm are not
very different from those reported for
other earthworm species, as for visceral
tissues from Eisaema jetida (13) and for
chloragocytes from Allobophora calligi-
nosa (6). In the present experiments, 50-
per cent higher level of glycogen was.
found in isolated typhlosolis (1.86 ± 0.16-
mg/g w.w.) than in intestinal wall pre­
viously almost deprived of chloragogeit
tissue (1.21 + 0.08).

Intestinal tissues of Scherotheca are able
to synthesize glycogen from the glucose
in the medium. This process may perhaps
favour glucose absorption by lowering the
intracellular level of the hexose.

5 X 10-4 M dinitrophenol inhibits gly­
cogen synthesis and also the diffusion of
sugar into intestinal tissues, but it do not
affect oxygen consumption. These effects
migth be attributed to its uncoupling ac­
tion on oxidative phosphorylation and to
other less known DNP induced changes
ir\metabolic activities or membrane per­
meability.

Resumen

La absorcidn de glucosa, galactosa, fructosa
y leucina desde la luz del intestino de la lom-
briz de tierra {Scherotheca) hacia el lado ce-
16mico, parece realizarse por un proceso de
simple difusi6n, sin intervention de transporte
activo ni difusion facilitada. Con sacos de in­
testino evertido, partiendo de concentraciones
initiates iguales a ambos lados, nunca se desa-
rrollo un gradiente de concentration de los
sustratos marcados con C1*. Tampoco pudo ob-
servarse acumulacion de glucosa en el tejido.
Las velocidades de paso de glucosa y de galac­
tosa a favor de gradiente a traves de la pared
del intestino eran funci6n lineal de la concen­
tration del azucar. No se ha observado com-
petencia entre ambos azucares. A igualdad de 
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gradiente, la difusidn de glucosa era mayor de
mucosal a serosal que en sentido contrario. Los
tejidos de la pared intestinal son capaces de
sintetizar gluc6geno a partir de glucosa presen­
te en el medio y el dinitrofenol inhibe fuerte-
mente este proceso.
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