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The isolating agents, one enzymatic (hyaluronidase) and two chemical (sodium citrate and
EDTA) have been used to search for the best technique to prepare suspensions of viable cells
from chicken cecum and jejunum. Viability of enterocytes was assessed in terms of cell mem
brane integrity (trypan blue exclusion test), metabolic activity (oxygen uptake, lactate production
and ATP content) and monosaccharide cumulative capacity. Results show that: 1) In both ce
cum and jejunum, membrane integrity is better in cells harvested with citrate than those isolated
with hyaluronidase or EDTA; 2) The best metabolic status was found in cecal cells isolated with
citrate and in jejunal cells obtained with hyaluronidase; 3) The capacity to support a-methyl-D-
glucoside gradients is highest in the cells harvested with citrate. The citrate-containing isolation
medium is thus considered to yield epithelial cell suspensions with the best functional conditions.
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Suspensions of epithelial intestinal
cells are helpful in studies on the mecha
nisms of intestinal transport and are espe
cially suitable in the study of the cumula
tive capacity of enterocytes since easy ac
cess to both apical and basolatcral mem
branes is enabled. One can also manipu
late and control the cell environment,
thus avoiding problems associated with
the presence of connective and muscular
layers.

There are several techniques described
for the isolation of enterocytes from the
small intestine of the rat (17, 19), guinea 

pig (4), chicken (8) and rabbit (1) but
there is little information about isolation
procedures of cells from the large in
testine.

In a previous study using tissue slices
(15) the cecum of the chicken was shown
to be able to accumulate significant
amounts of monosaccharides in birds 0- to
7-wk-old. It was thus decided to study the
cecal transport properties using isolated
epithelial cells. In search of the suitable
technique for cell isolation from the ce
cum three different isolation media were
tested: one containing hyaluronidase, the 
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second containing EDTA*,  and the third
containing sodium citrate. The results
show that the last one is the most adequate
for the isolation of epithelial cells from
the chicken cecum as well as from the 

Materials and Methods

Animals. Male white Leghorn chick
ens 5- to 7-wk- old were used. Animals
were obtained from «Cooperativa Co-
marcal d’Avicultura de Reus (Tarrago-
na)» and maintained in standardized tem
perature and humidity conditions, with
free access to a commercial diet (Gallina
Blanca-Purina, Barcelona). Chickens were
killed in the morning by neck fracture
without previous starvation.

Cell isolation. Enterocytes were isolat
ed from the cecal segments and from the
jejunum (yolk sac region) by using three
different isolation media, one enzymatic
and two chemical.

a) Hyaluronidase medium, with the
following composition (in mmol/1): NaCl
80, K2HPO4 3, CaCl2 2.5, MgCl2 1, Tris-
HCl 20, mannitol 100, EGTA 0.1, hyalu
ronidase 0.5 g/1 and 1 mg/ml BSA at
pH 7.4, similar to the one described by
Kimmich (8) for the isolation of epithelial
cells from chicken small intestine.

h) Sodium citrate medium, with the
following composition (in mmol/1): NaCl
80, K2HPO4 3, Tris-HCl 20, mannitol 37,
EGTA 0.1, tri-sodium citrate 27 and 1
mg/ml BSA at pH 7.4. Sodium citrate has
already been used at this concentration
for cell harvesting from rat small intestine
by Stern and Jensen (19).

* Abbreviations: EDTA, ethylcnediaminete-
traacetic acid; BSA, bovine serum albumin; Tris,
tris-(hydroxymcthyl)aminomethane; EGTA, ethyl
ene glycol-diaminocthylether tetraacetic acid.

c) EDTA medium, with the following
composition (in mmol/1): NaCl 80,
K2HPO4 3, Tris-HCl 20, mannitol 100,
EGTA 0.1, EDTA 5 and 1 mg/ml BSA at
pH 7.4. This chelating agent was first em
ployed by Sognen (18) for cell isolation
from rat small intestine.

Intestinal segments, opened lengthwise
and washed with ice-cold saline, were
incubated in 40 ml isolation medium
at 37°C for 30 min with 2 Hz shaking.
The suspension was poured through
nylon stocking material and the cells were
washed twice with an ice-cold medium
where either the enzyme or the chelating
agents were omitted. In the cases of citrate
and EDTA media, osmolarity was main
tained by increasing mannitol concentra
tion. The composition of the incubation
medium was the same for cells obtained
by either method and was (in mmol/1):
NaCl 80, K2HPO4 3, CaCl2 2.5, MgCI2 1,
Tris-HCl 20, mannitol 100, EGTA 0.1
and 1 mg/ml BSA (pH 7.4). In experi
ments where cells were incubated with 10
mmol/1 glucose, osmolarity was also
adjusted by reducing mannitol concentra
tion.

Viability tests. The viability of cell sus- ■
pensions, prepared by using the three iso
lation media, was evaluated with the fol
lowing tests:

a) Membrane integrity. Cell membrane
integrity was estimated by determin
ing the fraction of the population that
excludes trypan blue dye (20 g/1), accord-
ding to Girardi et al. (5). Clumps of more
than three cells were discarded from
counts (3).

£>) Respiration measurements. Oxy
gen uptake was determined by the War
burg technique (21). Cells (2-10 mg pro
tein) were re-suspended in 2.5 ml of the
incubation medium supplemented with
10 mg/ml BSA, as recommended by
Klmmich (8), and placed into siliconized
Warburg vessels.

jejunum.
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Incubation was made in the presence
of 10 mmol/l glucose at 37°C, with a shak
ing rate of 2 Hz and 35 mm of ampli-
tuded. Pure oxygen was used as phase
and the CO2 produced was trapped in the
centre well with a filter paper impregnated
with 0.2 ml of 5 g/1 KOH. Oxygen up
take readings were made every 10 min
and Qo2 values are expressed as pl of
oxygen consumed per mg of cell protein
per hour.

c) Glycolytic activity. Glycolytic activ
ity was assessed by measuring lactate
formation in the presence of 10 mmol/l
glucose. One ml of cells (2-15 mg cell
protein) was incubated in 3 ml of stand
ard incubation medium supplemented
with 10 mg/ml BSA. Temperature was
maintained at 37°C and the vessels were
shaken at 0.5 Hz. At 30 min intervals, 0.3
ml samples were removed and the cell ac
tivity was stopped by adding 0.6 ml of 3
ml/dl of ice-cold perchloric acid. The pro
tein was sedimented by centrifugation
(5 min, 3,000 g) and lactate was deter
mined on a sample of the supernatant using
a Sigma Test Kit, based on the enzymatic
assay of Hohorst (6). QL values are ex
pressed as nanomoles of lactic acid pro
duced per mg of cell protein per hour.

d) ATP levels. The cellular ATP con
tent was determined after isolation, in
HClO4-deproteinized samples neutral
ized with KOH using the method of
Lamprecht and Tratschold (11). Re
sults are expressed as nmol ATP per mg
cell protein.

e) Sugar accumulation. To evaluate
sugar transport capacity, cells (6-10 mg)
were incubated in 4 ml of medium at 37°C
with 0.5 Hz shaking. Accumulation of
14C-labelled 1-o-methyl-a-D-glucoside
(a-MG) was determined by removal of
0.2 ml samples of the cell suspension ad
ded to 1.8 ml of ice-cold medium. After
centrifugation (1 min, 500 g), pellets
were re-suspended twice in the same me
dium to remove most of the extracellular
radioactivity. The volume of water trapped 

in the pellet was determined in paral
lel experiments using labelled polyethyl
ene glycol 4000 (PEG 4000) for the cor
rection of the externally trapped sub
strate. Pellets were extracted with 0.2 ml
of 3 ml/dl perchloric acid, and the ra
dioactivity quantified by liquid scintilla
tion procedures.

Protein content was determined by the
Lowry et al. (13) method. When appro
priate, data were analyzed by analysis of
variance and were considered statistically
significant at p < 0.05.

Materials. 1-o-methyl-a-D - [U - 14C]
glucoside (a-MG) was purchased from
Amersham, U.K. and [1,2-3H] polyethyl
ene glycol 4000 (PEG 4000) was from
New England Nuclear Corp., Boston,
MA. Glucose, unlabelled a-MG and
phloridzin were obtained from Sigma.
Enzymatic ATP determination was car
ried out with reagents from Boehringer
Manheim GmbH.

Results
Microscopic examination of the cell

suspensions prepared by the hyaluronidase,

Table I. Trypan blue exclusion as a test of cell
membrane integrity of cecal and jejunal epithelial

cells isolated by three different methods.
Results are expressed as mean ± SE. Number of
experiments is given in parenthesis, a: p < 0.05, for

cecum and b: p < 0.05, for jejunum.

Isolation medium

% dye exclusion

Cecum Jejunum

Hyaluronidase 49.7 ± 0.763 46.9 ± 0.76
(0.5 g/i) (4) (3)

Sodium citrate .67.6 ± 3.67 62.9 ± 0.05b
(27 mmol/l) (3) (3)

EDTA 66.8 ± 6.10 48.0 ± 3.20
(5 mmol/l) (3) (3)
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Fig. 1. Oxygen uptake by isolated epithelial cells
obtained from chicken cecum and jejunum with
three different isolation agents: hyaluronidase (H),

sodium citrate (C) and EDTA (E).
Results are expressed as mean ± SE for 4-6 experi
ments. a: p < 0.05, for cecum and b: p < 0.05, for

jejunum.

Fig. 2. Lactic acid production by isolated
epithelial cells obtained from chicken cecum
and Jejunum with three different isolation
agents: hyaluronidase (H), sodium citrate

(C) and EDTA (E).
Results are expressed as mean ± SE for 5-8 experi
ments. a: p < 0.05, for cecum and b: p < 0.05, for

jejunum.

sodium citrate and EDTA procedures
showed morphologically identifiable in
testinal epithelial cells and absence of
bacterial contamination. The three meth
ods yielded elongated columnar cells as
well as some cuboidal and spherical cells.
Enterocytes occurred singly, in clumps
and in sheets. Cell yield was greater with
chelating agents than with hyaluronidase
though a similar cell dispersion was ob
served with the three procedures.

Table I shows cell membrane integrity
estimated by the trypan blue test. The
number of cells that exclude the dye is
higher in cells harvested with sodium cit
rate followed by the cells prepared using
EDTA. The lowe values were obtained
with hyaluronidase. Oxygen consump
tion and lactic acid production were lin
ear for at least 90 min in the six cell sus
pensions studied. In cecal cells, the respir
atory activity was greater in those pre
pared with hyaluronidase and sodium cit
rate than with EDTA (fig. 1), while in jeju
nal cells the highest values were obtained
with the hyaluronidase-based method.
Figure 2 indicates that cecal cells harvest-

Fig. 3. ATP levels for cecal and jejunal epithelial
cells prepared by hyaluronidase (H), sodium citrate

(C) and EDTA (E) treatment.
Results are expressed as mean ± SE for 3-6 experi
ments. a: p < 0.05, for cecum and b: p < 0.05, for

jejunum.
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Fig. 4. Accumulation of 0.1 mmol/l a-methyl-D-
glucoside (a-MG) by isolated enterocytes from ce
cum (a) and from jejunum (b) with three different
isolation agents: □, hyaluronidase; A. sodium

citrate and O, EDTA.
Results of sugar accumulation in the presence of
0.2 mmol/l phloridzin in the three suspensions from
each intestinal segment do not differ statistically
and are thus plotted together (•). Each point is
the mean ± SE for 6 separate experiments. Only
standard errors that exceed size symbol arc shown.

ed with hyaluronidase show the highest
glycolytic activity (QL) while in jejunal
cells the higher QL is observed in those
isolated with sodium citrate. ATP levels
determined immediately after the isola
tion process are shown in figure 3. The
cecal cells isolated with citrate and the
jejunal cells prepared with hyaluronidase 

have significantly higher ATP levels than
cells isolated by the other methods. Fig
ure 4 shows 0.1 mmol/l a-MG uptake by
cecal and jejunal cells and the effect of
phloridzin, a well-known inhibitor of the
active hexose transport system. Both ce
cal and jejunal cells isolated by the so
dium citrate method have the highest cu-
"mulative capacity. Phloridzin insensitive
sugar uptake was the same in the six cell
populations.

Discussion

Several techniques using enzymes or
chelating agents —either alone or in com
bination— together with mechanical dis
sociation have been successfully em
ployed for the isolation of intestinal epith
elial cells. Such techniques have been
used to dissociate epithelial intestinal
cells for their use in transport studies. In
most cases, cells show considerable via
bility and cumulative capacity depending
on the animal species used and the intes
tinal region studied (9).

In the chicken small intestine, the
hyaluronidase-based mechanical agita
tion procedure described by Kimmich (8)
provides a high yield of cells that are via
ble for 2 h and capable of supporting high
sugar concentration gradients. In prelimi
nary experiments this technique was ap
plied to the cecal segment and found that
the number of enterocytes isolated by
this method was rather small. It was thus
decided to try chelating agents such as so
dium citrate and EDTA. Researching a
method for cell isolation it is essential for
isolated enterocytes to maintain most of
the functional properties in the intact tis
sue. This was verified by membrane integ
rity, and metabolic and sugar uptake
tests.

To determine cell membrane integrity,
the trypan blue exclusion test was chosen
bacause it is quick and simple to perform.
Maximum viability was obtained in the 
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cells isolated with sodium citrate, in both
cecal and jejunal segments, in agreement
with what was found by Eade et al. (3).
These authors, working with rat small in
testine, observed higher viability in cells
isolated with sodium citrate plus EDTA
(70 %) than cells harvested with EDTA
alone (48 %) or with hyaluronidase
(40 %). It is noteworthy that the percent
age of jejunal cells that exclude the dye
in the present study, using the hyaluro
nidase-based isolation medium (47 %),
is much lower than what is claimed
for jejunal cells prepared in similar

. conditions (e.g. about 80%, ref. 8).
Such differences can be ascribed both to
the difficulty of quantifying cell number
accurately and to the criteria employed
for such quantification. For instance, in
the present study, aggregates of more
than three cells were discarded and pale
blue stained cells were considered dam
aged. Thus, dye exclusion methods give
only a rough estimate of cell viability.
The metabolic and functional studies are
those which will tell what procedure
yields a superior cell population.

The metabolic activity of the six cell
suspensions studied was evaluated in
tenris of their respiratory and glycolytic
capability as well as their ATP content.
Epithelial cell preparations usually exhib
it- linear rates of oxygen consumption
and lactate production for only short pe
riods of time (20) which may indicate ex
tensive autolytic disintegration of the
cells. In contrast, in the present study,
both cecal and jejunal cells obtained by
the three methods show linear rates of
oxygen consumption and lactate produc
tion for 90 min, in accordance with
Kimmich (8) and Prior et al. (16).
Furthermore, either Qq2, Ql or ATP
levels of all suspensions studied are within
the range of what has been found by
others (7, 8, 14).

Oxidative phosphorylation normally
supplies a significant fraction of the total
cellular ATP. Accordingly, high ATP val
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ues are correlated with high oxygen con
sumption rates. In the intestinal mucosa,
either a decrease in ATP levels or an in
crease in ADP (or both) may be impor
tant signals for stimulating glycolysis
which results in elevated lactic acid yields
(9). High lactate production rates is char
acteristic of the intestinal epithelium
even in aerobic conditions (2, 12). The
present results show that cellular ATP lev
els in the cells obtained using hyaluroni
dase and citrate are inversely correlated
with lactic acid production. Thus, jejunal
cells isolated with hyaluronidase and ce
cal cells isolated with citrate have a high
ATP content and produce small amounts
of lactic acid while cells obtained from
the jejunum using citrate and from the
cecum using the enzyme have low levels
of ATP and produce large amounts of
lactate. However, both cecal and jejunal
cells isolated using EDTA had low ATP
and lactic acid values. This is in agree
ment with the results obtained by HCls-
mann (7) who observed that enterocytes
from rat small intestine isolated with
EDTA had half the ATP levels than those
obtained with an equimolar concentra
tion of EDTA and MgCl2. Oxygen con
sumption was also inversely correlated
with lactate production in four of the six
cell populations. The exceptions were the
jejunal cells isolated with EDTA —show
ing relatively low lactic acid produc
tion— and cecal cells isolated with EDTA
—showing low Qo and QL values.

The overall results of metabolic studies
indicate that the superior cell populations
are the jejunal enterocytes isolated with
hyaluronidase and cecal cells harvested
with citrate since both retain high ATP
levels, have high oxygen consumption
rates and low lactate production. This
conclusion is also valid if metabolic
data are calculated considering the dif
ferent membrane integrity of each cell
population.

The last test done in order to evaluate
cell function was to characterize the sugar 
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uphill transport capability of the six cell
populations. This gave an indication of
membrane integrity and of the metabolic
status of the cells.

Results show that jejunal cells can
maintain higher sugar gradients than ce
cal cells. Such differences were already
expected since in a previous study (15) it
was shown that in 5-to 7-wk old birds
most of the cecal transport ability is re
stricted to the proximal region of this in
testinal segment, with a capacity similar
to that of the jejunum. Thus, accumula
tion figures obtained in the present study,
using cells from the whole cecal segment,
are lowered by the presence of medial
and distal cecal enterocytes that have very
low, if any, sugar cumulative capacity.
In both cecum and jejunum, the cumula
tive capacity of cells isolated with citrate
is greater than that of cells isolated with
hyaluronidase and EDTA. This cannot
be ascribed to the higher membrane integ
rity of citrate-isolated cells because re
calculation of the accumulation data, tak
ing into account this parameter, does
not affect the relative cumulative capaci
ty of the six cell populations. This set of
results indicate, first, that cells isolated
with hyaluronidase and EDTA retain a
lower transport capacity than citrate-
isolated cells and, s’econd, that conclu
sions derived from metabolic tests tell lit
tle about the transport properties of the
cells (e.g., jejunal cells isolated with
EDTA can support similar sugar gradients
to hyaluronidase-isolated cells even though
having poorer metabolic activity). Wor
thy of note is the observation that a-MG
accumulation in jejunal cells isolated
with hyaluronidase reach similar levels to
those found by Kimmich and Randles
(10). Since our cells had lower viability
than the 80 % described by Kimmich and
Randles, the cumulative capacity of our
cell population may well be higher. Final
ly, phloridzin-insensitive a-MG uptake
is the same in all cell suspensions studied,
indicating that cellular volume is not af

fected by the method employed to har
vest the cells.

In conclusion, the use of sodium citrate
for cell disgregation from the chicken in
testine yields cells with the best viability.
However, jejunal cells isolated with hya
luronidase are not to be discounted for
metabolic studies as they also have ade
quate properties.
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Resumen

Se ensayan tres agentes, uno enzimAtico (hialuro-
nidasa) y dos qufmicos (citrato sddico y EDTA),
para el aislamiento dptimo de cAlulas epiteliales de
ciego y yeyuno de polio. La viabilidad de los entero-
citos se evaliia mediante el estudio de la integridad
de la membrana celular (prueba de la exclusidn del
azul de tripAn), actividad metabdlica (consume de
oxfgeno, produccidn de Acido lActico y concentra-
cidn de ATP) y capacidad de las cAlulas para acu-
mular monosacAridos. Los resultados indican: que,
en ciego y yeyuno, la integridad de la membrana
celular usando citrato es superior a la obtenida con
hialuronidasa y EDTA; el mejor estado metabdlico
lo presentan las cAluIas cecales aisjadas con citrato y
las de yeyuno obtenidas con hialuronidasa; y las c6-
lulas aisladas con citrato son las que poseen mayor
capacidad para establecer y mantener gradientes de
a-metil-D-gluc<5sido.
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