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Isolation of rat hepatocytes for pharmacological studies on metabotropic glutamate
receptor (mGluR) subtype 5: a comparison between collagenase I versus collagenase IV
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Isolated hepatocytes can be obtained from the liver by collagenase infusion, a procedure that could affect cell
isolation as well as the integrity of membrane receptors. In this respect we compared metabotropic glutamate
subtype 5 receptor (mGluR5) protein expression and activity in rat hepatocytes isolated by two collagenases,
type I and type IV. Hepatocytes were isolated from male Wistar rats (200-250 g) using collagenase I or colla-
genase IV and after isolation, viability and morphology of rat hepatocytes were assessed measuring mGluR5
protein expression by Western blot analyses. mGluR5 activation was evaluated by inositol-1-phosphate (IP-1)
accumulation after treatment with the mGluR5 orthosteric agonist ACPD or the selective antagonist MPEP. No
difference in cellular viability and morphology was observed using collagenase I when compared with collage-
nase IV. An increase in mGluR5 protein expression was observed in hepatocytes isolated using collagenase IV
with respect to collagenase I. Moreover, hepatocytes treated with ACPD and with MPEP presented higher lev-
els of IP-1 when isolated using collagenase IV compared to collagenase I. These results indicate that collage-
nase IV better preserves the activity of surface proteins such as mGluR5 in isolated rat hepatocytes, an in vitro
model useful to reduce the use of experimental animals, in line with the 3R ethical framework.

Key words: Collagenase; isolated hepatocytes; mGluR5; IP-1. 

A
B
S
T
R
A
C
T

Correspondence: Laura G. Di Pasqua, Department of Internal Medicine and Therapeutics, University of Pavia,
Palazzo Botta 2, Via Ferrata 9/A, 27100 Pavia, Italy. Tel. +39.0382.986873 - Fax: +39.0382.986347. 
E-mail: lauragiuseppin.dipasqua01@universitadipavia.it

Contributions: CB and AF contributed equally to this work. CB, AF, PR, MV, LGDP, experiments design, data
analysis, manuscript drafting, approval of final version; VS, experiments performing, data analysis. 

Conflict of interest: All authors declare no conflict of interest related to this publication.

Availability of data and materials: All data generated or analyzed during this study are included in this pub-
lished article. 

[European Journal of Histochemistry 2020; 64:3123] [page 1]

2EJH_2020_02_tec.qxp_Hrev_master  24/03/20  16:43  Pagina 1



                             Technical Note

[page 2]                                               [European Journal of Histochemistry 2020; 64:3123]

Introduction
Isolated hepatocytes are an important model for studying cel-

lular metabolism, pharmacokinetics and toxicology of xenobiotics,
liver regeneration and translational research. The process of cell
isolation involves the infusion with collagenase from Clostridium
hystoliticum.1 Collagenase, being multi-modular zinc-metallopro-
teinase, cleaves the triple α-helical amino acid chain structure of
native collagen, which characterizes up to 90% of the extracellular
matrix of a tissue.2,3 When collagen is degraded, the integrity of tis-
sue membranes is lost and cells can be isolated. Seven types of
clostridial collagenases have been identified to belong to Class I or
Class II, according to their respective gelatinase or peptidase activ-
ity.2 It is known that a specific collagenase type is needed for each
tissue. For example, type II collagenase is suitable for mouse car-
diomyocytes,4 while for rat pancreatic acinar cells the best collage-
nase is type III.5 Collagenase IV was recently used for the isolation
of highly viable thymic epithelial cells.6 For liver investigations,
type I is the collagenase of choice because the majority of pharma-
cological studies on isolated hepatocytes are aimed to evaluate the
function of intracellular cytochromes.7

As part of the scientific community, following the publication
of the book by Russell and Burch in 1959 “The Principles of
Humane Experimental Technique”, we now fully adopted what is
known as the principle of the “Three Rs: Replacement, Refinement
and Reduction”.8 According to these ethical guidelines, animals
should be used only when it is not possible to replace them with
inanimate models, such as in silico research, or with the employ-
ment of in vitro models. Moreover, if animal models are needed,
their number should be minimized to maximize information and
obtain sufficient data to satisfy the research question. Finally,
“refinement” refers to the adoption of husbandry methods and
experimental procedures aimed at reducing as much as possible
animal suffering and pain, from the moment of birth to the sacri-
fice.9 For liver investigation usually focusing on the function of
intracellular cytochromes, type I is the collagenase of choice. We
hypothesized that the infusion of collagenase could partially affect
the integrity and function of metabotropic glutamate receptor sub-
type 5 (mGluR5).10,11 The mGluR5, together with mGluR1,
belongs to the mGluR family group I. Coupled to Gq proteins, it
activates phospholipase C, which in turn hydrolyzes phos-
phatidylinositol 4,5-bisphosphate to inositol trisphosphate (IP-3)
and diacylglycerol, leading to calcium release from intracellular
stores and kinases activation.10 It has been demonstrated by Storto
and colleagues that mGluR5 is expressed on the surface of primary
rat hepatocytes and that the receptor activation through agonist
administration worsens hepatocytes damage when they are
exposed to ischemic conditions.12 On the contrary, the receptor
blockade protects cells against hypoxic injury12 and plays a crucial
role in the reduction of the inflammatory process in different
experimental models, such as in rats intoxicated by paracetamol,13

in parkinsonian rats11 and in ex vivo models of hepatic cold and
warm ischemia.14

Our goal was to find the best method to isolate primary rat
hepatocytes preserving both the mGluR5 integrity and its down-
stream activity and, according to this aim, we tested two collage-
nase types, collagenase I versus collagenase IV. In this way, the
Three Rs principle could also be satisfied.

Materials and Methods

Materials
Collagenase I and collagenase IV were purchased from

Worthington Biochemical Corporation (Lakewood, NJ, USA). The
mouse monoclonal anti-Tubulin was acquired at Sigma Aldrich
(Milan, Italy), while the rabbit polyclonal anti-mGluR5 at EMD
Millipore (Burlington, MA, USA). IP-One ELISA was provided by
Cisbio (Codolet, France). Male Wistar rats were from Charles River
Laboratories (Lecco, Italy). All other reagents were purchased from
Sigma Aldrich (Milan, Italy). 1-Amino-1,3-dicarboxycyclopentane
(ACPD) and 2-Methyl-6-(phenylethynyl)pyridine (MPEP) were
purchased from Tocris Bioscience (Bristol, UK).

Hepatocyte isolation 
Hepatocytes were isolated from male Wistar rats (200-250 g)

(n=8). Animals had free access to food and water. The use and care
of animals in this experimental study was approved by the Italian
Ministry of Health. Rats were anesthetized intraperitoneally using
500 µL of pentobarbital (25 mg/mL dissolved in sodium chloride
solution). The peritoneal cavity was open and the hepatic portal
vein was cannulated as described by Ferrigno and colleagues.15

Hepatocytes were isolated by collagenase perfusion of the liver as
previously described.14 Liver cells were layered on the top of a
36% Percoll suspension and centrifuged at 100 g for 1 min. The
pellets containing hepatocytes were suspended in KRH buffer
(NaCl 114.9 mM, KCl 4.98 mM, KH2PO4 0.94 mM, MgSO4 · 7
H2O 1.2 mM, HEPES 25 mM) and incubated in rotavapor at 37°C
for 30 min (final cell density: 2x106/mL). Afterward, cells were
seeded in 96-well plates, as described below, or were treated for
western blotting analysis.

Hepatocyte viability 
After cell isolation, hepatocyte viability was assessed by

Trypan Blue exclusion method.14 Briefly, 20 µL of cell suspension
was added to a solution containing 160 µL of PBS and 20 µL of
Trypan Blue and counted using a Burker chamber and an optical
microscope (Nikon Ys). The viability of cells was calculated as the
percentage of live cells.

Cell culture
Ninety six-well plates were coated with 100 µL Poly-L-Lysine

0.01% (from Sigma Aldrich). After 5 minutes Poly-L-Lysine was
removed, wells were rinsed with ultrapure water. Isolated rat hep-
atocytes were seeded at 80,000 in 200 µL of William’s Medium
(Sigma Aldrich) supplemented with 2.2 g/L sodium bicarbonate
and incubated overnight at 37°C at 5% CO2. 

Inositol-1-phosphate assay
IP-1 accumulation was evaluated using an ELISA kit. The cells

were treated according to the manufacturer’s instructions. To trig-
ger the activation of inositol phosphates, cells were pharmacolog-
ically treated to stimulate or inhibit the mGluR5, using the agonist
ACPD at 10 µM or the negative allosteric modulator MPEP at 30
µM. Inositol 1 phosphate (IP-1) accumulation occurred as a result
of LiCl-mediated inhibition of inositol monophosphatase.16

Western blotting analysis 
Cells were centrifuged at 50 g for 30 s, then lysed in mam-

malian cell lysis reagent plus 10 µL/mL of protease inhibitor cock-
tail and kept on ice for 10 min. Successively, cell lysates were cen-
trifuged at 13,000 g for 15 min and after Lowry protein assay, the
supernatant protein content was brought to 2 µg/µL in SDS-bro-
mophenol blue and 2% β-mercaptoethanol. Samples were boiled at
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96°C for three min and centrifuged at 13,000 rpm for 30 s. Forty
µg of proteins were loaded for each sample and gel electrophoresis
was performed onto 7.5% SDS polyacrylamide gels. Gels were
electroblotted for 2 h onto polyvinylidene difluoride (PVDF)
membranes (Bio-Rad Laboratories, Hercules, CA, USA) and then
PVDF membranes were blocked in tris-buffered saline buffer con-
taining 5% bovine serum albumin for 2 h at 4°C. Blots were then
incubated at 4°C overnight with primary antibodies all at 1:1000
dilution. The following primary antibodies were used: mouse mon-
oclonal anti-Tubulin; rabbit polyclonal anti-mGluR5. Then, blots
were incubated for 1 h with peroxidase-coupled secondary anti-
bodies anti-mouse and anti-rabbit, respectively, diluted 1:2000 in
PBS. Immunostaining was revealed by ECL using a Chemidoc
XRS Plus (Biorad Laboratories). The signal intensity of the
immunoreactive bands was quantified using Image Lab software
(Bio-Rad Laboratories), both for mGluR5 and for its respective
tubulin, used to check for equal loading. The ratio between the
quantification of the mGluR5 and tubulin intensity bands was then
calculated, obtaining the normalized receptor expression values.

Statistics
Differences between groups were tested by Student’s inde-

pendent group t-test. Results are expressed as means value ± stan-
dard error (SE). The value of P<0.05 was considered the criterion
for statistical significance. Statistical analysis was performed using
MedCalc Statistical Software version 18.11.3 (MedCalc Software
bvba, Ostend, Belgium, 2019; https://www.medcalc.org).

Results

Hepatocyte viability
Cell viability was measured after isolation of rat hepatocytes

and no significant difference was detected using both collagenases:
high cell viability was found (Figure 1A). The number of hepato-
cytes was comparable using collagenase I or collagenase IV
(Figure 1B). The morphology of hepatocytes isolated by digestion
of collagenase I or IV was similar: the cells appeared round and
with well-defined contours. Only a limited number of blebs were
observed but they were reabsorbed following the recovery period
on rotavapor (Figure 2).

Metabotropic glutamate receptor type 5 (mGluR5) 
protein expression

Isolated rat hepatocytes obtained by digestion with collagenase
IV showed a higher mGluR5 protein expression, with respect to
cells isolated using collagenase I (Figure 3).

IP-1 production
Since the activation of mGluR5 triggers the accumulation of

inositol phosphates within the cells, we also assessed the amount
of functioning mGluR5 by measuring the accumulation of inositol
monophosphates after mGluR5 activation, by the orthosteric ago-
nist ACPD, or mGluR5 blockade, using the negative allosteric
modulator MPEP. Hepatocytes treated with ACPD 10 µM and iso-
lated using collagenase I showed a lower amount of IP-1 when
compared to hepatocytes isolated by collagenase IV. By blocking
the receptor with MPEP 30 µM, the concentration of IP-1 was
lower in cells obtained by collagenase I digestion when compared
with collagenase IV isolated hepatocytes (Figure 4).

Discussion
This study documented the superiority of collagenase IV over

collagenase I when primary rat hepatocytes are used for pharmaco-
logical studies such as membrane receptor modulation. Both colla-
genases produced cells with similar morphology and viability but
they affect in different ways surface protein expression and func-
tion. In fact, collagenase I, containing different lytic enzymes, such
as collagenase, caseinase, clostripain, is suitable for liver dissocia-
tion, since it presents stronger enzymatic activity respect to colla-
genase IV.17 On the contrary, the low tryptic activity of collagenase
IV is supposed to affect in a limited way transmembrane proteins,
preserving their integrity.17 To verify this hypothesis, we evaluated
the mGluR5 protein expression and function in primary rat isolated
hepatocytes. Cells isolated by digestion with collagenase IV
showed a higher mGluR5 protein expression when compared with
cells isolated by using collagenase I. The effective maintenance of
mGluR5 functioning in isolated hepatocytes was tested by IP-1
production in cells isolated by the two collagenase types. After 10
µM ACPD stimulation of mGluR5, higher production of IP-1 in
collagenase IV isolated cells was observed, when compared with
collagenase I isolated hepatocytes. 

Figure 1. Hepatocyte viability and cell number in cell suspensions using collagenase I or collagenase IV.  A) No differences in cell via-
bility were found between the two groups. B) The number of rat hepatocytes isolated by collagenase I or collagenase IV was comparable.
Results are expressed as means value ± SE.
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Figure 3. Metabotropic glutamate receptor type 5 (mGluR5) protein expression. A) The image analysis software Image Lab (Biorad
Laboratories) was used for the quantification of immunoreactive bands of mGluR5 and Tubulin; mGluR5 expression values were presented
as mGluR5/Tubulin ratio; higher mGluR5 protein expression was found in rat hepatocytes isolated by collagenase IV, when compared to
cells digested by collagenase I. B) Immunoreactive bands of mGluR5 in isolated primary rat hepatocytes by digestion with collagenase I
and collagenase IV. Results are expressed as means value ± SE. *P<0.05 obtained employing Student's independent group t-test.

Figure 2. Morphological appearance of isolated hepatocytes. No morphological changes were observed in cells isolated by collagenase I
(A,B) versus collagenase IV (C,D). Scale bars: A,C) 40 µm; B,D) 20 µm.
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The blockade of the receptor by the allosteric antagonist MPEP
30 µM, and the consequent reduction of IP-1 concentration, was
higher in collagenase IV-isolated hepatocytes. Our data confirm
and reinforce the idea that specific collagenase types can act differ-
ently, preserving in a better way membrane-associated proteins,
like mGlu5 receptor. 

In compliance with the Three Rs guidelines for animal welfare,
scientists must replace the use of animals with other techniques,
reduce the number of animals used and refine the way experiments
are carried out, to reduce animal suffering.9 Thus, in this perspec-
tive, our study was focused on the setup of rat hepatocyte isolation
to obtain suitable cells for several assays, including those related to
membrane receptor function, minimizing the number of animal
sacrifices. Moreover, by the comparison of two different collage-
nases, our work has clarified that the choice of the correct type of
this enzyme is fundamental for the successful outcomes of experi-
ments. The enzymatic activity of bacterial collagenases, extracted
as a poorly purified mixture of enzymes, could significantly
change within the different commercialized lots, affecting the
quality and the number of isolated cells.18

Therefore, the choice of one collagenase over another is very
crucial depending on the type of investigation that will be carried
out on the isolated hepatocytes obtained. In studies where a large
number of cells is requested or performed to evaluate intracellular
proteins, type I collagenase is the gold standard.7 On the contrary,
when both the integrity of surface and transmembrane proteins and
their downstream signaling are requested, the use of more gentle
collagenases that preserve the functionality of membrane receptors
is more suitable, as demonstrated by our results on mGluR5. In this
way, it is feasible to minimize the number of experimental animals,
accomplishing also the Three Rs principle.
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