Neuroendocrinology Letters No.3 June Vol.26, 2005
Copyright © 2005 Neuroendocrinology Letters ISSN0172-780X www.nel.edu

Measurement of protein cytokines in tissue extracts by
enzyme-linked immunosorbent assays:

Application to lipopolysaccharide-induced differential
milieu of cytokines

Khalid Z. Matalkal, Maha F. Tutunji2, Mona Abu-Baker3? & Yousef Abu Baker3

I Faculty of Pharmacy and Medical Technology, University of Petra, Amman, Jordan.

2 Pharmaceutical Research Unit, Royal Scientific Society & Chemistry Department, Faculty of Science,
University of Jordan, Amman, Jordan.

3 Genome for Scientific Research, Beirut, Lebanon.

Correspondence to:

Prof. Khalid Z. Matalka, PhD

Faculty of Pharmacy and Medical Technology
University of Petra,

P.O.Box 961343, Amman, JORDAN

EMAIL: kzm@uop.edu.jo or kzm@go.com.jo
FAX: +962 6 571-5570, TEL: +962 6 571-5546

Submitted: March 8, 2005 Accepted: March 28 2005

Key words:

tissue cytokines; ELISA; mouse; lipopolysaccharide

Neuroendocrinol Lett 2005;26(3):231-236  PMID: 15990727  NEL260305A07 © Neuroendocrinology Letters www.nel.edu

Abstract

OBJECTIVES: Determination of protein cytokines in local tissues would help to
evaluate their local role in health, sickness behavior and immune-mediated dis-
eases. Therefore, developing a simple quantitative method of protein cytokines in
tissues/organs is highly important.

METHODS: Mouse tissues were collected following intraperitoneal administra-
tion of endotoxin-free PBS or lipopolysaccharide. A mild detergent, 0.1% Ige-
pal, was added in a buffer to enhance cytokines extraction. The tissues were then
disrupted, homogenized, centrifuged and the supernatants were collected and
assayed using solid-phase immunoassays.

RESULTS: The presence of 0.1% Igepal extracted significantly more TNF-a from
liver (322%: p<0.01), brain (358%: p<0.05), lungs (1600%: p<0.01), and more IL-
10 from liver (220%: p<0.001), brain (4650%: p<0.001) than PBS alone. On the
other hand, using 0.1% Igepal did not increase IFN-y extraction from liver, spleen,
brain, lungs, skin and kidneys more than PBS alone. Furthermore, i.p. adminis-
tration of LPS induced a differential milieu of cytokines. LPS increased signifi-
cantly the production of TNF-a, IFN-y, and IL-10 from liver (521%, 123%, 72%:
<0.01,0.04, 0.04), brain (470%, 122%, 280%: p< 0.01,0.03,0.01), peritoneal lavage
(p<0.001) and blood (p<0.001). However, the pattern of increase was different for
the above cytokines in spleen, skin, lungs and kidneys.

CONCLUSIONS: The extraction of protein cytokines from tissues was superior
with addition of mild detergent. Furthermore, our results showed a differential
cytokines response to LPS with respect to tissue and cytokine type. This method
should provide an important tool for studying local protein cytokines in behav-
ioral pattern, sickness behavior, and immune-mediated diseases as well as to
determine local therapeutic efficacy of immunomodulatory drugs.
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Introduction

Cytokines, as pro-inflammatory or anti-inflamma-
tory, are the main regulators of local tissue immune
response. Thus, quantitating cytokines in tissues
would help to evaluate their local role in health, sick-
ness behavior and immune-mediated diseases. The
available methodologies for determining cytokines
in tissues are based on the assessments of immuno-
histochemical method [3,5], cytokines mRNA expres-
sion [20], or culturing mononuclear cells from tissues
[8,21]. The detection by immunohistochemical is still
semi-quantitative in spite of the availability of newer
image analysis techniques. In addition, tissue mRNA
expression methods either using in situ hybridization
or polymerase chain reaction are semi-quantitative.
The real-time PCR is now the quantitative method of
choice for cytokine gene expression [2] but still is dif-
ficult to reproduce, expensive and is less relevant to
the function of cytokines. On the other hand, mono-
nuclear cells culture methods are difficult to perform
on every organ, and do not represent the actual in
vivo cellular and behavioral interactions. Therefore, it
would be very important to have an absolute quanti-
tative method of protein cytokines in tissues such as
spleen, liver, intestine, lungs or brain without the need
of culturing the mononuclear isolated cells.

Very few reports [4,15-17] described methods to
measure tissue cytokines following i.p. administration
of lipopolysaccharide (LPS). One of these reports [4]
showed very low levels of cytokines in tissues even
though 100 pg of LPS was administered per mouse.
The latter report used a homogenizer and PBS or Tris
buffer to extract the tissue cytokines. Other reports
[15-17] used a tissue homogenizer with buffer con-
taining 0.5% Trition as a detergent but without show-
ing the possible interference of such detergent con-
centration on the cytokines measurement using
enzyme linked-immunosorbent assays [19]. Recently,
Rosengren et al [19] showed the effects of different
non-ionic detergents to detect different cytokines
using enzyme linked-immunosorbent assay. Further-
more, they demonstrated the superiority of using 0.1%
Igepal to extract cytokines from human synovial tis-
sues obtained from rheumatoid arthritis and osteo-
arthritis patients [19]. In the latter work, it was found
that the use of 0.1% Igepal resulted in ~67% increase
in IL-6 detection from synovial tissue from rheuma-
toid arthritis patients. The present study extends the
latter observations and describes a method for deter-
mining cytokines in different tissues/organs from nor-
mal mice such as liver, spleen, kidneys, lungs, brain
and skin as well as organs/tissues obtained from mice
following intraperitoneal administration of LPS. The
tissues/organs are placed in a buffer containing 0.1%
Igepal, a non-ionic detergent, to facilitate the extrac-
tion of cytokines. The tissues, then, were disrupted,
homogenized, centrifuged and the supernatants were
assayed using solid-phase immunoassays. In addi-
tion, in vitro testing was performed to show the effect
of using such detergent in whole blood culture for

detecting cytokines using solid phase immunoassays.
Measuring tissue cytokines, as described here, should
provide a highly important tool for studying local pro-
tein cytokines in normal behavioral pattern, sickness
behavior, immune-mediated diseases as well as local
therapeutic efficacy of immunomodulatory drugs.

Materials and methods

Reagents. The following reagents: RPMI 1640, pen-
icillin-streptomycin, L-glutamine, lipopolysaccharide
(LPS,L-6143), phytohemeagglutinin (PHA-L, L-4144),
endotoxin-free Dulbecco’s phosphate bufter (without
calcium and magnesium) and bovine serum albumin
(BSA) were purchased from Sigma. Culture 6-well
plates and maxisorp 96-well flat bottom plates were
purchased from Nunc International (Denmark).

Mice. Twenty-eight Balb/c mice weighing 20-30 g
were used in the study and divided into three groups.
Groups 1 (n=6) and 2 (n=11) of mice were injected i.p.
with 1 ml of endotoxin-free PBS and group 3 (n=11)
was injected i.p. with 1 ml of 5 pg LPS. Two hours
later, mice were sacrificed by cervical dislocation
and tissues/organs were collected within 6-10 min-
utes. The tissues were blood, peritoneal lavage, lungs,
spleen, liver, kidneys, skin, and brain.

Blood. After sacrificing the animal, blood was col-
lected from cardiac chamber and left to clot under ice.
The blood was then centrifuged for 4 min and serum
collected, stored at -30 °C for cytokine analysis.

Peritoneal lavage. After sacrificing the animal and
taking blood sample, 2 ml of ice-cold endotoxin-free
PBS were injected into the peritoneum. Peritoneal
lavage was harvested after gentle massage of the peri-
toneum, centrifuged and the supernatant was stored
at -30 °C for cytokine analysis.

Extraction of cytokines from tissues/organs. Lungs,
liver, spleen, kidneys, skin and brain, respectively, were
weighed, and 2 ml of ice-cold endotoxin-free PBS con-
taining 0.1% Igepal CA-630 nonionic detergent were
added to the tissues left for 10 minutes under ice
before homogenizing the tissues with a tissue dis-
rupter (Janke and Kundel). The concentration 0.1%
of Igepal was based on a previous study [19]. The tis-
sues then were centrifuged for 5 min, and the super-
natants were collected, stored at -30 °C for cytokine
analysis.

Human whole blood culture. Blood samples were
drawn from three healthy volunteers into sterilized
sodium heparin tubes (Vacutainer, Becton-Dickin-
son) and processed within 45 minutes. The produc-
tion of cytokines from whole blood was performed
as described elsewhere [13,14]. The blood was diluted
with 1:10 with RPMI 1640, supplemented with 2 mM
glutamine, 100 U/ml penicillin and 100 pg/ml strep-
tomycin, without exogenous serum. To each well of
the 6-well culture plates, 2.0 ml of the diluted blood
was added. A mixture of PHA+LPS in 40 pl volume
were added to give a final concentrations of 5 pg/ml
and 1 pug/ml for PHA and LPS, respectively, and incu-
bated in 5% CO2 at 37 °C for 48 h. At the end of incu-
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Table 1. Recovery of cytokines in a buffer containing 0.1% Igepal

Cytokine* Concentration (pg/ml) % Percent
Added Recovered
hiL-10 300 1081
hIFN-y 300 9515
mliL-10 400 11816
mIFN-y 400 105£3
mTNF-a 400 113£2

Figure 1. Human IFN-y and IL-10 detection levels from PHA+LPS
stimulated whole blood. The harvested cells either were centrifuged
(without detergent) or 0.1% Igepal was added (with detergent).
Using 0.1% Igepal following harvesting the cells enhanced
significantly (**: p<0.03) IL-10 levels detection.

* h: human cytokines
m: mouse cytokines
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bation, blood was collected from wells into sterilized
tubes and each well was washed with 0.5 ml of RPMI
to ensure removal of all well content. The amount was
divided into two tubes; one centrifuged and superna-
tant was separated, and to the other portion 0.1% of
Igepal was added. The supernatants and the detergent-
containing blood were aliquoted and stored in steril-
ized tubes at —30 °C until assayed.

Cytokine analysis. Mouse tissue-extracted cyto-
kines (TNF-a,IL-10 and IFN-y) and human cytokines
(IL-10 and IFN-y) were assayed using ELISAs adapt-
ing the procedures recommended by the manufac-
turer (mouse and human DuoSet, respectively, R&D
Systems, UK). Briefly, captured antibodies for all
cytokines were coated as recommended by the man-
ufacturer in PBS pH 7.2-7.4. All samples were diluted
1:5 with samples assay buffer. All standards and sam-
ples were run in duplicates. Anti-cytokine-biotinyl-
ated detector antibodies were used at 300 pg/ml for
TNF-a, and 400 ng/ml for IFN-y and IL-10. Strepa-
vidin-Horseradish peroxidase conjugate with H202-
Tetramethylbenzidene (R&D, UK) substrate was
used. Plates were read by SCO GmbH (Dingelstadt,
Germany) ELISA plate reader and absorbance was
transformed to cytokine concentrations (pg/ml) and
then to fg/mg of tissues using a standard curve com-
puted on Excel. The sensitivities for all cytokines were
between 4 to 6 pg/ml.

Data analysis. The data in figures 1 and 3 pres-
ent the cytokine concentrations (+ SE). The data are
expressed in fg/mg of tissue except for blood and peri-

toneal lavage which are expressed in pg/ml (+ SE).
Figure 2 presents the percent increase in cytokine
detection when 0.1% Igepal was used in the extrac-
tion buffer. Comparisons between groups were per-
formed by using Wilcoxon-rank sum test when n < 10
and unpaired two tailed student t-test when n >10.

Results

Igepal at 0.1% does not interfere with cytokines
measurement. The effect of 0.1% Igepal on cytokines
recovery is presented in Table 1. The results showed
that 0.1% of Igepal did not influence the recovery
of any cytokine tested whether it was a human or
mouse origin and therefore no interference with the
detection of cytokines in enzyme immunoassay was
observed.

Concentration of cytokines in supernatants versus
whole blood containing 0.1% Igepal from stimulated
whole blood cultures. The difference in cytokines mea-
sured in the supernatants and blood containing 0.1%
Igepal from stimulated whole blood is presented in
figure 1. The concentration of IL-10 from stimulated
(PHA+LPS) samples in blood containing 0.1% Ige-
pal was significantly more than cell culture super-
natant (48%: p< 0.03) (Figure 1). However, this was
not observed with IFN-y. It has to be mentioned that
adding 0.1% Igepal to blood caused hemolysis, which
indicate that using 0.1% Igepal destroys the cell mem-
brane of red blood cells and probably as well mono-
nuclear cells and thus facilitate the detection of extra-
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cellular, intracellular, as well as membrane-bound
cytokines.

Detection of extracted cytokines from tissues.
The presence of 0.1% Igepal (in comparison to PBS
alone) significantly extracted more TNF-a from liver
(322%: p<0.01), brain (358%: p<0.05), lungs (1600%:
p<0.01), showed a trend towards an increase from
skin (54%) and kidneys (59%) but no difference
was observed from spleen (Figure 2). In addition,
0.1% Igepal significantly extracted more IL-10 from
liver (220%: p<0.001), brain (4650%: p<0.001) than
PBS alone, showed a trend towards an increase from
lungs (144%) and skin (121%) but no difference was
observed from spleen and kidneys. On the other hand,
using 0.1% Igepal did not increase IFN-y extraction
from liver, spleen, brain, lungs, skin and kidneys more
than PBS alone.

LPS stimulates cytokine synthesis in organs. Intra-
peritoneal administration of LPS increased signifi-
cantly the production of TNF-a, IFN-y, and IL-10
in liver (521%, 123%, 72%: p<0.01, 0.05, 0.05), brain
(470%, 122%, 280%: p< 0.01, 0.05, 0.01), peritoneal
lavage (p<0.001) and blood (p<0.001) (Figure 3).
However, the pattern was different in spleen, skin,
lungs and kidneys. In spleen, i.p.administration of LPS
increased significantly the production of TNF-a and
IFN-y (476%, 400%: p<0.05, 0.01) but showed a trend
towards an increase in IL-10 levels (101%). In skin, i.p.
administration of LPS increased significantly TNF-a
(95%: p<0.05), but no change in IFN-y and IL-10 lev-
els were observed. In lungs, i.p. administration of LPS
increased significantly TNF-a levels (305%: p<0.01),
showed a trend towards an increase in 1L-10 (84%)
but no change in IFN-y levels were observed. In kid-
neys, i.p. administration of LPS showed only a trend
towards an increase in TNF-a (113%) but no change
in IFN-y and IL-10 levels were observed (Figure 3).

Discussion

This study describes a simple method for mea-
suring cytokines in tissues. The method is based on
using a mild detergent, 0.1% Igepal, that facilitates
the extraction of cytokines following tissue/organ
homogenization. Such detergent concentration did
not interfere with detection of human TNF-a, IL-6,
IL-1p, IL-8 [19], as also seen in the present study with
human IFN-y, IL-10 and mouse IFN-vy, IL-10, TNF-a.
Furthermore, 0.1% Igepal increased IL-6 extraction
from synovial tissue by ~67% when compared with
PBS alone. The extracted amount was ~80% of what
is present in the synovial tissues when determined by
western blot [19]. Higher concentrations of Igepal,
however, did not increase the recovered cytokines.
In the present study different tissues were used and
different cytokines were extracted. Using 0.1% Ige-
pal, the detection of IL-10 and TNF-a was signifi-
cantly more from liver (> 200% and >300%, respec-
tively), brain (>4000% and >300%, respectively), and
lungs (>100% and 1000%, respectively) but this was
not seen with IFN-y.

In vitro data showed that adding 0.1% Igepal to
the harvested cultured cells increased significantly
the detection of IL-10, but not for IFN-y, when com-
pared to the supernatant counterparts. Adding 0.1%
Igepal probably lysed white blood cell membrane
and thus the captured immunoassay measured the
total level: extracellular, intracellular and membrane-
bound cytokines. The in vitro data was coherent with
the in vivo data since IL-10 detection levels were
higher when detergent was used. Previously, it has
been shown that when mitogen-stimulated peripheral
blood cells were lysed, the measured amount of IL-2
was significantly more than the supernatant counter-
part [12], indicating that some cytokines are produced
in larger amounts inside the cells more than what is
released. In addition, some precursor cytokines such
as TNF-a could be present as membrane-bound prior
to its release [1]. Therefore, using Igepal as a deter-
gent might as well release such membrane-bound
cytokines. The latter suggestion was documented ear-
lier with membrane bound sialidase in pig liver [9]
and also the protein refolding yield was enhanced
when the same detergent was used [22].

Many studies have used LPS to induce cytokines in
tissues such as spleen, liver, lungs, and brain. Almost
all of these studies checked the induced cytokines
following isolation of mononuclear cells from the
tissues/organs. To the authors knowledge, very few
reports measured protein cytokines in tissues [4,15-
17]. One recent report measured cytokines (IFN-y,
IL-10, and TGF-f) from tissues following disruption
and homogenization [4]. In the latter study, the con-
centrations of cytokines following LPS administration
were very low even though they used 100 pg of LPS/
mouse. This lower recovery due to; not using a deter-
gent to facilitate the extractions of cytokines from
tissues, time of tissue collection after LPS adminis-
tration (8 h versus 2h in the present study), mice gen-
otype, and the type of LPS used. The present work
demonstrated superiority, after using the detergent,
to extract cytokines from tissues, including the per-
cent of increase in cytokines concentrations following
peripheral LPS administration.

It has been demonstrated that cytokines mRNA
(IL-1B, TNF-a, IL-6) are increased in the brain,
spleen, liver and adipose tissue following LPS admin-
istration [15,16,20]. The consistent increase in the
mRNA levels of such cytokines in peripheral organs
is also associated with increase of protein cytokines
in blood which suggests that LPS induces a series of
events in local cytokine component up-regulation in
various compartments including brain. In the pres-
ent study, LPS administration increased TNF-a, IFN-y
and IL-10 levels in most of tissues tested. However, the
degree of increase varied between tissues indicating
a differential cytokine response to LPS with respect
to tissue and cytokine types [17]. This is due to LPS
effect on the amount/types of immune cells (lympho-
cytes and macrophages) in tissues, its ability to induce
such cytokines from non-immune cells such as tissue
fibroblasts, endothelial cells and enterocytes via their
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expression of CD14 or Toll-like receptor 4 [7], and to
induce glucocorticoids and catecholamines in certain
organs. These neuro-hormonal mediators are known
to induce a balance between tissue pro-inflammatory
(IFN-y and TNF-a) and anti-inflammatory (IL-10)
cytokines [10,11,15-17]. Such cytokine-cytokine
interactions with positive or negative feedback, may
be pivotal for modulating the cascade of events asso-
ciated with neurological manifestations of LPS admin-
istration. In the present study, IL-10 levels (in molar
concentrations) were significantly more than the two
pro-inflammatory cytokines; TNF-a and IFN-y, in the
brain, skin and kidneys before and after LPS admin-
istration, even though the percent increase in TNF-a
level was highest following LPS administration in the
investigated tissues. It has been shown that periph-
eral LPS administration activated hypothalamus-pitu-
itary-axis and sympathetic nervous system to release
glucocorticoids, catecholamines and P-endorphins
[17,20]. Thus, what kept IL-10 levels predominant
in the brain, for instance, following LPS administra-
tion would be the high induction of catecholamines
in the brain tissue [18]. Regarding kidneys and skin
tissues, the slight drop in the IL-10 levels following
LPS administration could be explained by the regula-
tory effect following an increase in pro-inflammatory
cytokines. However, the latter observation needs fur-
ther investigation.

In conclusion, the present study describes a sim-
ple method for the determination of protein cytokines
in tissues which reflects the actual function of such
cytokines. Such method should provide an important
tool for studying the local protein cytokines in behav-
ioral pattern, sickness behavior, and immune-medi-
ated diseases as well as to determine local therapeutic
efficacy of immunomodulatory drugs.
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