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APOPTOTIC RESPONSES TO ACUTE AND CHRONIC INFLAMMATION
IN THE TISSUES OF YOUNG PIGS
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Apoptosis is a physiological, programmed process for the elimination of damaged cells from a living organism. Abnormalities in cell death regulation can be a significant component of diseases. The present study was
undertaken to examine the influence of acute and chronic inflammation on the apoptosis process in the piglet
spleen and liver. The experiment was carried out on young pigs (10-week-old, n=24). The animals (females)
were divided into 4 experimental groups: I– control, II– chronic inflammation (overweight), III– acute inflammation, and IV– overweight with acute inflammation. Piglets from groups II and IV received a high-calorie
diet in order to develop overweight. In order to induce acute inflammation the animals received a single i.p.
injection of streptozotocin. Twenty-four hours after the injection the spleen and liver were quickly removed.
Tissue fragments were placed in liquid nitrogen and then they were used to detect apoptotic cells with the
TUNEL technique and In Situ Cell Death Detection Kit. The analysis of TUNEL positive cells showed their
presence both in the spleen and in the liver but their numbers were different. The obtained results showed
that different types of inflammation (chronic or acute) induced different responses in the tested tissues.
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INTRODUCTION

Obesity is considered as a low-degree chronic inflammatory state of the adipose tissue, caused
by the immune system activation that generates
obesity-related metabolic disorders, mainly insulin resistance (HOTTAMISLIGIL, 2006). The adipose
tissue is an endocrine organ that produces adipokines with various biological activities (FRUH-

and SALVADOR, 2004; JENSEN, 2006). Some
of them, such as interleukin 6 (IL-6) and interleukin 18 (IL-18) or tumor necrosis factor (TNF),
are of a proinflammatory character and modulate metabolism and activity of insulin (SENN et
al., 2002). One of the main effects of IL-6 is the
induction of hepatic acute phase protein (CRP)
synthesis, which is known to be a major risk
marker of cardiovascular complications.
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The spleen is the largest lymphoid organ
in the body and plays an important role in the
regulation of the immune function and blood filtration via the removal and destruction of aged
or damaged erythrocytes and other blood cells
(DAMESHEK, 1955). The gene expression of pro-inflammatory cytokines, such as TNF-α or IL-6 and
IL-10 (potent anti-inflammatory cytokine), was
observed in the splenic tissue (LAMAS et al., 2004).
It is suggested that the altered functioning of the
spleen may modulate inflammatory processes in
the organism. The spleen plays an important role
in the modulation of the immune system and in
the maintenance of peripheral tolerance via the
clearance of circulating apoptotic cells, differentiation and activation of T and B cells, and production of antibodies (THACKER and JANSSEN, 2012).
On the other hand, obesity, mainly of the
visceral type, and insulin resistance are associated with liver inflammation. Increased adiposity with the consequence of chronic low-grade
inflammation and insulin resistance or type 2
diabetes have been linked to the development
of nonalcoholic fatty liver disease (NAFLD). The
most common form of this inflammation is triglyceride accumulation in hepatocytes (steatohepatitis). Recent data indicate that an alteration in the regulation of hepatocyte apoptosis
could play an important role in hepatic damage
and steatohepatitis progression (FELDSTEIN et al.,
2003). What is more, metabolic and endocrine
functions of the spleen were emphasized in obesity and nonalcoholic fatty liver disease. In conclusion, both the organs are involved in the regulation of metabolic diseases and inflammation.
Programmed cell death (mainly apoptosis) is
involved in all fundamental processes of the immune system. Apoptosis is a physiological process
for the elimination of cells from a living organism. In the physiological state, apoptosis plays an
important role in normal development as well as
in tissue proliferation (ZIMMERMANN and GREEN,
2001). Abnormalities in cell death regulation can
be a significant component of various diseases,
such as cancer, autoimmune lymphoproliferative
syndrome, AIDS or metabolic diseases.
The present study was undertaken to examine the influence of acute (single streptozotocin
injection) and chronic (high-calorie diet) inflammation on the apoptosis process in the piglet
spleen and liver.

MATERIALS AND METHODS

All the procedures were approved by the First
Local Animal Ethics Commission in Cracow, Poland (No. 14/2009).
The experiment was carried out on young pigs
(Polish Landrance, 10-week-old, n=24). The animals (females) were kept under standard conditions and divided into 4 experimental groups:
I- control (C), II- chronic inflammation – overweight (O), III- acute inflammation (STZ), and
IV- overweight with acute inflammation (O+STZ).
Piglets from groups I and III were fed a commercial diet, whereas those from groups II and IV
received high-calorie diet in order to developed
overweight. In order to develop acute inflammation, the animals received a single i.p. injection
of streptozotocin (STZ, 100 mg/kg b.w.). The piglets were weighed prior to injection, and STZ was
freshly dissolved in dilution buffer (0.1 M sodium
citrate, pH 4.5, with HCl, stored at 4° C).Twentyfour hours after the injection the spleen and the
liver were quickly removed. Tissue fragments
were placed in liquid nitrogen and then they
were used to prepare microscopic sections with
Leica cryostat. Apoptotic cells were detected in
the tissues using the TUNEL technique and In
Situ Cell Death Detection Kit (Roche, Germany),
according to the manufacturer’s protocols. The
number of labelled cells per unit area (mm2) was
calculated with MultiScan v.14.02.
The results were expressed as mean±SEM
and their statistical comparison was made by
analysis of variance followed by Duncan’s test.
Differences were considered significant at the
level of 0.05.

RESULTS

The obtained data showed that different types of
inflammation (chronic or acute) induced different responses in the tested organs.
The number of TUNEL-positive cells in the
spleen (Fig.1.) of the control group was 12.45±0.89
cells/mm2. The number of apoptotic cells after 3 weeks of a high-calorie diet increased to
14.91±0.95 cells/mm2 (P<0.05), while no changes
were observed after a single injection of streptozotocin (13.27±0.73). Interestingly, in piglets
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from group IV (with both types of inflammation)
the number of cells was 60% higher (19.86±1.38)





Fig. 1. The number of apoptotic cells in the piglet spleen
C – control, O –overweight, STZ – streptozotocin, O+STZ
– overweight plus streptozotocin (±SE, *P<0.05-0.01 –
compared with the control values).

compared with the control group (12.45±0.89,
P<0.05, Fig. 2.).
The analysis of TUNEL-positive cells confirmed their presence also in the liver of
10-week-old piglets (Fig. 3.), although they were
less numerous. The numbers of liver apoptotic
cells in the control and overweight with acute
inflammation groups were similar (2.75±0.08 vs
2.85±0.11). The high-calorie diet (chronic inflammation) decreased the number of apoptotic cells
in the liver tissue to 2.21±0.08, whereas the STZ
injection (causing acute inflammation) increased
the number of TUNEL-positive cells by 25% to
3.45±0.17 (P<0.05, compared with the control
group, Fig. 4.).

Fig. 3. The number of liver apoptotic cells.
C – control, O –overweight, STZ – streptozotocin, O+STZ
– overweight plus streptozotocin (±SE, *P<0.05-0.01 –
compared with the control values).





DISCUSSION

Fig. 2. Apoptotic changes in the piglet splenic tissue
A – control group, B – overweight with acute inflammation
group, → apoptotic cells. Bar 20 μm.

The presented data indicate that different types of
inflammation induced various apoptotic responses in the piglet spleen and liver. Programmed
cell death, apoptosis, is an important mechanism
regulating the development, maturation, and activation of lymphocytes (VAN PARIJS and ABBAS,
1998). Apoptosis present in parasitic infections
(overaction of the immune system) may be involved in down-regulating inflammatory T-helper cell–1 responses (FALLON et al., 1998). Other
factors involved in apoptosis may include tumor
necrosis factor, nitric oxide, or reactive oxygen
(VILLEWAL et al., 1990), all of which are present at
high concentrations in the mouse spleen during
acute infection. In our study spleen cells showed
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Fig. 4. Apoptotic changes in the piglet liver (A – control
group, B – overweight group, C – acute inflammation group,
→ apoptotic cells). Bar 20 μm.

apoptotic changes in overweight animals as well
as in piglets with overweight and those injected
with streptozotocin. Streptozotocin (STZ, 2-de-
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oxy-2-3-(methyl-3-nitrosoureido)-D-glucopyranose) isolated from Streptomyces achromogenes
is used to induce both insulin-dependent and
non-insulin-dependent diabetes mellitus by
damaging the pancreas cells. It is known that
STZ action is mediated by activation of the immune mechanism (ITO et al., 1999). In our experiment we used a single injection of streptozotocin
which induced acute inflammation. We observed
increased levels of proinflammatory cytokines
(TNF, IL-6, CRP) in the blood twenty-four hours
after STZ administration, which confirmed the
inflammatory state (unpublished data).
We observed that acute inflammation, twentyfour hours after STZ administration, had no effect on the apoptotic process in the porcine spleen.
Unexpectedly, our results did not prove the proapoptotic effect of STZ on the spleen cells. It may
suggest that during the inflammation state the
main action of the spleen is directed toward synthesis and release of proinflammatory cytokines.
This suggestion is in agreement with the results
obtained earlier by COCKFIELD et al., (1989) who
showed that small but cumulative doses of STZ
significantly increased the plasma level of IFN-γ,
the major indicator of an inflammatory state. On
the other hand, streptozotocin has been shown to
damage not only islets but also many other tissues including lymphoid organs (KOLB, 1987). A
decreased state of immune reactivity has been reported after high or multiple low doses of streptozotocin (SCHWARTZ and EARDLEY, 1985). In chronic
inflammation (overweight animals), as well as in
group IV, we observed an increase in the number
of apoptotic cells, which suggested the likely impact of the altered immuno-metabolic status on
the splenic tissue. We have also observed a correlation between the number of apoptotic cells and
the level of cytokines (TNF, IL-6) in the piglet
spleen (unpublished data). The results may indicate that an increase in proinflammatory adipokine secretion plays an important role in the
spleen damage.
The onset of diabetes is accompanied by the
development of major biochemical and functional
abnormalities in the liver, including alterations
in carbohydrate, lipid and protein metabolism,
as well as changes in the antioxidant status
(CHATILA and WEST, 1996; HARRISON et al. 2006). It
was found that hyperglycemia increases the production of mitochondrial reactive oxygen species
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(ROS), which could represent a key mechanism
in the development of diabetic complications
(NISHIKAWA et al., 2000; KIRITOSHI et al., 2003).
The initial cellular response to high glucose challenge is the generation of ROS, which rapidly
induces apoptotic cell death (PARK et al., 2001).
Reactive oxygen species are involved in the induction of apoptosis by different stimuli as well
as pathological cell death that occurs in many
diseases (OH et al., 2004). The prevalence of liver
diseases is increased in patients with either type
1 or type 2 diabetes (SAXENA et al., 1993; BELL and
ALLBRIGHT, 2007). Clinically, changes in the size
of the liver are seen in both juvenile and adult
diabetic patients, as a result of alterations in
cell numbers, cell growth, and/or cell death and
apoptosis (CHATILA and WEST, 1996).
In our study a single streptozotocin injection
resulted in a higher number of apoptotic cells in
the liver, which may indicate a direct effect of
acute inflammation on hepatic cells, probably related to the removal of toxins. We observed that
a 3-week high-calorie diet effectuated a significant decrease in the number of apoptotic cells;
however no effects of STZ on the prolonged inflammation were found.
The present study has clearly shown that different types of inflammation (chronic or acute)
induce different apoptotic responses in the tested tissues. In overweight animals we observed
a direct, potent effect of a high-calorie diet on
the apoptotic process in the spleen, whereas in
the liver, a direct effect of streptozotocin (acute
inflammation) was noted. The knowledge of the
spleen and liver functions could be helpful in developing appropriate prevention strategies and
managing the pandemic of obesity.

ACKNOWLEDGEMENTS

The study was supported by the NCN grant No.
NN 311 227 138 and DS 3243/KFEZ/2014

REFERENCES
BELL, D.S. and E. ALLBRIGHT. 2007. The multifaceted
associations of hepatobiliary disease and diabetes. End.
Pract. 13: 300–312.

CHATILA, R and A.B. WEST. 1996. Hepatomegaly and
abnormal liver tests due to glycogenosis in adults with
diabetes. Medicine 75: 327–333.
DAMESHEK, W. 1955. Hypersplenism. Bull. N. Y. Acad. Med.
31, 113–136.
FALLON, P.G., P. SMITH and D.W. DUNNE. 1998. Type 1 and
type 2 cytokine-producing mouse CD4+ and CD8+ T
cells in acute Schistosoma mansoni infection. Eur. J.
Immunol. 28: 1408-16. 21.
FELDSTEIN, A.E., A. CANBAY, P. ANGULO, M. TANIAI, L.J.
BURGART, K.D. LINDOR and G.J. GORES. 2003. Hepatocyte
apoptosis and fas expression are prominent features of
human non alcoholic steatohepatitis. Gastroenterology
125: 437–443.
FESTI, D., A. COLECCHIA, T. SACCO, M. BONDI, E. RODA and G.
MARCHESINI. 2004. Hepatic steatosis in obese patients:
clinical aspects and prognostic significance. Obes. Rev.
5:27-42.
FRUHBECK, G. and J. SALVADOR. 2004. Role of adipocytokines
in metabolism and disease. Nutr. Res. 24: 803–826.
HOTTAMISLIGIL, G.S. 2006. Inflammation and metabolic
disorders. Nature 444: 860–867.
ITO, M., Y. KONDO, A. NAKATANI and A. NARUSE. 1999. New
model of progressive non-insulin dependent diabetes
mellitus in mice induced by Streptozotocin. Biolog.
Pharmaceut. Bull. 22: 988-989.
JENSEN, M.D. 2006. Adipose tissue as an endocrine organ:
implication of its distribution on free fatty acid
metabolism. Eur. Heart. J. (suppl.); 8: B13–B19.
LAMAS, O., J.A. MARTÍNEZ and A. MARTI. 2004. Decreased
splenic mRNA expression levels of TNF-alpha and IL-6
in diet-induced obese animals. J. Physiol. Biochem. 60:
279–283.
OH, S., B. LEE, and S. LIM. 2004. Cadmium induces apoptotic
cell death in WI 38 cells via caspase-dependent Bid
cleavage and calpainmediated mitochondrial Bax
cleavage by Bcl-2-independent pathway. J. Bcp. 68(9):
1845-1855.
SAXENA, A.K., P. SRIVASTAVA, R.K. KALE and N.Z. BAQUER.
1993. Impaired antioxidant status in diabetic rat liver.
Effect of vanadate. Biochem. Pharmacol. 45 :539–542.
SENN, J.J., P.J. KLOVER, I.A. NOWAK and R.A. MOONEY. 2002.
Interleukin-6 induces cellular insulin resistance in
hepatocytes. Diabetes 51: 3391–3399.
THACKER, R.I. and E.M. JANSSEN. 2012. Cross-presentation of
cell-associated antigens by mouse splenic dendritic cell
populations. Front. Immunol. 3: 41
VAN PARIJS, L. and A.K. ABBAS. 1998. Homeostasis and selftolerance in the immune system: turning lymphocytes
off. Science 280:243-8
VILLEVAL, J.L., A. LEW and D. METCALF. 1990. Changes
in hemopoietic and regulator levels in mice during
fatal or nonfatal malarial infections. I. Erythropoietic
populations. Exp. Parasitol. 71:364-74.
ZIMMERMANN, K.C. and D. GREEN. 2001. How cells die:
apoptosis pathways. J. Allergy Clin. Immunol. 108
(Suppl.):99-103.

