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Abstract
AIM: To evaluate whether combination therapy with anti-
tumour necrosis factor α (���TNFα)� �������������  �����������  antibody and Zn acetate 
is beneficial in ��������� ������ ��������� ������ ���������dextran sodium sulphate� ������ ��������� (DSS) colitis. 

METHODS: Colitis was induced in CD1-Swiss mice 
with 5% DSS for 7 d. The experimental mice were then 
randomised into the following subgroups: standard diet 
+ DSS treated (induced colitis group); standard diet + 
DSS + subcutaneous 25� μg anti-TNFα treated group; 
Zn acetate treated group + DSS + subcutaneous 25 μg 
anti-TNFα; standard diet + DSS + subcutaneous 6.25 μg 

anti-TNFα treated group and Zn acetate treated group 
+ DSS + subcutaneous 6.25 μg anti-TNFα. Each group 
of mice was matched with a similar group of sham 
control animals. Macroscopic and histological features 
were scored blindly. Homogenates of the colonic mu�
cosa were assessed for myeloperoxidase activity as a 
biochemical marker of inflammation and DNA adducts 
(8OH-dG) as a measure of oxidative damage. 

RESULTS: DSS produced submucosal erosions, ulcers, 
inflammatory cell infiltration and cryptic abscesses 
which were reduced in both groups of mice receiving 
either anti����-���TNFα alone or combined with zinc. The ef�
fect was more pronounced in the latter group��  �(vs  Zn 
diet��, P  < 0.02).����� �������������� ������� � ��������������������������  Myeloperoxidase activity (vs  controls��, 
P < 0.02) and DNA adducts, greatly elevated in the 
DSS fed colitis group (vs  controls��,� P < 0.05), were sig�
nificantly reduced in the treated groups, with a more 
remarkable effect in the group receiving combined 
therapy (vs  standard diet��,� P  < 0.04). 

CONCLUSION: DSS induces colonic inflammation 
which is modulated by the administration of anti-TNFα. 
Combining anti-TNFα ����� ���������������������������   with Zn acetate offers marginal 
benefit in colitis severity.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Ulcerative colitis and Crohn’s disease are chronic diseases 
of  the gastrointestinal tract characterized by activation 
of  the immune system with production of  several in-
flammatory cytokines[1,2]. Altered T cell apoptosis[����3���,��4�] and 
abnormal production of  the pro-inflammatory cytokine 
tumour necrosis factor α (TNFα) play a central role in 
intestinal inflammation of  inflammatory bowel disease 
patients[��5�].

Novel treatment strategies based on the inhibition of  
TNFα have shown to be effective both in experimen-
tal models of  colitis[��6�] and in inducing and maintaining 
remission in humans affected with inflammatory bowel 
disease[��7�]. However, as these therapies are very expensive 
they may represent an important and unaffordable eco-
nomic burden in the near future. 

Trace element metabolism is��������������  �� ������� ������������� �� �������altered during inflam-
matory processes of  the gastrointestinal tract. Zinc is 
essential for intestinal homeostasis, since there are sev-
eral zinc-dependent antioxidant enzymes such as super-
oxide dismutase which converts superoxide to hydrogen 
peroxide and metallothionein which can neutralize free 
radical production. Moreover, zinc status affects gene 
expression of  the inflammatory cytokines TNF, IL-
1B and IL-8. Zinc deficiency causes functional defects 
in T cells, neutrophils and macrophages, and positive 
modulatory responses are produced following zinc 
supplementation[��8�]. In the model of  acetic acid-induced� 
ulcerations, zinc reduced mucosal damage[��9�]. In models 
of  experimental colitis both oral and topical zinc treat-
ment were found to decrease intestinal inflammation, to 
favour mucosal healing and to improve immune func-
tion[1��0�], We therefore thought that zinc may be useful if  
added to conventional anti-TNFα therapy in modulat-
ing the symptoms of  dextran sodium sulphate (DSS)-in-
duced colitis in mice and in decreasing oxidative stress.

MATERIALS AND METHODS
Animals 
Male CD1 Swiss mice, 4 wk old, weighing 20-25 g pur-
chased from Charles River (Calco, Italy) were used in this 
study. The animals were kept in plastic platform cages in 
a temperature controlled room (22 ℃) under a 12-h light-
dark cycle, with free access to water and standard chow 
containing 125 mg/kg zinc oxide. The experimental pro-
tocol was approved by the Veterinary and Health Com-
mittee of  the University of  Padua.

Experimental protocol   
Mice were fed 5% DSS (5% dextran sulphate solution 
purchased from ICN Pharmaceuticals, SRL, Italy) dis-
solved in drinking water in one single cycle to induce acute 
colitis. The cycle consisted of  administering 5% DSS for 
7 d which caused loose stools in all animals and the pres-
ence of  gross rectal bleeding in about 50% of  the animals. 

The animals were randomised into the following 
six groups each with 6 mice: ���������������������������   (1�������������������������   ) healthy untreated mice 
receiving standard diet; ���������������������������������    (2�������������������������������    ) induced colitis group, i.e.,� 
mice receiving standard diet + 5% DSS for 7 d; ��������� (3������� ) mice 
receiving standard diet + 675 mg/kg Zn acetate supple-
ment starting 7 d before induction of  colitis; ��������� (4)������  mice 
receiving standard diet + 25 μg anti-TNFα intraperito-
neally after 1 wk of  DSS administration;� ����������������   (5��������������  ) mice receiv-
ing standard diet + 675 mg/kg Zn acetate supplement 
+ 25 μg anti-TNFα intraperitoneally after 1 wk of  DSS 
administration; and �����������������������������������     (6���������������������������������     ) mice receiving standard diet + 
675 mg/kg Zn acetate supplement + 6.25 μg anti-TNFα 
intraperitoneally after 1 wk of  DSS administration. The 
three groups receiving anti-TNFα treatment were sac-
rificed 48 h after initiation of  treatment. Anti-TNFα 
monoclonal antibody (rat anti-mouse TNFα) was pur-
chased from Biosource International Inc. (United States) 
and Zn Acetate 675 mg/kg diet, from Mucedola SRL,� 
(Milano, Italy).

Macroscopic and histologic features of colitis
Damage was assessed macroscopically by scoring the 
number and extent of  ulcers, adhesions, and thickness of  
the colonic wall[���11�] and histologically by scoring cryptitis, 
crypt abscesses and epithelial injury. Colonic tissue sam-
ples were obtained�����������������������������������     ����������������������������������   and processed for myeloperoxidase 
and 8-hydroxydeoxyguanosine (8-OHdG) in order to 
quantify inflammation and DNA damage.

Colonic samples were immediately fixed in buffered 
formalin (10%). After fixation, the specimens were rou-
tinely processed and embedded in paraffin. Serial histol-
ogy sections of  4� μm thickness were obtained from each 
paraffin block and mounted on poly-L-lysine coated 
slides. ��������������������������������������������������     S�������������������������������������������������     ections were stained with haematoxylin-eosin and 
examined blindly. 

Cryptitis was defined as the presence of  polymorpho-
nuclear cells within crypt epithelium, while crypt abscess-
es were defined as the presence of  polymorphonuclear 
cells within the crypt lumens. Epithelial injury included 
changes such as crypt regeneration, mucodepletion, cu-
boidal shape, nuclear enlargement, loss of  surface cells, 
erosion, and ulceration. Each of  the features, defined 
above, was scored on a 0 to 3+ scale based on the sever-
ity and degree of  involvement[12,13].

Mean colonic activity scores for cryptitis, crypt ab-
scesses and epithelial injury were marked for each slide 
on the following basis: 0 (no activity); 1-2 (mild activity); 
3-4 (moderate activity); 5-6 (severe activity). 

Assessment of myeloperoxidase activity
Assessment of  myeloperoxidase (���������������������   MPO) activity was as-



4101 September 28, 2011|Volume 17|Issue 36|WJG|www.wjgnet.com

sessed according to the method previously described[���14�]. 
Briefly, colonic tissue samples were minced in 1 mL of  
50 mmol/L potassium phosphate buffer (pH �� ��������� = ��������� 6.0) con-
taining 14 mmol/L hexadecyltrimethylammonium bro-
mide (Fluka), homogenized and sonicated. The lysates were 
frozen and thawed thrice, then centrifuged for 2 min in cold 
at 1 5000 g. Aliquots of  the supernatants were mixed with 
potassium phosphate buffer containing o-dianisidine-
HCl (Sigma-Aldrich, St. Louis, MO, United States) and 
0.0005% H2O2. MPO activity was expressed as units/g 
of  wet tissue. The enzyme unit was defined as the con-
version of  1 mol of  H2O2 per min at 25.

8-OHdG determination
Oxidative DNA damage was assessed following previ-
ously described��������  �������methods[���15�]. Briefly, colonic biopsy speci-
mens were thawed, homogenized in a separation buffer 
and approximately 20 μg of  purified DNA per sample 
was injected into the HPLC system (Shimadzu, Kyoto, Ja-
pan). The 8-OHdG was detected using an electrochemi-
cal detector (ESA Coulochem Ⅱ 5200A, Bedford, MA, 
Untied States). The levels of  8-OHdG were expressed 
as the number of  8-OHdG adducts per 105 dG bases. 
The coefficient of  variation was <� ���������  ������ ���10%; 100 μg of  DNA 
were required for the determination.

Statistical analysis
Data are expressed as median (interquartile range). Sta-
tistical data were analyzed with Mann-Whitney U test for 
comparison of  the groups and Spearman’s rank correla-
tion test. P values less than 0.05 were considered signifi-
cant.

RESULTS
Macroscopic evaluation of colitis
The macroscopic score was increased significantly in 
untreated colitic mice. Groups treated with anti-TNFα� 
or anti-TNFα� and zinc acetate showed a decreased mac-
roscopic score which was more evident in the combined 
diet. Chronic feeding of  DSS significantly increased the 
colonic activity score. The administration of  anti-TNFα� 
alone or combined with zinc acetate significantly reduced 
this index. The effect appeared to be significantly more 
evident in the group receiving anti-TNFα� and zinc ac-
etate than in the group receiving anti-TNFα� alone. The 

administration of  a reduced dose������������   ����������� of  anti-TNFα (6.25 μg) 
was effective only if  combined with zinc acetate (Table 1)��.� 

Myeloperoxidase activity
Myeloperoxidase activity was increased in all colitic mice. 
However, there was a significant reduction in this activ-
ity in the groups treated with anti-TNFα alone and anti-
TNFα + Zn supplementation, with a slightly better effect 
in the group receiving the combination therapy. A lower 
dose of  anti-TNFα was associated with reduced MPO 
activity only in the group receiving both zinc and anti-
TNFα (Table 1).

Determination of oxidative damage as measured by 
8-OHdG mucosal levels
Oxidative damage was significantly increased in colitic 
mice. Anti-TNFα significantly reduced DNA adducts, 
OH-dG levels were similar in the group receiving both 
anti-TNFα and zinc acetate (Figure 1). Anti-TNFα treat-
ment significantly reduced DNA adducts at both doses 
used. In both groups receiving the combination therapy, 
DNA adducts were reduced compared to anti-TNFα 
therapy alone, but no significant effect was demonstrated 
with respect to the groups receiving anti-TNFα alone 
(Figure 1).

DISCUSSION
Chemically induced models of  intestinal inflammation are 
widely used as surrogate models of  chronic inflammatory 
bowel disease and oral DSS administration effectively re-
sembles human inflammatory bowel disease with similar 
clinical features (bloody diarrhoea) and endoscopic/his-
tological findings��������������������������������������������     �������������������������������������������   (ulcerations�������������������������������    ������������������������������  and neutrophil infiltration). 
DSS is believed to be directly toxic to gut epithelial cells 
of  the basal crypts and affects the integrity of  the mu-
cosal barrier. 

Zinc metabolism has been reported to be reduced in 
about 65% of  patients with Crohn’s disease. In an experi-
mental model of  colitis we also reported that zinc sup-
plementation induced metallothionein expression, while 
having little effect on the short-term course of  colitis[���16�]. 
Zinc has several potential mechanisms of  action which 
can benefit the inflammatory process. It regulated tight 
junction permeability in an experimental model of  coli-
tis[���17�] and in Crohn disease[���18�]. ����������Sturniolo et al[����19��]� reported 

Table 1  Biochemical and morphological parameters of colitis severity among the study groups 

Macroscopic score Colonic activity index Myeloperoxidase activity (U/g)

Controls 0 (0-0) 0 (0-0) 1.9 (1.34-1.1)
Colitis  1 (1-1)b  4 (1-1)a  5.69 (0.04-0.21)b

Colitis + Zinc  2 (2-2)b  5 (0-0)a                   7.8 (0-0.8)e

Colitis + anti-TNFa (25 μg)         0.5 (0-1)  4 (1-3)a                 4.85 (1.81-3)d

Colitis + Zinc + anti-TNFa (25 μg)  0 (0-0)c    1 (2-0)a,d                 3.88 (2.9-2.87)
Colitis + anti-TNFa (6.25 μg)      1 (0.25-1) 5 (0-2)                 5.44 (0.63-0)
Colitis + Zinc + anti-TNFa (6.25 μg)         0.5 (0-1) 3 (2-0) 4.42 (0.34-0.33)

aP  < 0.01 vs  controls; bP  < 0.03 vs  controls; cP  < 0.03 vs  colitis; dP < 0.02 vs  colitis+Zinc; eP   < 0.02 vs  controls. TNF: Tumour necrosis factor.
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that zinc sulphate enemas exert an anti-inflammatory ac-
tion on experimental colitis. 

In the last few years,�����������������������������������     ����������������������������������   biological therapies have changed 
the pharmacological armamentarium of  inflammatory 
bowel disease therapy: the first and still most widely used 
drug is the anti-TNFα monoclonal antibody, infliximab[���20�]. 
Even in experimental models of  colitis, the subcutaneous 
administration of  infliximab reduced the inflammatory 
activity as well as tissue TNFα concentration[���21�]. Our ex-
perimental approach which added zinc acetate to the diet 
while administering anti-TNFα monoclonal antibody, 
aimed to ����������������������������������������������      examine the effects on DSS-induced colitis in 
mice.

The mucosa did not show complete healing prob-
ably because the treatment effects were evaluated 48 h 
after treatment. Nevertheless, therapy with anti-TNFα� 
ameliorated the macroscopic and histological aspects�����  ����and 
decreased myeloperoxidase concentration. Similar results 
were reported by Videla et al[���22�] who found that anti-
TNFα significantly reduced the release of  inflammatory 
mediators and induced histopathological remission in a 
model of  experimental colitis. Zinc alone had little effect 
in ameliorating the severity�����������������������������      ����������������������������    of��������������������������     �������������������������   acute colitis induced by 
intra-rectal instillation of  dinitrobenzene-sulphonic acid 
in rats, even though Tran et al[���23] and Luk et al[24] recently 
reported some therapeutic effects of  zinc supplementa-
tion in DSS-induced colitis in�������  ������mice. 

Zinc�����������������������������������������������      ����������������������������������������������    supplementation alone worsened the histopatho-
logical and biochemical aspects of  colitis compared to 
colitis alone and this can be explained by the fact that 
superoxide dismutase by itself  is a pro-oxidant enzyme 
by virtue of  its ability to generate hydrogen peroxide[������2�����5,26]. 
This may explain why a worsening of  colitis was recorded 
when zinc was added alone. However, in our study zinc 
allowed us to reduce the dose of  anti-TNFα maintaining 
the same biochemical and morphological effects.

Acute colitis is characterised by an increased produc-
tion of  free radicals which contribute to protein, DNA 
chain and lipid damage. As the antioxidant potential of  
colonic epithelial cells is quite low, this results in tissue 

injury[���2��7]. The administration of  antioxidants thus has the 
potential to improve the outcome of  experimental colitis 
by scavenging free radicals. In our experimental condi-
tions, the oxidative damage, expressed by DNA adducts 
was significantly reduced in the groups treated with anti-
TNFα confirming the findings of  �����������Popivanova� et al[2��8]. In 
our study, the effect of  anti-TNFα on oxidative stress 
appeared to be dose-dependent with the highest dose 
having the strongest effect in reducing oxidative damage, 
and the combination of  ��������anti-TNFα and zinc supplemen-
tation added little effect.

Obermeier� et al[���2��9] reported that excess nitric oxide 
formation occurs in experimental colitis and can be 
decreased by treatment with rat anti-mouse TNF and 
interferon gamma monoclonal antibodies.������������   ����������� In several 
studies, zinc supplementation ameliorated antioxidant 
concentrations thus reducing the production of  oxidative� 
species[������2�����7����-���30]. In the present study, zinc supplementation 
allowed a reduction in the dose of  anti-TNFα antibody, 
while maintaining the same level of  reduced intestinal 
inflammation observed with a higher dose of  anti-TNFα 
antibody alone, as quantified by the four parameters of  
tissue inflammation utilized in the study.����������������    ���������������  This effect is 
in accordance with the described capability of  zinc to 
increase antioxidant concentration and reduce oxidative 
species.

In conclusion, the combined administration of  zinc 
acetate in the diet along with the systemic administra-
tion of  anti-TNFα had a p�������������������������������    ositive effect in reducing the 
severity of  DSS-induced colitis in mice, with reduced 
production of  DNA adducts. Moreover, the same effect 
was demonstrated with the reduced anti-TNFα dose 
combined with zinc. This experimental approach offers 
the advantage of  reducing the potential side effects of  
anti-TNFα �����������������������������������������������     and costs, while ameliorating oxidative stress 
and inflammation in patients with inflammatory bowel 
disease. 

COMMENTS
Background
Dextran sodium sulphate (DSS) colitis is a well-known model of inflammatory 
bowel disease in which the authors tested the effect of the well-known drug anti-
tumour necrosis factor α (TNFα) combined with zinc with the aim of evaluating 
the possibility of lowering the dose of anti-TNFα.
Research frontiers
In this article the authors explore the possibility of a combination therapy in inflam-
matory bowel disease (IBD) in order to reduce potential side effects and costs.
Innovations and breakthroughs
In this article, zinc was added to a biological therapy in order to evaluate the ef-
fects of this combination therapy. ��������������������������������������������������       T����������������������������������������       ���������here are no articles in the literature exploring 
this combination therapy. 
Applications 
The potential application����������������������������������������������������        s ��������������������������������������������������       include the possibility of adding zinc to anti-TNFα 
therapy. Moreover, future perspectives include the application of other combina-
tion therapies in inflammatory bowel disease.
Peer review
This study considers the investigation of the role of combined administration of 
Zinc acetate in the diet with systemic administration of anti TNF alfa on the effect 
of  the severity of experimental colitis in mice induced by DSS. The study is set 
up correctly. The paper is written sufficiently good, the Introduction give a good 
overview about the study background and the authors raised clearly the hypoth-

Figure 1  8-hydroxydeoxyguanosine. aP < 0.05 vs controls; bP < 0.02 vs colitis; 
cP < 0.04 vs colitis. TNF: Tumour necrosis factor.
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esis of the study. The description of methods used is accurate. The results are 
presented clearly and have been discussed well, the table and figure give good 
overview about the results.
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