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Effects of Oral Zinc Sulfate on Induced Colitis in Rabbits

Azher A. Aljumaa MBChB, MSc, Adeeb A. Al-Zubaidy MBChB, MSc, PhD

Abstract
Back ground: The failure of current
treatment strategies to control many cases of
IBD makes a strong stimulus to find out new
modalities of treatment.
Aims: to study the effects of zinc sulfate on
induced colitis in rabbits.
Materials and Methods: Colitis was
induced in rabbits by rectal acetic acid-
ethanol (model 1), or acetic acid (model 2).
The effects of zinc sulfate were compared to
distilled water (control), and prednisolone
regarding changes in body weight, colon
segment weight, and gross and
microscopical scores. Plasma zinc and
copper concentrations were measured in
control and zinc sulfate groups in both
models.
Results: In model 1, severe gross and
microscopical damage observed in colon.
Gross and microscopical scores of zinc
sulfate group were not significantly different
from that of control and of prednisolone
groups.

In model 2, a less severe inflammation
occurred; yet, an evident gross and
microscopical damage were observed.

Zinc sulfate and prednisolone
treatment reduced the loss of body weight of
rabbits in comparison to the control. The
gross and microscopical damages were
significantly lowered in zinc sulfate and
prednisolone groups.

In both models (1 and 2), a significant
decrement in post induction mean plasma
zinc level was detected (p < 0.05); however,
such decrement could be corrected by zinc
sulfate therapy.
Conclusions: Acetic acid -induced colitis in
rabbits (model II) is preferred for testing the
anti-inflammatory effectiveness of new
therapeutic modalities. Zinc sulfate has a
valid prophylactic activity in this model.
Keywords: Inflammatory bowel disease,
induced colitis, acetic acid, zinc sulfate,
prednisolone.
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Introduction
Idiopathic inflammatory bowel

disease (IBD) comprises those
conditions characterized by a
tendency for chronic or relapsing
immune activation and inflammation
within the gastrointestinal tract (1),
Crohn’s disease (CD) and ulcerative
colitis (UC) are the two major forms
of idiopathic IBD (2). Ulcerative
colitis and CD pursue a protracted,
relapsing and remitting course,
usually extending over years (3).
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Recent studies pointed to the
important role of free oxygen
radicals in the pathogenesis of IBD
both in animal models of induced
colitis and in human beings.

one of the more commonly
used models of Induced Colitis in
Rabbits is acetic acid induced colitis
(4).This experimentally induced
colitis is similar to the human
condition in certain aspects (e.g.,
acute inflammation with neutrophil
infiltration (5), increased
concentrations of LT B4, and PG E2
(6), superoxide dismutase (7,8) and
increased production of
inflammatory mediators, such as
hydrogen peroxide (H2O2), nitric
oxide (NO), myeloperoxidase
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activity (MPO), and tumor necrosis
factor (TNF-alpha) ( 8).

Zinc has both antioxidant and
anti-inflammatory actions. Zinc
consideration as an antioxidant stems
from its presence in Cu/Zn-
Superoxide dismutase, an enzyme
with a major role as scavenger of
free radicals in the cytoplasm of
many types of cells and in the
extracellular space.

Hence according we try to
explore the possible beneficial
prophylactic and therapeutic effect of
oral zinc sulfate for induced colitis in
rabbits.
Materials and Methods

Colitis was induced in male
rabbits by rectal administration of
5% acetic acid-30% ethanol (model
1) (9), or 2% acetic acid (model 2)
(10). Animals in different groups were
orally administered 10 ml of distilled
water (control), prednisolone (2
mg/kg/day dissolved in 10 ml
distilled water), or zinc sulfate (50
mg/kg/ day dissolved in 10 ml
distilled water). Each agent
(including distilled water) was
administered orally two days prior to
induction of colitis, the day of
induction, and a dose 22 hours post-
induction (i.e., 2 hours prior to
killing of the animal). Twenty four
hours after induction, the animals
were sacrificed and the abdomen was
opened longitudinally, and a segment
of colon 8 cm (11), proximal to anus
was removed for assessment of
colonic inflammation.

The effects were observed as
changes in body weight, colon
segment weight and gross
histological score (Table 1) (12).
Colonic samples (0.5 cm of length)
were taken from the 8 cm segment,
fixed in 10% formaldehyde and the
routine 5 micrometer sections were
prepared. Tissues were routinely

stained with haematoxylin and eosin,
coded, and evaluated blindly by light
microscopy (with 40x high power
objective lens) (13). Each slide was
scored according to Christian, et al.,
(14) to assess the extent of colonic
inflammation.
The score ranges from 0 to 40 (total
score), which represents the sum of
the products of each criterion by the
score of the percentage involvement.
All evaluations were performed by
observers unaware of the treatment
groups.

Scores ranged from 0 to 40,
four criteria were depended:
Inflammation severity scored from 0-
3 as None, Mild, Moderate, Severe
respectively, Inflammation extent
from 0-3 as None, Mucosa,
Submucosa, Transmural,
respectively, Crypt damage from 0-4
as None, Basal 1/3 damage, Basal
2/3 damage, Crypt lost; surface
epithelium present, Crypt and
surface epithelium lost respectively;
Percent involvement from 0-4 as
0%1–25%, 26–50%, 51–75%, 76–
100%, respectively. The score (total
score) represents the sum of the
products of each criterion by the
score of the percentage involvement
(15).

Plasma zinc and copper
concentrations were measured in
control and zinc sulfate groups in
both models before the first dose of
treatment and just before killing with
the aid of atomic absorption
spectrophotometry.

Results are expressed in tables
as means + standard error of mean
(SEM), or drown as bar charts.
Paired student's T test was applied
for data from the same group, while
unpaired student's T test was used
for data of different groups. When P
value was < 0.01, it was considered
as highly significant, while 0.01 < p
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< 0.05 was considered as significant
(16).
Results
In model one, 5% acetic acid- 30%
ethanol induced severe gross and
microscopical damage in colon with
marked increments in weight of
colonic segment. Gross score and
colon segment weight of zinc sulfate
group were not significantly different
from that of the control and of the
prednisolone groups (p >0.05),
(Figures 1, 2 and 3).

Microscopical score of zinc
sulfate group was also not
significantly different from that of
the control group (p > 0.05), but, it
was significantly lower than
prednisolone group (p <0.05) (Figure
4).
In model two, 2% acetic acid
induced a less severe form of
inflammation in colon; yet, it had a
marked effect in reducing the body
weight of rabbits and with evident
gross and microscopical damage in
colon.

Zinc sulfate treatment and
prednisolone treatment reduced the
loss of body weight of rabbits in
comparison to the control group
(Table 2).

The mean (±SEM) post-
induction rectal temperature for
control group (38.78 ± 0.2Cº)
showed a statistically insignificant (p
> 0.05) increment from the mean
pre-induction readings (38.55 ±
0.14Cº). On the other hand, post-
induction readings for zinc sulfate
group (38.73 ± 0.17Cº) and post-
induction readings for prednisolone
group (37.84 ± 0.38Cº) decreased
insignificantly (p > 0.05) from mean
pre-induction readings (38.94 ±
0.21Cº), and (38.61 ± 0.15Cº)
respectively.

When comparing mean post-
induction rectal temperature of zinc
sulfate group and prednisolone group

to the corresponding readings of
control group, the differences were
insignificant (p > 0.05), while when
comparing corresponding readings of
prednisolone and zinc sulfate group,
there was a significant decrease
(0.01< p < 0.05) in mean post-
induction rectal temperature of
prednisolone group, (Figure 5) .

The mean (±SEM) colon
segment weight of zinc sulfate group
(2.02 ± 0.14 mg) and prednisolone
group (1.87 ± 0.16 mg) were
insignificantly (p > 0.05) more than
that of the control group (1.76 ± 0.10
mg), (Figure 6).

Compared to that of
prednisolone group, the mean weight
of colon segment of zinc sulfate
group did not differ significantly (p
> 0.05).

The means gross histological
score significantly lowered in zinc
sulfate group and prednisolone group
in comparison to the control group (p
< 0.05) (Table 3) and (Figure 7).

The mean microscopical score
was significantly lowered in zinc
sulfate group and prednisolone group
in comparison to the control group (p
< 0.05) (Figure 8).

The effects of zinc sulfate in
regards to colonic segment weight,
gross histological score, and
microscopical score were
comparable to those of prednisolone
(p > 0.05).
In both models, (1 and 2), a
significant decrement in post
induction mean plasma zinc level
was detected (p < 0.05); however,
such decrement could be corrected
by zinc sulfate therapy, on the other
hand, post induction mean plasma
copper concentration obviously
increased when compared to the pre-
induction levels, (Table 4) and
(Table 5) below shows the changes
in plasma concentrations of zinc and
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copper in response to induction of
colitis and zinc sulfate treatment.

Table 1: Gross mucosal inflammation scoring index. (Modified
from Brian, et al., 1997)(12)

Score Macroscopic Appearance

0 Normal

1 No ulcer; mild petechia/hypervascularity

2 No ulcer; moderate petechia/hypervascularity

3 Ulcer <1 cm with petechia/hypervascularity

4 Same as above at 2 or more sites

5 Ulcer ≥ 1 cm with petechia/hypervascularity

6 Ulcer ≥ 2 cm with petechia/hypervascularity

7 Ulcer ≥ 3 cm with petechia/hypervascularity

8 Ulcer ≥ 4 cm with petechia/hypervascularity

9 Ulcer ≥ 5 cm with petechia/hypervascularity

10 Ulcer ≥ 6 cm with petechia/hypervascularity

Table 2: Mean Initial and Post-induction Body Weight (g) of
control and treatment groups in Acetic acid (2 %)-induced colitis

Groups
Mean Initial Body
Weight (±SEM) (g)

Mean Post-induction Body
Weight (±SEM) (g)

Control 1225 ± 86.2 1170 ± 88.96 ***
Prednisolone 1228.3 ± 83 1183.3 ± 90*
Zinc Sulfate 1285.7 ± 90.4 1238.6 ± 91.2 **

*** Highly significant (p< 0.005) in comparison with the initial B.Wt
** Highly significant (0.005 < p < 0.01) in comparison with the initial B.Wt
* Significant 0.01< p < 0.05 in comparison with the initial B.Wt
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Table 3: Mean (±SEM) gross histological score (0-10) of rabbits in control
and treatment groups in acetic acid (2%) - induced colitis

Groups
No. of

Rabbits
Mean gross score ± (SEM)

Control 7 8.86 ± 0.51

Prednisolone 6 7 ± 2.45 *

Zinc Sulfate 7 6.25 ± 1.23 *

*Significant reduction (0.01< p < 0.05) in comparison with the control

Table 4: Mean plasma zinc and copper concentrations (ppm) of control and
zinc sulfate groups in Acetic acid (5 %) - Ethanol (30%)-induced colitis

Group
Plasma zinc concentration Plasma copper concentration

Pre-induction Post-induction Pre-induction Post-induction

Control 1.35 ± 0.18 0.31** ± 0.10 0.43 ± 0.08 0.68* ± 0.11

Zinc sulfate 0.93 ± 0.11 0.50* ± 0.10 0.34 ± 0.09 0.50 ± 0.15

** Highly significant reduction (p< 0.01) in comparison with its pre induction level
* Significant difference (p < 0.05) in comparison with its pre induction level

Table 5: Mean (±SEM) plasma zinc and copper concentrations (ppm) of
control and zinc sulfate groups in acetic acid (2 %)-induced colitis

Group
Plasma zinc concentration Plasma copper concentration

Pre-induction Post-induction Pre-induction Post-induction

Control 1.66 ± 0.10 1.32 ± 0.12 * 0.71 ± 0.10 0.76 ± 0.08

Zinc sulfate 1.39 ± 0.11 1.56 ± 0.15 0.61 ± 0.11 0.81 ± 0.17 *

* Significant difference ( p < 0.05) in comparison with the pre-induction levels



Effects of Oral Zinc Sulfate on Induced Colitis….. Azher A. Aljumaa et al

Iraqi Journal of Medical Sciences 9

2.74

2.31

2.74

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

M
e

a
n

w
e

ig
h

t
(m

g
)

o
f

c
o

lo
n

s
e

g
m

e
n

t

C
ontr

ol

Pre
dnis

olo
ne

Zin
c

Sulfa
te

Figure 1: Mean weight of colon segment (mg) of control and
treatment groups in Acetic acid (5 %) - Ethanol (30%)-induced

colitis
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Figure 2: Mean gross histological score (0-10) of control
and treatment groups in Acetic acid (5 %) - Ethanol

(30%)-induced colitis.
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Figure 3: The gross appearance of colon segments of
control and treatment groups in acetic acid (5 %) -

ethanol (30%)-induced colitis, A: control, B:
prednisolone, C: zinc sulfate.
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Figure (4): Mean microscopical histological score of the colon (0-40),
of control and treatment groups in Acetic acid (5 %) - Ethanol

(30%)-induced colitis
Significant difference (0.01< p < 0.05) in comparison with
prednisolone group
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Figure (5): The mean pre-induction and post-induction
rectal temperature of rabbits in control and treatment

groups in acetic acid (2%) - induced colitis
Significant reduction (p < 0.05) in comparison with
pos-induction rectal temperature of zinc sulfate group
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Figure (6): Mean colon segment weight (mg) of rabbits
in control and treatment groups in acetic acid (2%) -

induced colitis
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Figure (7) the gross appearance of colon segments of
control and treatment groups in acetic acid (2%)-

induced colitis, A: control, B: prednisolone, C: zinc
sulfate.
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Figure (8): Mean microscopical histological score (0-
40) of rabbits in control and treatment groups in

acetic acid (2%) - induced colitis
Significant reduction (0.01< p < 0.05) in comparison
with the control group

Discussion
Various animal models have

provided a foundation for future
investigation into the mechanisms
responsible for IBD, which will
hopefully result in the development
and testing of novel therapeutic
regimens (17).

Acetic acid-induced colitis is
used widely because of its
reproducibility (with lesions
occurring in 100% of animals). In
addition, it provides an inexpensive
model useful in comparing the
effectiveness of novel therapeutic
agents (18).

Its similarity with human IBD in
many aspects make researchers still
use it as one of the models of
induced colitis.

Pilot studies done prior to the
present work governed the selection
of the two models of colitis induction
particularly the second model, i.e.,

acetic acid (2%) which was used in
rabbits for the first time.

In the first model of the present
study, ethanol was used in
combination with acetic acid in order
to decrease the mucosal barrier (19) so
that the damaging effect of the acid
was found to be more severe and
deeper than that induced by acetic
acid alone.

Finding an orally effective anti-
inflammatory agent is of a major
importance since the advantages of
oral route are well known. Moreover,
selection of such route of
administration in the present in vivo
study could give a chance for the
tested agent to act systemically and /
or locally at the colon.

Prednisolone, the oral
corticosteroid used commonly as a
standard therapy to control acute
attacks of IBD, (3) was used in the
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present study as what is called a
positive control (20, 21).

It was found that non-steroidal
antiinflammatory drugs exacerbate
experimental colitis in rats (22). For
that these agents were not used in
this study.

Zinc sulfate is relatively safe
and used orally as a drug, and it is
available and relatively cheep,
besides, it is known to have anti-
inflammatory and antioxidant
properties, which may be the starting
point for an effective drug therapy in
IBD.

The schedule of therapy (2 days
before and 1 day after induction of
colitis) was dependent in this study
to evaluate mainly the possible
prophylactic role of the tested agents
in addition to their effectiveness in
initial therapy for acute attacks of
colitis, which is the major problem
of the relapsing and remitting IBD.

In model 1 in this study, the
insignificant difference in the means
of weight of colonic segment of zinc
sulfate, and prednisolone groups
from that of the control group may
be due to the severe form of
inflammation and edema induced by
the 5% Acetic acid-30% Ethanol in
all groups.

There were no significant
differences (p > 0.05) in model 2 in
colon segment weight.
Rachmilewitz, et al., (23) showed that
weight of colon segment involved by
inflammation is increased and could
be decreased by an inhibitor of nitric
oxide synthase.

Regarding the mean gross
histological score in model 1, its
insignificant difference for all
treatment groups from that for the
control group, could be explained by
severity of inflammation induced by
acetic acid (5%) –ethanol (30%) that
even could abolish the expected
prednisolone effect (mean gross

score = 9.8 ± 0.16). In model 2, the
obvious reductions in mean gross
histological score for all treatment
groups pointed to the effectiveness
of the tested agents, (prednisolone
and zinc sulfate), to reduce
inflammatory process in acetic acid
(2%) model.

Moreover, compared to effect of
prednisolone on mean gross
histological score, zinc sulfate
(models 1 and 2) had comparable
effect; this could indicate its possible
potent initial anti-inflammatory
effects.

In model 1, the insignificant
differences induced by both tested
agents in mean microscopical
histological scores which simulated
what was found in regard to mean
gross score (see above) enforced the
idea of unsuitability of acetic acid
(5%) –ethanol (30%) model to
evaluate the effectiveness of new
tested agents in initial treatment of
induced colitis in rabbits.

In model 2, prednisolone-
induced and zinc sulfate-induced
significant micro-scopical
improvements emphasized the
effective anti-inflammatory role of
these agents particularly when these
findings conjugated with their anti-
inflammatory effects detected
grossly (see above).

In model 2 in this study,
compared to control group,
prednisolone exerted a better
apparent protective role than zinc
sulfate regarding the induced
reduction in mean body weight.

Although there was a significant
reduction of mean body temperature
of prednisolone group from the
corresponding readings for the other
groups, the means of body
temperature were all within the
normal range (37.8○ - 39.4○ C).

In model 1, the highly
significant reduction in the mean
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post-induction plasma zinc
concentrations for rabbits in the
control group from its mean pre-
induction level and the similar
significant reduction in mean post-
induction zinc level in model 2
showed that acetic acid induced
colitis model is associated with zinc
decrement, and it simulates the
results obtained in human IBD (24).

In the present study, zinc sulfate
therapy markedly corrected the
plasma zinc values in both models;
this result showed that zinc sulfate
(in a daily dose of 50 mg/kg taken
orally for 3 successive days) was
sufficiently absorbed and did not
cause toxicity. Zinc homeostatic
mechanisms probably could not cope
with the well known redistribution of
plasma zinc induced initially by
inflammatory processes without an
external zinc supplementation (25).

Plasma copper measurement
was used to identify whether such a
high dose of zinc sulfate therapy 50
mg/kg/day caused secondary copper
deficiency; the latter causes copper
deficiency associated anemia in
human (26).

In model 1, mean plasma copper
concentration of the control group
was significantly increased post-
induction from that of the pre-
induction level, P< 0.05. While for
the zinc sulfate group there is an
insignificant increase in plasma
copper caused by zinc sulfate
therapy.

In model 2, the similar
increment in mean post-induction
plasma copper from the pre-
induction level is expected because
of the associated zinc deficiency, but
this increment was statistically not
significant which may be because of
the less severe zinc decrement in
comparison to that in model 1.

The significant increment in
mean post-induction plasma copper

from mean pre-induction level is
unexplainable yet.

In the present study, oral zinc
sulfate (50 mg/kg/day) appeared to
have a considerable prophylactic
activity that was comparable to that
of oral prednisolone (2 mg/kg/day)
against acetic acid –induced colitis in
rabbits.

Duggan, et al., (27) emphasized
that zinc deficiency may predispose
the intestinal tract to damage by free
radicals and increased NO activity.
Furthermore, Mulder, et al., (28)

documented the decrease in intestinal
copper/zinc containing proteins that
have antioxidant function in
inflammatory bowel disease.

Di-Leo, et al., (29) showed that
administration of zinc sulfate in a
dose of 30 mg/kg/day had a little
effect on the short-term course of
experimental colitis; this probably in
contradict to the encouraged results
obtained in the present study. This
probably due to difference in the
applied dose of zinc sulfate in the
present study (50 mg/kg/day) which
was administered 2 days prior and
further 1 day post induction of
colitis. On the other hand, Luk, et al.,
(30) demonstrated the protective effect
of zinc sulfate on dinitrobenzene-
induced colitis when administered
rectally; this could point to the
possibility of a potential cumulative
effect of zinc sulfate given in a
sufficient dose when used
concomitantly via both oral and
rectal routes of administration.
References
1. Bruce E Sands, 2002. Crohn's disease. In
Feldman Mark, Friedman Lawrence S, &
Sleisnger Marvin H. Gastrointestinal and
liver disease: pathophysiology/ diagnosis/
management. Seventh edition. Vol.2, pp.
2005, 2006, 2009, 2040, 2041. Saunders.
China.
2. Stenson William F. Inflammatory bowel
disease. In Goldman Lee & Ausiello Dennis.
Cecil textbook of medicine. 22nd edition.
Saunders. USA. 2004; pp. 861-868, p. 1333.



Effects of Oral Zinc Sulfate on Induced Colitis….. Azher A. Aljumaa et al

Iraqi Journal of Medical Sciences 17

3. Haslett Christopher, Chilvers Edwin R,
Boon Nicholas A, et al. Davidson’s
principles and practice of medicine. Fiftieth
edition. Churchill Livingstone. India.
2002; pp. 808-810.
4. Fitzpatrick LR, Bostwick JS, Renzetti M,
Pendleton RG & Decktor DL. Anti-
inflammatory effects of various drugs on
acetic acid induced colitis in the rat. Agents
and actions. Vol. 30: 3/4. 1990; pp. 393-402.
5. Noa M, Mas R, Carbajal D, & Valdes S.
Effect of D-002 n acetic acid-induced colitis
in rats at single and repeated doses.
Pharmacol-Res. Apr; vol. 41(4), 2000; pp.
391-5.
6. Lukas K, Lukas M, & Jachymova M.
Local production of eicosanoids in patients
with ulcerative colitis. Cas-Lek-Cesk. Jan 4;
vol. 134(1), 1995;pp. 13-7.
7. Kruidenier L, Kuiper I, van-Duijn W, et
al. Differential mucosal expression of three
superoxide dismutase isoforms in
inflammatory bowel disease. J-Pathol. Sep;
vol. 201(1), 2003: pp. 7-16.
8. Kuralay F, Yildiz C, Ozutemiz O, et al.
Effects of trimetazidine on acetic acid-
induced colitis in female Swiss rats. J-
Toxicol-Environ-Health-A. Jan 24; vol.
66(2), 2003; pp 169-79.
9. Christopher A Hathaway, Caroline B
Appleyard, William H Percy, & John L
Williams Experimental colitis increases
blood-brain barrier permeability in rabbits.
Am J Physiol Gastrointest Liver Physiol.
May Vol. 276, Issue 5, 1999; pp G1174-
G1180.
10. Empey LR, Walker K, & Fedorak RN.
Indomethacin worsens and a leukotriene
biosynthesis inhibitor accelerates mucosal
healing in rat colitis. Can-J-Physiol-
Pharmacol. May; vol. 70(5), 1992; pp 660-8.
11. Tannahill Cynthia L, Stevenot Sharon
A, Thompson Martha Campbell, Nick Harry
S, & Valentine John F. Induction and
immunolocalization of manganese
superoxide dismutase in acute acetic acid-
induced colitis in the rat. Gastroenterology;
vol. 109, 1995; pp 800-811.
12. Brian S Myers1, John S Martin, &
Daniel T Dempsey1. Acute experimental
colitis decreases colonic circular smooth
muscle contractility in rats. Am J Physiol.
Gastrointest. Liver Physiol. October Vol.
273, Issue 4, 1997; G928-G936.
13. Humberto B Jijon, Thomas Churchill,
David Malfair, et al. Inhibition of poly
(ADP-ribose) polymerase attenuates
inflammation in a model of chronic colitis.
Am J Physiol Gastrointest Liver Physio.
September Vol. 279, Issue 3, 2000; pp

G641-G651.
14. Christian F Krieglstein1, Wolfgang H
Cerwinka1, F Stephen Laroux, et al.
Regulation of Murine Intestinal
Inflammation by Reactive Metabolites of
Oxygen and Nitrogen: Divergent Roles of
Superoxide and Nitric Oxide. The Journal of
Experimental Medicine, Vol. 194, Number
9, November, 2001; pp 1207-1218.
15. Christian F Krieglstein1, Wolfgang H
Cerwinka1, F Stephen Laroux, et al.
Regulation of Murine Intestinal
Inflammation by Reactive Metabolites of
Oxygen and Nitrogen: Divergent Roles of
Superoxide and Nitric Oxide. The Journal of
Experimental Medicine, Vol. 194, Number
9, November 2001; pp. 1207-1218.
16. Daneil WW. Biostatistics: A foundation
for analysis in the Health sciences 1983.
Third edition. John Wiely & Sons. New
York, (1983).
17. Snapper Scott B, & Podolsky Daniel K.
Inflammatory bowel disease. In Up-To-Date
in Medicine CD, version 9.1,2000.
18. Fedorak Richard N & Madsen Karen L.
Naturally occurring and experimental
models of inflammatory bowel disease. In:
Kirsner Joseph B. inflammatory bowel
disease. Fifth edition. W.B. Saunders
Company. USA. 2000; pp. 113-116.
19. Banan A, Choudhary S, Zhang Y, Fields
JZ, & Keshavarzian A. Ethanol-induced
barrier dysfunction and its prevention by
growth factors in human intestinal
monolayers: evidence for oxidative and
cytoskeletal mechanisms. J-Pharmacol-Exp-
Ther. Dec; vol. 291(3), 1999; pp. 1075-85.
20. Nagao Y, Miyata H, Mizuguchi K, Ban
M & Kato K. Effects of ulinastatin on
experimental ulcerative colitis in rats.
Nippon-Yakurigaku-Zasshi. Jan; vol.
109(1), 1997; pp. 41-52.
21. Porter SN, Howarth GS, & Butler RN.
An orally administered growth factor extract
derived from bovine whey suppresses breath
ethane in colitic rats. Scand-J-Gastroenterol.
Sep, vol. 33(9), 1998; pp. 967-74.
22. Wallace JL, Keenan CM, Gale D, &
Shoupe TS. Exacerbation of experimental
colitis by nonsteroidal anti-inflammatory
drugs is not related to elevated leukotriene
B4 synthesis. Gastroenterology. Jan; vol.
102(1), 1992; pp. 18-27.
23. Rachmilewitz D, Karmeli F, Okon E,
Bursztyn & M. Experimental colitis is
ameliorated by inhibition of nitric oxide
synthase activity. Gut. vol. 37, 1995; pp.
247-255.
24. Campos FG, Waitzberg DL, Teixeira
MG, Mucerino DR, Kiss D R & Habr-Gama



Effects of Oral Zinc Sulfate on Induced Colitis….. Azher A. Aljumaa et al

Iraqi Journal of Medical Sciences 18

A. Pharmacological Nutrition in
Inflammatory Bowel Diseases. Nutr. Hosp.
vol. 18(2), 2003; pp. 57-64.
25. King Janet C & Keen Carl L. Zinc. In
Shils Maurice E., Olson James A., Shike
Moshe, & Ross A. Catharine. Modern
nutrition in health and disease, 9th edition,
Lippincott Williams and Wilkins. USA.
1999; pp. 223-236.

26. Milne David B. Trace elements. In:
Burtis Carl A. & Ashwood Edward R., Tietz
textbook of clinical chemistry, 3rd edition.
W.B. Saunders Company. USA.
1999; pp. 1037-1041.
27. Duggan Christopher, Gannon Jennifer
& Walker W Allan. Protective nutrients and
functional foods for the gastrointestinal
tract. American Journal of Clinical
Nutrition, Vol. 75, No. 5, 2002: 789-808
28. Mulder TP, Verspaget HW, Janssens
AR, de-Bruin PA, Pena A S, Lamers CB.
Decrease in two intestinal copper/zinc
containing proteins with antioxidant
function in inflammatory bowel disease.
Gut. Oct; vol. 32(10), 1991; pp. 1146-50.
29. Di-Leo V, D'Inca R, Barollo M, et al,
Effect of zinc supplementation on trace
elements and intestinal metallothionein
concentrations in experimental colitis in the
rat. Dig-Liver-Dis. Mar; vol. 33(2), 2001;
pp. 135-9.
30. Luk HH, Ko JK, Fung HS, & Cho CH.
Delineation of the protective action of zinc
sulfate on ulcerative colitis in rats. Eur-J-
Pharmacol. May 17; vol. 443(1-3), 2002; pp.
197-204.


