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Abstract
Clinical use of indomethacin although efficacious in suppressing pain, fever and inflammation is
frequently associated with deleterious effects on gastrointestinal, hematological and renal systems
that limit its therapeutic use. This study examined in rats whether thalidomide, a known antiinflammatory agent with TNF-α inhibitory, immunomodulatory and anti-angiogenic properties could ameliorate indomethacin-induced toxicity that includes lethality, hematological
and biochemical changes in blood, as well as the small intestinal damage. Wistar male rats
in groups were treated orally with indomethacin (5, 10, and 20 mg/kg), thalidomide (100 and
200 mg/kg, either alone or in combination with indomethacin 5 mg/kg) once daily during 5
days. Lethality was assessed during this period and on day-5 blood samples were collected to
examine the hematological and biochemical changes. The animals were then sacrificed and
the small intestine removed for histological analysis. Results demonstrated that treatment
with thalidomide did not improve the survival rate of indomethacin-treated rats. However,
indomethacin-associated leucopenia, decrease in red blood cells, hemoglobin, and hematocrit as well as the elevation in plasma fibrinogen, serum AST and ALP, small intestinal lesion score, and the peritoneal liquid myeloperoxidase level were significantly suppressed by
thalidomide treatment. In conclusion, the study suggests that thalidomide has the potential
of ameliorating the toxic effects of indomethacin to a large extent, possibly by virtue of its
anti-inflammatory properties.
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Introduction
The clinical use of non-steroidal anti-inflammatory drugs
(NSAIDs) including indomethacin is associated with
potentially life-threatening deleterious effects of gastrointestinal ulceration, bleeding and nephropathy [1, 2, 3].
Also, there were reports of injury to liver and bone marrow with the use of NSAIDs [4, 5]. There have been
many strategies aimed at attempting to decrease the toxicity of NSAIDs, but none have completely solved. Inhibition of cyclooxygenase, mitochondrial dysfunction, oxidative stress, an increase in pro-inflammatory cytokine
TNF-α, nitric oxide (NO), and enhanced intestinal permeability seem to contribute to the pathogenesis of NSAID
induced gastrointestinal damage [6, 7, 8, 9, 10]. These
events are attributable to the ability of these drugs to suppress prostaglandin and thromboxane synthesis. IndoBiomedical Research 2012 Volume 23 Issue 1

methacin reduces PGE2 production by inhibition of the
cyclooxygenases (COXs), COX-1 and COX-2 [11]. There
is evidence regarding a possible risk for cardiovascular
thromboembolic events with COX-2 selective inhibitors
and a risk for gastrointestinal bleeding with COX-1 inhibitors. Literature reports describe the gastrointestinal
bleeding effect of indomethacin but not on cardiovascular
thromboembolic event.
Thalidomide is a glutamic acid derivative that exerts antiinflammatory, immunomodulatory and anti-angiogenic
activities and its proposed mechanisms include inhibition
of tumor necrosis factor alpha (TNF-α) release and inhibition of angiogenesis [12, 13]. Despite the high risk of
venous thromboembolism, the anti-angiogenic activity of
thalidomide suggested its use for the treatment of refractory multiple myelomas and in the control of gastrointes-
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tinal bleeding in patients with Crohn’s disease and angiodysplasias [14, 15, 16]. We hypothesize that thalidomide
by its anti-inflammatory, anti-angiogenic properties
would abrogate indomethacin associated intestinal bleeding (consequence of COX-1 inhibition), but on the other
side it might intensify thromboembolism. Thus the present study aims to investigate the potential beneficial
effects of thalidomide on indomethacin-induced toxicity
in relation to lethality, intestinal damage, hematological,
biochemical and histological alterations in a rat model.

Materials and Methods
Chemicals
Thalidome (Talidomida- Funed®-100mg) was purchased
from Ezequiel Dias Foundation – Brazil, indomethacin
(Indocid®- 50mg) from Merck Sharp & Dohme - USA
and ampicilin (500mg) from EMS /SA- Brazil. All other
drugs or reagents were of analytical grade.

samples. Prothrombin time, activated thromboplastin,
fibrinogen and antithrombin were measured with a coagulometer (Sysmex® CA-1500-Siemens- Healthcare Diagnostics). Additionally, peritoneal liquid was collected and
examined for leukocyte counts (Cell Dyn-1800- Abbot
Diagnostic-USA)
Biochemical studies
For biochemical assays, blood samples were centrifuged
at 3000 × g at 4°C for 10 min. The alanine aminotransferase (ALT), aspartate aminotransferase (AST), γglutamyltransferase (GGT), alkaline phosphatase (ALP),
urea, creatinine, glucose, and albumin were determined by
routine colorimetric methods using the commercial kits
(Wiener lab- Rosario, Argentina) and quantified on clinical biochemistry autoanalyser (Wiener lab, BTS 3000
Plus- Rosario-Argentina).
Myeloperoxidase (MPO) assay

Male Wistar rats weighing 180-200 g obtained from the
Central Animal House of Federal University of Ceará
were used. They were maintained in polypropylene cages
under controlled temperature, humidity and a light/dark
(12/12 h) cycle, and allowed free access to laboratory rat
chow (Purina Rat Chow, Sao Paulo, Brazil) and filtered
water. Experiments were performed according to the
Guide of Care and Use of Laboratory Animals from the
US Health and Human Services Department. The study
was approved by the local Institutional Ethics Committee

MPO activity, a marker for neutrophils infiltration, was
quantified in peritoneal fluid according to Bradley et al.
with adaptations [18]. Briefly, samples of peritoneal fluid
(0.1 ml) were sonicated and then vigorously mixed with
0.9 ml from 0.5% HTAB in potassium phosphate buffer
solution, and aliquots of 30 µl was added into 96 wells
plate containing 200 µl of 0.9% hydrogen peroxide and
0.52 mM o–dianisidine solution. The reaction between
H2O2 and o–dianisidine is catalyzed by MPO that generates a color compound that is quantified by measuring the
absorbance at 460 nm. One unit of MPO activity was
defined as that degrading 1 µmol of peroxide per min at
25oC. The MPO activity was expressed in units per ml.

Experimental protocol

Histological examinations

Rats were treated orally with indomethacin (5, 10, and 20
mg/kg), thalidomide (100 and 200 mg/kg,) [17], or in
their combination (indomethacin 5 mg/kg + thalidomide
100 or 200 mg/kg) once daily during 5 days. Control
animals received 5% sodium bicarbonate (indomethacin
vehicle) followed 1 h later for 2% DMSO (thalidomide
vehicle) by gavage in a volume of 10 mL/kg. Lethality
was assessed during this period and on day-5 blood was
collected from live animals for hematological and biochemical analysis. The animals were then sacrificed under
excess anesthesia to aspirate peritoneal liquid and remove
small intestine for histological analysis.

Samples of ileal tissues were fixed in 10% buffered formalin solution, embedded in paraffin using standard
methods, cut into 5-µm sections, stained with hematoxylin-eosin, and evaluated under light microscopy by a pathologist blinded to experimental groups who scored the
histological alterations according Chiu et al. with modifications: 0 = Absence of inflammatory reaction, ulceration
or tissue destruction; 1 = slight inflammatory reaction but
no ulceration or tissue destruction; 2 = moderate inflammatory infiltration with mild tissue destruction of villous,
crypts but no ulceration; 3 = intense inflammatory reaction, presence of ulceration and extensive tissue destruction [19].

Hematological and coagulation studies

Statistical analysis

Blood samples were collected from orbital plexus in collecting tubes containing EDTA (blood cell and platelet
counts, hematocrit and hemoglobin) and 3.8 % sodium
citrate (coagulation studies). The samples were centrifuged at 3000 × g at 4°C for 10 min to obtain plasma

Statistical analysis were performed using one-way analysis of variance (ANOVA) followed by Kruskal Wallis or
Student Newman Keul as post-hoc tests. The non parametric data were expressed as median (with low and high
ranges), and parametric data as mean ± S.E.M. For sur-

Animals
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vival curve the comparisons between curves were made
by log-rank test and Bonferroni for multiple comparisons.
Differences were considered significant at P < 0.05.

Results
Effect of thalidomide on indomethacin-induced lethality
Indomethacin given by gastric gavage induced a doserelated lethality. The lethality with 5 mg/kg was significantly less compared to 20 mg/kg. It was found that the
survival curve on the group treated with indomethacin 20
mg/kg was significantly (p< 0.0003) different from that
corresponding to 5 mg/kg. The median survival in the
groups treated with indomethacin 5, 10 and 20 mg/kg
were respectively equal to 120, 84 and 48 hours. Survival

in the 150th hour of the experiment was 100% in control
group and 0% in groups treated with indomethacin at all
doses (Figure 1a). The protective effect of thalidomide
were analyzed in animals receiving a dose of 5mg/kg
indomethacin administered for 5 days, although thalidomide has reduced the mortality, the difference between
the indomethacin group was not significantly different.
Comparisons between curves were made by log-rank test
that showed no statistically significant differences (p =
0.3079) between them. The median survival in group
indomethacin 5 mg/kg was 120 hours while in the groups
treated with combination of indomethacin + thalidomide
100 mg/kg and indomethacin + thalidomide 200 mg/kg
the median survival were respectively equal to 84 and 96
hours. Survival in the 144th hour of the experiment was
0% in all groups (Figure 1b).
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Figure 1. a:. Survival curve of animals treated with indomethacin 5, 10.0 and 20.0 mg/kg; b: Survival curve of animals
treated with indomethacin 5mg/kg in association with thalidomide 100 and 200 mg/kg.. The curves were constructed
according to the Kaplan-Meier. Data are expressed as the percentage of the number of livestock on the number of rats
that started the study. Comparisons between curves were made by log-rank test and Bonferroni for multiple comparisons. *** P <0.0007 vs control, +++ P <0.0003 vs Indomethacin 5 mg/kg.
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Table 1. Effects of thalidomide treatment on indomethacin-induced hematological changes in rats.
Parameter

Control

Leukocytes
03/mm3)
Red Blood Cells
(106/mm3)
Hemoglobin
(g/dl)
Hematocrit
(%)
Platelets
(103/mm3)
Leukocytes
in
peritoneal liquid
(103/mm3)

Indomethacin
(5 mg/kg)

Thalidomide
(200 mg/kg)

Indomethacin
(5 mg/kg)
+Thalidomide
(100 mg/kg)

Indomethacin
(5 mg/kg)
+Thalidomide
(200 mg/kg)

5.93±0.33

3.56±0.44a

5.12±0.36

8.17±0.46 b

8.48±1.02 b

6.73±0.09

4.94±0.49a

6.72±0.07

6.83±0.38b

6.38±0.84b

13.83±0.23

9.25±0.69a

14.11±0.25

13.73±0,68b

13.00±1.87b

37.47±0.58

28.34±2.70a

37.62±0.57

38.55±1.76b

39.68±1.54b

726.70±28.39

802.30±19.70

838.80±60.26

756.80±64.39

840.30±94.58

0.85±0.05

50.07±7.82a

21.5±0.76

9.15±0.75b

2.80±1.10b

The values represent Mean ± SEM. Control animals received 5% sodium bicarbonate (indomethacin vehicle) followed 1
h later 2% DMSO (thalidomide vehicle) by gavage in a volume of 10 mL/kg). a vs. Control, b vs. Indomethacin 5mg/kg;
(P < 0.05, ANOVA and Student-Newman-Keul’s test). Number of animals/group= 4-8
Table 2. Effects of thalidomide treatment on indomethacin-induced alterations in coagulation parameters, in rats.

Parameter

Control

Indomethacin
(5 mg/kg)

Thalidomide
(200 mg/kg)

Indomethacin g/kg)+
Thalidomide 100 mg/kg)

Prothrombin
time
Activated
thromboplastin
Antithrombin
(%)
Plasma
fibrinogen
(mg/dL)
Platelets
(103/mm3)

16.89±0.48

15.50±0.44

16.51±0.40

15.68±0.39

Indomethacin
(5
mg/kg)+
Thalidomide(200 mg/kg)
15.40±0.62

22.16± 0.26

21.48±0.31

22.63±0.34

24.48±0.41

23.18±0.86

125.0± 2.73

135.10±2.27a

120.6±3.04

132.80 ±9.83

126.80±0.48b

238.20±11.55

637.50±13.19 a

246.00 ±9.56

381.80±50.79b

389.30±65.13b

726.70±28.39

802.30±19.70

838.80±60.26

756.80±64.39

840.30±94.58

The values represent Mean ± SEM. Control animals received 5% sodium bicarbonate (indomethacin vehicle) followed 1
later 2% DMSO (thalidomide vehicle) by gavage in a volume of 10 mL/kg). a vs. Control, b vs. Indomethacin (P <0.05,
ANOVA and Student-Newman-Keul’s test). Number of animals/group= 4-8
Effect of thalidomide on indomethacin-induced changes
in hematological and coagulation parameters
The five day treatment with indomethacin caused significant leucopenia, decreases in RBC count, hemoglobin,
and hematocrit values when compared to normal controls
(Table 1). However, there was no change in platelet numbers. The significant reductions produced by indomethacin were mitigated by thalidomide without showing a
dose-dependence. On coagulation parameters, an increase
in plasma fibrinogen and antithrombin levels were evidenced in indomethacin treated group. These increases
were effectively counteracted by thalidomide (200
mg/kg)-pretreatment, almost to the levels seen in normal
controls. In relation to prothrombin time and activated

thromboplastin, no significant influence of indomethacin
was observed (Table 2).
Effect of thalidomide on indomethacin-induced biochemical alterations
The effects of indomethacin and thalidomide treatments
are shown in Table 3. Compared to controls, a five day
treatment with indomethacin (5 mg/kg) significantly enhanced serum AST, ALP and GGT activities, and decreased glucose and albumin, and no alteration on urea
and creatinine concentration. These increases or decreases
were respectively diminished by thalidomide treatment.
At the doses employed, there were no significant changes
from vehicle treated controls.
Biomedical Research 2012 Volume 23 Issue 1
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Effect of thalidomide on myeloperoxidase activity in the
peritoneal fluids
In the indomethacin-treated rats, MPO activity in peritoneal liquid that represents the neutrophil infiltration was
significantly elevated when compared to control group
(Figure 2). Treatment with thalidomide (100 and 200
mg/kg) significantly (P < 0.05) lowered the indomethacin-evoked increases in MPO activity.
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Figure 2. Effect of thalidomide treatment on myeloperoxidase (MPO) activity in the peritoneal liquid of rats on
indomethacin-induced small intestinal damage. The animals were treated during five days by gavage. Peritoneal
liquid was collected on day-5 for analyses. The values
represent Mean ± SEM. a vs. Control, b vs. Indomethacin
5 mg/kg; (P < 0.05, ANOVA and Student-Newman-Keul’s
test). Number of animals/group= 4-8
Histological findings on the effect of thalidomide on
indomethacin-induced small intestinal damage
Indomethacin induced numerous small ulcerations that
appeared in a punctuate pattern with destruction of

Figure 3. Effect of thalidomide treatment in rats with
small intestinal damage induced by indomethacin. a,bControl; c,d- Indomethacin, 5 mg/kg; e,f- Indomethacin 5
mg/kg + Thalidomide 200 mg/kg. HE staining. Magnifications 100x (a, c, e), 400x (b, d, f)
underlying tissues (data not shown). Few rats had perforations or adhesions of the small intestine. Almost all villi
were injured at their top, as compared to normal controls
(Fig. 3a, b, c, and d). Treatment with thalidomide ameliorated the intestinal damage induced by indomethacin as
evidenced by reduced indices of histological scores (Table 4) and injury to small intestinal villi, when compared
to indomethacin-treated rats (Fig 3e and f).

Table 3. Effects of thalidomide treatment on indomethacin-induced biochemical changes in rats.
Parameter

Control

Indomethacin
(5 mg/kg)

Thalidomide
(200 mg/kg)

Indomethacin
(5 mg/kg) +Thalidomide
(100 mg/kg)

Indomethacin
(5 mg/kg) +Thalidomide (200
mg/kg)

ALT (U/L)

59.78±3.21

52.89±3.30 a

52.33±2.87b

36.00±4.65a

39.00±2,68a

AST (U/L)

93.33±2.03

116.30±7.39 a

90.67
±
1.98b

93.50
±
3.75b

107.50
±
6.50b

ALP (U/L)

257.70
±
7.53

688.60
±
81.88 a

283.50
±
5.61b

366.30
±
40.36b

395.38
±
69.12b

GGT

4.24

7.13

5.53

5.03

3.80
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Glucose

Creatinine

Urea

Albumin

±
0.38
97.73
±
3.18
0.46
±
0.03
34.75
±
1.88
3.04
±
0.21

±
0.56a
68.44
±
5.284a
0.60
±
0.06
32.75
±
0.85
2.38
±
0.03a

±
0.37
84.40
±
1.50
0.51
±
0.07
30.75
±
0.62
2.25
±
0.10

±
0.29
83.83
±
3.15
0.58
±
0.01
31.50
±
1.32
2.325
±
0.08

±
0.58b
98.43
±
6.64b
0.41
±
0.01
31.75
±
2.01
3.35
±
0.25b

The values represent Mean ± SEM. Control animals received 5% sodium bicarbonate (indomethacin vehicle) followed 1
h later for 2% DMSO (thalidomide vehicle) by gavage in a volume of 10 mL/kg). ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase, ALP: Alkaline phosphatase. GGT- Gamma glutamyl transpeptidase. a vs. Control, b vs.
Indomethacin (P <0.05 Student-Newman-Keul’s test). Number of animals/group= 4-8

Table 4. Effect of thalidomide treatment on small intestinal damage scores induced by indomethacin in rats
Group
Scores
Control
0 (0-1)
Indomethacin
3 (2-3) a
Thalidomide 100mg/kg + Indomethacin 5mg/kg
1 (1-1) b
Thalidomide 200mg/kg + Indomethacin 5mg/kg
1 (0-1) b
Median scores with ranges (min–max) of the results on 5 animals in each group are shown. Control animals received
5% sodium bicarbonate (indomethacin vehicle) followed 1 h later for 2% DMSO (thalidomide vehicle) by gavage in a
volume of 10 mL/kg). a vs Control, b vs Indomethacin (P <0.01, Kruskall-Wallis and Dunn’s test).

Discussion
The non-steroidal anti-inflammatory drugs like indomethacin cause inflammation in the small bowel in more
than 70% of patients receiving these drugs over the long
term. The severity of this damage is reflected by the fact
that patients bleed from the small bowel. These events are
largely attributable to the ability of these drugs
to inhibit cyclooxygenase, mitochondrial dysfunction and
oxidative stress [6, 7, 8]. Damage to enterocytes and mucosa by indomethacin may lead to increased intestinal
permeability and inflammation, which may then progress
to erosions and ulcers. The intestinal lesions induced by
indomethacin in rats occur in the small intestine, mainly
in the jejunum and ileum regions, the lesions initially
consist of white nodes and hemorrhagic palpable segments of the serous surface. Subsequently there occurs
massive adherence of the abdominal viscera in response
to intestinal perforation culminating in death from peritonitis and sepsis [20, 21]. Corroborating the findings of
other authors, our study showed that treatment for 5 days
with indomethacin (5mg/kg) orally, caused hemorrhagic
lesions in duodenal level in some animals, adhesions

between different segments of the bowel with fibrin deposits covering the entire intestine, with the presence of
large amounts of enterobacteria, confirming an intestinal
perforation and intestinal damage. Moreover, indomethacin-treated group evidenced an increase in MPO activity
possibly associated with an increased neutrophil numbers
to the peritoneal fluid (transmigration), as a consequence
of increased intestinal permeability (Fig 2) and this might
be the reason for the observed leucopenia (Table 1). In
contrast to indomethacin, thalidomide treated group presented not only suppression of macroscopic and microscopic tissue lesions but also corrected the indomethacininduced leucopenia as well as the increased MPO activity,
a finding consistent with the reported anti-inflammatory
properties of thalidomide in mitigating granulocytemediated tissue injury [22]. Thalidomide although moderately reduced the indomethacin-associated lethality, its
protection did not attain the statistical significance. We
believe that inhibition of cyclooxygenase (COX) which
leads to depletion of endogenous prostaglandins (PGs)
could be a major factor in the pathogenesis of these lesions, since PGs supplementation prevents the damage to
gastrointestinal tract, in response to indomethacin [23,
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24]. However, there is a controversy on the involvement
of PGs in this pathogenesis, and some studies have shown
a role for bacterial flora in the intestinal damage effect
produced by indomethacin and in this context, it has been
demonstrated that germ-free animals or animals treated
with antibiotics did not develop these lesions [21, 25, 26].
Furthermore, Evans et al. described a role for nitric oxide
synthase (iNOS) and nitric oxide (NO) to the microvasculature damage in jejunum of rats treated with indomethacin [27]. These earlier observations suggest that invasion
of enterobacteria in the mucosa is the first event responsible for the appearance of intestinal lesions induced by
indomethacin. It is interesting to note that thalidomide
treatment effectively reduced the transmigration of enterobacteria and neutrophils into the peritoneal fluid,
possibly through reduced intestinal permeability, which
however, needs to be confirmed in a future study.
Indomethacin is metabolized by the liver and converted to
active metabolites and there have been some reports on
the incidence of hepatitis and jaundice, as well as hematopoietic alterations such as neutropenia, thrombocytopenia, and rarely aplastic anemia in clinical settings [2830]. So as to verify such possible effects, we examined
the effects of indomethacin on liver and blood cells.
Treatment for 5 days with indomethacin (5 mg/kg) alone
resulted in leucopenia, decreases in RBC count, hemoglobin, and hematocrit, which were mitigated by thalidomide
treatment. Indomethacin is known to cause an uncoupling
of cellular oxidative phosphorylation, inhibition of platelet aggregation, and prevent the formation of thromboxane A2, and these actions may largely explain the tendency of indomethacin to prolong the bleeding time. But
this study points out no significant alterations in the coagulation cascade or fibrinolysis by indomethacin treatment. The results show normal prothrombin time, activated partial thromboplastin time, platelet numbers, levels
of factor XIII and fibrin degradation products.
It is well established that different types of tissue injury
causes an increased synthesis of plasma fibrinogen [31].
Little is known about the signal that the damaged tissue
produces an increase in plasma fibrinogen. Studies using
adrenalectomized rats have shown a decrease in plasma
fibrinogen, implicating the sympathetic stimulation and a
role for epinephrine [32, 33]. Another reason for this
increase in plasma fibrinogen may be a result of its increased synthesis in liver, after suffering the stimulatory
action of interleukins TNF-α, IL-1 and IL-6, released by
the inflammatory process. Additionally, fibrinogen degradation products (FDP) also enhance fibrinogen synthesis
in the liver, which seems to play a regulatory role [34].
The FDP stimulates IL-6 production by prostaglandinindependent way, besides it also cause metabolic changes
in the liver [35]. It has been suggested that this metabolic
effect of LPS is mediated by eicosanoids (PGD2) and
(PGE2) produced by Kupffer cells [36]. Thus the cause of
increase in plasma fibrinogen by indomethacin seems to

be multifactorial. Since the increase in fibrinogen levels
by indomethacin was reversed by thalidomide, known for
its TNF-α inhibitory and anti-inflammatory potential, we
assume that thalidomide could be a liver protectant
against tissue damage induced by NSAIDs.
A variety of abnormal coagulation profiles have been
described during thalidomide or lenalidomide treatments
such as acquired resistance to activated protein C (APCR)
and increased plasma levels of factor VIII, von Willebrand factor antigen, fibrin, D-dimer, homocysteine, and
soluble thrombomodulin as well as a reduction in have all
been described [37-39]. However, our results show that
neither thalidomide alone nor its combination with indomethacin failed to alter coagulation parameters.
Fibrinogen, as well as several other homeostasis factors,
belongs to the group of interleukin-6 (IL-6)-stimulated
positive acute-phase proteins, their blood levels being
elevated following bacterial endotoxin (LPS) treatment
[40,41]. Nandi et al. [42], have shown that indomethacin
can induce jejunoileitis, and an increase in mucosal MPO
activity, and these findings were associated with significantly increased production of serum and tissue levels of
TNF-α, IL-1β, and nitric oxide. Other factors may be
important in the pathogenesis of indomethacin-induced
intestinal lesions. For instance, enterobacteria and their
products contribute to an inflammatory response, evidenced by attenuated acute indomethacin-induced small
intestinal ulceration in germ-free animals [43]. The gradual rise in serum IL-1β and iNOS-derived NO levels suggests that TNF-α may up-regulate other cytokines and
pro-inflammatory mediators, thereby contributing to intestinal damage, and thus may in part explain the protective effect of thalidomide that possess TNF-α, and iNOSinhibitory properties.
In the present work, indomethacin although enhanced the
serum levels of AST and GGT activities, lowered the
plasma glucose and albumin concentrations with no apparent changes in blood urea and creatinin levels, but did
not evidence any significant hepatic or renal tissue damage. These increases or decreases were respectively diminished by thalidomide treatment. The effects on hepatic
enzymes might have been partly a consequence of the
intestinal damage [44].
In summary, a 5-day treatment of rats with indomethacin
induced small intestinal damage, increased plasma fibrinogen, and antithrombin and caused leucopenia. Thalidomide treatment protected intestinal tissue to a large
extent from indomethacin lesion as well as the associated
hematological, biochemical and coagulation parameters.
Also, thalidomide reduced but not significantly the indomethacin-associated lethality. We conclude that thalidomide ameliorates the intestinal tissue damage induced by
indomethacin possibly by acting as an anti-inflammatory
agent without the risk of thromboembolism.
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