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Abstract 

Background: Airway inflammation is often caused by pathogens or exposure to pollutants toxins, allergens, and irritants. The lungs 
are vital organs and excessive inflammation can be life-threatening. Treatment with anti-inflammatory drugs is essential. Objective: 
This study aims to investigate the anti-inflammatory activity of  dipyridamole (DP) to improve inflammatory events associated with 
airway inflammation. Materials and Methods: A total of  24 healthy male rats were weighting (150–300 g), which are divided into 
four groups, each group consists of  six rats. Group A: rats were administered distilled water orally, which is considered a control 
group. Group B: rats were administered distilled water orally with sensitization (by ovalbumin), which is considered a positive control 
group. Group C: rats were administrated (26.4 mg/kg) DP orally with sensitization. Group D: rats were administrated prednisolone 
(4.12 mg/kg) orally with sensitization. Results: The results revealed that there was a significant reduction (P < 0.05) of  rat serum 
levels of  interleukin (IL)-6 and tumor necrosis factor-alpha for groups C and D when compared with ova-sensitized positive control 
(group B). Regarding rat serum levels of  IL-4 for groups C and D were reduced, but group C was non-significant (P > 0.05) when 
compared with ova sensitize positive (group B). In addition, group C was non-significant elevated (P > 0.05). IL-10 level in rat serum 
when compared with ova sensitize positive (group B) but group D was significant. Conclusion: This study concludes that DP has an 
anti-inflammatory effect in the airway sensitization model as it reduces inflammatory cytokines levels in rat serum. 
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Introduction
The inflammation of  the airway is often related 
to exposure to pathogens, pollutants, toxins, and 
allergens.[1] Airway inflammation may be either acute or 
chronic. Acute inflammation, such as acute respiratory 
distress syndrome, whereas chronic inflammation, 
such as asthma and chronic obstructive airway disease 
(COPD). Bronchial asthma is an obstructive chronic 
inflammatory illness with only symptomatic treatment.[2] 
Exacerbations can be fatal. Patients with asthma are 
synthesized by several allergens like dust, pollutants, 
and infestation.[3]

Like asthma, COPD is a chronic inflammation usually 
infiltrated with neutrophils.[4] COPD is the third leading 
cause of mortality in the United States. The cost of most 
COPD‑related morbidity and health care is owing to acute 
exacerbations.[5]

Typically, the mechanisms of inflammation are related 
to pattern recognition receptors (PRRs) to describe the 
molecular patterns expressed by the pathogens. PRRs 
receptors can be located on the surface of membranes, 
such as B-cell Toll-like receptors (TLRs).[6] TLRs explain 
molecular patterns common to pathogens and enhance 
inflammatory cells, such as the nuclear factor kappa light 
chain enhancer of activated B cells (NF-κB), and produce 
pro-inflammatory cytokines (CKs), and tumor necrosis 
factor-alpha (TNF-α).[7]
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As well as CKs interlukin-4 (IL)-4, IL-6, IL-10 and TNF-α. 
Regarding IL-4, it is secreted by mast cells as well as type 2 
T helper (TH2) cells and related CKs.[8] IL-4 indirectly has 
a significant role in the TH0 cell differentiation process 
into TH2 cells. In addition, it plays a positive feedback 
role to further enhance the inflammatory response.[9] In 
addition, IL-6 CK is induced by inflammatory epithelial 
cells concerning frequent stimuli, such as viruses, exercise, 
and allergens.[10] IL-6 is a pro-inflammatory marker and 
also plays a role in the pathogenesis of many inflammatory 
conditions like rheumatoid arthritis.[11] Elevated serum 
IL-6 levels have also been associated with increased COPD 
mortality.[12] As for IL-10, this CK is manufactured by 
specific cells, such as macrophages and mast cells, as well 
as T/B lymphocytes. The main sources of lymphocytes 
are nuclear cells, macrophages, and B cells.[13] Although 
IL-10 stimulates the proliferation of certain immune cells, 
such as B cells and mast cells, it can promote the synthesis 
of immunoglobulins.[14] As well as TNF-α is a CK storm 
pro-inflammatory CK that is, crucial for multiple organ 
failure and systemic inflammation. The severity of the 
disease was found to be correlated with CK storm or CK 
release syndrome, which is indicated by higher TNF-α.[15]

These CKs were inhibited by many drugs, of  which 
usually used corticosteroids (CS). Here the use of 
dipyridamole (DP) in airway inflammation was 
evaluated in animal models to minimize the routine 
use of  CS. DP as an antiplatelet drug inhibits 
phosphodiesterase 3 and phosphodiesterase 5, causing 
accumulation of  cyclic adenosine monophosphate and 
cyclic guanosine monophosphate.[13] DP inhibits the 
reuptake of  adenosine into platelets, erythrocytes, and 
endothelial cells enhancing extracellular adenosine 
concentrations.[16] Moreover, DP has reduced pulmonary 
hypertension without a significant reduction in systemic 
blood pressure.[16] It has additional benefits as anti-
inflammatory and antioxidant activities, in addition to 
its role as an antiplatelet activity.[17]

The goal behind this research was to investigate whether 
DP has an effect on pro-inflammatory mediators 
IL-4, IL-6, IL-10, and TNF-α that are associated with 
inflammatory airway disease or not when we compare 
with prednisolone.

Materials and Methods

Materials
The drugs that were used in this study include DP 
tablets 75 mg (Medochemie Ltd., Limassol, Cyprus), 
prednisolone (The State Company for Drugs Industry 
and Medical Appliances, Baghdad, Iraq), phenobarbital 
(IBN Hayyan Pharmaceutical Co., Homs, Syria), 
and 0.9% sodium chloride solution (Pharmaceutical 
Solution Industry, Jeddah, Saudi Arabia), whereas other 
substances were ovalbumin (OVA) powder (Riedel-de 

Haen AG, Seelze-Hannover, Germany), aluminum 
hydroxide [Al(OH)3] powder (MercK, Darmstadt, 
Germany), and formaldehyde 37% (Aqua Medical, 
Istanbul, Turkey).

Animals
Twenty-four albino male rats were obtained from Collage of 
Nahrain, Biotechnology Research Centre, animal facilities 
at the Baghdad University and Faculty of Pharmacy, 
Basra University, Basra, Iraq; they were maintained under 
normal conditions of temperature (21 ± 4°C), humidity, 
and light/dark cycle (12 h/12 h), and received pelleted feed 
and reverse osmosis water.

The Research Ethics Committee of the Faculty of 
Medicine of the University of Basrah approved the 
research protocol.

Experimental design
The animals were divided into four groups each group 
consisting of six male rats. Group A represents the 
negative control group, rats were administered water 
without sensitization for 14 days. Group B represents 
the positive control group, rats were administered water 
with sensitization. Group C treated group, rats were 
administered orally DP (26.4 mg/kg/day), which dissolved 
in distilled water (each 1 mL contain 5 mg of DP)[18] 
with sensitization. Group D treated group, rats were 
administered orally prednisolone (4.12 mg/kg/day)[19] with 
sensitization.

Rats in groups B, C, and D were sensitized by OVA.[20,21] 
Sensitization occurs by intraperitoneal (IP) injection of 
1 mg OVA, 100 mg of Al(OH)3 dissolved in 1 mL of 0.9% 
sodium chloride solution normal saline (N/S) for (1–3) 
days, then at the sixth day the rats were given IP injection 
of 100 mg OVA, 100mg Al(OH)3 dissolved in 1 mL of 
0.9%N/S. On the ninth day, the rats in groups B, C, and D 
were nebulized with 1% OVA (1 g OVA) in 100 mL 0.9% 
N/S for 30 min daily for 6 days. The nebulization method 
is done by placing the animal in a glass chamber size 20 
cm × 30 cm × 40 cm and nebulizing the mixture, prepared 
previously, in the electric nebulizer through a hole in a 
glass chamber.

After 24 h of the last dose, animals were anesthetized by 
IP injection of phenobarbital in a dose of 800 mg/kg IP.[22] 
Then, the blood was collected directly from the heart, 
placed in a plain tube, and left to coagulate for 1 h at room 
temperature, then the blood was centrifuged at 10,000 rpm 
to separate the serum, then the serum was collected, 
placed in Ependruff cup and freeze in −70°C. Then frozen 
serum was thawed and analyzed for IL-4, IL-6, IL-10, and 
TNF-α detection using an enzyme-linked immunosorbent 
assay kit from Elabscience Biotechnology Inc., Houston, 
TX, USA.
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Ethical approval
The study was conducted following the ethical principles of 
the declaration of Helsinki. It was carried out with animal 
(rats) verbal and analytical approval before the sample 
was taken. The study protocol was reviewed and approved 
by Basra University College of Medicine, a local ethics 
committee according to document number 7/39/5027 on 
October 26, 2022.

Statistical analysis
In this study, data were expressed as mean ± standard 
error of the mean (SEM). Comparison between multiple 
groups was conducted by analysis of variance, whereas 
significance between two groups was assessed by 
unpaired Student t test. Concerning this work, P values 
that are <0.05 were regarded as significant or otherwise 
non-significant.

Results

Effect of DP on IL-6 level in rat serum
Figure 1 and Table 1 show serum levels of IL-6 
(mean ± SEM) for rats in positive ova-sensitized (group 
B) were significantly increased (P < 0.05) in contrast 
with normal control (group A), they were 97.16 ± 22.08 
and 47.63 ± 15.69, respectively. At the same time, the rat 
serum levels of IL-6 for DP-treated (group C; 26.4 mg/kg/
day) and prednisolone-treated (group D; 4.12 mg/kg/day) 
were highly significantly decreased (P < 0.05) in contrast 
to positive control (group B), they were 22.14 ± 6.53 and 
47.76 ± 16.11, respectively.

Effect of DP on TNF-α level in rat serum
Figure 2 and Table 1 illustrate that the serum levels of 
TNF-alpha (mean ± SEM) for rats in positive ova-
sensitized control (group B) were significantly increased 
(P < 0.05) when compared with normal control (group 
A), they were 252.05 ± 87.04 and 68.90 ± 21.99, 
respectively.

Concerning DP-treated (group C; 26.4 mg/kg/day) and 
prednisolone-treated (group D) (4.12 mg/kg/day) the 
rat’s serum levels of TNF-alpha (mean ± SEM) were 
90.65 ± 25.83 and 100.70 ± 34.83, respectively this was 
indicating a highly significant decrease (P < 0.05) in 
TNF-α in contrast with positive (group B).

Effect of DP on IL-4 level in rat serum
Figure 3 and Table 1 demonstrate that serum levels of IL-4 
(mean ± SEM) for rats in positive ova-sensitized (group 
B) were significantly increased (P < 0.05) in contrast with 
normal control (group A), they were 281.9 ± 73.86 and 
113.18 ± 64.68, respectively.

Regarding the anti-inflammatory action for DP treated 
(group C; 26.4 mg/kg/day), the rat’s serum levels of 
IL-4 were not significantly decreased (P > 0.05) it was 
189.83 ± 23.59 when compared with the ova-sensitized 
positive control (group B), whereas in prednisolone-
treated (group D; 4.12 mg/kg/day), the rat’s serum 
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Figure 1: Effect of dipyridamole on level of IL-6 in rat serum. Group A: 
control group, rats given distilled water for 14 days. Group B: positive 
control group, rats exposed to airway ova-sensitization only. Group C: 
treated with dipyridamole (26.4 mg/kg/day) orally with airway ova-
sensitization. Group D: treated with prednisolone (4.12 mg/kg/day) 
orally with airway ova-sensitization

Table 1: Effectiveness of dipyridamole on interlеukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α) interlеukin-4 (IL 4), and 
interlеukin-10 (IL-10) levels in rat serum after airway inflammation

Treatment groups Type of treatment IL-6 (pg/mL) for rat 
serum

Mean ± SEM 

TNF-α (ng/L) for rat 
serum

Mean ± SEM 

IL-4 (ng/L) for rat 
serum

Mean ± SEM 

IL-10 (pg/mL) 
for rat serum
Mean ± SEM 

Group A Negative control/DW 47.63 ± 15.69 68.90 ± 21.99 113.18 ± 64.68 210.71 ± 18.36

Group B Positive control/OVA-sensitization 97.16 ± 22.08* 252.05 ± 87.04* 281.9 ± 73.86* 58.75 ± 14.32*

Group C Dipyridamole 26.4 mg/kg/day 22.14 ± 6.53¶ 90.65 ± 25.83¶ 189.83 ± 23.59 48.25 ± 10.54

Group D Prednisolone (4.12 mg/kg/day) 47.76 ± 16.11¶ 100.70 ± 34.83¶ 120.33 ± 21.45¶ 165.56 ± 40.29¶

D/W: distilled water, OVA: ovalbumin.
Values are represented as means ± standard error of means (SEM).
*Significantly different (P < 0.05) concerning the negative control group.
¶Significantly different (P < 0.05) concerning group B
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levels of IL-4 was significantly decreased (P < 0.05) it 
was 120.33 ± 21.45 when compared with ova-sensitized 
positive control (group B).

Effect of DP on IL-10 level in rat serum
Figure 4 and Table 1 show serum levels of IL-10 (mean 
± SEM) for rats in positive ova-sensitized (group B) 
were significantly increased (P < 0.05) in contrast with 
normal control (group A), they were 210.71 ± 18.36 and 
58.75 ± 14.32, respectively.

When looking at the rat’s serum level for DP treated (group 
C; 26.4 mg/kg/day) there was no significant increase 

in IL-10 (P > 0.05), whereas in prednisolone-treated 
(group D; 4.12 mg/kg/day) was significantly increased in 
contrast to positive ova-sensitized (group B), they were 
48.25 ± 10.54 and 165.56 ± 40.29, respectively.

Discussion
Despite the advances in treatment, the prevalence of 
pulmonary diseases has increased. The epidemiological 
studies indicate that the prevalence of these diseases is 
underestimated, further increasing the difficulty of their 
management.[23]

The mechanism of respiratory disease has been related 
to the enhancement of the inflammatory expression of 
CKs and certain adhesion molecules. Chemokines play 
an important role in the differentiation of immune cells. 
In addition, intercellular adhesion molecule-1, matrix 
metalloproteinase-9, vascular cell adhesion molecule-1, 
cytosolic phospholipase A2, and cyclooxygenase-2 have 
been blamed for inducing pulmonary inflammation 
related to different stimuli.[24] Various signaling molecules 
can regulate the target proteins that are involved in 
pulmonary inflammation.[24]

Regarding the method used to induce airway inflammation 
in animal models, there was more than one method had 
been used, but the one used was OVA.

A study done by Andersson et al.[25] found that IL-6 
CK was dramatically expressed in the lungs of  the 
OVA-treated rats group and the cells obliterating the 
lumen of  the arterioles.[25] Soriano et al.[26] found that in 
sensitized 40 female BALB/c mice with OVA, there was 
an increase in serum IL-6 and other CKs in the OVA-
sensitized group.
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Figure 2: Effect of dipyridamole on the level of TNF-alpha in rat serum. 
Group A: control group, rats given distilled water for 14 days. Group B: 
positive control group, rats exposed to airway ova-sensitization only. 
Group C: treated with dipyridamole (26.4 mg/kg/day) orally with airway 
ova-sensitization. Group D: treated with prednisolone (4.12 mg/kg/day) 
orally with airway ova-sensitization
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Figure 3: Effect of dipyridamole on level of IL-4 in rat serum. Group A: 
control group, rats given distilled water for 14 days. Group B: positive 
control group, rats exposed to airway ova-sensitization only. Group C: 
treated with dipyridamole (26.4 mg/kg/day) orally with airway ova-
sensitization. Group D: treated with prednisolone (4.12 mg/kg/day) 
orally with airway ova-sensitization
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Figure 4: Effect of dipyridamole on level of IL-10 in rat serum. Group A: 
control group, rats given distilled water for 14 days. Group B: positive 
control group, rats exposed to airway ova-sensitization only. Group C: 
treated with dipyridamole (26.4 mg/kg/day) orally with airway ova-
sensitization. Group D: treated with prednisolone (4.12 mg/kg/day) 
orally with airway ova-sensitization
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IL-6 has described as important regulator of cell to 
differentiation of CD4 T cells to effector CD4 cells; IL-6 
regulates the balance between type 1 T helper and TH2 
cells.[27]

When looking at Table 1 and Figure 1, this was parallel 
with the results in this research that including there was 
a significant increase in rat’s serum IL-6 (P < 0.05) for 
rats in ova-sensitized positive control (group B), when 
compared with normal negative control (group A).

In another research study done by Halwani et al. in 
2014[28] on 60 mice found that the serum mice TNF-α was 
increased in the ova-sensitized group with saline when 
compared with the normal group given only saline. This 
is in agreement with this study that ensuring there was a 
significant increase(P < 0.05) in rat’s serum TNF-α in ova-
sensitized positive (group B) when compared with normal 
control (group A) as shown in Table 1 and Figure 2.

A study done by Chang et al. in 2014[29] found that 
sensitized 50 male Wistar rats with OVA observed a 
significant elevation in rat serum of IL-4, IL-10, and 
interferon-gamma in the ova-sensitized group when 
compared with the normally treated group.

In addition, a study done by Halwani R. et al. 2016[26] 
found that there was an increase in serum IL-4 and other 
CKs in the OVA-sensitized group.

In addition, a study done by Dong et al. 2021[30] on 42 
mice in different groups found that IL-4 serum rat level 
was increased in the ova-induced mice group. The above 
studies were in agreement with this study as clarified 
in Table 1 and Figure 3 that involve OVA-sensitization 
in rats for 14 days, which was associated with airway 
inflammation. This includes significant elevation 
(P < 0.05) in rat’s serum levels IL-4 for positive ova-
sensitized (group B) when compared with negative 
control (group A).

TH cell-derived IL-10 is found to be a significant mediator 
for tolerance to allergens and may lead to the resolution of 
allergic inflammation. Whereas, reduced IL-10 induction 
by T helper cells has been suggested in cases of severe 
asthma. Genetic mutations that affect IL-10 expression 
are usually associated with development and increased 
severity of asthma.[31] In an important study done by 
Maha Fahad Alenazy and Askari,[32] which induced 
inflammation by OVA-sensitized BALB/c 40 female mice 
found that there was a decrease in IL-10 and other CKs 
in the ova-sensitized group in contrast with the normal 
control. This is parallel with this study that involved 
significant reduction (P> 0.05) in IL-10 for ova-sensitized 
positive (group B) when compared with negative control 
(group A), this is best seen in Table 1 and Figure 4.

From another point of view, when looking at the effect of 
prednisolone on IL-6 in a study done by Kruif  et al.[33] on 
32 healthy male volunteers, found that IL-6 production 

was successfully inhibited by prednisolone. This is in 
agreement with this study that included prednisolone-
treated rats (group D), which significantly reduced IL-6 
in rat’s serum (P < 0.05) when compared with the ova-
sensitized positive control (group B), as shown in Table 1 
and Figure 1.

At the same time in this study, Table 1 and Figure 2 
incorporated a significant reduction (P < 0.05) in TNF-α 
for prednisolone-treated rats (group D) when compared 
with the ova-sensitized positive control (group B) this 
consent with a mentioned study done by Kruif  et al.[33] 
illustrated that TNF-α production was successfully 
inhibited by prednisolone.

As well as another study done by Liu[34] studied the effects 
of  pretreatment with oral prednisolone on the physiologic 
and inflammatory responses in 10 allergic asthmatic 
patients and showed that prednisolone administration 
reduces the appearance of  protein, messenger ribonucleic 
acid, and CKs, such as IL-4, IL-5, and IL-2. This comes 
in agreement with the result in this study, Table 1 and 
Figure 3, which involved significant reductions in serum 
IL-4 levels for prednisolone-treated rats (group D) in 
contrast with the ova-sensitized positive control (group 
B).

Another study done by Negera and Walker[35] on 30 
patients pretreated with prednisolone suffering from 
erythema nodosum leprosum found that there was an 
increase in serum levels of IL-10. This is parallel with the 
results found in this study, Table 1 and Figure 4, including 
IL-10 levels in the serum of rats in prednisolone-treated 
(group D) was significantly increased (P < 0.05) when 
compared with ova-sensitized positive control (group B).

In addition, in an interesting study done by Alyasiry et 
al.[36] found that DP significantly decreased inflammatory 
mediators, such as TNF-α and IL-6. This is aligned with 
this study, Table 1 and Figures 1 and 2 involving significant 
reductions (P < 0.05) in IL-6 and TNF-α for DP-treated 
(group C) when compared with ova-sensitized positive 
control (group B).

Moreover, in this study, Table 1 and Figure 3, there was an 
anti-inflammatory role of DP that included a reduction in 
rat serum IL-4 level in the rat’ serum for DP treated (group 
C), but this reduction was non-significant (P > 0.5).

As well as in this study, in Table 1 and Figure 4, there 
was no elevation of rat’s serum IL-10(P > 0.05) for the 
DP-treated group when compared with the ova-sensitized 
positive control (group B). Although there was an 
increment in IL-10, this may be related to a reduction in 
DP dose or a reduction in the duration of administration 
of DP.[37]

A study done by Macatangay and Jackson[37] found 
that 35 participants who were randomized, 17 received 
DP (100 mg four times a day) and 18 received placebo 
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recipients had baseline and weeks 12 data available for 
analysis of  IL-10. In addition, there was an increase in 
serum IL-10 in the DP group in contrast with the placebo 
group.

A study done by Balakumar and WitnessKoe[38] found that 
in an attempt to decrease renal inflammation in a rat model 
of acute nephrotoxicity, the study approved that the use of 
DP 20mg\kg\day for 8 days increased the serum rat’s IL-10.

DP prevents the reuptake of adenosine into platelets, 
erythrocytes, and endothelium and causes more 
extracellular adenosine concentrations.[23] Adenosine 
inhibits the activation of various TLRs by suppressing 
their downstream pathway, NF-κB. Therefore, more than 
one mechanism has been suggested. A2BA physically binds 
to p105 (an NF-κB inhibitor) and reduces its degradation 
and so reduces the production of CKs that act as a pro-
inflammatory mediator.[39]

In this study, the anti-inflammatory effect of DP and 
prednisolone was evaluated concerning the inhibition 
of NF-κB and some of the ILs related to airway 
inflammations.

Glucocorticoids are the main anti-inflammatory drugs, that 
strongly inhibit NF-κB activation probably by mechanisms 
that are not fully understood like prevention of deoxyribose 
nucleic acid binding, IκB kinase activity, and transactivation. 
Glucocorticoids (prednisolone, dexamethasone, and 
methylprednisolone) can overcome NF-κB activation.[40]

Conclusion
From the results of this study, DP has an anti-inflammatory 
effect in airway rats model that includes a decrease in serum 
concentration of major prο-inflammatory CKs (IL-6 and 
TNF-α) with a slight modulation in IL-4 and IL-10. In the 
future, more studies on DP must be done, which may help 
in the prevention and treatment of most inflammatory 
respiratory diseases and other inflammations.

Financial support and sponsorship
This study was self-funded.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Lumb AB. Nunn’s Applied Respiratory Physiology eBook. 

Amsterdam: Elsevier Health Sciences; 2016.
2.	 Manni ML, Alcorn JF. The enigmatic role of IL-22 in asthma. 

Expert Rev Respir Med 2016;10:619-23.
3.	 Selgrade MK, Lemanske Jr RF, Gilmour MI, Neas LM, Ward 

MDW, Henneberger PK, et al. Induction of asthma and the 
environment: What we know and need to know. Environ Health 
Perspect 2006;114:615-9.

4.	 Barnes PJ. Mechanisms in COPD: Differences from asthma. Chest 
2000;117:10S-4S.

5.	 Saber KH. The Association between beta‑blocker use and chronic 
obstructive pulmonary disease risk, severity, and exacerbation. 
Med J Babylon 2021;18:6-11.

6.	 Takeuchi O, Akira S. Pattern recognition receptors and 
inflammation. Cell 2010;140:805-20.

7.	 Tripathi P, Aggarwal A. NF-kB transcription factor: A key 
player in the generation of immune response. Curr Sci Bangalore 
2006;90:519.

8.	 Vinyl K, Abul K. ROBBINS & CORTRAN Pathologic Basis of 
Disease. 10th ed. New York, NY: Elsevier; 2021.

9.	 O’Byrne PM, Inman MD, Adelroth E. Reassessing the Th2 
cytokine basis of asthma. Trends Pharmacol Sci 2004;25:244-8.

10.	 Rincon M, Irvin C. Role of IL-6 in asthma and other inflammatory 
pulmonary diseases. Int J Biol Sci 2012;8:1281-90.

11.	 Kishimoto T. IL-6: From its discovery to clinical applications. Int 
Immunol 2010;22:347-52.

12.	 Celli BR, Locantore N, Yates J, Tal-Singer R, Miller BE, Bakke P, 
et al; ECLIPSE Investigators. Inflammatory biomarkers improve 
clinical prediction of mortality in chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 2012;185:1065-72.

13.	 Dienz O, Rincon M. The effects of IL-6 on CD4 T cell responses. 
Clin Immunol 2009;130:27-33.

14.	 Agusti A, Edwards LD, Rennard SI, MacNee W, Tal-Singer 
R, Miller BE, et al; Evaluation of COPD Longitudinally to 
Identify Predictive Surrogate Endpoints (ECLIPSE) Investigators. 
Persistent systemic inflammation is associated with poor clinical 
outcomes in COPD: A novel phenotype. PLoS One 2012;7:e37483.

15.	 Farhan SS, Tahmasebi P, Al-Dahmoshi HOM, Gatea HS. Gene 
expression of TNF-α among Iraqi COVID-19 patients with a 
different severity status. Med J Babylon 2023;20:90-4.

16.	 Branchett W, Stölting H. A T cell–myeloid IL-10 axis regulates 
pathogenic IFN-g–dependent immunity in a mouse model of type 
2–low asthma. J Allergy Clin Immunol 2020;145:666-78.e9.

17.	 Thomé MP, Pereira LC, Onzi GR, Rohden F, Ilha M, Guma 
FT, et al. Dipyridamole impairs autophagic flux and exerts 
antiproliferative activity on prostate cancer cells. Exp Cell Res 
2019;382:111456.

18.	 Vasu S, Bandettini WP, Hsu LY, Kellman P, Leung S, Mancini C, 
et al. Regadenoson and adenosine are equivalent vasodilators and 
are superior than dipyridamole- A study of first pass quantitative 
perfusion cardiovascular magnetic resonance. J Cardiovasc Magn 
Reson 2013;15:85-91.

19.	 Amtul Z, Cechetto DF. Dipyridamole plus triflusal versus triflusal 
alone in infarct reduction after middle cerebral artery occlusion. J 
Stroke Cerebrovasc Dis 2017;27:1-5.

20.	 Balakumar P, Nyo YH, Renushia R, Raaginey D, Oh AN, 
Varatharajan R, et al. Classical and pleiotropic actions of 
dipyridamole: Not enough light to illuminate the dark tunnel? 
Pharmacol Res 2014;87:144-50.

21.	 Jourdi G, Lordkipanidzé M, Philippe A, Bachelot-Loza C, Gaussem 
P. Antiplatelet therapies for the treatment of cardiovascular 
diseases. Int J Mol Sci 2021;22:13079.

22.	 Ahmed ZH, Zalzala MH, Ibrahim MA. Guggulsterone suppresses 
ovalbumin-induced inflammation in rat asthmatic model. Indian J 
Forensic Med Toxicol 2021;15:2388-95.

23.	 Algaem MA, Numan IT, Saad Abdulrahman Hussain SA. Effects 
of valsartan and telmisartan on the lung tissue histology in 
sensitized rats. Am J Pharmacol Sci 2013;1:56-60.

24.	 Athanazio R. Airway disease: Similarities and differences between 
asthma, COPD and bronchiectasis. Clinics (Sao Paulo, Brazil) 
2012;67:1335-43.

25.	 Andersson F, Borg S, Jansson SA, Jonsson AC, Ericsson A, Prütz C, 
et al. The costs of exacerbations in chronic obstructive pulmonary 
disease (COPD). Respir Med 2002;96:700-8.

26.	 Soriano JB, Davis KJ, Coleman B, Visick G, Mannino D, Pride NB. 
The proportional Venn diagram of obstructive lung disease: Two 
approximations from the United States and the United Kingdom. 
Chest 2003;124:474-81.

27.	 Mizuno S, Farkas L, Al Husseini A, Farkas D, Gomez-Arroyo 
J, Kraskauskas D, et al. Severe pulmonary arterial hypertension 



Nashmi, et al.: Dipyridamole in rats model of airway inflammation

         96� 96    Medical Journal of Babylon  ¦ Volume 23 ¦ Issue 1 ¦ January-March 2026

induced by SU5416 and ovalbumin immunization. Am J Respir 
Cell Mol Biol 2012;47:679-87.

28.	 Halwani R, Shaik AS, Ratemi E, Afzal S, Kenana R, Al-Muhsen 
S, et al. A novel anti-IL4Rα nanoparticle efficiently controls lung 
inflammation during asthma. Exp Mol Med 2016;48:e262.

29.	 Chang G, Hong T. Effects of  selenium-enriched protein from 
Ganoderma lucidum on the levels of  IL-1𝛽 and TNF-𝛼, 
oxidative stress, and NF-𝜅B Activation in ovalbumin-induced 
asthmatic mice. Evid Based Complement Alternat Med 
2014;2014:182817.

30.	 Dong F, Wang C, Duan J, Zhang W, Xiang D, Li M. Puerarin 
attenuates ovalbumin-induced lung inflammation and hemostatic 
unbalance in rat asthma model. Evid Based Complement Alternat 
Med 2014;2014:726740.

31.	 Lee Y, Kim H. Korean Red ginseng affects ovalbumin-induced 
asthma by modulating IL-12, IL-4, and IL-6 levels and the NF-kB/
COX-2 and PGE2 pathways. J Ginseng Res 2021;45:482-89.

32.	 Maha Fahad Alenazy M, Askari F. Intranasal administration of 
abatacept enhances IL-35+ and IL-10+ producing Bregs in lung 
tissues of ovalbumin-sensitized asthmatic mice model. PLoS One 
2022;17:e0271689.

33.	 Kruif  M, Lemaire LC, Giebelen IA, van Zoelen MAD, Pater 
JM, van den Pangaart PS, et al. Prednisolone dose-dependently 

influences inflammation and coagulation during human 
endotoxemia. J Immunol 2007;178:1845-51.

34.	 Liu MC. Effects of prednisone on the cellular responses and release 
of cytokines and mediators after segmental allergen challenge of 
asthmatic subjects. J Allergy Clin Immunol 2001;108:29-38.

35.	 Negera E, Walker S. The effects of prednisolone treatment on 
cytokine expression in patients with erythema nodosum leprosum 
reactions. Front Immunol 2018;9:189.

36.	 Alyasiry E, Janabi A, Hadi N. Dipyridamole ameliorates 
doxorubicin-induced cardiotoxicity. J Med Life 2022;15:1184-90.

37.	 Macatangay B, Jackson E. A randomized, placebo-controlled, 
pilot clinical trial of dipyridamole to decrease human 
immunodeficiency virus–associated chronic inflammation. J Infect 
Dis 2020;221:1598-06.

38.	 Balakumar P, WitnessKoe W. Effects of pre and post-treatments 
with dipyridamole in gentamicin-induced acute nephrotoxicity in 
the rat. Regul Toxicol Pharmacol 2017;84:35-44.

39.	 Sun Y, Duan Y, Eisenstein AS, Hu W, Quintana A, Lam WK, et al. 
A novel mechanism of control of Nfκb activation and inflammation 
involving A2B adenosine receptors. J Cell Sci 2012;125:4507-17.

40.	 De Bosscher K, Vanden Berghe W, Haegeman G. Cross-talk 
between nuclear receptors and nuclear factor kappaB. Oncogene 
2006;25:6868-86.


