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Objectives: The aim of this study was to compare the anti-edema effects of a stable prostacyclin
analogue, iloprost, with parenteral and local forms of a non-steroidal anti-inflammatory drug,
diclofenac sodium, on traumatic soft tissue edema. 

Methods: Thirty-two adult male rats were randomly divided into 4 equal groups. Traumatic
edema in one paw of each rat was produced by established protocol. Different drugs were then
administered to each group: intraperitoneal (i.p.) saline (group 1, control group), topical
diclofenac gel (group 2), i.p. diclofenac sodium (group 3), and i.p. iloprost (group 4). The vol-
ume of the paws was measured at baseline (before trauma) and at 1 hour, 2 hours, 4 hours, 8
hours, 24 hours, 48 hours, and 72 hours after trauma. The anti-edema effects of these 3 drugs
(diclofenac gel, diclofenac sodium i.p., iloprost i.p.) were compared to each other and to the con-
trol group.  

Results: The greatest increase in paw edema in the first, second and fourth hours was seen in the
control and iloprost groups. At the 4-hour measurement, edema levels were all equal except con-
trol group. Following 4- and 8-hour measurements, edema began to decrease in all groups. After 8
and 24 hours, the fastest decrease in edema was in iloprost group, with complete resolution of
edema by 72 hours. The next fastest decrease in paw volume was seen with i.p. diclofenac sodium,
followed by diclofenac gel.

Conclusion: Iloprost has experimentally higher anti-edema effect than diclofenac sodium for the
conservative treatment of the traumatic soft tissue edema. 
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Foot trauma is among the common problems in ortho-
pedics and traumatology. It is caused by automobile
accidents, work accidents, falls, sports injuries, gun-
shot wounds, and bonesetter manipulations. We can
only see soft tissue edema and inflammation; howev-
er, tendon, vessel, and nerve injuries may accompany
depending on the severity of trauma. Closed or open

fractures and compartment syndrome can also be seen
together. Soft tissue edema and inflammation are
often treated conservatively by such methods as ele-
vation, cold compresses, non-steroidal anti-inflamma-
tory drugs (NSAID), antithrombotic and vasodilator
drugs, antioxidants, and stabilization of the foot by
cast. 
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The main symptoms of foot trauma are pain,
inflammation, soft tissue edema, movement restric-
tion, and ecchymoses. Iloprost, a stable long-acting
analogue of prostacyclin, has been used for different
forms of treatment in recent years. It is known to be
a potent vasodilator. In addition, iloprost inhibits
platelet aggregation, is an antioxidant, and decreases
vessel permeability. Thus, it shows an anti-inflam-
matory effect by increasing intravascular volume. It
is used to treat diabetic foot, pulmonary hyperten-
sion, peripheral ischemic vessel disease, early stages
of aseptic necrosis of the bone, bone marrow edema,
and ischemia of the distal parts of the fingers after
microvascular surgery or freezing. 

The effect of iloprost on traumatic soft tissue
edema is not fully understood. Hitherto, there has
been documentation of its effects on ischemia,
inflammation and suppression of free oxygen radi-
cals. But, its use in the treatment of traumatic soft
tissue edema of the foot has not been examined in
the literature. 

In this study, we aimed to compare the anti-
edema effect of iloprost with the anti-edema effects
of the parenteral and gel forms of diclofenac sodium,
NSAID.

Materials and methods

Thirty-two Sprague-Dawley young or adult male
rats [mean weight 187 g (range 122-260 g)] were
included in this study. The rats were randomly divid-
ed into 4 equal groups. In each group, the rats were
signed from their tails and numbered from one to
eight. The ankle of each paw was also marked to
ensure correct measurement of volume. After keta-
mine (100 mg/kg, Ketalar, Eczac›bafl›, ‹stanbul,
Turkey) anesthesia, rats were weighed with a weigh-
ing machine (CAS Corp., Korea). The initial volume
of the paws was measured by plethysmograph (Ugo
Basile 7140, Cornerio VA, Italy) (Fig. 1). Edema of
the paws was created by a special mechanism (Fig.
2). From a height of 40 cm, a cylindrical mass
weighing 150 g was dropped onto the right paws.
After creating traumatic soft tissue edema, drugs
were given to each group for 3 days: intraperitoneal
(i.p.) saline 0.4 mL/day, half in the morning and half
in the evening for group 1 (control group); topical
diclofenac gel (Voltaren-Emulgel, Novartis Pharma

Stein AG, Basel, Switzerland) 1 mL per day, half in
the morning and half in the evening for group 2; i.p.
diclofenac sodium (Voltaren amp, Novartis Pharma

Fig. 1. Measuring the volume of the rat paws by plethys-
mograph.

Fig. 2. Producing edema of the rat paws by dropping a
mass.
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Stein AG, Basel, Switzerland) 25 mg/kg/day, half in
the morning and half in the evening for group 3; and
i.p. iloprost (Ilomedin, Schering AG, Berlin,
Germany) 20 μg/kg/day, half in the morning and half
in the evening. The volume of the paws was meas-
ured by plethysmograph at 1 hour, 2 hours, 4 hours,
8 hours, 24 hours, 48 hours, and 72 hours after trau-
ma. At the end of the third day, the rats were sacri-
ficed, and their non-traumatized and traumatized
paws were evaluated radiologically to rule out any
fractures.

Results

In the control group, mean volume of the rat paws
was 0.80 mL before trauma, 1.15 mL at 1 hour, 1.19
mL at 2 hours, 1.27 mL at 4 hours, 1.26 mL at 8
hours, 1.13 mL between 24 hours and 48 hours, and
0.96 mL at 72 hours after trauma. Diclofenac gel
group was significantly different from control group
in terms of paw volume after 24 hours (Fig. 3).
Percent increase in volume after trauma was 43.75%
at 1 hour, 48.75% at 2 hours, 58.75% at 4 hours,
57.50% at 8 hours, 41.25% at 24 hours, 31.25% at 48
hours, and 20% at 72 hours (Fig. 4).

In diclofenac sodium gel group, mean volume of
the paws was 1.04 mL before trauma, 1.25 mL at 1
hour, 1.40 mL at 2 hours, 1.48 mL at 4 hours, 1.51
mL at 8 hours, 1.43 mL at 24 hours, 1.25 mL at 48
hours, and 1.18 mL at 72 hours after trauma (Fig. 3).
Diclofenac gel group was statistically different from
diclofenac i.p. group starting from 4 hours; from ilo-
prost group at 72 hours; and from control group
starting from 24 hours (p<0.05). Percent increase in
volume after trauma was 20% at 1 hour, 34.6% at 2
hours, 42.3% at 4 hours, 45.2% at 8 hours, 37.5% at
24 hours, 20.2% at 48 hours, and 13.5% at 72 hours
(Fig. 4). 

In diclofenac sodium i.p. group, mean volume of
the paws was 0.83 mL before trauma, 1.05 mL at 1
hour, 1.12 mL at 2 hours, 1.18 mL at 4 hours, 1.13
mL at 8 hours, 1.01 mL at 24 hours, 0.95 mL at 48
hours, and 0.87 mL at 72 hours after trauma (Fig. 3).
There was statistically significant difference between
diclofenac i.p. and iloprost groups except 4 and 8
hours (p<0.05). No statistically significant difference
was detected between diclofenac i.p. group and con-
trol group. Percent of increase in volume after trauma
was 26.5% at 1 hour, 35% at 2 hours, 42% at 4 hours,

1.6

1.5

1.4

1.3

1.2

1.1

1

0.9

0.8

0.7

 0.6

M
ea

n 
pa

w
 v

ol
um

e 
(m

L)

0 1st 2nd 4th 8th 24th 48th 72th

Time (hours)

Control

Topical diclofenac

Intraperitoneal diclofenac

Intraperitoneal iloprost

Fig. 3. The change of the mean volume of the rat paws with time.
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36% at 8 hours, 21% at 24 hours, 14% at 48 hours,
and 0.03% at 72 hours (Fig. 4).

In iloprost group, mean volume of the paws was
0.97 mL before trauma, 1.34 mL at 1 hour, 1.42 mL
at 2 hours, 1.40 mL at 4 hours, 1.39 mL at 8 hours,
1.35 mL at 24 hours, 1.13 mL at 48 hours, and 0.97
ml at 72 hours after trauma (Fig. 3). There was no sta-
tistically significant difference between iloprost and
control groups. Percent increase in volume after trau-
ma was 38% at 1 hour, 46% at 2 hours, 44% at 4
hours, 43% at 8 hours, 39% at 24 hours, 16.5% at 48
hours, and 0% at 72 hours (Fig. 4).

For the first hour of the experiment, the greatest
increase in edema was seen in the control and iloprost
groups. This was also seen at 2 and 4 hours. After 4
hours, edema in all groups started to decrease. The
quickest decrease in rat paw edema was noted in ilo-
prost group at 8 and 24 hours. The iloprost group also
showed the same paw volume at 72 hours as that seen
before trauma, indicating total resolution of edema.
After iloprost, the order of effectiveness in decreas-
ing the rat paw edema was diclofenac sodium i.p. and
diclofenac sodium gel. At the end of the study, the
amount of rat paw edema in the diclofenac sodium
i.p. group decreased to 0.003% and it decreased to
13% in diclofenac sodium gel group, and to 20% in
the saline control group.

Discussion

Wound healing is a complicated processes including
inflammation and soft tissue edema that develops as a
response to trauma, involving metabolic, biologic,
and physiologic events. The inflammation begins at
the time trauma begins. The conditions as a trauma
that tether inflammation are microorganisms, cold,
hot, radiant energy, chemicals, trauma by electricity,
and mechanics, and so on. Damaged cells and foreign
bodies are eliminated and tissue repairing process
exists.[1]

We attempted to create traumatic soft tissue
edema and inflammation on rat paws experimental-
ly, similar to original trauma. There are many ways
of creating sterile edema cited in the literature:
Freund’s adjuvant, carrageenan, and zymosan are
chemicals that cause soft tissue edema by activating
immune systems components.[2] Another way to cre-
ate sterile edema is U.V. radiation.[2] The trauma
model in the present study was formed resembling
the trauma model used to create injuries on rats’
heads in the literature.[3,4]

In response to mechanical trauma, we observe
changes in the microvessel circulation in soft tissue.
Focal capillary density decreases, there is leakage of
macromolecules from the vessel walls and an
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increase in the number of leukocytes that stimulate
local inflammation.[5] As the tissue is damaged, local
tissue mediators include histamines, kinins,
prostaglandins, and leukotrienes. Some of them
increase vessel diameter, some increase vessel per-
meability, and some regulate edema and pain. Blood
clotting in traumatized tissue vessel isolates media-
tors that cause tissue edema.[1] Inflammation starts
with migration of leukocytes and soft tissue cells to
the damaged tissues. Cytokines help repair damaged
tissues. Primary repair ends with formation of granu-
lation and scar tissue. Early diagnosis and treatment
improves functional results.[6,7] Lymphocytes, mono-
cytes, and macrophages take part at the end of the
inflammation.[8] Increase in blood pressure and capil-
lary permeability causes liquid transfer from the
blood. Increased capillary permeability is a result of
inflammation. Low osmotic colloidal pressure is a
result of hypoproteinemia and another cause of
edema.[9] In clinical studies, mechanical trauma to the
extremities causes edema by formation of thrombosis
in venules, by decreasing lymphatic drainage, and by
activating local inflammation mediators.[10]

The anti-edema and anti-inflammation effects of
parenteral and gel forms of the NSAID diclofenac
sodium and of iloprost, a stable prostacyclin ana-
logue, were compared with the control saline group
in this study. The comparison was made by measure-
ment of edema in the paws of rats for 72 hours fol-
lowing trauma. 

Cyclooxygenase (COX) inhibitors are given after
trauma to suppress inflammation and edema.[11]

Diclofenac sodium is an NSAID for the treatment of
inflammation and edema. It also relieves pain relat-
ed to the mediators. Its target enzyme is COX. In
many studies, it has been shown to be effective in
suppressing inflammation by inhibiting COX.[11-17]

There are two isoenzymes of COX, COX-1 and
COX-2, which take part in prostaglandin synthesis.
As gastrointestinal side effects are seen by suppres-
sion of COX-1, COX-2 is preferred for suppressing
inflammation.[18] COX-1 can be found in every tis-
sue, but COX-2 is seen especially in brain, liver, and
ovaries. During the inflammation process, COX-2 is
produced by interleukin-1 (IL-1), tumor necrosis
factors-α (TNF-α), and lipopolysaccharide (LPS).[19]

A 50 mg dose of diclofenac taken orally before
arthroscopy relieves postoperative pain more than

intra-articular ropivacaine injection.[20] Long-term
uses of diclofenac include treatment of rheumatoid
arthritis, osteoarthritis, and spondyloarthritis; short-
term uses include treatment of musculoskeletal trau-
ma, postoperative pain relief, and treatment of dys-
menorrhea. 

In the present study, diclofenac sodium is effec-
tive in decreasing inflammation and tissue edema
when used in traumatic tissue edema, and its
intraperitoneal administration led to greater and
more rapid systemic effects than did local adminis-
tration. 

Gastrointestinal side effects, renal function sup-
pression, and increased hepatic aminotransferase are
the major side effects of diclofenac sodium.
Gastrointestinal side effects related to NSAID usage
cause high mortality rates as 16,000 death per year in
USA.[21] The drug goes under biotransformation in
the liver, and only 1% gets out of the body from the
kidneys unchanged.[12] Twenty-four hours after trau-
ma, diarrhea was observed in all rats taking parenter-
al diclofenac sodium. Only one rat in this group died
before 72 hour; this death was not thought to be
caused by the gastrointestinal side effect.
Unfortunately one rat in saline group and one rat in
diclofenac sodium gel group also died before the
study ended.

To reduce the risk of side effects associated with
oral administration, NSAIDs that can be locally
administered have been developed.[13,22] There are
some advantages of local forms compared to the
other forms: locally administered forms do not
undergo first-pass elimination in the liver, they are
easy for the patient to use, and side effects are limit-
ed. The only disadvantage is that it is less absorbable
from the skin because of the thick stratum corneum
layer. When this layer thins, it is more easily
absorbed from the skin.[23] The epidermis can absorb
3% diclofenac in hyaluronan gel easily. In this case,
the systemic absorption is less, but side effects are
less, too.[24] Producing high-dose skin penetration
forms will improve the ease of treatment of muscu-
loskeletal inflammation without side effects. Oleic
acids and d-limonene can promote greater and more
rapid penetration of diclofenac from the skin.[25]

Diclofenac gel form can be applied on the skin easi-
ly and can suppress inflammation and pain success-
fully.[26]



Uslu et al. Iloprost versus diclofenac sodium for traumatic rat paw edema 489

In the present study, diclofenac gel form was less
effective in the treatment of soft tissue edema than
parenteral diclofenac form. Because of the damaged
rat paw, the skin gel form was not absorbed enough
to show its real anti-inflammatory effect. 

Prostacyclins are potent vasodilators that inhibit
platelet aggregation and inflammation process.[27]

Endothelial mediators including prostacyclins inhibit
platelets and leukocytes and protect the tissue from
thrombotic events, supply blood to the tissues, and
protect the vascular wall from acute damage and
chronic remodeling.[28,29] Prostacyclins inhibit the
fibrotic response to TGF-α2 by suppressing the
Ras/MEK/ERK pathway.[30] Propentofylline and ilo-
prost suppress production of TNF-α from the
macrophages.[31-36] Iloprost is a long-acting prostacy-
clin analogue, a product of endothelial cells. It inhibits
platelet aggregation, leukocyte activation, chemo-
taxis, and superoxide anion production. It is a potent
vasodilator.[37] After local application, it has a proin-
flammatory activity by affecting the cell infiltration
detected by leukotriene B4 (LTB4) on rat skin.[38]

Iloprost protects against vessel stenosis by vasodilata-
tion and takes more blood to the tissues. Iloprost
decreases platelet aggregation by changing the vis-
coelasticity of the blood and resolves existing aggre-
gation; it also inhibits the aggregation of waste of
inflammation precursors on the damaged blood vessel
walls.[39,40] It affects the blood circulation to tissue
formed by direct or indirect mechanical trauma. The
blood supply and oxygenation of tissues is reduced by
ischemia. The vasodilating and anti-aggregation
effects of iloprost may be the reason that it is more
potent than other drugs in treatment of soft tissue
edema. Prostaglandins increase skeletal muscle blood
supply during ischemia-revascularization process.[41]

In placebo-controlled studies, iloprost has shown
treatment value on diabetic foot ulcers.[42-44] Beraprost,
a prostacyclin analogue, is used in the treatment of
diabetic retinopathy and neuropathy.[45] In treatment of
the diabetic foot, iloprost has led to improved wound
healing, decreased risk of amputation, and improved
pain relief for 3-6 months.[46] Iloprost regulates the
genetic role in cell growth and inflammation; it sup-
presses producing of cytokines in vitro. By its well-
known vasodilatation and anti-aggregation effects, it
also suppresses inflammation.[47] The positive effects
of iloprost on microvessels shows that it can be used
effectively in the treatment of ischemic conditions.[48-55]

In a study based on the patients with thromboangiitis
obliterans, iloprost was more effective than aspirin in
pain relief and healing of ulcerated wounds.[51] Some
of the common adverse effects are headache, hypoten-
sion, syncope, vomiting, pallor of the face and body,
nausea, and abdominal cramps.[39] In this study, no
side effects of iloprost were observed in rats. 

As understood from information in the available
literature, drugs we used in this study are the most
powerful drugs that can be used in the treatment of
soft tissue edema and inflammation. Some forms of
diclofenac sodium (parenteral, oral, and local) are
used in the clinical treatment at the moment. Iloprost
has been discovered in recent years and is given to
patients by i.v. infusion and inhalation.[39] Iloprost by
i.v. infusion causes patient immobility, and patients
must stay in the hospital during treatment.[39,56]

Iloprost is usually given by inhalation to patients
with pulmonary hypertension and acute pulmonary
edema.[27,37,57-59] In the present study, iloprost was
given to rats via i.p. injection because of the techni-
cal difficulty of intravenous infusion in rats. In the
literature, it has been given by intravenous infusion
by jugular catheterization under general anaesthesia. 

We concluded that parenteral forms of diclofenac
sodium and iloprost are more effective than saline or
diclofenac gel on traumatic soft tissue edema.
Iloprost has particular advantages for treatment of
traumatic soft tissue edema because of its effect of
vessel vasodilation. Studies are now underway to
develop formulations, which are effective and avail-
able to be used clinically.
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