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The effects of lornoxicam on brain edema and
blood brain barrier following
diffuse traumatic brain injury in rats

Lornoksikamin siganlarda diffiiz travmatik beyin hasarinda
beyin 6demi ve kan beyin bariyeri iizerine etkileri
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BACKGROUND

In this experiment, the effects of lornoxicam on brain ede-
ma and the blood brain barrier (BBB) following diffuse
traumatic brain injury (TBI) were studied.

METHODS

Twenty adult male Wistar albino rats were anesthetized, and
experimental closed head trauma was induced by the Mar-
marou method. After head injury, the rats were randomly
divided into two groups: Group I was the control group, to
which 2 ml saline was administered intraperitoneally, and
Group II was the lornoxicam group, to which 2 ml 1.3 mg
kg lornoxicam was administered intraperitoneally. Twenty-
four hours after head trauma, 99 mTc pentetate (DTPA) was
injected at a dose of 37 MBq, and posterior planar images of
each rat were obtained using an Infinia gamma camera. After
imaging of BBB permeability, brain tissues were dissected
from the cranium. The brain water content (BWC) of each
sample was calculated using the wet-dry method.

RESULTS

The lesion/background (L/b) ratio of Group I was 3.76+0.46
and 3.02+0.66 for early (5th min) and late (60th min) imag-
ing, respectively. In Group II, the L/b ratios were 3.52+0.96
and 2.63+0.63 for early and late imaging, respectively
(p>0.05). BWC was 79.6+2.5% and 77.5+1.1% for Groups
I and 11, respectively (p<0.05).

CONCLUSION
In this rat model of TBI, lornoxicam reduced brain edema
but did not affect BBB permeability.
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AMAC
Bu calismada diffiiz travmatik beyin hasar1 (TBH) sonrast,
lornoksikamin kan beyin bariyeri (KBB) ve beyin édemi
iizerine etkileri arastirildi.

GEREC VE YONTEM

Yirmi erigkin erkek Wistar albino sigana anestezi uygula-
mas1 sonrasi Marmarou yontemi ile deneysel kapali kafa
travmasi olusturuldu. Kafa travmasi sonrasi siganlar rando-
mize olarak iki gruba ayrildi: Grup I intraperitoneal yolla 2
mL salin uygulanan kontrol grubu ve Grup II intraperitone-
al yolla 2 mL 1.3 mg kg™ lornoksikam verilen lornoksikam
grubu. Kafa travmasindan 24 saat sonra 99 mTc pentetate
(DTPA) 37 MBq dozda verildi ve her bir siganin posterior
planar goriintiisii bir Infinia gama kamera kullanilarak elde
edildi. KBB permebilitesinin goriintiilenmesi sonrasi beyin
dokular1 kranyumdan disseke edildi. Tiim 6rneklerin beyin
su icerigi (BSI) 1slak-kuru metodu ile hesaplandi.

BULGULAR

Grup I lesion/background (L/b) oranlari erken donem (5.
dk) 3,76+0,46 ve ge¢ donem (60. dk) 3,02+0,66 idi. Grup 11
L/b oranlar1 erken donem 3,52+0,96, ge¢ donem 2,63+0,63
olarak saptandi (p>0,05). BSC Grup I'de %79,6+2,5 ve
Grup II’de %77,5+1,1 idi (p<0,05).

SONUC

Bu TBH sican modelinde lornoksikamin beyin &demini
azalttig1 ancak KBB gecirgenligini etkilemedigi goriilmiis-
tir.
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Lornoxicam in brain tfrauma in rats

Head trauma frequently results in death or in criti-
cal conditions that lead to long-term disability and
rehabilitative treatment. Brain injuries are found in
approximately 85% of victims who die in traffic ac-
cidents.!"! The overall mortality rate due to severe head
trauma is 35%, and this is generally due to cerebral
edema and increased intracranial pressure.™

The primary tissue damage caused by the mechani-
cal effects of head trauma cannot be treated,”®! but ef-
forts are made to modify the processes and minimize
the consequences of secondary brain injury that oc-
curs within minutes, hours, or days after the trauma.
(461 Posttraumatic brain edema is one of the patho-
physiologic events occurring late as a secondary in-
jury mechanism, and is thought to be generated in part
by vasogenic edema due to blood brain barrier (BBB)
breakdown and in part by cytotoxic edema.”

Increases in brain cyclooxygenase-2 (COX-2) are
associated with the central inflammatory response
and delayed neuronal death, both of which cause
secondary insults after traumatic brain injury (TBI).
9 Non-steroidal anti-inflammatory drugs (NSAIDs)
have been shown to be neuroprotective in models of
brain injury.l'®!"! Lornoxicam is a potent analgesic
and NSAID that inhibits COX-1/COX-2 in a balanced
fashion; it is well tolerated and suitable for parenteral
administration.

In this experimental study, the effects of lornoxi-
cam on the BBB and development of brain edema in a
rat model of diffuse TBI are elucidated.

MATERIALS AND METHODS

The research protocol was approved by our Uni-
versity’s Committee on the Humane Care of Labora-
tory Animals. Twenty adult male Wistar albino rats,
each weighing 220-250 g, were maintained under con-
trolled environmental conditions (temperature 22 °C,
humidity 65%, and light-dark cycle 12 hour (h):12 h)
for a minimum of 4 days. All rats were fasted for 18
h before the experiments but were allowed free access
to water until 20-30 minutes (min) before the start of
the experiment. All experiments were started between
10 am. - 11 am.

After anesthesia with thiopental (30 mg kg intra-
peritoneal [IP]), a median line scalp incision was made
and the periosteum opened. A 10 mm diameter metal
disc was glued to the cranium in the midline at the
intersection of the coronal and lambdoid sutures. Dif-
fuse closed head injury was induced by the method of
Marmarou et al.'” using a 450 g - 2 m weight-height
impact onto the metal disc on the intact skull of the
rats.

Twenty-four hours after head injury, the rats were
randomly placed into one of two groups: Group I
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(n=10) served as the control group, to which 2 ml sa-
line was administered IP, and Group II (n=10) was
the lornoxicam group, to which 2 ml 1.3 mg kg’
lornoxicam was administered IP. Twenty-four hours
after the head trauma, 99mTc pentetate (DTPA) was
injected via a 24-gauge cannula in the femoral vein
at a dose of 37 MBq, and posterior planar images of
each rat in the supine position were obtained with an
Infinia gamma camera (GE Healthcare, Tirat, Hac-
ermel, Israel) using a low-energy, high-resolution
parallel-hole collimator with a 20% energy window
centered at 140 keV. The field of view was a 256x256
matrix and had a scale of 5 zoom. Two images were
obtained from each rat: one 5 min after isotope in-
jection (early) and one 60 min after isotope injection
(late). The ratios of proportional background were es-
timated using region-of-interest (ROI) analysis. ROIs
were drawn to brain-to-background ratios (lesion/
background [L/b]).

After imaging of BBB permeability, rats were sac-
rificed by cervical dislocation, and brain tissues were
removed from the cranium atraumatically. Tissue
samples were weighed separately and then dried to a
constant weight at 105 °C for 24 h. The brain water
content (BWC) of each sample was calculated using
wet-dry method: BWC%= 100x (wet weight - dry
weight)/wet weight.

Statistical analyses were performed using Mann-
Whitney U-test for significant differences between
two groups. Statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS)
for Windows® version 14.0 (SPSS Inc., Chicago, IL,
USA). Results are expressed as mean + SD. P values
less than 0.05 were considered to be statistically sig-
nificant.

RESULTS

Regarding BBB analysis, L/b in Group I was
3.76+0.46 (early) and 3.02+0.66 (late) and in Group II
was 3.52+0.96 (early) and 2.63+0.63 (late) (p>0.05).
Differences between groups at each time point were
not significant, but BBB permeability decreased be-
tween the early and late periods within groups (p<0.05,
Table 1).

Regarding brain edema, BWC was 79.56£2.5% in
Group I and 77.47+1.05% in Group II (p<0.05, Ta-
ble 1). Early and late brain-to-background ratios are
shown in Table 1. Examples of bio-distribution of
Tc99m DTPA in dynamic and static (60th min) images
are shown in Figure 1.

DISCUSSION

In this experimental model, we found a significant
decrease in brain edema and non-significant decrease
in BBB permeability when lornoxicam was adminis-
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Table 1. Brain-to-background ratios and BWC of groups (mean+SD)

Group I
(control) n=10

Group II p
(lornoxicam) n=10

Brain-to-background activity ratios (L/bg)
Early (5 min)
Late (60 min)

Brain water content (BWC)

3.76+0.46 3.52+0.96 0.47
3.02+0.66 2.63%0.63 0.19
79.56+2.5 77.47+1.05 0.026*

* p<0.05, when compared with between groups.

tered after TBI. The Marmarou mechanism for pro-
ducing brain injury creates clinical features of diffuse
axonal injury, biochemical characteristics of trauma,
and brain edema 6-24 h after the trauma.["> While the
Marmarou model may not create all of the pathophys-
iological changes that are observed in head trauma
patients, it is a standard model for testing therapies
(some even later tested in Phase III trials in humans)
for preventing or treating secondary brain injury after
TBIL

The BBB is a highly selective barrier that prevents
the passage of many substances from the blood into the
extracellular fluid of the brain, or into the brain cells,
and vice versa. The increase in BWC after trauma is
thought to be related to vasogenic edema due to dis-
ruption of the BBB. Although use of the spectrophoto-
metric measurement of Evans blue in brain tissue for
BBB analysis is very popular,'¥ its methodological
problems in previous studies may have contributed
to over-estimates of tracer levels in the brain.l'+!3! In
our study, 99mTc pentetate, a non-diffusible tracer
for the evaluation of BBB permeability, was used for
assessing the integrity of the BBB. 99mTc pentetate
penetrates the BBB only if the BBB has been disrupt-
ed. 99mTc-DTPA was also used in the past for brain

(b)

i,

scintigraphy to detect brain infarcts as well as brain
metastases.['®!7]

Following TBI, arachidonic acid leaks from cell
membranes and is converted into prostaglandins by
cyclooxygenase. In animal experiments, prostaglan-
dins have been found to increase in brain tissue after
trauma.”'® COX-2 is a primary inflammatory me-
diator that converts arachidonic acid from damaged
membranes into vasoactive prostaglandins, produc-
ing reactive oxygen species in the process.[®!81° Fol-
lowing TBI, these free radicals damage neural mem-
branes, white matter, and the tight junctions that form
the BBB. Peroxidative reactions may also be implicat-
ed in the progressive vascular damage that affects au-
toregulation and leads to arteriolar spasm and throm-
bosis. Thus, products of COX-2 likely play a role in
secondary responses that may result in increased intra-
cranial pressure, vasospasm, and ischemia, resulting
in worsened outcomes.

Although COX-2 induction following TBI may
result in selective beneficial responses, chronic COX-
2 production may contribute to free radical-mediated
cellular damage, vascular dysfunction, and alterations
in cellular metabolism. These may cause secondary in-

© e

Fig. 1. (a) In vivo single-photon dynamic imaging of biodistribution of Tc99m DTPA. (b, ¢) The biodistribution and uptake of
Tc99m DTPA were confirmed by in vivo static imaging (60th min).
(Color figure can be viewed in the online issue, which is available at www.tjtes.org).
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juries to the brain that worsen behavioral outcome.[']
If the initial phase of COX-2 expression is beneficial,
then delayed pharmacological treatment with steroids
or COX-2-specific inhibitors could result in better out-
comes, and may lead to new clinical treatment para-
digms.['8

Many studies have been performed in recent years
using COX inhibitors to prevent cerebral damage after
head trauma.['*!"!) Major targets of COX inhibition are
cerebral vasculature, COX-2 release from neurons and
neuroinflammatory response.*” Studies have found
that all three targets can be modified with appropri-
ate treatment. Indomethacin significantly reduces the
incidence of post-ischemic BBB disruption in the
early period but does not have a significant effect on
post-ischemic brain edema.l'” In vivo, rofecoxib has
been found to prevent excitotoxic neuronal damage.!'!
Meloxicam, a COX-2 inhibitor, has been found to pre-
serve BBB permeability, decrease anti-inflammatory
activity, and decrease brain edema in a model of dif-
fuse TBIL.!

The central nervous system inflammatory reaction
occurring after aneurysmal subarachnoid hemorrhage
and intracerebral hemorrhage involves the upregula-
tion of numerous cytokines and prostaglandins.?2%]
After intracerebral hemorrhage, COX inhibition with
celecoxib, a selective COX-2 inhibitor, decreases
brain edema, inflammation, and perihematomal cell
death by decreasing generation of prostaglandin
E2.1%]

This is the first study in the literature to test the
effects of lornoxicam on brain edema and BBB per-
meability in an animal model of TBI. In this model,
lornoxicam reduced brain edema but did not have a
significant effect on BBB permeability.

Conflict-of-interest issues regarding the authorship
or article: None declared.

REFERENCES

1. Adams JH, Doyle D, Ford I, Gennarelli TA, Graham DI,
McLellan DR. Diffuse axonal injury in head injury: defi-
nition, diagnosis and grading. Histopathology 1989;15:49-
59.

2. Lu J, Marmarou A, Choi S, Maas A, Murray G, Steyerberg
EW:; Impact and Abic Study Group. Mortality from traumatic
brain injury. Acta Neurochir Suppl 2005;95:281-5.

3. MclIntosh TK. Novel pharmacologic therapies in the treat-
ment of experimental traumatic brain injury: a review. J Neu-
rotrauma 1993;10:215-61.

4. MclIntosh TK, Juhler M, Wieloch T. Novel pharmacologic
strategies in the treatment of experimental traumatic brain
injury: 1998. J Neurotrauma 1998;15:731-69.

5. Faden Al, Salzman S. Pharmacological strategies in CNS
trauma. Trends Pharmacol Sci 1992;13:29-35.

6. Golding EM. Sequelae following traumatic brain injury.

Cilt - Vol. 19 Sayi - No. 4

The cerebrovascular perspective. Brain Res Brain Res Rev
2002;38:377-88.

7. Esen F, Erdem T, Aktan D, Kalayci R, Cakar N, Kaya M, et
al. Effects of magnesium administration on brain edema and
blood-brain barrier breakdown after experimental traumatic
brain injury in rats. J] Neurosurg Anesthesiol 2003;15:119-
25.

8. Ellis EF, Police RJ, Rice LY, Grabeel M, Holt S. Increased
plasma PGE2, 6-keto-PGF1 alpha, and 12-HETE levels fol-
lowing experimental concussive brain injury. J Neurotrauma
1989;6:31-7.

9. Dewitt DS, Kong DL, Lyeth BG, Jenkins LW, Hayes RL,
Wooten ED, et al. Experimental traumatic brain injury el-
evates brain prostaglandin E2 and thromboxane B2 levels in
rats. J Neurotrauma 1988;5:303-13.

10. Ting P. Indomethacin attenuates early postischemic vasogen-
ic edema and cerebral injury. Adv Neurol 1990;52:119-26.
11. Hewett SJ, Silakova JM, Hewett JA. Oral treatment with ro-
fecoxib reduces hippocampal excitotoxic neurodegeneration.

J Pharmacol Exp Ther 2006;319:1219-24.

12.Marmarou A, Foda MA, van den Brink W, Campbell J, Kita
H, Demetriadou K. A new model of diffuse brain injury in
rats. Part I: Pathophysiology and biomechanics. J Neurosurg
1994;80:291-300.

13.Chan PH, Yang GY, Chen SF, Carlson E, Epstein CJ. Cold-
induced brain edema and infarction are reduced in transgenic
mice overexpressing CuZn-superoxide dismutase. Ann Neu-
rol 1991;29:482-6.

14.Louin G, Marchand-Verrecchia C, Palmier B, Plotkine M,
Jafarian-Tehrani M. Selective inhibition of inducible nitric
oxide synthase reduces neurological deficit but not cerebral
edema following traumatic brain injury. Neuropharmacology
2006;50:182-90.

15.Habgood MD, Bye N, Dziegiclewska KM, Ek CJ, Lane MA,
Potter A, et al. Changes in blood-brain barrier permeability to
large and small molecules following traumatic brain injury in
mice. Eur J Neurosci 2007;25:231-8.

16.Barth A, Haldemann AR, Reubi JC, Godoy N, Résler H,
Kinser JA, et al. Noninvasive differentiation of meningio-
mas from other brain tumours using combined 111Indium-
octreotide/99mtechnetium-DTPA brain scintigraphy. Acta
Neurochir (Wien) 1996;138:1179-85.

17.Lorberboym M, Lampl Y, Sadeh M. Correlation of 99mTc-
DTPA SPECT of the blood-brain barrier with neurologic out-
come after acute stroke. J Nucl Med 2003;44:1898-904.

18.Strauss KI, Barbe MF, Marshall RM, Raghupathi R, Mehta
S, Narayan RK. Prolonged cyclooxygenase-2 induction in
neurons and glia following traumatic brain injury in the rat. J
Neurotrauma 2000;17:695-711.

19.Kontos HA, Dietrich WD, Wei EP, Ellis EF, Povlishock JT.
Abnormalities of the cerebral microcirculation after traumat-
ic injury: the relationship of hypertension and prostaglan-
dins. Adv Exp Med Biol 1980;131:243-56.

20.Hurley SD, Olschowka JA, O’Banion MK. Cyclooxygenase
inhibition as a strategy to ameliorate brain injury. J Neu-
rotrauma 2002;19:1-15.

21.Hakan T, Toklu HZ, Biber N, Ozevren H, Solakoglu S,
Demirturk P, et al. Effect of COX-2 inhibitor meloxicam
against traumatic brain injury-induced biochemical, histo-
pathological changes and blood-brain barrier permeability.

297



Neurol Res 2010;32:629-35.

22. Ayer R, Jadhav V, Sugawara T, Zhang JH. The neuroprotec-
tive effects of cyclooxygenase-2 inhibition in a mouse model
of aneurysmal subarachnoid hemorrhage. Acta Neurochir
Suppl 2011;111:145-9.

298

Ulus Travma Acil Cerrahi Derg

23.Chu K, Jeong SW, Jung KH, Han SY, Lee ST, Kim M, et al.
Celecoxib induces functional recovery after intracerebral
hemorrhage with reduction of brain edema and perihema-
tomal cell death. J Cereb Blood Flow Metab 2004;24:926-
33.

Temmuz - July 2013



