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PURPOSE. To investigate the efficacy of L-carnitine in preventing retinal injury followed by
ischemia-reperfusion.
METHODS. The eyes of 34 guinea pigs were used in this experiment. The guinea pigs were di-
vided into two groups: the first group (n= 17) was given L-carnitine intraperitoneally (500mg/kg)
and second group (n=17) received the same dose of saline solution. Under general anesthe-
sia, peritomy was performed. Retro-orbital tissues were ligated for 90 minutes and ischemia
was induced, followed by 4 hours of reperfusion. One of the enucleated eye was stained with
hematoxylin and eosin (H&E) and retinal thicknesses were evaluated. Thiobarbituric acid re-
active substances (TBARS) levels were determined in the retina of the other eye.
RESULTS. Mean TBARS levels in retinal tissue were found lower in L-carnitine group (2.77 ±
0.55 µM) than in the control group (6.57 ± 1.19 µM), (p<0.01). On the other hand, mean reti-
nal thickness was found to be increased in the control group (47.47 ± 5.62 µm) when com-
pared to the L-carnitine group (26.52 ± 4.65 µm), (p<0.01). In correlation analysis, signifi-
cantly positive relationships were found between retinal TBARS level and retinal thickness
both in the control and L-carnitine groups (r=0.981, p<0.01 and r= 0.967, p<0.01 respec-
tively).
CONCLUSIONS. L-carnitine is effective in preventing retinal injury followed by ischemia-reper-
fusion. (Eur J Ophthalmol 2003; 13: 80-5)
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Protection of the retina from ischemia-
reperfusion injury by L-carnitine in guinea pigs

INTRODUCTION

Ischemia is defined as a local, temporary oxygen
deprivation associated with inadequate removal of metabo-
lites, caused by reduced tissue perfusion. In the eye,
ischemia of the retina resulting in irreversible mor-
phological and/or functional changes, was thought to
be the consequence of depleted stores of adenosine
triphosphate (ATP) resulting from inadequate supplies
of glucose and oxygen (1-3). In the past, the tissue

injury was attributed to the ischemic insult alone. As
already shown in previous studies, both ischemia and
reperfusion lead to much greater oxidative damage
of the retina, even worse than ischemia alone for the
same period (4).

During ischemia, there is a build-up of adenosine
resulting from the catabolism of intracellular ATP; it
is converted to hypoxanthine and at the same time,
a Ca2+-activated protease is thought to catalyse the
conversion of xanthine dehydrogenase to xanthine ox-
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idase (5, 6). Reperfusion results in a burst of super-
oxide anion radicals generated from the oxidation of
hypoxanthine to uric acid (4). Consequently, oxygen-
derived free radicals formed are believed to lead to
peroxidation of lipids in the cell membrane, modifi-
cation of protein and nucleic acids, and change in
cellular calcium homeostasis (7, 8). In addition to caus-
ing tissue damage directly, free radicals are also re-
sponsible for stimulating the release of excitatory amino
acids (especially glutamate), which results in a rapid
cellular efflux of potassium and influx of sodium, cal-
cium, and chloride with obligated water (4). The com-
bined effects of free radical release, osmotic swelling
of cell, and activation of lytic enzymes lead to severe
damage to cell and even cell death (2, 5, 9).

In lipid peroxidation, the fatty acid side chains of
the membrane phospholipids are oxidised to unsta-
ble hydroperoxides and they breakdown to form many
aldehydes such as malondialdehyde (8,10). Therefore,
the TBARS, an index of lipid peroxidation level, re-
flects the severity of the lipid peroxidation (11,12).

Various pharmacologic agents might serve to speed
up reenergisation after ischemic tissue injury. L-car-
nitine (3-hydroxy-4-N-trimethonium butyrate) is cru-
cial for mitochondrial energy production via ß oxida-
tion of fatty acids (13). It has been demonstrated in
several different models that L-carnitine can increase
the metabolic rate of mitochondria, thus improving
mitochondrial oxygen utilization in these systems, which
in turn may counteract some toxic effects to the
ischemically injured tissue (14).

Up to date, we could not find any study investigat-
ing the protective effect of L-carnitine in retinal
ischemia-reperfusion, in the literature. Therefore, in
this study we aimed to investigate the efficacy of L-
carnitine supplementation in preventing retinal injury
followed by ischemia-reperfusion.

METHODS

Induction of ischemia and reperfusion

All procedures involving guinea pigs adhered to the
ARVO Resolution on the Use of Animals in Research.

The experiment was performed using 34 guinea pigs
(250 -350 g body weight), which were randomly di-
vided into two groups with 17 animals per groups.

Forty-five minutes before ischemic insult, L-carnitine
(Camitine amp, Sigma-tau, Rome) at a dose of 500
mg/kg body weight was given intraperitoneally to the
first group and the same amount of saline solution
(2.5 ml/kg) was given to the second group with the
same route.

The pupils of the experimental animals were maxi-
mally dilated with tropicamide HCl (1%) and phenyle-
phrine (2.5%), and guinea pigs were anesthetized with
an intramuscular injection of ketamine HCl (Ketalar,
Parke Davis, UK, 50 mg/kg) and anesthesia was main-
tained throughout the experiment.

The lids were retracted by suture. At the onset of
each experiment, after the bulbar conjunctiva had been
incised around the limbus and dissected posteriorly,
a suture was placed behind the globe. The suture ends
were inserted into a plastic tube, which was rounded
on the side facing the globe; including the central reti-
nal artery, ciliary arteries, and the retrobulbar con-
nective tissue. Ischemia was induced by pulling the
suture through the plastic tube. Reperfusion was per-
formed by cutting off the top part of the tube and re-
moving the suture and tube. The successful induc-
tion of ischemia and adequacy of reperfusion were
confirmed visually with an ophthalmoscope.

Histopathological evaluation

In the present study, the eyes were subjected to 90
minutes of regional ischemia followed by 4 hours of
reperfusion. At the end of reperfusion period, the an-
imals were sacrificed with over doses of pentobarbi-
tal. After the sclera was marked superiorly and nasal-
ly with sutures, the eyes were enucleated and rapid-
ly cut open and divided into two halves by coronal
section through the ora serrata, and vitreous was re-
moved. The posterior half of the eyes was fixed in 
10 % neutral buffered formaldehyde solution, dehydrat-
ed in graded series of ethanol and embedded in paraf-
fin. Sagittal sections of the whole eye were cut in
5 µm thickness and stained with hematoxylin and eosin.
Beginning from the nasal part of the optic disc, 10
slides were selected from the slides passing from op-
tic disc by systematic random sampling (one slide out
of each 10 slides was taken). The images of the slides,
examined under light-microscope at the high power
magnification (x400), were monitorized and the reti-
nal thickness was measured in micron level by a size
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schedule with millimetric disc. The thicknesses of the
monitorized images of the retina were measured blind-
ly from three separate regions: far from of the optic
disc at 500 and 2000 µm in the superior retina and at
2000 µm in the inferior retina. Three areas on each
slide were measured containing the inner nuclear, in-
ner plexiform and ganglion cells’ layers in the sagit-
tal sections (15) and then the average thickness val-
ue of the inner retina for each eye was determined by
the mean of 30 measurements.

TBARS assay

The retinas of the other eyes were removed sepa-
rately using operation microscope and put in a tam-
ponade solution. Then it was homogenized in a vibra-
tor for two minutes and frozen in liquid nitrogen. The
specimen was stored at -80 °C until biochemical analy-
sis. TBARS level was estimated according to the method
of Satoh (16). Briefly, 2.5 ml of 20% trichloroacetic
acid and 1 ml of 0.67% thiobarbituric acid are added
to 0.5 ml of supernatant, and then the mixture is heat-
ed in boiling water for 30 minutes. The resulting chro-
mogen is extracted with 4 ml of n-butyl alcohol and
absorbance of the organic phase is determined at 530
nm. Malondialdehyde-bis-acetal was used as a stan-
dard and values were presented as µM. In this study
we used the thiobarbituric acid method for determi-
nation of lipid peroxidation, and total thiobarbituric acid
reactive materials were expressed as TBARS. Although
this method is not specific for malondialdehyde, mea-
surement of TBARS is an easy and reliable method,
which is used as an indicator of lipid peroxidation and
free radical activity in biological samples.

Statistical analysis

The results were given as mean ± standard devia-
tion. Statistical analysis was carried out by Mann-Whit-

ney U test for the comparison of the group. Correla-
tion between variables was calculated by Spearman
Rank’s Correlation Analysis. A probability <0.05 was
considered significant.

RESULTS

As seen from Table I, mean TBARS levels were 2.77
± 0.55 µM (range: 1.47 -3.42 µM) in L-carnitine group
and 6.57 ± 1.19 µM (range: 4.15 - 9.0 µM) in the con-
trol group. The difference between two groups was
statistically significant (p<0.01). Mean retinal thick-
ness was found to be significantly increased in the
control group (47.47 ± 5.62 µm) when compared to
the L-carnitine group (26.52 ± 4.65 µm), (p<0.01). In
correlation analysis, there were positive correlations
between TBARS levels and retinal thickness values
in both of L-carnitine (r=0.967, p<0.01) and control
groups (r=0.981, p<0.01). Figures 1 and 2 show the
correlation between TBARS levels and retinal thick-
ness of both groups. Edema in inner plexiform layers
of L-carnitine and control groups were illustrated in
Figures 3 and 4. Histopathological changes, such as
edema of inner plexiform Iayers, were limited mostly
to the inner part of retina.

DISCUSSION

The results of this study reveal that L-carnitine ex-
erts a significant neuroprotective effect in the guinea
pig retinas when administered before transient ischemia-
reperfusion insult.

As already shown in previous studies, it was
demonstrated that both ischemia and reperfusion lead
to oxidative damage of the retina (2, 4). Tissues are
normally protected from oxidative damage by two major
mechanisms: antioxidant enzyme system (such as su-
peroxide dismutase, catalase and the peroxidases),

TABLE I - TBARS LEVELS AND RETINAL THICKNESSES IN THE L-CARNITINE AND CONTROL GROUPS

n L-carnitine group Control group p

TBARS level (µM) 17 2.77 ± 0.55 6.57 ± 1.19 <0.001

Retinal thickness (µm) 17 26.52 ± 4.65 47.47 ± 5.62 <0.001
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organic free-radical scavengers (such as ascorbate
and vitamin E) (4, 9). However, after ischemia-reper-
fusion the load of free radicals can exceed the de-
fensive capacity of endogenous scavenger mech-
anisms and result in tissue damage.

Many substances have been used in the preven-
tion of oxidative damage due to production of free
radicals exceeding the endogenous capacity of free
radical scavenger mechanism during ischemia-reper-
fusion (4-6). In the present study, we investigated
the possible preventive role of L-carnitine (which
has been used previously to prevent ischemia-reper-
fusion injury in brain, heart and intestine tissues)
in ischemia-reperfusion of retinal tissue (14,17-20).

Carnitine is required for the transport of long chain
fatty acids into the mitochondrial matrix, allowing

their catabolism by beta-oxidation (21). Thus car-
nitine is crucial for mitochondrial energy produc-
tion. Many metabolic changes that occur with is-
chemia are apparently secondary to the intramito-
chondrial accumulation of acyl-CoA, which is
known to be toxic to many different enzyme sys-
tems such as pyruvate dehydrogenase. L-carnitine
is used to remove acyl groups from long-chain acyl-
CoA, thereby restoring the normal intramitochon-
drial acyl-CoA/free CoA ratio (22).

For a tissue to recover from ischemic insult, the
mitochondria must be rapidly re-energized during
reperfusion so that ATP can once again be produced
and ionic homeostasis restored. Unfortunately, this
restoration is retarded even after a brief period of
ischemia. Various pharmacological agents might serve

Fig. 1 - TBARS levels and retinal thicknesses in the control group. Fig. 2 - TBARS levels and retinal thicknesses in the L-Carnitine
group.

Fig. 3 - Retinal thickness illustrated in the L-carnitine group (H&E
x400). GC, Ganglion cell layer; IP, Inner plexiform layer; IN, Inner
nuclear layer; Distance between the arrows, retinal thickness.

Fig. 4 - Retinal thickness illustrated in the control group (H&E
x400). GC, Ganglion cell layer; IP, Inner plexiform layer; IN, Inner
nuclear layer; Distance between the arrows, retinal thickness.
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to speed up re-energisation after ischemic neuronal
injury. It has been demonstrated in several differ-
ent models that L-carnitine can increase the meta-
bolic rate of mitochondria, thus improving mito-
chondrial oxygen utilization in these systems,
making this a potentially useful drug to counteract
some of the effects of ischemic brain injury (23).
Rosenthal et al (14) investigated mechanisms of is-
chemia/reperfusion injury to brain tissue and the
use of acetyl-L-carnitine in the canine cardiac ar-
rest model. It is shown that normalization of cere-
bral cortex lactate levels and lactate/pyruvate ra-
tios present at a very early stage of reperfusion in
the carnitine group, suggested that carnitine may,
at least partially, exert a therapeutic effect by po-
tentiation of aerobic energy metabolism and inhi-
bition of glycolytic lactic acidosis which is known
to increase the ischemic injury (14, 24).

In the literature, there are different ischemia-reper-
fusion models for retinal tissue in terms of time du-
ration. For example, Szabo et al (15) investigated
rat eyes subjected to 30, 60, or 90 min ischemia
followed by 0.5, 1, 2, 4 and 24 hr of reperfusion,
respectively and observed that most serious reti-
nal damage was detected in 90 min of ischemia
followed by 4 hr of reperfusion; this retinal dam-
age (edema) did not return to the preischemic val-
ues even after 24 hr of reperfusion. So, we also
preferred a model with 90 min of ischemia followed
by 4 hr of reperfusion. Szabo et al (15) observed
marked cellular alterations especially in the inner
part of retina at 90 min ischemia followed by reper-
fusion, using light microscope. However minimal
changes were seen in the photoreceptor layer. There-
fore, in our study we measured thickness of the in-
ner part of retina in which ganglion cells, inner plex-
iform and inner nuclear layers were included.

As seen from Figures 3 and 4, retinal edema was
more pronounced in the saline group than in the 
L-carnitine group; this finding implyed that retinal
tissue was better preserved in the L-carnitine group.

Because free radicals and lipid peroxides occur-
ring after oxidative stress are unstable and have a
short life-span, TBARS with long life-span is used
as a biochemical parameter evaluating the level of
lipid peroxidation (11, 25). Therefore, we also used
TBARS levels in the retinas of each group to de-
termine lipid peroxidation. Positive correlations were

observed between TBARS levels and retinal thick-
ness values in L-carnitine and control groups. It
was observed that retinal edema was increased as
the TBARS levels increased. In L-carnitine group,
both TBARS levels and retinal thicknesses were low-
er compared to the control group.

During our investigations, we could not find any
previous reports about whether L-carnitine given
intraperitoneally reaches the retina or not. In Lit-
erature, it has been indicated that L-carnitine ad-
ministration by the intraperitoneal route reaches
various tissues, such as brain and renal tissue, etc
(26, 27). Recently, it has also been reported that
L-carnitine transport systems exist in the brain cap-
illary endothelial cells, retinal pigment epithelial cells
and cerebral cortex neurons (28-30). These observations
Ied us to speculate that L-carnitine given intra-
peritoneally may reach adequate concentrations in
retinal tissues. In addition, our results show that
Iow TBARS Ievels and retinal thickness values in
the L-carnitine group compared with the controls
could support that L-carnitine reaches retinal tis-
sues and is effective on them.

It can be said that, as ATP level is adequate in
the medium, the production of free oxygen radi-
cals will be decreased, lipid peroxidation, cellular
damage and retinal edema will therefore be mini-
mized. In the control group, TBARS levels and reti-
nal thicknesses were higher compared to the L-
carnitine group. This may be due to the absence
of mechanisms increasing ATP production mentioned
in the L-carnitine group.

These data show that L-carnitine could be effective
in preventing retinal injury followed by ischemia-
reperfusion. Detailed studies are required to clar-
ify this condition.
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