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Introduction. Reperfusion injury leads to damage to the hemodynamic
and functional parameters of the kidney. This study investigated the
effects of oral administration of the aqueous extract of rosemary on
improvement of changes induced by ischemia-reperfusion in rats.
Materials and Methods. Fourty male Sprague-Dawley rats were
divided into 4 groups. One group was the control, rates in another
group underwent sham operation, and 2 groups were exposed
to reperfusion injury. Rats in one of the reperfusion groups was
treated with 8% oral aqueous extract of rosemary (10 mL/kg/d)
for 1 week (rosemary group), and the other received normal saline
for the same period of time (reperfusion group). Reperfusion injury
was induced by bilateral occlusion of the renal artery and vein for
30 minutes and reperfusion for 24 hours. Examination of oxidative
stress was done, including measurement of malondialdehyde and
ferric reducing antioxidant power in urine and blood samples.
Histological studies were performed on excised kidneys.
Results. The comparison between the rosemary and reperfusion
groups indicated significant reductions in the levels of plasma
creatinine, blood urea nitrogen, and absolute urinary excretion
of sodium in the rosemary group. Similarly, the rosemary group
presented a significant decrease in malondialdehyde and a significant
increase in ferric-reducing antioxidant power. Histopathological
examinations showed significant reductions in vascular congestion
and cells exfoliation in the rosemary group, in comparison with
the reperfusion group.

Conclusions. Oral administration of the aqueous extract of rosemary
prior to ischemia-reperfusion is effective in reducing functional
and histopathological complications associated with acute kidney
failure.
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Acute kidney failure (AKF) is a medical
emergency characterized by a rapid decline in
kidney function, which results in the accumulation
of nitrogenous wastes and increased blood urea
and creatinine.! The most common cause of AKF
is known to be renal ischemia during which renal

damage is induced by a combination of factors
including vasoconstrictor factors, renal tubule
obstruction, tubule backleak, and increased glumeral
permeability.? Reperfusion injury as the most
common method of inducing AKF leads to damage
to hemodynamic and functional parameters.’> During
ischemia, adenosine triphosphatase depletion
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results in disruption of ion transfer, which in turn
leads to the accumulation of ions and water, and
eventually damage to endothelial and epithelial
cells. This damage is accompanied by the migration
of leukocytes and inflammatory mediators such as
interleukins, tomur necrosis factor (TNF)-a, and
platelet-activating factors, which is accompanied
by oxidant factors and cytokines release by energy
depletion on the one hand and reperfusion on the
other. This can cause further damage to endothelial
cells and also result in alteration of gene expression
and proteins synthesis, which plays a key role in
ions transfer.*

Since common medical treatments have side
effects, especially in association with their
long-term use, and have high costs imposed
on these patients, tendency towards alternative
and traditional treatments is increasing. A great
ammount of research has been done on herbs
to investigate their effects on AKF.5 Rosemary
plant (Rosmarinus officinalis), which belongs to the
Lamiaceae family is an aromatic plant that is used
as a food additive.® Although this plant is mostly
known for its antioxidant properties in medicine,
it possesses anti-inflammatory, antiproliferative,
antitumorigenic, and neuroprotective effects, as
well.” Several studies have shown that rosemary
is a moderator of apoptosis and inflammatory
activities.” It has a variety of properties, including
antispasmodic, diuretic, and expectorant.® Due to
its antioxidant property, rosemary inhibits lipid
peroxidation and the production of free oxygen
radicals and suppresses inflammation.’

Noticing the presence of compounds with these
properties in the aqueous extract of rosemary plant
and the mechanisms related to disturbances in the
excretory function of nephrons following AKF, we
decided to study the effect of the aqueous extract
of this plant on the improvement of histopathology
and functional complications associated with AKF
from different perspectives for the first time.

This experimental study was done on 40 male
Sprague-Dawley rats weighing 300 g to 250 g, which
were supplied from the Experimental Animals
Breeding Center of Arak University of Medical
Sciences. These animals were placed in controlled
conditions of temperature (23 + 2°C) and light
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(light, 12 hours; dark, 12 hours) and they were
provided with food and water ad libitum. Animal
care and handling were performed according to
the guidelines set by Iranian Ministry of Health
and Medical Education.

First the rats were weighed and then anesthetized
by an intraperitoneal injection of sodium
pentobarbital (60 mg/kg; Sigma, UK). Renal
ischemia was induced by bilateral occlusion of
the renal artery and vein for 30 minutes, using a
special clamp, which was removed after 30 minutes
of obstruction. The rats were divided into 4 groups,
each including 10: (1) control group, in which the
rats did not receive any vehicle or drugs and had
access to standard feed; (2) sham group, in which
the rats were anesthetized and the renal arteries
and veins were exposed without clamping. They
received the vehicle of rosemary extract through
gavage for 1 week; (3) reperfusion group, in which
the rates received the vehicle of rosemary extract
(normal saline) administered through gavage for
1 week before induction of AKF by ischemia-
reperfusion; and (4) rosemary group, in which the
rats received rosemary extract was administered
through gavage for 1 week before induction of
AKF by ischemia-reperfusion.

In all groups, the rats were kept in metabolic
cages and urine samples were collected after
induction of AKF and measured using the
gravimetric method. The rats were anesthetized
and blood pressure was measured by a Power Lab
System (AD Instruments, Bella Vista, Australia).
The left kidney artery was separated from the
vein and renal blood flow was measured as mL/
min using flow meter with a special probe. Blood
sampling from the aorta was done by heparin
cold syringe. Plasma separation was done by
centrifugation. After separating and weighing both
kidneys, one of them was kept in 10% formalin for
histological studies and the other one was frozen
in liquid nitrogen and kept in -20°C for measuring
biochemical parameters. Antioxidant properties
were determined by ferric-reducing antioxidant
power (FRAP) and malondialdehyde. Serum and
urine levels of sodium, potassium, and creatinine,
and blood urea nitrogen (BUN) concentrations
were measured. In order to determine kidney
function, absolute urinary excretion of sodium and
potassium, and also fractional excretion of sodium
and potassium were calculated. Creatinine clearance
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was calculated for determination of glomerular
filtration rate.

Rosemary plant was provided from Arak
University Herb Farm. The air-dried leaves were
coarsely powdered and 8 g of the powder dissolved
in 100 mL of distilled water was boiled for 5
minutes and infused for 10 minutes. After cooling
and passing through a filter paper, a clear solution
was achieved. During 1 week, 10 mL/kg/d of the
extract was given to the rats by gavage.'

Malondialdehyde. Injury due to oxidative
stress which results from lipid peroxidation was
assessed by measuring malondialdehyde level.
The Ohkawa method was used for determination
of malondialdehyde level in kidney tissues. In
short, after separation of the kidney and weighing,
phosphate buffer was added at 1:10 ratio (W/V),
and then homogenized by homogenizer to form
a homogenate. Acetic acid (20%), thiobarbituric
acid (0.8%), and sodium dodecyl sulphate (8.1%)
were added to all tubes. Test tubes containing the
suspension were heated inside a water bath at 95°C
for 60 minutes. After malondialdehyde reaction, a
pink complex was formed that was extracted with
n-butanol. Absorption was measured at 532 nm by
spectrophotometry. The results obtained from these
samples were compared by tetraethoxy-propane and
the numeric amounts were reported as micromole
per gram kidney weight (umol/g KW).!!

Ferric Reducing Antioxidant Power.
Measurement of FRAP has been considered as one
of the most common methods for evaluation of
total antioxidant activity since 1996. This method is
based on the ability of tissue fluid to reduce ferric
to ferrous in the presence of tripyridyl-S-triazine.
The ability of tissue fluid reduction was assessed by
concentration of blue tripyridyl-S-triazine-ferrous
complex measured by spectrophotometry. The FRAP
indicator was prepared as a mixture of acetate
buffer, ferric chloride, tripyridyl-S-triazine, and
distilled water. Tissue extract (50 pL) and FRAP
indicator (1.5 mL) were mixed in cuvates, and after
4 minutes, absorption was measured at 593 nm and
read against blank. The results were compared to
the standard curve, and plasma concentrations of
the samples were measured. After constructing the

standard curve, the FRAP levels of tissue samples
were expressed as mmol/g KW.1213

The kidneys were processed for light microscopy
examination. The kidneys were fixed in the buffered
10% formaldehyde and embedded in paraffin, and
5-nm sections were stained with hematoxylin and
eosin. Histopathological analysis was done on cortex
sections and the inner and outer sections of the
medulla separately. The cortex was analyzed for
the number of erythrocytes inside the glomeruli,
tubular epithelial cells necrosis, and tubular injury,
and the inner and outer of medulla for epithelial
cell necrosis, proteinaceous casts, and medullary
vessels congestion. The degree of impairments
was graded as follows: no impairment, grade zero;
1% to 20%, grade 1; 21% to 40%, grade 2; 41% to
60%, grade 3; 61% to 80%, grade 4; and 81% to
100%, grade 5.1

The results were expressed as mean + standard
error of mean. The analyses were done using the
SPSS software (Statistical Package for the Social
Sciences, version 11.5, SPSS Inc, Chicago, 111, USA).
Statistical comparisons between the groups were
performed by the 1-way analysis of variance and
the Duncan test. The Kruskal-Wallis multiple
comparison test was used for analysis of categorical
variables. The differences were considered to be
significant at a P value less than .05.

The Table presents significant changes in different
hemodynamic parameters in the reperfusion and
rosemary groups during the 24 hours of reperfusion
following 30 minutes of ischemia as compared
to the sham and control groups. Significant
decreases were seen in creatinine clearance (86%),
urine osmolarity (34%), number of erythrocytes
inside the glomeruli (39%), and absolute urinary
excretion of potassium (53%) in the reperfusion
group in comparison with the sham group. In
addition, significant increases were observed in
the levels of plasma creatinine, BUN, absolute
urinary excretion of sodium, fractional excretion
of sodium, and fractional excretion of potassium
in the reperfusion group in comparison with the
sham group (Figure 1 and Table).
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In the rosemary group, significant decreases were
seen in the levels of plasma creatinine (71%), BUN
(48%), absolute urinary excretion of sodium (74%),
fractional excretion of sodium (94%), and fractional
excretion of potassium (56%) in comparison with
the reperfusion group. Moreover, there were
significant increases in the number of erythrocytes in
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Figure 1. The mean levels of fractional excretions of sodium and
potassium after reperfusion injury in rats receiving oral rosemary
(rosmary group) and normal saline (reperfusion group) as
compared to the sham operation and control groups.

*P < .001, compared with sham group

tP < .001, compared with reperfusion group

glomeruli, absolute urinary excretion of potassium,
and creatinine clearance in the rosemary group in
comparison with the reperfusion group (Figure 1
and Table). Similarly, the rosemary group presented
a significant decrease in malondialdehyde and a
significant increase in ferric-reducing antioxidant
power (Figure 2). However, no significant changes
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Figure 2. The mean levels of malondialdehyde and ferric
reducing antioxidant power (FRAP) after reperfusion injury in
rats receiving oral rosemary (rosmary group) and normal saline
(reperfusion group) as compared to the sham operation and
control groups.

*P < .001, compared with sham group

1P < .001, compared with reperfusion group

1P < .01, compared with sham group

§P < .05, compared with sham group

Hemodynamic Changes in Kidney Function Parameters Due to Renal Ischemia-Reperfusion in Rats

Parameter Control Sham Reperfusion Rosemary
Plasma Creatinine, mg/dL 0.65 £ 0.04 0.80 £ 0.05 2.69 £ 0.10* 0.78 £ 0.10T
Blood Urea Nitrogen, mg/dL 17.6£0.6 242+15 84.9 + 4.8 44.0 +10.41%
Absolute urinary sodium excretion, mmol/min/kg 0.50 + 0.04 0.95+0.10 1.28 +£0.10 0.33 + 0.041
Absolute urinary potassium excretion, mmol/min/kg 1.4+0.1 1.7+0.2 0.8+0.1* 1.6 £0.28
Urine osmolarity, mOsm/kg H,O 1458.0 + 46.8 1486.0 + 47.2 970.0 + 96.5* 1538.0 + 13.21
Creatinine clearance, mL/min/kg 13.3+1.8 16.6 £2.7 23+0.2* 11.7 £2.28
Mean renal blood flow, mL/min 8.0+0.3 84+04 5.1+0.6* 6.8 +0.3%
Systolic blood pressure, mm Hg 94.39 + 5.20 81.96 + 5.60 85.39 +4.40 71.84 +£5.03

*P < .001, compared with sham group

tP < .001, compared with reperfusion group
1P < .05, compared with sham group

§P < .01, compared with reperfusion group
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were observed in systolic blood pressure of these
groups.

The histopathological findings of this study
showed no kidney tissue changes (grade zero)
in the sham group (Figure 3), whereas in the
reperfusion group, a significant amount of cells
exfoliation (grade 4) in the proximal tubule was seen
as compared with the sham group. Furthermore, a
significant increase in Bowman space (grade 3) was
seen in this region (Figure 4). In the reperfusion
group, significant vascular congestion (grade 4)
and proteinaceous casts (grade 4) were observed
in the proximal region and medulla of the kidney;
however, significant changes in the collecting
tubules and the thin ascending tubules of Henle
were not observed. In the group receiving rosemary,
vascular congestion (grade 2) was less significant
in the cortex area and cells exfoliation (grade 2)
and Bowman space (grade 1) showed significant

i)

Figure 3. Microphotographic representation of the left kidney from cortex (A and B) and outer medulla (C and D) in the sham group

improvements. The amount of proteinaceous casts
(grade 1) and vascular congestion (grade 2) in the
outer medulla significantly decreased (Figures 5).

In this study, the effect of the pretreatment
administration of the aqueous extract of rosemary
on the improvement of renal damages induced
by 30 minutes of bilateral ischemia of the renal
arteries and veins and 24 hours of reperfusion was
investigated. The findings of this study showed
that the number of erythrocytes in the glomeruli
of the reperfusion group experienced a significant
decrease (39%) in comparison with the sham group.
Furthermore, a similar pattern was observed for
creatinine clearance with an 86% reduction. These
findings are indicative of tubular cell damage,
particularly the proximal tubule, increased pressure
in the Bowman capsule, and glumeral arteries
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(hematoxylin-eosin, x 400). G indicates glomerulus; PT, proximal tubule; DCT, distal convoluted tubule; and TAL, thick ascending limb of

Henle loop.
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Figure 4. Microphotographic representation of the left kidney from cortex (A and B) and outer medulla (C and D) in the reperfusion
group (hematoxylin-eosin, x 400). G indicates glomerulus; BS, Bowman space; EC, exfoliated cells; CON, congestion; and IC,

intratubular cast.
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Figure 5. Microphotographic representation of the left kidney from cortex (a1, a2) and outer medulla (a3, a4) in the rosemary group
(hematoxylin-eosin, x 400). PT indicates proximal tubule; IC, intratubular cast; and CON, congestion.

congestion and constriction.’®

Several studies have seen reperfusion inury as
the loss of balance in the vasoactive factors and
the dominance of vasoconstrictive factors, such
as angiotensin II and endothelin, on vasodilatory
factors.'® A number of studies have associated this
imbalance with the overproduction of free oxygen
radicals, especially in the proximal tubule.!”!® The
significant decrease in renal blood flow due to
vascular congestion and increase of resistance due
to the accumulation of erythrocytes and leukocytes
in glomerular arteries result in decrease of urine
clearance, especially creatinine clearance.!” The
findings of histopathological analysis also showed
a significant increase in Bowman space, which was
indicative of glomerular constriction. In addition,
the presence of a significant congestion in proximal
tubules showed a significant decrease in the renal
blood flow in the reperfusion group.

The decreases in vascular congestion and
Bowman space were indicative of improvements
in renal blood flow in the group of rats pretreated
with rosemary. In this group, the mean renal
blood flow increased up to 25% in comparison
with the reperfusion group, which demonstrated
the positive effect of rosemary on elimination of
reactive oxygen species that can be attributed to its
anti-inflammatory and antispasmodic properties.
In the study done by Lian and colleagues, it was
shown that the carnosol present in rosemary
inhibits the TNF-a bond to endothelial cells which
induce monocytes.?’ Furthermore, Sagorchev and
colleagues showed that 25 pL/L of rosemary had
agonistic effects on al and o2 adrenergic receptors,
whereas its higher than 100 uL/L doses completely
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suppressed the ach effects and it had an anti-
spasmodic effect.! Yao and colleagues’ study on
the pretreatment effect of carnosol on acute liver
damage due to intestinal reperfusion inury in
rats showed that pretreatment administration of
carnosol can be effective in reducing damages to
the liver through decreasing oxidative stress and
liver function markers, activity of blood leucocytes,
downregulation of interleukin-6 inflammatory
factor, and inhibition of nuclear factor kappa-light-
chain-enhancer of activated B cells.?

Evaluation of systolic blood pressure values
during the 24-hour period of reperfusion did not
reveal any significant differences in different groups.
This indicated that the observed differences in
kidney function parameters in the tested groups
were not due to changes in systolic blood pressure.

In this study, 86% and 70% increases were
observed in creatinine clearance and plasma
creatinine level in the reperfusion group,
respectively, as compared with the sham group. In
Chatterjee and coworkers’ study, after 45 minutes
of bilateral obstruction of the renal arteries, a
significant increase was observed in plasma urea
and creatinine concentrations, which indicated
damage to the glomerualar function. In addition, a
significant increase was seen in fractional excretion
of sodium, which demonstrated tubular damage,
and the presence of tubular function damage
markers suggested that in the early phases after
ischemia, renal tubules damages are more than
glomerular function damages.?

The findings of the present study showed
significant 89% and 70% increases in fractional
excretions of sodium and potassium, respectively,
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in the reperfusion group as compared with the
sham group. This increase was, in fact, indicative
of tubular cells damage, especially proximal tubule
cells, during ischemia-reperfusion. Kang and
colleagues showed that after 45 minutes of the
bilateral obstruction of renal arteries, proximal
tubule, which is the site of absorption of two-
thirds of the sodium entering the tubule, resulted
in an increase in fractional excretion of sodium,
following glomerular filtration rate decrease during
ischemia-reperfusion. This was attributed to the
decrease of expression of al and B2 subunits of
the sodium-potassium-adenosine triphosphatase
pomp during ischemia-reperfusion.?* However,
in the rosemary group, fractional excretion of
sodium decreased up to 94% in comparison with the
reperfusion group, which shows the positive effect
of rosemary on the improvement of tubules damage
during ischemia-reperfusion. Histopathological
findings in the pretreatment with rosemary group
also showed significant decrease in proteinaceous
casts and cellular apoptosis, which were indicative
of the improvement of renal tubules, especially
the proximal tubule.

The findings of the present study indicated
that urine osmolarity in the reperfusion group
significantly decreased in comparison with the
sham group. This shows the destruction of osmotic
gradient in kidney medulla which led to deficiency
in the urine concentration. In the study by Mozzafari
and coworkers, it was shown that the expression
of aquaporin 2 as the main regulator of urine
osmolarity, aquaporin 3 in the collecting ducts,
and aquaporin 1 in proximal tubules significantly
decreased during AKF.? In addition, Kwon and
associates showed that following 30 minutes
of bilateral renal obstruction and 24 hours of
reperfusion, aquaporin 2 and aquaporin 3 levels in
the main cells of the collecting tubule of the inner
medulla significantly decreased and the expression
of aquaporin 1 in the proximal tubule and thick
ascending limb, which are the main targets for
damage during ischemia-reperfusion significantly
decreased as well.?® Following pretreatment with
rosemary a significant increase was observed in
urine osmolarity. The histopathological findings
of the present study also showed decrease of
proteinaceous casts, apoptosis in thick ascending
limb tubules, and proximal tubules necrosis which
verify the effectivity of this plant in maintain

osmotic gradient and urine concentration.

In the present study, following the 30-minute
obstruction of bilathral renal artery and vein and
24 hours of reperfusion, oxidative stress states
were established. This was verified by the 62.5%
increase in the amount of malondialdehyde in
reperfusion group in comparison with the sham
group, which shows the presence of reactive
oxygen species following the 30-minute renal
obstruction. However, in the rosemary group, the
68% increase in FRAP and the 52% decrease in the
amount of malondialdehyde in comparison with
the reperfusion group were indicative of the strong
anti-oxidant property of rosemary in eliminating
reactive oxygen species.

Rosemary can also decrease the amount of reactive
oxygen species through increasing the reducibility
power in kidney tissues. Ahmad and colleagues’
study, which investigated the effect of the aqueous
extract of rosemary on the immune response due
to the oxidative stress induced by aflatoxins,
demonstrated that pretreatment with rosemary
significantly decreased the lipid peroxidation. This
effect was attributed to the presence of carnosic
acid and carnosol, which are the main phenolic
compounds of this plant.*” Moreover, Sancheti
and Goyal’s study on the effect of rosemary on
7,12-dimethyl-benz(a) anthracene of tumor inductor
in mice showed that the oral administration of the
aqueous extract of rosemary through moderating
the level of blood antioxidants and increasing
the level of blood and liver glutathione results in
inducing the antitumor effects. It was also stated
that rosemary plant due to the presence of four
treponoeids, carnosic acid, carnosol, rosmanol,
and epirosmanol in it, leads to the inhibition of
lipid peroxidation and superoxide.? In addition,
Botsoglou and colleagues’ study demonstrated
that carbon tetrachloride, through increasing the
level of malondialdehyde, results in acute damage
to liver cells and disturbance in the integrity of
liver structure that following pretreatment with
Rosemary plant, it improves the liver structure
in rats through eliminating the free radicals and
decreasing the malondialdehyde level.?”

This study shows that oral administration of
the aqueous extract of rosemary prior to ischemia-
reperfusion is effective in reducing functional and
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histopathological complications associated with
acute kidney failure. Further investigation of the
protective effect of rosemary against kidney injury
in human kidneys is warranted.
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