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Objective(s): 1t has been shown that adipose-derived mesenchymal stem cells (AD-MSC) have
protective effects in acute kidney injury (AKI). This study was conducted to assess the therapeutic
effects of AD-MSC in rats subjected to acute kidney injury by 45 min of renal ischemia followed by 48
hr of reperfusion (I/R).

Materials and Methods: 28 male Wistar rats were divided into four groups, including control, 48-hr
sham, 48-hr[/R, and 48-hr [ /R receiving AD-MSC. After 48 hr of reperfusion, blood samples were taken
from rats’ hearts, and 24-hr urines were collected using a metabolic cage. Serum creatinine level (Cr),
blood urea nitrogen (BUN), creatinine clearance (Ccr), absolute sodium excretion (UNaV®), fractional
sodium excretion (FENa), absolute potassium excretion (UKV®), factional potassium excretion (FEK),
and urine osmolarity were measured. Malondialdehyde (MDA) and ferric reducing antioxidant power
(FRAP) levels were measured in the right kidney, while the left kidney was used for histologic study
after Hematoxylin-Eosin staining.

Results: Renal 1/R significantly increased serum Cr, BUN, UNaV®, FENa, FEK, and tissue MDA, and
significantly decreased Ccr and urine osmolarity as compared with the sham group. Moreover,
histologic studies showed that I/R increased Bowman capsule area, tubular necrosis, vascular
congestion, and caused formation of intratubular casts. Administration of AD-MSC at the time of I/R
completely or partially protected kidneys from these I/R induced injuries.

Conclusion: Our results show that injection of AD-MSC can reduce degree of renal injury caused by 45
min of ischemia followed by 48 hr of reperfusion in rats.
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Introduction

The study of kidney diseases has a long history
in medicine, including the Persian medicine (1).
Despite advanced studies in the recent decades, as
yet no definite treatment is available for acute kidney
injury (2). Energy crisis in kidney due to ischemia in
combination with vascular spasm, endothelial damage,
and activation of inflammatory processes lead to rapid
cellular death through necrosis and apoptosis (3,
4). Studies performed on rats showed that vascular
function remains abnormal up to several days after [/R,
which is associated with diminished endothelial nitric
oxide production and increased vascular permeability
causing platelet and leukocyte aggregation in vascular
endothelium, all of which would further aggravate the
situation (5).

According to the pathophysiology of AKI, different
therapies have been proposed with many limitations.

Currently, kidney transplantation and dialysis are used
at the end stages of kidney failure, which are associated
with their own limitations, such as, excessive cost,
requiring surgical procedures, chance of infection, rapid
progression of cardiovascular disease, and severe organ
shortage (6, 7). A novel treatment could be promoting
tissue regeneration with stem cell transplant. Stem cells
are undifferentiated cells with the ability of self-renewal
and differentiation to different mature cells such as
osteocytes, chondrocytes, adipocytes, and myelocytes
(8). Using mesenchymal stems cells (MSCs) for
treatment of AKI has recently attracted much attention
(9). Several studies in the recent years have evaluated
the effectiveness of using stem cells in the treatment of
AKI in rats. A study showed that intravenous injection
of AD-MSC had anti-oxidant and anti-apoptotic effects
against renal injuries caused by 45 min of ischemia and
48 hr of reperfusion in rat kidney (10). Similarly, it was

*Corresponding author: Bahar Bastani. Division of Nephrology, Saint Louis University Hospital 3635 Vista Ave, Saint Louis, Missouri 63110; Tel: 314-973-4994; Fax:

314-771-0784; Email: baharbastani@health.slu.edu


http://ijbms.mums.ac.ir

Changizi-Ashtiyaniet al.

1J)7-MS

AD-MSC on acute kidney injury

reported that intra-arterial injection of AD-MSC reduced
inflammation and tissue damage in kidney after 40 min
of ischemia and 48 hr of reperfusion (11). Although
most studies have suggested positive therapeutic effect
of MSCs on AKI, there is lack of detailed information on
the optimal method and duration of treatment, number
of injected cells, the best time of injection after injury,
and its effect on renal function tests and the degree of
tissue repair (12). The present study was conducted
to evaluate the effectiveness of MSCs transplantation
in protecting renal function and histopathology, and
oxidative stress at 48 hr after kidney ischemic injury.

Materials and Methods

Animals

This experimental study was conducted on 28 male
Wistar rats, weighting 180-200 g. Adult rats were
obtained from the Animal Laboratory Facility, School
of Medicine, Arak University of Medical Sciences, and
were considered healthy donors for AD-MSCs. We
performed all of the experiments in accordance with the
approved codes of working with laboratory animals by
Ministry of Health and Medical Education (IR ARAKMU.
REC.1396.13). The experimental rats were kept at room
temperature (22-24 °C) with 12 hr of light/darkness
and had free access to water and food.

Isolation and determination of AD-MSCs

Rats were anesthetized by intraperitoneal injection
of 60 mg/kg ketamine hydrochloride (Trittau,
Germany) and 6 mg/kg xylazine hydrochloride
(Woerden, Netherlands). Rat AD-MSC were isolated and
characterized, as described previously (13).

Study protocol and experimental groups

Animals were randomly divided into 4 groups (n=7
in each group). The control group did not receive any
intervention except for a single infusion of 600 pl PBS
into their tail veins. The sham 48-hr group underwent
laparotomy but ischemia was not induced and after the
operation 1 ml PBS was injected into their tail vein. In the
ischemia-reperfusion (I/R-48 hr+PBS) group, vessels of
both kidneys were completely clamped for 45 min (14)
and 1 ml PBS was injected into their tail vein just after
ischemia, followed by 48 hr of blood reperfusion. The
fourth group, ischemia-reperfusion preconditioned with
MSCs (I/R-48 hr+MSC), received 2x10° AD-MSCs in 1 ml
PBS injected very slowly into their tail vein, followed by
45 min of ischemia and 48 hr of reperfusion.

Method of inducing acute kidney injury

Rats were anesthetized by intraperitoneal injection
of 50 mg/kg.bw sodium pentobarbital (Lund beck,
Denmark). Rat abdomens were opened with a
longitudinal incision in a sterile fashion. Right and
left kidney vessels were clamped for 45 min to induce
complete ischemia (15). After the operation and
unclamping of the vessels, rats were sent back to their
cages for 48 hr of recovery during which they had free
access to water and standard food.

Sample collection method

In the last 24 hr of reperfusion recovery, rats were
sent to metabolic cages and their urine was measured

1000

by gravimetry, and their urine volume was measured
(16). After 48 hr of reperfusion recovery, rats were
anesthetized again, blood samples were collected from
their hearts and serum was separated; then kidneys
were extracted. The left kidneys were decapsulated and
put in 10% formalin solution for Hematoxylin-Eosin
(H&E) staining and histologic studies. The right kidneys
were snap frozen for later assessment of oxidative stress
through measuring malondialdehyde (MDA) and ferric
reducing anti-oxidant power (FRAP) levels.

Biochemical analysis

Blood urea nitrogen (BUN) and serum creatinine (Cr)
were measured using an autoanalyzer (Biotechnical,
Italy). Urine sodium and potassium were measured
using a flame photometer (BWBTech, England). Urine
osmolarity was measured by using an osmometer
(Osmomat030, Germany). Creatinine clearance (Ccr),
absolute and fractional excretion of sodium (U V" and
l(:fNi)’ and potassium (U,V° and FE,) were calculated

7).

Measuring oxidative stress

To assess oxidative stress status, level of membrane
lipid peroxidation was measured with thiobarbituric
acid (TBA) method. Kidney samples were homogenized
in cold PBS, 200 pl of the homogenized solution was
added to a tube containing 20% acetic acid, 0.8%
thiobarbituric acid, and 8.1% sodium dodecyl sulfate
(SDS) and heated in a water bath (DUBNOFE USA)
at 95 °C for 60 min. After cooling and adding 4 ml of
n-butanol, it was centrifuged (4000 rpm) and light
absorbance of the upper layer was measured at 532 nm
of wavelength using a spectrophotometer (Spectrolab
7500 UV, England). Tetraethoxypropane (TEP) was used
as external standard (18).

Anti-oxidant  capacity @ was  measured by
assessing FRAP. For this purpose, a solution was initially
prepared using a mixture of 300 mmol/] acetate buffer
(pH=3.6), 10 mM of TPTZ solution (Merck, Germany) in
chloride acid (40 mmol/1), and ferric chloride solution
(20 mmol/l). Then, 1.5 ml of the above solution was
raised to a temperature of 37 °C. The amount of 50 ul of
tissue supernatant was added to the above solution to
initiate the reaction. Absorption changes were measured
at 593 nm. To draw the standard curve, ferrous sulfate.
7H,0, (FeSO,-7H,0,) was used, FRAP values were
reported as umol/1 (19).

Histologic studies

To evaluate the degree of damage to Kkidney tissue,
cortex, outer medulla, and inner medulla were studied
using light microscopy. Tissue damage grading was
performed in terms of Bowman space enlargement,
cell necrosis, vascular congestion, and cast formation
in tubules. The highest degree of Bowman space
enlargement was compared with the sham group
and was graded as 100% damage; the other rats
were compared accordingly. Cell necrosis, vascular
congestion, and tubular cast formation were graded
according to the percentage of involved area (20).

Statistical analysis
SPSS version 18 was used for data analysis. Data
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Table 1. Renal functional changes 48 hr after ischemia-reperfusion in rats, and the therapeutic effect of adipose-derived mesenchymal stem cells on them

Parameter Control Sham 48 hr 1/R48 hr+PBS 1/R48 hr+stem cell
Plasma creatinine concentration (mg/dl) 0.52+0.014 0.57+0.008 2.37+0.13%** 0.94+0.07**++1
Blood urea nitrogen (mg/dl) 23.6+1.65 24.12+0.83 84+6.29%+* 34.12+2.66111
Absolute urinary sodium excretion (mmol/min/kg) 2.56+0.49 1.81+0.36 3.73+0.68** 3.87+0.57*
Absolute urinary potassium excretion (mmol/min/kg) 4.01+0.96 2.82+0.59 2.9+0.63 3.48+0.68
Fraction urinary sodium exertion (mmol/min/kg) 1.33+0.3 0.72+0.07 7.07£1.35%** 1.46+0.14ttt
Fraction urinary potassium exertion (mmol/min/kg) 72.19+25.74 33.6£1.75 130.42+£18.72%* 43.5£5.2211
Urine osmolarity (mOsm/kg H20) 1751.7+#119.64 1969.7+144.2 744.8+89.13%* 1231.11+105.11%** +1
Creatinine clearance (ml/min/kg) 1.67+0.38 1.660.3 0.54£0.17** 1.86+0.211t

**P<0.01, ***P<0.001 in comparison with the sham group
11P<0.01, t11P<0.001 in comparison with the I/R group
[R: ischemia-reperfusion

are reported as mean#SE. P<0.05 was considered
significant. One-way analysis of variance (ANOVA) and
Duncan post hoc test were used for data analysis. The
precise P-value was calculated using the LSD test. Data
regarding tissue damage was analyzed using Kruskal
Wallis and Man Whitney non-parametric tests.

Changes in hemodynamics and renal function

Ischemia reperfusion (I/R) significantly decreased
renal function as evidenced by a significant rise in
BUN and serum Cr, and a significant decrease in urine
osmolarity (P<0.001) and Ccr (P<0.01) as compared
with the sham group. Additionally, U V', FE , and FE,
were significantly higher in the I/R group as compared
with the sham group (Table 1).

Pretreatment with AD-MSC significantly improved
Ccr and urine osmolarity as compared with I/R group
(IR+stem vs IR+PBS, P<0.01). Moreover, FE, , FE,, serum
Cr, and BUN were all significantly reduced in the AD-
MSC treated I/R group as compared with the I/R+PBS
group (P<0.001) (Tablel).

Changes in oxidative stress and anti-oxidant state of
the kidney

In oxidative stress studies, we found a significant
increase in MDA level in the I /R group, as compared with
the sham group, after 48 hr of reperfusion (P<0.05). We
also observed that AD-MSC infusion ameliorated any
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Experimental groups

rise in MDA level after I/R (IR48 hr+stem vs IR+PBS,
P<0.001) (Figure 1).

In the anti-oxidant studies, we found a significant
reduction of FRAP in the I/R group as compared
with sham group (P<0.001). Treatment with AD-MSC
significantly increased FRAP levels to the sham group
(IR48hr+stem vs IR+PBS, P<0.001) (Figure 1).

Histological changes

I/R resulted in significant total tissue damage as
compared with the sham group (P<0.001). Forty-five
minutes of ischemia followed by 48 hr of reperfusion
(I/R-48 hr group) caused significant enlargement
of Bowman space, grade 3.35, as compared with the
sham group. In the I/R-48 hr group, proximal tubule
damage grade in the cortex was 1.61 and cortical thick
ascending limb of loop of Henle damage grade was
1.23; in the outer medulla, the degree of damage to pars
recta, medullary thick ascending limb of loop of Henle,
vascular congestion, and tubular cast formation were
2.37, 2.67, 1.54, and 1.14, respectively; in the inner
medulla, the degrees of vascular congestion and tubular
cast formation were 1.02 and 1.13, respectively. Pre-
treatment with AD-MSC significantly reduced the degree
of tissue damage in the outer and inner medulla, but not
in the cortex. Total histopathologic damage grade of
16.06 in I/R-48 hr group was significantly reduced to
13.05 after treatment with AD-MSC (P<0.01), (Figure 2,
Table 2).

T
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Figure 1. Comparison of mean malondialdehyde and the ferric reducing anti-oxidant power levels in different groups following 45 min renal

ischemia and 48 hr reperfusion in rats

*P<0.05, ***P<0.001 in comparison with the sham group
111P<0.001 in comparison with the I/R group

[R: ischemia-reperfusion
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Figure 2. Kidney cross-sections to show Bowman space, vascular congestion, and cellular necrosis in different experimental groups. a) rats with
no intervention (control); b) rats undergone surgery without renal vessel clamping and receiving PBS solution and equivalent 48-hr reperfusion
period (Sham); c) rats with 45 min of ischemia and 48 hr of reperfusion receiving PBS (I/R 48 hr + PBS), yellow arrows show vascular congestion;
and d) rats with 45 min of ischemia and 48 hr of reperfusion pretreated with 2 x 10® AD-MSC (I/R 48 hr + stem cell), yellow arrows show damaged
thick ascending limbs of Henle’s loops. 400x magnification; Hematoxylin-Eosin staining

IR: ischemia-reperfusion; AD-MSC: adipose-derived mesenchymal stem cells

Table 2. Summary of the degree of kidney histopathologic damages induced by 45 min of ischemia followed by 48 hr of reperfusion, and the
therapeutic effect of adipose-derived mesenchymal stem cells on them

Histopathologic damages Study groups
Control Sham 48 hr I/R 48 hr +PBS I/R 48 hr + stem cell
Cortex Bowman capsule 0 0.01 3.35 3.65
proximal tubal 0 0 1.61 1.89
thick ascending limb of Henle’s loop 0 0 1.23 111
Outer medulla Pars Recta 0 0.01 237 1.76
thick ascending limb of Henle’s loop 0 0.02 2.67 2.36
vascular congestion 0 0 1.54 0.78
tubular protein cast 0 0 1.14 0.53
Inner medulla vascular congestion 0 0 1.02 0.51
tubular protein cast 0 0 1.13 0.46
Total histopathologic scale 0 0.04 16.06* 13.05*t

Grades of histopathologic injuries in rats with no intervention (control); rats that underwent laparotomy without clamping of renal vessels and
received PBS solution and equivalent 48-hr perfusion period (Sham); rats with 45 min of ischemia and 48 hr of reperfusion that received PBS
(I/R 48 hr+ PBS); rats with 45 min of ischemia and 48 hr of reperfusion that had received 2x10° adipose-derived mesenchymal stem cells (I/R 48
hr+stem cell)

*P<0.001 in comparison with the sham group

1P<0.01 in comparison with the I/R group

IR: ischemia-reperfusion

injury at 48 hr after reperfusion, as evidenced by a

Ischemia and reperfusion is a major cause of AKIL significant decline in Ccr and significant increase in
There has been a significant interest in using MSCs serum creatinine and BUN. Depletion of tissue ATP
to treat AKI in recent years. In the present study we storage during ischemia disrupts tight junctions and
sought to investigate the effect of adipose-derived adherence junctions, which would lead to loss of cell
mesenchymal stem cells (AD-MSCs) on an I/R model polarity, increased tissue permeability, transposition

of AKI, since extracting AD-MSCs is more feasible and of Na*/K*-ATPase from basolateral membrane to
less invasive, provides more cells, and can be used more apical membrane that would disrupt transcellular
easily in clinical practice. Our results show significant sodium transport and increase sodium delivery to
improvement in renal function parameters, lesser distal tubules (21). Increased sodium delivery to
oxidative stress, and prevention of kidney tissue damage macula densa causes vasoconstriction of the afferent
at 48 hr after AD-MSC injection. arterioles, via adenosine Al receptors, and that leads

In the present study, I/R caused significant kidney to lowering of GFR. Moreover, vasoconstriction of the
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afferent arterioles decreases glomerular plasma flow
rate and glomerular pressure, which in combination
with a concomitant ischemia induced mesangial cell
contraction decrease filtration coefficient (k) (22).
In the present study we showed that intravenous
injection of AD-MSCs improved several renal function
and histopathologic parameters probably by reducing
congestion and anti-oxidant and anti-inflammatory
effects (23). A study reported the effectiveness of bone
marrow MSC injection in improving structure and
function of kidney after 40 min of ischemia by lowering
inflammation and apoptosis, as well as, by increasing
mesenchymal cell proliferation (24) Any treatment that
would improve recovery of hemodynamic disturbances
caused by I/R could potentially prevent depletion of ATP
resources and minimize renal injury. Beiral et al. have
shown that bone marrow derived stem cells can almost
completely preserve mitochondrial ATP synthesis and
reduce mitochondrial ROS formation in rat kidneys
that were subjected to I/R (25). Moreover, it is shown
that MSC derived exosomes contain the key enzymes
in the glycolysis step in ATP synthesis (26). Also, the
effectiveness of MSCs on preserving tight junctions has
been shown before. It was shown that in an ischemic rat
bowel model MSCs improve tight junctions, probably
by preventing release of TNF-a (27). The observed
protective effects of AD-MSC on kidney tight junctions
may be explained by the same mechanism.

In the present study, in the I/R 48 hr group urine
osmolarity was reduced due to inability of kidneys to
concentrate urine and presumably alower concentration
of osmotic particles in kidney medulla (28), while
FE , FE, and UV’ increased. Forty-eight hours
after I/R in the group of rats pretreated with AD-MSC
urine osmolarity had increased, and FE,, and FE, had
decreased as compared with the [/R 48hr group. Cells
in the pars recta of proximal tubules and in the thick
ascending limb of the loop of Henle were significantly
damaged by ischemia, which in turn would increase
fractional excretion rate of sodium and potassium (29).
Seguro et al. have shown that reduced activity of Na*/
K*-ATPase in the inner medulla reduces activity of NaCl
transporter and is responsible for the observed increase
in sodium excretion after ischemia (30).

The observed preferential damage to the thick
ascending limb of Henle’s loop after a brief ischemia
is due to insufficient oxygen supply by the medullary
vasculature and a very high basal metabolic rate and
oxygen demand in this nephron segment that is charged
with active NaCl transport. It has been shown that
ischemia decreases Na*/K*-ATPase of the inner stripe of
the outer medulla, where the medullary thick ascending
limbs of Henle’s loop are located, and leads to increased
natriuresis, kaliuresis, and polyuria, and that potassium
depletion aggravates these derangements (30). Injection
of fetal membranes-derived human MSCs in rats who
had undergone 45 min of renal ischemia improved
functional and morphological recovery through
paracrine mechanisms, secretion of various cytokines,
and by reducing inflammation (31). Alterations in the
activity of renal tubular potassium channels have been
shown to be involved in worsening of cellular damage
during ischemia. Cytokines, such as IFN-y and IL-13 may
affect the activity of potassium channels in immune cells
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and renal tubular cells (32). Inhibitory effect of MSC on
expression of IFN-y and IL-1 inflammatory cytokines
has been reported (33). Thus, it is possible that the
reduced potassium excretion in AD-MSC group is due to
the anti-inflammatory effects of AD-MSCs (23). Another
mechanism involved in renal function disturbance
is activation of NR1 subunit of NMDA (N-methyl-D-
aspartate) receptor. Activation of NR1 during ischemia
reperfusion reduced GFR, decreased urine volume,
and increased sodium and potassium excretion during
ischemia and reperfusion (34).

A prolonged period of ATP depletion would lead to
biochemical changes, cellular necrosis, and generation
of reactive oxygen species (ROS). During reperfusion,
the abrupt increase in oxygen supply initiates oxidative
reactions (33). Oxidative stress and increased ROS are
involved in the pathophysiology of I/R induced renal
injury (35, 36). In the present study, MDA level increased
inI/R 24 hr group as compared with the sham group, and
injection of AD-MSC could ameliorate the rise in MDA
after I/R. Recent studies have shown anti-oxidant effects
of MSC. Researchers indicated that AD-MSC can reduce
renal damage after I/R through increasing expression
of heme oxygenase-1 (HO-1) and NAD(P)H quinone
oxidoreductase-1 (23). Moreover, it was suggested that
MSCs can indirectly decrease ROS, which would lower
the level of MDA (37). Since MSCs can reduce the BUN
level and elevated BUN can increase ROS and oxidative
stress, (38) AD-MSC can decrease MDA through the
aforementioned mechanisms. Additionally, expression
of Nrf2 (nuclear factor erythroid-2 related factor 2) by
MSCs protected them from cell death and apoptosis
triggered by hypoxia and oxidative stress conditions
(39). Also, proteomic analysis and ELISA have shown
that AD-MSC have anti-oxidant activity by expression of
proteins such as super oxide dismutase (SOD), insulin
like growth factor (IGF), fibroblast growth factor (FGF),
pigment epithelium-derived factor (PEDF), hepatocyte
growth factor (HGF), and ILs, all of which have anti-
oxidant effects (40).

In our study I/R resulted in a significant reduction
in FRAP, as compared with the sham group, and
intravenous injection of AD-MSC prevented any decline
in FRAP after 1/R48 hr, confirming the anti-oxidant
effect of AD-MSC. Thus, it appears that AD-MSC with
their anti-oxidant properties could reduce MDA and
increase FRAP by inhibiting the production of reactive
oxygen species. Moreover, I/R increased size of the
Bowman capsule in the cortex, damaged proximal
tubules and TALs in the cortex and outer medulla, and
caused vascular congestion and proteinaceous casts that
resulted in a total histopathologic damage degree that
was significantly higher in the I/R group as compared
with the sham group. These histopathologic damages
may be caused by release of inflammatory cytokines,
over expression of adhesion molecules, and tissue
leukocyte infiltration (41). Recent studies have shown
thatinjection of stem cells is effective in treatment of AKI
and I/R induced kidney damage. Complex therapeutic
mechanisms including anti-inflammatory reactions,
anti-oxidant activities, angiogenesis, attenuation of
immune response and immobilization of stems cells
have been implicated in this process (42, 43). In the
present studies reduction of tissue damage in cortex and
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medulla was observed in the /R + AD-MSC as compared
with I/R + PBS group. In a report, after injection of MSCs
into ischemic kidney, the infused MSCs were reported
to reside predominantly in the cortex, in glomerular
capillaries, and not in the tubules and interstitium or
vascular endothelial cells (44). Thus, direct effect of
MSCs in tissue repair is unlikely. MSCs may exert their
effects by secreting growth factors including IGF-1, HGF,
VEGF and substances with paracrine effects (45). Zhuo
et al. reported that injection of BM-MSC after 60 min of
vascular clamp improved kidney damage by reducing
inflammatory cytokines such as TNF-a and IL-6 and
increasing VEGF level (37). Endothelial cells play an
important role in maintaining vascular tone, leukocyte
function, and smooth muscle response to vasoactive
agents. Ischemia damages endothelial cells, and thus,
the vasodilation response of arterioles to acetylcholine
and nitric oxide, and bradykinin diminishes after
ischemic injury. Increased vasoconstriction results
in further local ischemia in medulla, which activates
leukocyte-endothelial interaction and tissue edema, and
subsequent damage to pars recta and thick ascending
limb of loop of Henle (46). Leukocyte-endothelial
interaction is due to presence of adherence molecules
such as ICAM-1 on endothelium, which activates
leukocytes in inflammatory condition (47). It is shown
that bone marrow-derived MSCs decrease ICAM-1,
which can subsequently prevent leukocyte infiltration
(48). Moreover, physiologic concentrations of NO inhibit
expression of ICAM-1 and aggregation of macrophage/
monocyte, while higher concentrations of NO can
worsen Kidney injury (49). NO production increases
in ischemia and the produced NO can transform into
superoxide to form peroxynitrite anion, which can
cause cell death by oxidant damage (49). It has been
shown that iNOS is responsible for increased NO level
during ischemia, (50) and a study showed that MSCs
can suppress NO production, (51) thus, inhibition of
NO production by iNOS after injection of MSCs may
play a vital role in prevention of cell death due to I/R.
Recently it is suggested that secretion of MSC-derived
extracellular vesicles (EVS) has a significant role in
therapeutic effectiveness of MSCs. Microvesicles may
have a protective effect on kidneys by attenuating
immune response and anti-apoptotic properties (52).
Despite several studies investigating the efficacy of
mesenchymal stem cells in ameliorating I/R induced
injury in the kidney (53, 54), there are still many
uncertainties regarding the number of cells used, type
of AKI, the location and time of injection, and the rate
of recovery (55, 23). Therefore, the present study was
unique in terms of the number of mesenchymal stem
cells used, the pattern of renal injury (I/R and 48 hr
reperfusion) and the severity of injury, as well as, the
time of evaluation after ischemia.

Conclusion

The present experiments show that 45 min of
ischemia followed by 48 hr of reperfusion resulted
in significant disturbance in kidney function, tissue
and cellular damage, and that injection of 2 x 10° AD-
MSC into the tail vein can significantly ameliorate
these pathophysiologic changes. The protective effect
of AD-MSC is probably exerted via paracrine factors,
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anti-oxidant effects, release of growth factors and anti-
inflammatory effects, although, further studies are
required to delineate the mechanism(s) involved.
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