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Abstract: Background: Nephrotoxicity is a prevalent consequence of cancer treatment using radiotherapy and chemotherapy or their combination. There are two methods; histological and biochemical, to
assess the kidney damage caused by toxic agents in animal studies. Although these methods are used
for the try-out of renoprotective factors, these methods are invasive and time-consuming, and also, lack
the necessary sensitivity for primary diagnosis. Quantitative renal 99mTc-DMSA scintigraphy is a noninvasive, precise and sensitive radionuclide technique which is used to assess the extent of kidney damage, so that the extent of injury to the kidney will be indicated by the renal uptake rate of 99mTc-DMSA
in the kidney. In addition, this scintigraphy evaluates the effect of the toxic agents by quantifying the
alterations in the biodistribution of the radiopharmaceutical.
Conclusion: In this review, the recent findings about the renoprotective agents were evaluated and
screened with respect to the use of 99mTc-DMSA , which is preclinically and clinically used for animal
cases and cancer patients under the treatment by radiotherapy and chemotherapy.
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1. INTRODUCTION
Kidneys are one of the sensitive and dose-limiting organs
in relation to the application of radiotherapy for cancers
located in the upper abdomen [1]. Ionizing radiation with
sufficient energy disrupts chemical bonds and knocks electrons out of atoms. It produces the oxygen radicals which, in
turn, prompts DNA injury within milliseconds of irradiation.
This is the desired action of therapeutic irradiation that
causes the death of cancer cells [2]. It also irradiates normal
tissues such as the kidney. Radiation nephropathy increases
the permeability of vessels, perfusion disruption, inflammatory responses, and fibrosis [3]. Moreover, cisplatin is a major anti-neoplastic agent, which is highly used not only to
treat the solid tumors, but it also has a serious consequence
on kidneys during high -dose treatment [4]. Oxidative stress
is an important consequence of cisplatin therapy as a nephrotoxic agent on kidneys. Therefore, it can increase Reactive
Oxygen Species (ROSs) in tissues during cisplatin therapy
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[5]. The ROS influence directly the cell components and
destroy the proteins structure, DNA, and lipids [6]. Gentamicin is an aminoglycoside antibiotic, which is highly used in
the life-threatening gram-negative bacterial infections. In
contrast, this antibiotic is known as a nephrotoxic agent in
high -dose therapy. Therefore, this consequence causes the
limited usage of this class of antibiotic in about 15% of
therapeutic courses [7]. The exact mechanism of action for
gentamicin resulting in renal injury is still unknown, but previous studies have shown that this class of antibiotics produces the ROS in renal tissue. Hence, ROS plays a suspected
role in this process [8, 9]. Various methods and drugs have
been tested to prevent the nephrotoxicity induced by toxic
agents. Renoprotective agents which are mostly free radical
scavengers and antioxidants have been highly evaluated to
protect against nephrotoxicity induced by drugs and radiation
[10, 11].
Currently, biochemical and histological analyses are
mostly used to diagnose and classify the level of kidney
damage caused by drugs and radiation in small animal trials.
Some urinary biomarkers can measure the duration and
© 2019 Bentham Science Publishers
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severity of the Acute Kidney Injury (AKI) that shows predictive monitoring options related to Risk, Injury, Failure, Loss
of Function and End-stage renal disease (RIFLE) severity
class. Intrinsic AKI (iAKI) related to the adverse in-hospital
consequences (death, dialysis initiation, and intensive care
unit admission) is diagnosed with urinary kidney injury
molecule (uKIM-1) and urinary liver-type fatty acid-binding
protein (uL-FABP) biomarkers, while they both have poor
discriminated transient and sustained AKI. Higher levels of
the other biomarkers, namely urinary cystatin C (CysC) and
urinary neutrophil gelatinase-associated lipocalin (uNGAL)
can also be indicators of the sustained AKI [12, 13]. Other
factors than nephrotoxicity such as smoking and levels of Creactive protein can influence the CysC levels [11].
A study showed very predictive effect of renal recovery
within 60 days from the start of renal replacement therapy
(RRT) by measuring a panel of urinary markers (NGAL, matrix metalloproteinase protein 9 (MMP9), IL-18, Hepatocyte
Growth Factor (HGF), and cystatin C) at 14 days after onset of
RRT-requiring AKI, although no individual marker operated
well individually, indicating that phenotypes of recovery from
AKI were distinguished by the broader model [13]. These
approaches are mostly used to control the renoprotective
drugs, but they are invasive and time-consuming, and also
they lack the necessary sensitivity for primary diagnosis [14,
15]. Thus, it may not be well reliable to determine the renal
function. Thus, non-invasive procedures are more valuable to
estimate acute kidney injury.
Radiopharmaceuticals can be used to evaluate the effect
of the drugs by measuring the alterations in the biodistribution of the radiopharmaceutical. In animal models, radiopharmaceuticals can provide definite benefits through histopathological analysis and biochemical measurements of
Blood Urea Nitrogen (BUN) and Creatinine (Cr) in order to
evaluate the consequences of drugs and radiation on kidneys.
Renal scintigraphy has been used successfully as an alternative instead of toxicological technique to evaluate the nephrotoxic consequence of drugs and radiation because it can
show initial biochemical or physiological dysfunction before
the progress of anatomical adjustments. Moreover, both local
and systemic data can be achieved by various radiopharmaceuticals like technetium-99m dimercapto-succinic acid
(99mTc-DMSA), technetium-99m diethyl-enetriamine pentaacetic acid (99mTc-DTPA), technetium- 99m mercaptoacetyl-triglycine (99mTc-MAG3), iodine-131 ,or iodine-123
Ortho-iodo-hippurate (131I- OIH, 123I-OIH), as well as technetium-99m ethylene-dicysteine (99mTc-EC), which has been
recently used in the identification of the kidney dysfunction.
While all these techniques are precise to measure this
parameter, some variances can be detected between them
[16-19]. These variances result from separate biological belongings of radiopharmaceuticals like the mechanism of renal secretion, renal cells retention of radioactive substantial,
the amount of protein-bound in plasma and also, the level of
plasmatic clearance. Moreover, radiopharmaceuticals such as
Tc-99m DTPA and Cr-51 EDTA have been used to determine glomerular filtration rate and to evaluate the renal function, but there are some complications in the laboratory study
on small animals such as rats. Preparing several blood sam-
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ples from the rats is not possible, and it is not easy to inject a
bolus with small volumes, and also make a standard technique in dynamic studies. However, the most reliable technique to measure virtual renal function is applying 99mTcDMSA as a static renal agent [20-22]. It is also the most
suitable tracer for preclinical studies [23]. The quantitative
valuation of 99mTc -DMSA uptake can be realized as the detection of kidney injury and also, evaluating the degree of
injury. Therefore, the present paper focuses on the screening
of renoprotective agents by 99mTc-DMSA in preclinical studies, and this technique is compared with routine methods
such as biochemical and histological assays.
2. CHANGES IN RENAL UPTAKE RATE OF
DMSA BY DRUGS AND RADIATION

99M

TC-

Animal data from experimental studies confirmed that
nephrotoxic drugs and radiation therapy can reduce the renal
tubular reuptake of 99mTc-DMSA and it can happen even in
minor renal tubular injury [11, 16, 24, 25]. In addition, the
99m
Tc-DMSA uptake by renal tubular cells depends on the
level of kidney injury. Consequently, this method is appropriate for the assessment of similar changes in renal function
and the efficiency of the renoprotective agents. The 99mTcDMSA reuptake by the tubular cells evaluates in 3 parameters in kidneys. One of the parameters is the activity per
gram which can be achieved by direct evaluation of the concentrated activity in the kidney using dose calibrator. Additionally, quantitative valuation of scintigraphy images
determines kidney counts per pixel and renal relative uptake.
The count per pixel and activity per gram represent renal
uptake in pixels forming kidney images or the unit of a
kidney mass, respectively [14, 26].
2.1. Ionizing Radiation and 99mTc-DMSA
The energy absorbed by the tissue exposed to the ionizing radiation can remove the electrons from atoms or molecules by breaking chemical bonds, leading to the generation
of free radicals [27]. Radiation therapy is an important modality to manage cancer treatment. Clearly, the delivered
dose and distribution of the absorbed dose in the irradiated
tissue during radiotherapy may be related to the posttreatment risk of the morbidity to the tissue [28]. Unavoidable received dose to kidneys in upper abdominal cancer
treatments has introduced the kidney as the main doselimiting organ in gastrointestinal and the whole -body irradiation treatments due to their nearness to the organs like
esophagus, pancreas, and stomach [1, 29-30]. The measured
signal intensity can be related to the regional radiation dose
distribution because of delivered dose-related pattern depending on the changes in the SPECT signals. Accumulated
99m
Tc-DMSA in the renal cortex (section s3) used for renal
cortex imaging and measuring the proximal tubular function
has made the analysis of 99mTc-DMSA uptake an acceptable
alternative for renal perfusion imaging, determining the pattern of renal function change and assessment of renal impairment as well as showing tubular degeneration, renal cortical structure, and description of cortex thickness (expressed
as mm) [31-39]. Jouret et al. used the curves of progressive
99m
Tc-DMSA accumulation in mouse kidney cortex to detect
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the parenchymal damage in the plateau phase [31]. Köst
et al. performed a dose-response analysis using various techniques emphasizing on 99mTc-DMSA scintigraphy methods
to estimate the renal effects caused by the dose distribution
in abdominal radiotherapy. The size, location, and form of
each kidney were determined and measured individually
according to the intensity of graphic signals obtained from
the static scintigraphy at 2-4 hr after the intravenous administration of 70 MBq 99mTc-DMSA. Moreover, the kidney
function parameters and transit times of drug were measured
through the parenchyma [28]. Another study showed accurate renal valuation by SPECT/CT imaging for patients who
were under follow-up after the first fraction of radiotherapy
in order to analyze the regional kidney perfusion based on
the renal response to the uptake of 99mTc-DMSA [1].
Common short-term follow-up studies revealed incomplete information about radiation-induced nephropathy, and
provided only fragmentary data on renal response [32]. Andratschke et al. reported that there were no statistically significant differences between initial renal function and its
function 6 months after receiving a radiation dose of 6 Gy
using 70 kV X-Rays [40]. However, dose-volume
relationships, functional and morphological changes such as
significant reduction of renal size obtained from
renoscintigrams have been suggested at the threshold dose of
20 Gy or 23 Gy [41, 28, 42, 43]. The initial symptom of renal perfusion has been reported to be changed such as
glomerular degradation by reducing the Glomerular Filtration Rate (GFR) and increasing microglobulin B2 up to 18
months after irradiation. Possibly, a chronic injury will not
occur in the absence of these effects for up to 24 months [1,
29]. Three to five years follow-up for patients who had received entire kidney irradiation with the maximum dose of
40 Gy at 5.5 weeks by 99mTc-DMSA scintigraphy showed
glomerular and tubular functional impairment with a progressed rate of about 2% per month down to 30-40% at the
end. For unilateral irradiation delivered within 4weeks, these
values showed fewer reductions about 0.75% per month in
the first two years and down to 75-80% at 5 years due to the
used shielding [32]. Landuyt et al. also considered the unilateral irradiation to evaluate the renal function in fractionated treatments using 300 kV X-ray irradiation. They found a
detection sensitivity of 99mTc-DMSA tracer in the thresholds
of 8 Gy, 12 Gy, and 15 Gy at single, 2 and 4-fraction, respectively. The renal uptake of 99mTc-DMSA was about 44% at 6
weeks after both 6-8 Gy and 10-14 Gy at single fraction
treatments based on the percentage of the total injected dose
(150 MBq). There was a progressive decline in kidney uptake about 26% and less than 19% at the end of the 1-year
follow-up period after receiving the 10 Gy and 12 Gy or 14
Gy single fraction irradiations. Comparing the measurements
with the control values clearly showed the sparing of kidney
function with an increasing number of daily fractions based
on the reported values showing no/minor changes in renal
function 1 year after receiving two courses of 5 Gy radiation
and also four courses of daily irradiation of 12 Gy or 15 Gy
in total. However, there was a little change in uptakes less
than 43% at 7 months after 2-fraction 6 Gy or 7 Gy. Moreover, there were more reductions of 32, 36, and 23% in 99mTc-
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DMSA uptake after irradiation with the overall dose of 16
Gy in 2 fractions, 18 Gy and 21 Gy in 4 fractions, respectively [44]. Jackson et al. considered the regional renal function after single-fraction stereotactic ablative body radiotherapy (SABR) with 26 Gy. They showed that SPECT/CT scans
caused a significant dose/effect relationship at intermediate
to high dose with a threshold of <13 Gy at 12-18 months
post-treatment after 200 MBq injections of 99mTc-DMSA in
patients with solitary kidney. In addition, there was a modest
decline in 99mTc-DMSA uptake by kidney up to 3 months
[36].
The use of 177Lu and 90Y labeled with somatostatin analogs as a sample of the Peptide Receptor Radionuclide Therapy (PRRT) was effective for tumor response and life quality
in patients with somatostatin receptor-positive gastroenteropancreatic neuroendocrine tumors, common neuroendocrine
tumors developing in the stomach, rectum, pancreas, and
small and large intestine, but heterogeneous distribution of
radioactivity reabsorption in kidney especially in cortex can
lead to partial damage with long-term nephrotoxicity effects
causing a limiting factor in its therapeutic use [24, 29, 4549]. Forrer et al. reported dose-dependent tubular damage
during 100 days follow-up after injection of a high-dose
PRRT (278 MBq and 555 MBq 177Lu-DOTA-Tyr3octreotate). 99mTc-DMSA scintigrams and uptake obtained
from SPECT imaging 4-6 hr after 50 MBq of 99mTc-DMSA
injection determined the regions with tracer accumulation
and cold regions. Renal uptake as %IA with mean values of
about 9.9% and less than 2% was estimated after the injection of 278 MBq and 555 MBq, respectively, and values in
the control group showed normal accumulation of 23%. In
addition, there was a shift in the accumulation region of the
cortex in control rats to the outer medulla in treated groups.
Moreover, a threshold of 23 Gy that can be obtained from
the administration of about 278 MBq of 177Lu-DOTA-Tyr3octreotate is proposed to provide adequate safety in order to
treat with this radiopharmaceutical drug [45]. In relation to
controlling the renal function with dynamic and static
SPECT/CT 90 days after a radionuclide treatment in rats,
Melis et al. evaluated the effect of the administration of 460
MBq of 177Lu-DOTA-Tyr3-octreotate on tubular secretion,
peritubular absorption, and also glomerular filtration. Lysine
co-administration effect was considered in protecting the
kidney. Static 99mTC-DMSA imaging confirmed the tubular
damage with reduced 99mTc-DMSA renal uptake as the injected activity per kidney. There was 99mTc-DMSA renal
uptake about 2-8% in PRRT-treated rats group compared to
the control group with a renal uptake of 14-19%. In the
treated group, findings showed less severe reduction than the
amount reported in a previous study by the administration of
555 MBq of PRRT. However, the renoprotective effects of
lysine co-administration treatment were determined about
11-15% for injected activity per kidney [46]. Unfavorably,
high retention of radioactivity in another radionuclide treatment involved in Float Receptors (FRs) such as folic acid
vitamin radiolabeled with beta particle emitters can cause the
renal toxicity, especially damage in proximal tubular cells
due to megalin/cubilin receptor-mediated uptake [50]. In a
biodistribution study on FRs, intravenous administration of
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3MBq of albumin-binding (177Lu-cm09) and 3 MBq of conventional (177Lu-EC0800) folate radioconjugate in KB (human cervical carcinoma cells) tumor-bearing nude mice led
to the absorption of 1.4 Gy/MBq and 0.44 Gy/MBq doses in
tumor and 2.3 Gy/MBq and 4.8 Gy/MBq doses in the kidney. Moreover, SPECT imaging at 2 hr after 30-40 MBq of
99m
Tc-DMSA injection caused a significant reduction in the
renal uptake of 99mTc-DMSA at 20, 100 and 210 days after
the administration of 177Lu-cm09 and 177Lu-EC0800 [50].
Functional parameters including the level of creatinin,
BUN, and morphological assessments were used to confirm
dose-dependent renal damages in radionuclide treatments
such as FRs and PRPTs using 99mTc-DMSA scintigraphy
[45, 50, 24].
2.2. Cisplatin and 99mTc-DMSA
Cisplatin accounts for the most uptakes by an organic
pathway. Accumulation of this drug in the kidney is more
than other organs. Its maximum concentration has been reported to be about 5 times higher than the serum concentrations in proximal tubule epithelial cells [51]. The accurate
molecular mechanism of cisplatin-induced renal toxicity is
not well defined. However, several mechanisms can likely
influence directly or indirectly the cellular components, following cell death or dysfunction by pathways including necrosis, apoptosis, ischemia, inflammation, and oxidative
stress [11, 25, 51-55]. Thus, kidney failure causes a reduction in the blood supply to the outer medulla of the cortex in
the s3 proximal tubular segment [51]. Cisplatin increases the
generation of reactive oxygen species and Reactive Nitrogen
Spices (RNS). The oxidative stress resulted from these species induces the pathogenesis of the malignant tumors in the
kidney including the destruction of lipids, proteins, DNA,
and the production of denatured structures causing an imbalance in cellular proteins and amino acids, enzymatic inactivation, degradation to the mitochondrial and cell membrane,
and DNA synthesis through cross-links and adduct formation
in the nucleophilic sites and replication mediate. Dysfunction caused by the peroxidation of membrane lipids also mediates as the GFR decreases and increases the levels of BUN
and serum creatinine [11, 25, 51-53, 56-62]. Landuyt et al.
reported that 99mTc-DMSA distribution reduced the renal
function occurred in the rats which received cisplatin. There
was a rapid and larger reduction in the kidney previously
treated with the unilateral irradiation related to the contralateral [44]. Salihoglu et al. indicated that evaluating the scintigraphy of cisplatin-induced renotoxicity visually reduces
99m
Tc-DMSA uptake in kidney images expressed in a higher
level of background activity [11]. Yürekli et el. showed that
the administration of 5mg/kg cisplatin resulted in nephrotoxicity with %ID/g a reductio of about 9% in the control group
to 1% for cisplatin-treated rats [56]. Decreased 99mTc-DMSA
uptake is concordant with increased levels of Malondialdehyde (MDA) as an index for oxidative stress, lipid peroxidation and reduction of Glutathione (GH) as a marker of antioxidant status [25]. MacAfee et al. indicated that early uptake and plasma clearance of 99mTc-DMSA are not the best
differentiators to detect the cisplatin-induced toxicity. Low
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efficiency of renal extraction was responsible for renal dysfunctions caused by tubular degeneration and necrosis [63].
2.3. Gentamicin and 99mTc-DMSA
The gentamicin-induced renotoxicity has been reported in
about 15-30% of the treated subjects. Gentamicin mainly
causes renal dysfunction and reduces the glomerular filtration rate [64, 65]. Accumulation of about 5% of the administered gentamicin pharmaceutical dose in the renal cortex,
including proximal tubule and its interactions with organelles
and cell membranes predisposes the kidney to the nephrotoxicity. Hydroxyl radicals, increased renal cortical phospholipidosis, Na-K-ATPase prevention, thromboxane A2 (TXA2)
and Prostaglandins (PGE), microsomal protein synthesis,
lysosomal and mitochondrial injuries, and some vascular
factors have been suggested as mechanisms of the renal dysfunction as a result of gentamicin administration [5, 64-66,
67]. Gentamicin-induced renotoxicity is characterized as the
damage in cell types mainly the epithelial cells of the proximal tubule S1-S2 sections [5, 68]. Cell alternations include
degenerations such as tubular apoptosis and necrosis as investigated in the in vivo studies as well as in the cells culture
condition [5, 15, 64-67]. There are also regeneration lesions
resulting from tubular cell differentiation and proliferation.
Gentamicin administration at high concentrations clearly
causes mitochondrial respiration impairments, and also the
prevention of protein synthesis [64-67]. Required high drug
concentrations (>1-2mg/ml) to produce cytotoxic effects
have been evaluated in the cells in which the drug has been
accumulated [5]. 99mTc-DMSA scintigraphy methods have
been used to conduct several studies on human and animal
species emphasizing the gentamicin-induced nephrotoxicity
assessment [15-17, 69]. The time period of 2-4 hr after injection is suitable for imaging because the maximum renal accumulation of 99mTc-DMSA occurs at this time with about
10-12% of total injected dose [69]. Lora-Michiels
et al. stated that the 99mTc-DMSA uptake as an efficient renal
tubular index can detect the injuries compared to GFR and
Effective Renal Plasma Flow (ERPF). They also reported
that 99mTc-DMSA is able to detect 450 mg of accumulated
gentamicin, while the amount of 1575 mg is needed in the
studies applied 99mTc-DTPA or 99mTc-MAG3. They reported
the poor detection of the kidney in scintigrams and the increased background activity regarding the renal function of
the mongrel dogs received toxic doses of gentamicin. There
were no changes in differential renal function values by increasing the dose of gentamicin [17]. Fatemikia et al. used
99m
Tc-DMSA scintigraphy as a proper non-invasive method
to conduct the preclinical studies in order to detect the gentamicin-induced acute kidney injury and analyze the extent
of injury 7 days after drug injection. The renal uptake of
99m
Tc-DMSA was calculated according to the mean photon
counts per pixel inside the considered region around the kidneys drowned around both anterior and posterior images.
There was a reduction of 84 counts per pixel in gentamicintreated rats indicating an nephrotoxicity compared to 212
counts per pixels in the subjects treated with normal saline.
The results were greatly supported by direct measurement of
activity per gram of excised kidney using a dose calibrator
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(0.45 mCi/g versus 0.087 mCi/g). In addition, there was an
increased level of background activity. There was no difference in relative uptake of 99mTc-DMSA by each kidney in
the treatment group compared to the sham group demonstrating a similar impairment in both kidneys due to gentamicininduced nephrotoxicity [16]. Cabuk et al. showed that there
is a significant reduction in 99mTc-DMSA uptake in both
scintigraphy and gamma counter evaluations in rats, receiving an intramuscular injection of 100 mg/kg of gentamicin
for 6 days. The uptake of 99mTc-DMSA as mean-value per
pixel of the kidney tissue over the background and also count
per gram of kidney tissue relative to the soft tissue showed
values of about 4.3 and 3.4, respectively, compared to the
normal values of about 6.3 and 5.9 in the control groups
[15]. Although, Marshall et al. indicated that renal morphological imaging after gentamicin administration showed
minimal subjective deviations compared to the baseline images. The quantified 99mTc-DMSA uptake as a percentage of
the injected dose (mean value of 41.8 MBq) in renal
parenchyma was obtained with a cumulative peak of 13.8%
and reduced to 10.2% after drug injection. Moreover, 99mTcDMSA renal uptake was not related to the histologic measurements before and after the treatment. They also reported a
poor sensitivity of biochemical tests to detect nephrotoxicity
induced by gentamicin in avian species in spite of human
and dogs attributing to the extraction of the creatine in urine
before creatinine production [69].
3. SCREENING OF RENOPROTECTIVE AGENTS BY
99M
TC-DMSA
Several studies have suggested that ROS generation as a
major agent to the oxidative stress is related to the toxicity of
cisplatin, gentamicin, and radiation. Hence, antioxidant
properties and free radical scavenging can reduce the oxidative stress induced by the drugs and radiation [70-72].
Agmatine (AGM) protects the kidney through the inhibition
of oxidative phosphorylation and increasing renal blood flow
and GFR. Its modulator role is defined as key ionic channels
in the neurotransmitter. It is also known for its antioxidant
and anti-inflammatory properties. Agmatine is known as a
useful drug used to improve renal impairment induced by
cisplatin and gentamicin. Semi-quantitative research showed
that the administration of AGM before and 2 consecutive
days after treatment with 7.5 mg/kg of cisplatin markedly
decreased cisplatin-induced renal dysfunction. In addition, a
quite good renal 99mTc-DMSA uptake was observed after coadministration of AGM with cisplatin [11]. Thymol is a
mono-terpene phenolic product present in several types of
plants like Zataria and thyme (Lamiaceae). Its protective
effects against toxicities are due to anti-inflammatory and
antioxidant activities, and also the inhibition of lipid peroxidation. Hosseinimehr et al. reported that thymol has the
renoprotective effect when orally administered 2 days before
cisplatin injection (7.5 mg/kg) and continued for 4 days.
They also showed that quantitative renal 99mTc-DMSA uptake (%ID/g) is equal to 85.27 ± 21.81% in the control group
while cisplatin injection decreases it to 45.55 ± 5.5% and
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thymol increases it to 65.02 ± 32.21 and 88.46 ± 20.46%
[52]. Amifostine) Ethyl) is a pro-drug that can scavenge free
radicals and donate hydrogen ions. Amifostine can protect all
normal tissues except the Central Nervous System (CNS)
against toxicity caused by antineoplastic agents [25, 56].
Several studies showed that amifostine has a protective effect on salivary glands, bone marrow, and lungs by scintigraphy [73-76]. Yürekli et al. observed that amifostine administration (200 mg/kg) before cisplatin (5mg/kg) injection
prevented renal toxicity and significantly enhanced the
%ID/g in the group received cisplatin + amifostine compared
to cisplatin group [56]. Right kidney uptake of 99mTc-DMSA
was improved by administrating 200 mg/kg amifostine 30
min before applying the irradiation to the whole right kidney
with a single dose of 6 Gy. However, morphological parameters did not show protective effects of amifostine, which
might be due to the late toxicity [42]. L-carnitine is a natural
compound that prevents oxidative stress, apoptosis, and inflammation induced by toxic agents. L-carnitine can reduce
the toxic effects of free long-chain fatty acids inside and outside of the mitochondrial membrane via the β-oxidation
mechanism and improving energy metabolism. It can protect
the mitochondrial membranes and stop the permeability transitions, which in turn, suppresses the release of free electrons
producing free radicals and cytochrome c activating the cascades [25].Yürekli et al. reported that administration of Lcarnitine and amifostine before cisplatin injection increases
99m
Tc-DMSA tubular uptake from 11 to 21% in the cisplatin
group. There were no significant differences between Lcarnitine and amifostine effects, but it seems that L-carnitine
may be more effective than amifostine in renal protection
against cisplatin [25]. Erdosteine (N-(caboxymethylthioacethyl)-homocysteinethiolactone) is an acceptable clinical
drug used to treat pulmonary disease. Erdosteine can prevent
the radical-induced toxicity by the direct scavenging of ROS .
Preventing the generation of ROS implies the high antioxidant activity of erdosteine and its protective properties
against oxidative stress. Cabuk et al. showed that coadministration of erdosteine (50 mg per kg orally for 6 days)
with gentamicin significantly decreases the malondialdehyde
levels, xanthine oxidase, myeloperoxidase, and increases the
superoxide dismutase and catalase activities compared to the
sole administration of gentamicin. In addition, the serum
BUN and creatinine levels decreased, and renal tissue uptake
of 99mTc-DMSA increased in gentamicin+ erdosteine group
compared to the gentamicin-alone group [15]. Erythropoietin
(EPO) is a glycoprotein hormone with corresponding receptors at podocytes and endocapillary cells in glomeruli. EPO
plays a regulatory role in erythropoiesis and vascular endothelial cell functions. EPO Receptor (EPO-R) in kidneys has
caused EPO to reduce tubule-interstitial fibrosis and profibrotic mediators. Andratschke et al. showed that the administration of EPO concomitant to radiotherapy increased the
grade of kidney dysfunction induced by radiation therapy
[40]. Table 1 summarizes some renoprotective agents evaluated by 99mTc-DMSA.
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Table 1.
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The renoprotective agents evaluated by technetium-99m dimercaptosuccinic acid (99mTc-DMSA).

Renoprotective
Agents

Dosage1

Route2

Duration
Nephrotoxic
Administration3
Agents

Dosage of
TC-DMSA

99m

Uptake
Evaluation

Endpoints

Refs.

Tubular epithelial degeneration↓8
The Inflammatory edema↓
Leukocyte migration↓
Thymol

50 and 150
mg/kg

P.O

6 days

Cisplatin

10MBq

%ID/g4

Free radical scavenging↑9
Antioxidant activity↑

[52]

11

TNF-α10 and IL-6 production↓
Phosphorylation of Mitogen-Activated
Protein Kinases (MAPKs)↓
Creatinine, BUN12, cys-C concentration↓
Agmatine

10 mg/kg

I.P

3 days

Cisplatin

14.8MBq

MCR5

Tubular degeneration↓
Corpuscles size↓

[11]

Cystic formation↓
L-Carnitine

300 mg/kg

I.P

Single

Cisplatin

7.4MBq

%ID/g

MDA13↓
GSH14↑

[25]

Cr and BUN↓
Amifostine

200 mg/kg

I.P

Single

Cisplatin

7.4MBq

%ID/g

MDA↓

[25]

GSH↑
Amifostine

200 mg/kg

I.P

Single

Cisplatin

7.4MBq

%ID/g

Cr and BUN↓
Tubular cell toxicity↓

[56]

Renal tubular atrophy↓

Amifostine

200 mg/kg

I.P

Single

Radiation

20MBq

RKF%6
LFR%7

Grade 1 tubular atrophy↓
Grade 2 tubular atrophy (no change)

[42]

Tubular toxicity↓
Interstitial fibrosis↓
MDA↓

Erdosteine

50 mg/kg

P.O

6 days

Gentamicin

37MBq

Mean
value/pixel
count/g

SOD15↑
CAT16 ↑

[15]

XO17 and MPO18↓
Erythropoietin
1

500 IU/kg
body weight

S.C

2 days

Radiation

7.4 -11.1 MBq

Kidney
counts

kidney dysfunction↑

[40]

Amount of drug administrated in mg/kg or other units to animal.
The route of renoprotective agent delivered to animal: P.O. = oral gavage, I.P= Intraperitoneal injection
S.C. = subcutaneous injection
3
Frequency of time that renoprotective agent administrated
4
The percentage of the injected dose per gram of kidney tissue: %ID/g = (the activity in each kidney divided by the total activity injected and the mass of the organ) × 100
5
Mean count ratio: MCR=mean count of kidney/mean count of background histological analysis
6
Relative Function of Right Kidney (RKF %) was easily intended by the formula: RKF% = right kidney uptake/ (right kidney uptake + left kidney uptake) × 100
7
The percentage Loss of right Kidney Function (LFR %) after radiation therapy was measured by the formula: [(pre radiation RKF% – post radiation RKF %) / pre radiation RKF%] × 100
8
Decrease the endpoint (↓)
9
Increase the end point (↑)
10
Tumor necrosis factor alfa
11
Interleukin-6
12
Blood urea nitrogen
13
MalondialdIhyde
14
Glutathione
15
Superoxide dismutase
16
Catalase
17
Xanthine oxidase
18
Myeloperoxidase
2

The Screening of Renoprotective Agents by 99mTc-DMSA

CONCLUSION
Renotoxicity is a factor limiting the optimization of chemotherapy and radiation therapy schedules in cancer treatments. In this paper, the precise and sensitive changes in the
99m
Tc-DMSA radioiodine renal uptake rate were presented to
evaluate the mild impairment of renal function, as well as a
screening of the renoprotective agents. Renal function decreases due to the radiation, chemotherapy agents, and gentamicin are detected using 99mTc-DMSA scintigraphy before
nephrotoxicity, which is detected by laboratory measurements. As quantitative renal 99mTc-DMSA scintigraphy is
reproducible, easily applicable, non-invasive, and can be
completed in a short period of time, it also is easily available
providing highly precise outcomes, therefore the researchers
can use it to evaluate the renoprotective agents in preclinical
studies and patients treated by chemotherapy and radiotherapy or those treated by gentamicin.
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