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Abstract

In the present study, male albino mice were used to estimate the effects of
titanium dioxide nanoparticles (TiO,) suspension used in two doses (150, 600
mg/kg) through intraperitoneal route. The results revealed a significant difference
(p<0.05) among the control and experimental groups in all haematological
parameters, including a significant increase in White Blood Cell (W.B.C) count,
Mean Cell Volume (MCV), Mean Cell Haemoglobin Concentration (MCHC), and
Mean Cell Haemoglobin (MCH). Also, the results showed a significant decrease in
Red Blood Cell (R.B.C.) count and Haemoglobin (Hb). Biochemical tests included
AST and ALT and showed a significant elevation in all exposed groups, while ALP
was decreased after fourteen and thirty days of exposure. In the case of kidney
function, creatinine was increased in all groups during the experiment, whereas uric
acid was increase in many cases and recorded the highest mean value after fourteen
days of exposure to the dose of 150mg/kg and after thirty days of exposure to the
dose of 600mg/kg. Level of urea was decreased in the fourteen-days and thirty-days
treatment groups, while its mean values after using the two doses did not change
significantly after one day. Cholesterol level was decreased after thirty days,
recording the lowest mean value at 600mg/kg, whereas the level of HDL was
significantly (p<0.05) decreased and that of LDL significantly increased. The study
of bioaccumulation demonstrated that the TiO, NPs are accumulated mainly in the
spleen, followed by the liver and kidneys of mice, respectively. Also, the doses used
caused histological alterations such as changes in the congested dilated portal tract,
with heavy inflammatory cells infiltration and dilated central venule in the liver,
along with glomerular congestion, tubular congestion, atrophy, chronic
inflammatory cells infiltration, and dilated tubules with flat atrophied lining
epithelium in the kidneys. The histologic alterations observed may represent an
indication of different degrees of organ injury due to the toxicity of TiO, NPs,
resulting in an inability to deal with accumulated residues from the metabolic and
structural disturbances caused by these nanoparticles.
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Introduction

In the last decade, nanotechnology has received an increased attention from the media and
scientific communities for its remarkable potential, ranging from optical properties, flexibility,
reactivity, and increased strength. Hence, nanomaterials have been widely used in electronics,
cosmetics, drug delivery and antibacterial materials [1]. The global use, production and disposal of
TiO, NPs certainly lead to their release into the environment and may apply harm to organisms and
ecosystems [2]. Titanium dioxide (TiO,) nanoparticles, which are a main ingredient in sunblock,
absorb UV light and effectively shield skin from unsafe UV light exposure, in addition to their
remarkable antimicrobial activities and light-weight characteristics. Regardless of the commercial
benefits, their introduction to the nature may cause hazardous biological impacts [3]. Animal exposure
to TiO, NPs can be estimated by measuring chemical substance levels in various body tissues and
organs along with biochemical parameters that change according to the type of exposure and dose.
These measurements are known as biomarkers or biological markers. Thus it was important to study
translocation of nanoparticles after intraperitoneal injection to systemic sites, which is considered as a
precarious step in toxic Kinetics [4]. Titanium dioxide nanoparticles with higher doses injected into the
abdominal cavity of mice can significantly induce liver injury by modify mRNA and protein
expressions of several inflammatory cytokines, in addition to changing histopathology, causing
apoptosis of liver cells, and damaging liver function [5]. Nanoparticles larger than six nanometers in
diameter cannot be excreted by the kidneys and can accumulate in specific organs such as the liver and
spleen, until clearance by the mononuclear phagocyte system takes place [6]. Moreover, a recent
research presented the results of TiO, nanoparticles injection into the abdominal cavity of mice for 14
consecutive days. When the dose was increased, the coefficients of the liver, kidneys, and spleen were
increased steadily, whereas the coefficients of the lung and brain decreased regularly and those of the
heart had slight changes, with alterations in the serum biochemical parameters [7]. Likewise,
nephrotoxicity and pathological changes of the kidneys were also resulted from exposure to the same
type of NPs [8]. In this study, we investigate the toxicity of titanium dioxide nanoparticles on blood

parameters, in addition to liver and kidney function and lipid profiles. The accumulation of TiO; in a
particular part of the body in addition to renal and hepatic tissue changes were also studied.

1556



Abdulkareem and Rabee Iragi Journal of Science, 2020, Vol. 61, No. 7, pp: 1555-1564

Materials and methods

Animals: Adult male albino mice at an age of four to six weeks and an average weight of 25+10 g
were obtained from the Iragi Center for Genetics and Cancer Research. The healthy mice were housed
in polypropylene cages under special maintenance conditions of 12+3 hours light / dark cycle,
temperature of 25+5°C, and 60+10 relative humidity. Food and water were available and libitum. The
animals were treated and housed in the animal house of the Iragi Center for Genetics and Cancer
Research / Al- Mustansiriyah University.

Equipment and chemicals: dissection tools, EDTA K3 tube, micropipette, eppendorf tubes, plastic
container, syringes, de-ionized distilled water, eosin stain ,ethanol , formaldehyde, hematoxylin
stain ,ketamine 10%, paraffin wax, titanium dioxide nanoparticle ,xylene (Xyl-M2) and xylazine.
Instruments: Atomic absorption flame emission spectrophotometer NovAA 350 (Analytic Jena
company), Cobas ¢111 (Roche company), Mindray BC-3000 PLUS (Shenzhen Mindray company),
Scanning probe microscope SPM AA3000 (Angstrom Advanced In company).

Preparation of TiO,: In the current study, we used two different doses of titanium dioxide
nanoparticles (150 and 600 )mg/kg. Titanium dioxide nanoparticles (Anatase form 58.00 nm) was
purchased from Areej Al-furat Company (a chemicals company in Baghdad, Irag) and characterized
by scanning probe microscopy (Figure-1). It had a white powder appearance with nearly spherical
morphology. The suspension was prepared by taking a specific amount of nanoparticles with the
addition of de-ionized distilled water under sonication for one hour.
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Figure 1- Characterization of titanium dioxide nanoparticles

Experimental study: The mice were divided according to exposure time into three groups, each
containing sixteen mice. The first group was exposed to TiO, NPs for one day, while the second and
third groups were exposed for fourteen and thirty days, respectively. The animals were injected
intraperitoneally every two days with 0.1 ml of the NPs. The two doses given to each group were
selected according to previous papers [9, 10]. In particular, preliminary experiments were performed
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with different concentrations before deciding for these two doses, which were selected based on their
acute and nontoxic effects as well as the absence of visible symptoms or mortality in the animals.
Working steps: One day after the last treatment, blood samples were collected from the animals by
heart puncture and placed into EDTA tubes to determine blood parameters that included RBCs count,
WBCs count, Hb, MCV, MCH, and MCHC. The blood samples (1ml) were analysed using Mindray
hematology auto analyser. The other amount of blood (1ml) was centrifuged at 3000 rpm for 15
minutes and serum was collected and stored frozen until used for assessment of various biochemical
tests using Cobas C111 Biochemical Analyzer. Subsequently, mice were anesthetized by the injection
of 0.1ml of a mixture containing ketamine hydrochloride (0.4ml) and xylazine 0.6ml. Then, liver,
kidney and spleen were removed quickly and used for two different purposes; parts of the organs were
placed in formaldehyde for histopathological examination [11] whereas the other parts were used for
studying the bioaccumulation of NPs using atomic absorption flame emission spectrophotometer [12].
The organ weights were recorded. According to the ratio of organ weight to body weight in order to
determine the coefficients of liver, spleen and kidneys as calculated in the following equation:
Organ Index = organ wet weight (mg)/body weight (g) x 100%.
Statistical analysis

Analysis of variance (ANOVA), F-test, t-test were used to statistically analyse the data. To explain
the differences between the results (expressed as mean + SEM), least significant differences (LSD)
was used at p< 0.05 [13, 14].
Results and discussion

Haematological parameters are closely linked to the animal’s response to the environment, which
means that any change of haematological parameters is suggestive of possible effects on the
haematological characteristics exerted by the location where the animal lives [15]. Our results of blood
tests are shown in Table-1. The number of WBCs in the present study varied between 6.9 £ 1.56 x
10%/ul in animals treated with the first dose 150mg/kg after one day of exposure to 10 + 0.8 x 10%/ul
for the same dose after 30 days of exposure, while the values in the control group were 2.9 + 0.23 X
10%ul and 3.4 + 0.09 x 10%pl, respectively. There was a significant difference (p < 0.05) between the
exposed and control groups. This result proved that the highest mean of exposure to TiO, NPs from
one day to thirty days is accomplished with the dose of 150 mg/kg, which has the highest absorption
rate after intraperitoneal injection in comparison with the higher concentration. In addition, these
differences reflect alterations in body defence mechanisms, as the fluctuations in WBCs count could
occur as a result of nonspecific responses of the immune system against tension situations. This state
usually occurs in inflammations or bacterial or parasitic infections [16]. In contrast, the red blood cells
showed a decline in numbers from the first day to thirty days of exposure. In the case of haemoglobin,
the control mice showed a mean value of 10.20 = 0.17 g/dl, which was higher in the treated mice after
one day and peaked at 13.10 + 0.17 g/dl after fourteen days. However, after thirty days, Hb level
showed a significant decrease using both doses compared with the control group (LSD = 2.79). The
decline in RBCs number and haemoglobin level can be due to the immune responses and the lower
metabolic activities in mice. Regarding MCHC, MCV and MCH, the results showed significant
reduction for the two doses and all periods of exposure, except for the value of MCHC after one day of
exposure which showed a non-significant difference with the control group. A previous study reported
that no significant haematological toxicity could be detected after two weeks of intraperitoneal
exposure to TiO, NPs, Nonetheless, they noted a significant increase of platelet count after one day of
treatment [17].
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Table 1-Haematological parameters in mice exposed to two acute doses of TiO2 NPs (Mean value +
standard error).

1 day 14 day 30 day
Dose | Control | 150 600 |LSDP [Control| 150 | 600 ;%Lcm“m 150 | 600 ;ﬁ%
Parameters mag/kg mg/kg | < 0.05 mg/kg | mg/kg ‘5' mg/kg | mg/kg ‘5'
29 b 6.9 a 156 b 35 b 4.3a 1.08¢c 34c 10 82 b
WBC (x10%/ul) * + + 3.18 + + + 0.31 + + + 1.71
0.23 1.56 0.21 0.1 0.11 0.03 0.09 0.8 0.08
8.13 a 7.52b 7.78 ab 9.77 a | 9.08b | 4.89¢ 87a (79ab|7.14 b
RBC (x10° /l) + + + 0.47 + + + 029 = + + | 096
0.1 0.04 0.21 0.13 0.06 0.01 0 0.38 0.29
10.20 b | 10.87 ab | 11.63 a 10.30 b| 13.10 a| 7.00 ¢ 13.80 a(10.50 b|10.10 ¢
HGB (g/dl) + + N 1.09 N N , |08 N N N 2.79
0.17 0.27 0.44 0.29 0.17 0.06 0.82 0.65 0.92
30.60 a | 31.33 a | 31.03 a 31.20 b[32.85 ab|35.40 a 28.10 ¢ (30.43 b|32.50 a
MCHC (g/dl) N + N 1.01 N + L 289 N ., | 178
0.23 0.32 0.32 1.44 0.03 0.06 0.7 0.5 0.06
4140 b | 46.23 a | 48.27 a 33.70 ¢| 43.85 a [40.45 b 40.30 b|43.10 a[43.35 a
MCV (fL) + + + 4.72 + + + 3.18 + + + 1.5
1.56 1.22 1.28 1.56 0.32 0.03 0.65 0.06 0.38
1250 b | 14.40 a | 1493 a 10.50 b| 14.35 a|14.25 a 11.50 b|14.35 a|14.25 a
MCH (pg) + + + 1.82 + + * 3 + + + 3
0.81 0.26 0.33 15 0.09 0.03 15 0.09 0.03

Small letters indicate comparisons in the rows. Similar letters reflect non-significantly differences
between means at p< 0.05 using LSD test.

Liver functions were evaluated by measuring serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP) for treated mice, the results of which are
shown in Table-2. There is a significant difference for AST and ALT among two different doses of
treated groups compared to control group. The results showed that highest mean value of AST was
935.20 £ 5.02 U/L recorded in the sample treated with 600mg/kg for thirty days, while the control
sample had a mean of 253.90 + 2.31 U/L. Statistical analysis indicated that all doses of exposure
showed a marked significant elevation in AST level, reflecting liver damage or dysfunction as a result
of toxicant effects. Such abnormalities are detected by the occurrence and activity of AST and ALT,
which are regularly known as aminotransferases that, under normal conditions, reside in the hepatic
cells while they leak into the blood when these cells are injured [18]. Regarding our results of ALT
(Table-2), the values varied from minimum of 39.60 + 1.21U/L in the sample exposed to 600mg/kg
for 14 days to a maximum of 397.05 £ 1.59 U/L in the sample exposed to 600mg/kg for thirty days,
whereas the values for the control groups were 53.60 + 2.60 U/L and 53.10 + 2.89 UJ/L, respectively.
The level of these enzymes increased as a result of damaged membranes of hepatic cell or their death
and, thus, this elevation is an indication of liver damage [19]. In addition, a decline in ALP level was
recorded after fourteen and thirty days, reaching a lowest mean value of 52.95 + 2.34 U/L in the dose
of 150mg/kg after thirty days, whereas the value in the control group was 178.10 + 1.73 U/L. On the
other hand, nephrotoxicity following TiO, NPs exposure was assessed by measuring creatinine, urea
and uric acid levels in the serum of experimental animals. After 30 days of intraperitoneal injection of
TiO, NPs, creatinine mean level showed a highest mean value of 0.25 + 0.028 mg/dl using the higher
dose 600mg/kg as compared with the control group which recorded a mean value of 0.1 + 0.02 mg/dl.
These results indicated a slight significant difference (p<0.05) in creatinine level between the exposure
and control groups. As related to uric acid, the results demonstrated that the highest mean value was
5.65 + 0.03 mg/dl in the group of mice exposed to 150mg/kg of TiO, NPs after 14 days of exposure,
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whereas the mean value for the control group was 2.20 + 0.05 mg/dl. This increase of creatinine in
serum refers to a renal dysfunction as a result of diminished glomerular filtration rate of creatinine
[20]. In addition, urea mean levels varied among the different groups of different doses, reaching a
highest mean value 39.31 + 1.2 mg/dl in 600mg/kg after 14 days of exposure, the mean value of
control group of 35.5 + 1.62 mg/dl, as observed in Table-2. This elevation is due to increased protein
catabolism or increased levels of the enzyme responsible for urea production [21].

Table 2-Biochemical test results in mice exposed to two acute doses of TiO, NPs (Mean value £
standard error).

Liver function Kidney function

=

S Parnmeters

Dose ™
Control

150 mg/kg

600 mg/kg 22890+ 785h 5160 £040 b 140.55 £ 395a 0.2£0.003 a 2250060 | 3073 +£0.82a
LSD P < 0.05 16.07 3 11.98 0.04 016 2.22
| 14 day
. _Parameters P tini
ey reatinine g : y
S~ AST U/L A\LT U4 ALP U/L ¢ Uric acid mg/dl!  Urea mg/dl
mg/dl
“lly(‘ & | | | | | |
Control 25000 = .73 b 53.60+£2.59b 178.10 £ 2.30a 0.10 £ 0,02 ¢ 220+ 0.05¢ J55£162¢

150 my/kg

AST U

135833+ 1.73 ¢

40825+ 0.26 a

773.70 £ 4.73

\LT U/

4017+ 144 ¢

89.60 £ 0,06 o

96354 0.72

1 Day
ALP U/

66461440
14400 £ 427 0

76.00 £ 4.73¢

Creatinine
mg/dl

0102002 b

0.20 £ 0,003 a

0.25 £ 0.029 a

Uric acid mg/dl

26+ 0054

2.7+ 000 a

S654003a

Urea mg/dl

2927 £0.75a

JO31 £0.05a

30.13 £ 0,06 a

600 mg/kg | 253.90£560b | 39.60 4 1.21 ¢ 91.10 £ 3.23b 0.20 £ 0.000 a ' 320£006b | 39314120
' LSDP< 0,058 15.05 [ 54 12.34 0.07 . 0.16 ' 4.03
- 30 day
i .,,.l_'g»r:nu-tcrs. Creatinine
AST U/L ALT U1 ALP UM Uric ncid mg/dll  Ureca mg/dl
Dicé mg/dl
Control 253.90£2.30b | S53.10+288b | 1781041730 | 0.14002b | 2.60£005b | 37.27+1.254a
150 mgke | 19560040 ¢ | 46.75+0.14b | 5295+233¢ | 0.1540029b | 1.85+0.03¢ | 31.09£0.03 b
600 mgkg | 935205024  397.05+154 | 93.50:0.28b | 0.25+0.0284 | 3.9520.03 4 | 3337%0.06b
[ 1LsDP< 005 | 11.07 ' 6.58 [ 5.84 [ 009 | o013 | 28 '

Small letters indicate comparisons in columns. Similar letters reflect hon—significantly differences
between means at p< 0.05, using LSD test.

Cholesterol is a versatile lipid that has essential roles as a constituent of cell membrane, building
blocks of vitamin D, and steroid hormones such adrenal gland hormone, aldosterone and cortisol, in
addition to sex hormones and their derivatives [22]. The results in Table-3 for intraperitoneal injection
of TiO, NPs demonstrate an induction of a slightly significant decrease (p<0.05) in cholesterol level of
the group exposed to 600mg/kg after one day and thirteen days of exposure. The mean values were
96.28 + 4.24 mg/dl and 91.03 + 0.43 mg/dI, respectively, while those of the control group were 113.67
+ 2.31 mg/dl and 105.60 = 1.73 mg/dl , respectively. The decrease in lipid concentration observed in
the present study can be attributed to its utilization in cell repair and tissue organization with the
formation of lipoproteins, which are important cellular constituents of cell membranes and cell
organelles present in cytoplasm [23].

Monitoring of HDL-cholesterol in the serum or plasma is of clinical significance as its
concentration is important in the assessment of atherosclerotic risk. Elevated HDL-cholesterol
concentrations protect against coronary heart disease (CHD), whereas reduced HDL-cholesterol
concentrations, particularly in combination with elevated triglycerides, increase cardiovascular disease
risk [24]. The results of high density lipoproteins can be summarized by a decreased concentration in
all groups, with the lowest mean value being 62.70 + 0.23 mg/dl, while that for the control group was
70.98 + 1.15 mg/dl after thirty days of exposure to 600mg/kg. One exception was in the group of
fourteen days exposure which showed an increased HDL mean value of 98.39 + 2.55 mg/dl for
600mg/kg dose, whereas the mean value of the control group was 74.00 £ 1.15 mg/dl. The decline of
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HDL, in addition to playing a role in lipid transport, may have protective functions. Moreover, as part
of the immune response, cytokine-induced increases in serum lipid levels may play a role in host
defence by decreasing the toxicities of biological and chemical agents [25].

On the other hand, the results demonstrated a slight increase in the level of low density lipoproteins in
all exposed groups, with the highest mean value being 28.28 + 0.15 mg/dl after fourteen days of
exposure, while the control group value was 16.00 + 0.63 mg/dl. Elevated LDL concentrations in the
blood and the increase in their residence time, coupled with an increase in the biological modification
rate, result in the destruction of the endothelial function and a higher LDL-cholesterol uptake in the
monocyte/macrophage system as well as by smooth muscle cells in vessel walls [26].

Table 3-Results of lipid function parameters of mice exposed to acute doses of titanium dioxide
nanoparticles through intraperitoneal route.

Lipid profiles
lday
g[g;se g Cholesterol High density lipoproteins| Low Density Lipoproteins
Control 113.67+2.31b 77.05+1.73a 1551+1.73b
150 mg/kg 131.28 +0.57 a 69.00£0.26 b 28.20+0.60 a
600 mg/kg 96.28 +4.14c¢ 73.46 + 2.46 ab 17.52+0.75b
LSD P < 0.05 9.56 6.04 3.97
14 day
gg;z gt Cholesterol High density lipoproteins| Low Density Lipoproteins
Control 114.00+1.73 b 7400+ 1.15b 16.00+0.63 ¢
150 mg/kg 114.89+0.35b 67.91+0.08c 28.28+0.15a
600 mg/kg 121.84+235a 98.39+255a 21.06+1.01b
LSD P < 0.05 5.89 5.60 2.41
30 day
Dtggz gl Cholesterol High density lipoproteins| Low Density Lipoproteins
Control 105.60+ 1.73 a 7098+ 1.15a 16.51+0.28 b
150 mg/kg 101.57+£0.54b 67.64+0.70b 17.65+£0.17 a
600 mg/kg 91.03+0.43c 62.70+0.23 16.80+0.23 b
LSD P < 0.05 3.73 2.75 0.82

Small letters indicate comparisons in column, while similar letters are non-significantly differences
between means at p< 0.05using LSD test

In the current study, we determined the distribution of titanium dioxide NPs following
intraperitoneal injection (Table-4) to gain an insight into the kinetics of this material and its
accumulation in three different organs, namely the liver, kidneys and spleen. Following injection of
TiO, NPs for two weeks and after one day of the last injection, subsequent analysis of titanium in
tissue samples of organs was performed via atomic absorption flame emission spectrophotometer. The
mean value in organ samples, calculated from the average of three duplicate values, was highest after
two weeks of exposure to the higher dose 600mg/kg. This can be due to many ways for elimination of
nanoparticles, including via urine from kidneys and bile from liver [27]. In our study, the spleen was
the major site for NPs distribution, followed by liver and kidney. This result showed that accumulation
of TiO, NPs in these organs is also related to organ to body weight ratio [28]. In the present study, the
results of organ index showed that the higher dose 600mg/kg caused variable differences in all organs.
However, the results in general refer to a slight increase of organ index, which might be attributed to
accumulation of nanoparticles and dilation of blood vessels as a result of high absorption rate of the
dose 150mg/kg in comparison with the other concentration. The results of organ index are shown in
Figure-2.
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Table 4-Results of titanium accumulation in liver, kidney and spleen of mice exposed to acute doses
of titanium dioxide nanoparticles after 14 and 30 days through intraperitoneal route.

bioaccumulation
14 Day 30 day

Organs
Dose
150 mg/kg 5266 b+1.55 | 69.08b+1.47 | 76.03b*4.11 |19.47a+*0.34| 1.34ab+0.32 |11.17 b+ 2.45

600 mg/kg [149.69a+5.30|111.49a+4.23|178.89a*+1.83(23.76 a+3.29| 3.23a*x1.03 |66.79a=*2.03

LSD P <
0.05

Small letters indicate to comparison in column, similar letters are non-significantly differences
between means at (p< 0.05), Using (LSD test)

This result is due to the retention of TiO, nanoparticles in the liver and kidney, as a result of size
and difficulty of clearance of TiO, [29]. These effects possibly resulted in liver injury, as demonstrated
in Figure-3 which represents histological changes in liver of mice injected intraperitoneally with 600
mg/kg of TiO, NPs. These alterations were reflected by dilated central venule along with chronic
inflammatory cells infiltration of hepatic parenchyma and the central venule. On another hand, the
appearance of inflammatory cells in liver tissue suggests that the TiO, NPs can cooperate with
enzymes and other proteins in the liver interstitial tissue, affecting the antioxidant defence mechanisms
and leading to reactive oxygen species creation that may result in an inflammatory response [30]. In
our study, this action resulted in an increased organ index of liver as a result of accumulation of blood
as great than normal volume that was approved by dilated central venule in the histopathology sections.
The sections of kidneys taken from mice treated with the dose of 600mg of TiO, NPs (Figure-4)
showed congestion of tubular tissue, tubular atrophy, and dilated tubules with flat atrophied lining
epithelium. Generally, the organ to body ratio in our study was increased after two weeks and one
month in the group treated with the lower dose 150 mg/kg , as a result of high absorption rate of that
concentration in comparison with the higher one.

Liver Kidney Spleen Liver Kidney Spleen

11.06 8.94 8.99 6.67 2.17 6.37

intraperitoneal/14day intraperitoneal/30 day
O 4 d
- I R =00 |
Liver Kidney Spleen
Liver Kidney Spleen
Blontrod W 150mg/kg WE00ME/\g sControl ®m150mg/kg = 600mg /K

Figure 2- Organ index (mg/g) of groups exposed to TiO, NPs through intraperitoneal injection.

Figure 3- Cross section in liver of mice showing dilated central venule (Green arrows) and chronic
inflammatory cells infiltration the hepatic parenchyma & central venule (yellow arrows), as compared
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to liver of control mice (on the left) which represents hepatic tissuewith normal looking cords of
hepatocytes, (H&E) (40X).

RV RN L AT *
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I 8 ‘-‘."u;_r;/,' %,‘/:7/, Enar

Figure 4- Histological section of renal tissue showing congestion of tubular tissue (yellow arrows),
tubular atrophy (white arrows), and dilated tubules with flat atrophied lining epithelium, as compared
to kidney of control mice (on the left) showing normal looking renal tissue (Glomeruli: yellow arrow;
Tubules: white arrow), (H&E) (40X).
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