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ABSTRACT

Objective: Tartrazine (TZ) is an anionic azo dye widely used to color food products, pharmaceuticals, and cosmetics; however, its harmful 
effects on the kidneys are still unclear and need to be confirmed. Meanwhile, taurine (TA) is a natural antioxidant amino acid that can provide 
protection against various forms of glomerulonephritis. Our aim was to study the structural, and biochemical effects of TZ on the kidney and 
evaluate the potential protection provided by taurine.  

Material and Methods: We used 28 adult male albino rats equally divided into 4 groups. The control group did not receive TZ or TA. The TA 
group received 100 mg/kg/day of TA. The TZ group received 100 mg/kg/day of TZ dissolved in distilled water. The TZ/TA group received both 
TZ and TA. Animal blood samples were obtained to estimate blood urea, creatinine, and random glucose levels. Kidneys samples were examined 
for structure as well as oxidative enzymes and kidney injury molecule 1 (KIM-1).  

Results: Compared to the control group, the TZ group showed hyperglycemia, increased markers of oxidative stress, and shrunken, lobulated 
glomeruli with mesangial expansion, pyknosis, and vacuolation in the tubular lining. There was also strong immunoreactivity for PCNA and 
caspase-3, a thickened glomerular capillary basement membrane lacking fenestrations, swollen mitochondria with destructed cristae, and 
increased expression of the KIM-1. In the TZ/TA group, the convoluted tubules mostly retained the normal histological structure, but some 
tubules still showed a wide lumen and nuclear pyknosis of lining cells. Oxidative markers and random blood glucose levels were significantly 
reduced. 

Conclusion: TZ is suggested to cause adverse kidney effects in rats, including kidney injury and structural changes, which can be mitigated by 
co-administration with TA.  
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INTRODUCTION

Food safety is a human concern, especially with the wide-
spread use of food and pharmaceutical dyes. Although the 
use of these dyes is approved by the U.S. Food and Drug 
Administration and the World Health Organization, their 
misuse, especially in quantities exceeding the permitted 
limits, can pose a significant risk to public health. One of 
these commonly used dyes is tartrazine (TZ) (1). 

TZ is a synthetic, water-soluble, orange-yellow azo dye 
widely used to provide color in food products (i.e., soft 
drinks, jams, jellies, ice cream and sweets), pharmaceuti-
cals, and cosmetics (2). Furthermore, it is used in cooking 
by people in some low-income countries as a low-cost al-

ternative to saffron (3). The acceptable daily dose of TZ for 
humans is 7.5 to 10 mg/kg of body weight. However, there 
are some illegal uses that exceed the levels permitted in 
food. TZ consumption and its consequent harmful effects 
may affect population groups such as children, possibly be-
cause of their attraction to colorful foods (4).

TZ is poorly absorbed, usually less than 5%, in the intes-
tine and therefore the small amounts absorbed are not me-
tabolized and are excreted unchanged in the urine by the 
kidneys. The large unabsorbed portion of TZ is subjected 
to reductive metabolism by gut microbiota. Small amounts 
of these metabolites, such as sulfanilic acid and aniline de-
rivatives, are also absorbed by the intestinal mucosa and 
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excreted in the urine (5). These metabolites of TZ can be 
absorbed by the gastrointestinal mucosa to a greater extent 
than TZ itself (4). Sulfanilic acid has been reported to in-
duce oxidative stress, cellular damage and brain toxicity (6). 

In addition, TZ has been reported to induce histopathologi-
cal changes and functional disturbance in various organs 
including the liver and kidney. The functional disturbance 
has been demonstrated by increased serum urea, creati-
nine, aspartate aminotransferase, and alanine aminotrans-
ferase (7). TZ can adversely affect the histological structure 
of both the endocrine and exocrine parts of the pancreas. 
It induces vacuolation and necrosis in the pancreatic acini, 
and cellular degeneration in the islets of Langerhans (8). 
The reported alteration in endocrine and exocrine pancre-
atic functions associated with TZ results in disturbance of 
pancreatic enzyme activities and glucose homeostasis (9). 
Despite the harmful effects of TZ on fish, its toxicity re-
mains unclear and needs to be confirmed (1).

Taurine (TA), 2-aminoethanesulfonic acid, is a naturally 
occurring intracellular amino acid found in many animal 
tissues including the kidney, liver, heart, retina, and brain 
(10). It is a non-essential amino acid that is not involved 
in protein synthesis or gluconeogenesis and therefore does 
not provide a direct source of energy. TA is a cell-protec-
tive molecule. Due to its antioxidant nature, TA appears 
as a promising therapeutic approach against disorders and 
defects in many body systems and biological processes as-
sociated with the central nervous system, cardiovascular 
system, skeletal muscles, and metabolism (11). TA is a ben-
eficial and safe agent for maintaining liver function, and it 
also prevents elevated blood ammonia levels as a harmful 
consequence of liver injury (12). In addition, it can provide 
protection against various forms of glomerulonephritis and 
retinal degeneration (13, 14). TA also mitigates the effects 
of oxidative stress in the retina, restores the oxidant/anti-
oxidant balance, and prevents lipid peroxidation (15).

TA is involved in various physiological and biological pro-
cesses in the kidneys, which are often reflected in urine ex-
cretion patterns (13). Therefore, we aimed to elucidate the 
structural and biochemical effects of TZ on the kidney and 
evaluate the potential protection provided by TA and its 
underlying mechanisms.

MATERIALS and METHODS

Chemicals and Reagents

TZ, in powder form Purity 86.7%, was purchased from, Sig-
ma-Aldrich chemicals. TA in powder form Kosher, ≥ 98%, 
was purchased from Sigma-Aldrich chemicals. 

Animals

We used 28 adult male albino Wistar rats, weighing 180 to 
200 g. Rats were purchased from the scientific and medical 
research center (ZSMRC), Faculty of Medicine. The ani-
mals were housed in polypropylene plastic cages at room 
temperature between 24 and 26°C and received a well-bal-
anced diet in the form of chow and were allowed free access 
to food. The rats were allowed to acclimate to the labora-
tory environment for one week before starting the experi-
mental procedures. 

Study Design 

The rats were divided into 4 equal groups, each containing 
7 rats as follows: Control group given a balanced diet and 
distilled water for 30 days without the addition of any other 
substances or chemicals; TA group, received 100 mg/kg/day 
of TA orally via gavage for 30 days (16); TZ group received 
100 mg/kg/day of TZ dissolved in distilled water orally via 
gavage for 30 days (17); and TZ/TA group received both 
100 mg/kg/day of TZ and 100 mg/kg/day of TA by oral gav-
age for 30 days. On the 31st day of the experimental period, 
the rats were anesthetized with thiopental for further ex-
perimental procedures.

Blood Collection and Biochemical Assessment

Venous blood samples were obtained from the retroorbi-
tal venous plexuses using microcapillary tubes (18). A 2 ml 
blood sample was incubated in a centrifuge tube at 37°C 
until the blood clotted and then centrifuged to separate 
the serum. The serum was stored at -20°C for biochemical 
analysis. Serum urea and creatinine levels were quantified 
using BioVision colorimetric assay kits (Cat. No. K375-100 
for urea; Cat. No. K625-100 for creatinine), while random 
glucose was measured via the hexokinase method using 
Glucose (HK) kit (Cat. No. GAHK20) (19). All assays were 
performed according to manufacturers’ protocols.

Tissue Sample Extraction

The abdomen of each anesthetized rat was dissected, and 
both kidneys were extracted. One kidney was prepared for 
light microscopy (LM), while the other was used for elec-
tron microscopy (EM), identification of oxidation markers, 
and molecular analysis.

Oxidative Stress and Antioxidant Biomarkers Estimation

After surgical extraction, kidneys were perfused with hep-
arinized (0.16 mg/mL) phosphate-buffered saline (PBS, pH 
7.4) to remove blood components. The purified tissues were 
flash-frozen and stored at -80°C until analysis. For homog-
enization, 1 g of tissue was processed in 5-10 mL of ice-cold 

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwivn6Gs2amCAxXjkmgJHfrkCkAYABAAGgJ3Zg&ase=2&gclid=EAIaIQobChMIr5-hrNmpggMV45JoCR365ApAEAAYASAAEgKw0_D_BwE&ohost=www.google.com&cid=CAASJeRo_zZxs2l4VI4ryt9g-q0etYJX6rgloIvl2FMcqT3G2R6wMJ4&sig=AOD64_2pWV1GwYTSq60F973hD5-ssxdJ5Q&q&nis=4&adurl&ved=2ahUKEwiJkp2s2amCAxUEVaQEHRN-ACwQ0Qx6BAgIEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwivn6Gs2amCAxXjkmgJHfrkCkAYABAAGgJ3Zg&ase=2&gclid=EAIaIQobChMIr5-hrNmpggMV45JoCR365ApAEAAYASAAEgKw0_D_BwE&ohost=www.google.com&cid=CAASJeRo_zZxs2l4VI4ryt9g-q0etYJX6rgloIvl2FMcqT3G2R6wMJ4&sig=AOD64_2pWV1GwYTSq60F973hD5-ssxdJ5Q&q&nis=4&adurl&ved=2ahUKEwiJkp2s2amCAxUEVaQEHRN-ACwQ0Qx6BAgIEAE
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and embedded in epoxy resin. Semithin sections (1 µm 
thick) were obtained and mounted in a drop of water on 
glass slides, and then ultrathin sections (60-70 nm thick) 
were obtained from selected blocks and mounted on cop-
per grids (27).

Morphometric Assessment

Morphometric assessments of H&E-stained sections for ep-
ithelial thickness and diameter of the cortical tubules, MT-
stained sections for area percentage (%) of collagen fibers, 
PAS-stained sections for area % of mesangial expansion, 
and immuno-stained sections for optical density of PCNA 
immunoreaction were done using Image J (FIJI) software.

Real Time Polymerase Chain Reaction (PCR) Detection 
of Kidney Injury Molecule-1 (KIM-1) 

Extraction and purification of the total RNA was performed 
by using RNeasy Mini Kit (Qiagen, Cat No.74104) as speci-
fied in the manufacturer’s guidelines. RNA concentration 
and purity were verified spectrophotometrically (A260/
A280 ratio >1.8). cDNA synthesis was performed using the 
HiSenScript™ RH(-) cDNA Synthesis Kit with 5 μL template 
RNA, 10 μL 2X RT Reaction Solution, 1 μL Enzyme Mix 
solution, and 4 μL DNase/RNase Free Water in a final vol-
ume of 20 μL under the following conditions: 45°C for 1 
hour (RTase reaction), then 85°C for 10 min (RTase inacti-
vation). The QuantiTect SYBR green PCR kit (Qiagen, Cat. 
No. 204141) was used to perform RT-qPCR. Each 25 µL 
reaction contained 12.5 µL SYBR Green Master Mix, 5 µL 
cDNA template, 1 µL of each primer (Table I) (28, 29), and 
5.5 µL nuclease-free water. Thermal parameters and the 
amplification cycles were done according to the following: 
A primary denaturation step was done at 94°C for 15 min-
utes, then the following 40 cycles at 94°C for 15 seconds, 
and then the last 40 cycles at 60°C for 30 seconds and 72°C 
for 30 seconds. The cycle time values of KIM-1 were nor-
malized with β-actin. The KIM-1 relative expression levels 
were calculated using the 2−ΔΔCt method (30).

Statistical Analysis 

Statistical analysis of the collected data was performed us-
ing analysis of variance (ANOVA) and Tukey post hoc test. 
A P value of < 0.05 was considered statistically significant.

50 mM potassium phosphate buffer (pH 7.5), followed by 
centrifugation at 4000 ×g for 15 min at 4°C. The superna-
tant was used for Malondialdehyde (MDA) quantification 
via thiobarbituric acid reactive substances method using 
BioDiagnostic kit (MD 2529) (20). Antioxidant capacity 
was assessed by measuring reduced glutathione (GSH) lev-
els using the enzymatic recycling assay (GR 2511 kit) (21), 
catalase (CAT) activity via hydrogen peroxide decomposi-
tion (CA 2517 kit) (22), and superoxide dismutase (SOD) 
activity through inhibition of phenazine methosulfate-me-
diated nitro-blue tetrazolium reduction (SD 2521 kit) (23). 
All spectrophotometric analyses were performed in accord-
ance with the manufacturers’ protocols.

LM Assessment   

Kidney samples were immersed in 10% formaldehyde so-
lution for 2 days and processed for LM examination (24). 

Sections were cut at 5 μm thickness for staining with hema-
toxylin and eosin (H&E), Periodic acid-Schiff (PAS) stain, 
and Mallory trichrome (MT) (25).

Immunohistochemical Assessment of Caspase-3 
(CASP3) and Proliferating Cell Nuclear Antigen 
(PCNA) 

Kidney sections were immunohistochemically stained us-
ing primary rabbit monoclonoal antibody to CASP3 (Lab 
Vision Laboratories, Cat. #: 1475-1) and primary mouse 
monoclonal antibody to PCNA (Clone PC10, DAKO A/S 
Denmark) as specified by the data sheet. The slides were 
incubated with the primary antibody overnight at +4°C. 
Observation of the primary antibody binding was done 
using avidin biotin-peroxidase detection system (DAKO, 
Carpentaria, USA). The sections were stained with diam-
inobenzene as a chromogen and then counterstained with 
hematoxylin (26).

Transmission EM Assessment

Kidney samples were cut into 1 mm3 pieces and fixed in 
cold 2.5% glutaraldehyde in 0.1 M cacodylate at 4°C for 1 
day, then post-fixed in 1% osmium tetroxide for 2 h and 
washed in the previous buffer to remove excess fixative. 
Specimens were dehydrated in ascending grades of alco-
hol. The specimens were then cleared in propylene oxide 

Table I: Primer sequence used in SYBR Green real time PCR. 

Genes Primers (5’ to 3’) GenBank ID Product Size (bp)

Kim-1 F: CGGTGCCTGTGAGTAAATAGAT
R: CTGGCCATGACACAAATAAGAC NM_173149.2 418

Rat β-actin F: TCCTCCTGAGCGCAAGTACTCT
R: GCTCAGTAACAGTCCGCCTAGAA NM_031144.3 153
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RESULTS

Biochemical Study

Statistical analysis of the mean values ​​of serum urea and 
creatinine levels showed significantly higher levels in the 
TZ group compared to the control group. The TZ/TA group 
showed a decrease in mean serum urea and serum creati-
nine values, which was statistically significantly different 
from the TZ group and also from the control group (Table 
II; Figure 1A).

There was also a highly significant increase (P < 0.001) in 
the random blood glucose level in the TZ group compared 
to the control group. A decrease in mean random blood 
glucose values ​​was observed in the TZ/TA group and was 
statistically significantly different (P < 0.05) from the con-
trol group and statistically significantly different (P < 0.001) 
from the TZ group (Table II; Figure 1B).

Table II: Statistical analysis of the mean values of serum urea and creatinine, random blood glucose, MDA, SOD, CAT and GSH 
in the different studied groups using ANOVA and Tukey post hoc test.

                                         Groups
Parameter

Control (N=7)
Mean ±SD)

TA (N=7)
Mean ±SD

TZ (N=7)
Mean ±SD

TZ + TA (N=7)
Mean ±SD P

Serum urea (mg/dl) 16.71±.81 17.87± 1.60 55.34± 3.86 36.73 ± 3.81,# # # > 0.001
Serum creatinine (mg/dl) 0.65 ± 0.06 0.65 ± 0.11 1.40 ± 0.11 1.03 ± 0.08# # # > 0.001
Random blood glucose (mg/dl) 154± 14.75 149± 16.64 248 ± 17.29 178 ± 12.13,# # # > 0.001
MDA (nmol/ mg) 1.42±0.28 1.35±0.20 9.17±1.26 4.86± 0.35,# # # > 0.001
SOD (U/ g) 4.02±0.59 4.07±0.37 1.17±0.12 1.82±0.14,# > 0.001
CAT (U /g) 1.74±0.04 1.71±0.05 1.01±0.05 1.29±0.05,# # # > 0.001
GSH (mg/g) 7.68±0.42 7.29±0.39 4.22±0.23 6.13±0.57,# # # > 0.001

Comparison in relation to the control group: = Significant difference (P value > 0.05), = Very highly significant difference (P value > 0.001).
Comparison in relation to the tartrazine group: #= significant difference (P value > 0.05), # # #= very highly significant difference (P value > 0.001).

Figure 1: Bar charts showing statistical analysis of mean serum biomedical values in different studied groups: A) Urea and creatinine; B) 
Random blood glucose level; C) MDA, SOD, CAT and GSH. : Comparison in relation to the control group; : significant difference 
(P value < 0.05), : very highly significant difference (P value < 0.001). #: Comparison in relation to the TZ group; ###: very highly 
significant difference (P value < 0.001)

A

B

C
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from each other by a less extensive Bowman’s space. Regard-
ing the convoluted tubules, they mostly retained the normal 
histological structure, but some tubules still showed a wide 
lumen and nuclear pyknosis of the lining cells (Figure 2G).

Statistical analysis of the mean height values ​​of the corti-
cal epithelial cells showed a very significant decrease in the 
mean height values ​​of the epithelial cells of the TZ group 
compared to the control group. An increase in mean epi-
thelial cell height values ​​was demonstrated in the TZ/TA 
group AND was significantly different (P < 0.05) from 
the TZ group and very highly statistically significant (P < 
0.001) from the control group (Figure 2H). A highly sta-
tistically significant increase (P < 0.001) was found in the 
mean lumen diameter values ​​of the TZ group compared to 
the control group. The TZ/TA group showed a decrease in 
mean lumen diameter values, which demonstrated a sta-
tistically significant difference from the TZ group and the 
control group (Table III; Figure 2I).

PAS-Stained Sections

PAS-stained sections in the control and TA groups showed 
normal PAS staining of the glomerular mesangium, outer 
layer of Bowman’s capsule, and tubular basement mem-
brane. A visible brush border of the proximal tubules was 
noted with a positive PAS reaction (Figure 3A,B). In the 
TZ group, sections revealed strong staining for PAS in the 
apparently thickened outer layer of Bowman’s capsules, tu-
bular basement membrane with disrupted brush border of 
proximal tubules. The lobulated glomeruli showed exten-
sive stained areas indicating mesangial expansion (Figure 
3C). In the TZ/TA group, PAS staining was moderate in 
the thickened thick Bowman’s capsules and tubular base-
ment membrane. There was still brush border disruption 
of the proximal tubules and some mesangial expansion of 
the glomeruli (Figure 3D). The mean values ​​of PAS opti-
cal density in the renal cortex showed a statistically highly 
significant increase (P < 0.001) in the TZ group compared 
to the control group. Meanwhile, a decrease in the opti-
cal density of PAS dye was observed in the TZ/TA group, 
which was significantly different from the TZ group and 
the control group (with P value < 0.001 and < 0.05, respec-
tively) (Figure 3E). Statistical analysis of the mean percent-
age of mesangial expansion area values ​​in PAS-stained sec-
tions showed a statistically significant increase in the TZ 
group compared to the control group. However, in the TZ/
TA group, there was a decrease in the mean percentage of 
mesangial expansion area values that was significantly dif-
ferent from the TZ group and the control group (Table III; 
Figure 3F).

Oxidative Enzymes

Statistical analysis of mean tissue MDA levels showed a sta-
tistically significant increase (P < 0.001) in the TZ group 
compared to the control group. Meanwhile, a statistically 
significant decrease in mean MDA values ​​was reported in 
the TZ/TA group, compared to both the TZ group and the 
control group. There was also a statistically significant (P < 
0.001) decrease in the mean values ​​of SOD, CAT, and GSH 
levels in the TZ group compared to the control group. An 
increase in mean values ​​of CAT and GSH was observed in 
the TZ/TA group and was statistically significantly differ-
ent from the TZ group and also from the control group. 
Furthermore, an increase in mean SOD values ​​was reported 
in the TZ/TA group and was statistically significantly dif-
ferent (P < 0.05) from the TZ group and also statistically 
significantly different (P < 0.001) from the control group 
(Table II; Figure 1C).

LM Study

H&E-Stained Sections

H&E-stained sections from the kidneys of rats in the con-
trol and TA groups showed well-formed glomeruli within 
the renal cortex, surrounded by the visceral and parietal 
layers of Bowman’s capsule, which were separated from 
each other by Bowman’s space. The proximal convoluted 
tubules were lined by high simple cuboidal epithelium, with 
more eosinophilic cytoplasm and a narrow lumen. The dis-
tal convoluted tubules, on the other hand, were lined by low 
cuboidal epithelium, with pale eosinophilic cytoplasm and 
a relatively wide lumen. The cells lining the convoluted tu-
bules contained vesicular nuclei (Figure 2A,B).

In the TZ group, H&E-stained sections showed histologi-
cal alterations within the renal cortex in the form of small, 
shrunken, and lobulated glomeruli with dilated Bowman’s 
space. Marked disorganization was noted in the convolut-
ed tubules; the tubules were dilated with areas of denuded 
basement membrane, and the lining cells showed nuclear 
pyknosis, deep eosinophilic cytoplasm, cytoplasmic vacu-
oles and marked decrease in height. Some tubules showed 
deposition of acidic hyaline material and desquamated epi-
thelial cells in their lumen. Interstitial and perivascular in-
filtration with inflammatory cells, interstitial hemorrhages, 
and dilated, thick-walled blood vessels were noted (Figure 
2C-F).

In the TZ/TA group, some histological improvement was 
observed within the renal cortex; there were well-formed, 
less lobulated glomeruli surrounded by the visceral and 
parietal layers of Bowman’s capsule, which were separated 
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mal amount of blue-stained interstitial collagen fibers was 
observed (Figure 4D).

The cortical area in MT-stained sections showed a statisti-
cally significant increase in the mean values ​​of collagen fib-
er area percentage in the TZ group (P < 0.001) compared to 
the control group. However, these values ​​were significantly 
decreased in the TZ/TA group compared to the TZ group 
and the control group (Figure 4E).

MT-Stained Sections

MT-stained sections from both the control and TA groups 
showed a normal distribution of glomerular and intersti-
tial collagen fibers. Few blue collagen fibers were observed 
(Figure 4 A, B). On the other hand, in the TZ group, sec-
tions revealed glomerular fibrosis and excessive interstitial 
and perivascular collagen fibers stained with blue (Figure 
4C). In the TZ/TA group, the distribution of glomerular 
and perivascular collagen fibers was moderate, while a nor-

Figure 2: A-G: H&E-stained sections (x400, 50µm) showing the effect of TZ on the histological structure of the renal cortex and the 
protection provided by TA: A) control group; B) TA group; C-F) TZ group; G) TZ/TA group. Renal glomerulus (G), outer parietal layer 
(thick arrow), inner visceral layer (arrowhead) of Bowman’s capsule, Bowman’s space (B.C), proximal convoluted tubules (P), distal 
convoluted tubules (D), vesicular nuclei (N). shrunken (G*) and lobulated(G**) glomeruli, widening of Bowman’s space (B.C*),  dilated 
tubules (star), nuclear pyknosis (N*), cytoplasmic vacuolations (V), apparent decrease in height of tubular lining cell (curved arrow), 
interstitial infiltration with inflammatory cells (IF), denuded basement membrane (thin arrow), peritubular interstitial hemorrhage (Hg), 
thick-walled blood vessel (B.V), hyaline acidophilic material cast (H), desquamated  epithelial cells (X). H-I: Statistical analysis of the 
mean values: H) Tubular epithelial height; I) luminal diameter in different studied groups. : Comparison in relation to the control 
group; : very highly significant difference (P value < 0.001). #: Comparison in relation to the TZ group; ###: very highly significant 
difference (P value < 0.001), #: (P value < 0.05).

A

D
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B
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Table III: Statistical analysis of the mean values of tubular epithelial height, luminal diameter, area % of collagen fibers and mesan-
gial expansion, optical density of PAS staining, CASP3 and PCNA immunoreaction in the different studied groups using ANOVA 
and Tukey post hoc test.

                                         Groups
Parameter

Control (N=7)
Mean ±SD)

TA (N=7)
Mean ±SD

TZ (N=7)
Mean ±SD

TZ + TA (N=7) 
Mean ±SD P

Epithelial height  (um) 7.82 ±0.49   7.81 ±1.17 4.54±0.97  5.89± 1.69,# < 0.001
Luminal diameter (um) 5.38 ±2.59 5.89 ±1.49 18.53±5.05 11.93± 4.39,# # # < 0.001
Optical density of PAS 0.51 ±0.03 0.51 ±0.08 0.65±0.03 0.57± 0.03,### < 0.001
Area % of mesangial expansion 11.03 ±2.61 10.89 ±2.45 24.04±6.02 17.53± 1.66,# < 0.001
Area % of Mallory trichrome 9.75 ±1.13 9.58 ±0.68 17.01±0.85 14.25± 0.61,# # # < 0.001
Optical density of CASP3 0.35 ±0.02 0.35 ±0.01 0.41±0.04 0.37± 0.03,# < 0.001
Optical density of PCNA 0.27 ±0.02 0.28 ±0.02 0.44±0.07 0.33± 0.03,# # # < 0.001

Comparison in relation to the control group: = Significant difference (P value > 0.05), = Very highly significant difference (P value > 0.001).
Comparison in relation to the control group: #= significant difference (P value > 0.05), ###= very highly significant difference (P value > 0.001).

Figure 3: A-D: PAS-stained sections (x400, 50µm) showing the effect of TZ on glycogen deposition in the renal cortex and protection 
provided by TA: A) Control group; B) TA group; C) TZ group; D) TZ/TA group.  A, B) Normal PAS staining indicating normal glycogen 
deposition in the glomerular mesangium (bifid arrow), outer layer of Bowman’s capsule (arrowhead) and tubular basement membrane 
(thick arrow). Visible brush (thin arrow) border of the proximal tubules (P) with positive PAS reaction. C) Strong PAS staining indicating 
excessive glycogen deposition in apparently thickened outer layer of Bowman’s capsules (arrowhead) and tubular basement membrane 
(thick arrow), disrupted brush border of the proximal tubules (thin arrow). Wide stained areas in the lobulated glomerulus indicating 
mesangial expansion (bifid arrow). D) moderate PAS staining indicating less glycogen deposition in apparently less thickened outer layer 
of Bowman’s capsules (arrowhead) and tubular basement membrane (thick arrow), disrupted brush border of the proximal tubules (thin 
arrow). Some mesangial expansion (bifid arrow). E-F) Statistical analysis of the mean values of E) Optical density of PAS staining and 
F) Area % of mesangial expansion in different studied groups. : Comparison in relation to the control group; : significant (P < 0.05), 
: very highly significant difference (P < 0.001). #: Comparison in relation to the TZ group; #: (P < 0.05), ###: very highly significant 
difference (P value < 0.001). 
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PCNA immunohistochemically stained sections

Immunostained sections with PCNA in both control and 
TA groups showed weak nuclear immunoreactivity in re-
nal glomeruli and tubular cells (Figure 6A, B). In the TZ 
group, strong positive nuclear immunoreactivity for PCNA 
was observed in tubular cells and lobulated glomeruli, 
while weak nuclear immunoreactivity was observed in the 
shrunken glomeruli (Figure 6C, D). In the TZ/TA group, 
moderate positive nuclear immunoreactivity for PCNA was 
observed in renal glomeruli and tubular cells (Figure 6E).

Statistical analysis showed a highly statistically significant 
increase in the optical density of CASP3 immunoreactivity 
in the TZ group (P < 0.001) compared to the control group. 
Meanwhile, a decrease in the optical density of CASP3 im-
munoreactivity was observed in the TZ/TA group, which 
showed a statistically significant difference (P<0.001) com-
pared with the TZ group and the control group (Table III; 
Figure 6F).

CASP3 immunohistochemically stained sections

The control and TA groups showed negative cytoplasmic 
immunoreactivity for CASP3 in renal glomeruli and tubu-
lar cells (Figure 5A, B). In the TZ group, there was a fairly 
strong positive cytoplasmic immunoreactivity for CASP3 
in the renal tubules, while a negative cytoplasmic immuno-
reactivity was observed in the renal glomeruli (Figure 5C). 
In the TZ/TA group, weak cytoplasmic immunoreactivity 
to CASP3 was observed in the tubular cells. Some tubules 
showed a strong positive response, while a negative cyto-
plasmic immunoreactivity was observed in the glomeruli 
(Figure 5D).

A highly statistically significant increase in the optical den-
sity of CASP3 immunoreactivity was observed in the TZ 
group (P < 0.001) compared to the control group. A statisti-
cally significant decrease in the optical density of CASP3 
immunoreactivity was also observed in the TZ/TA group 
(P < 0.05) compared to both the TZ group and the control 
group (Table III; Figure 5E).

Figure 4: A-D) MT-stained sections (x400, 50µm) showing the effect of TZ on collagen fibers deposition in the renal cortex and 
protection provided by taurine: A) control group; B) TA group; C) TZ group; D) TZ/TA group. A, B) Minimal glomerular (thin arrow), 
interstitial (thick arrow) collagen fibers deposition. C) Excessive glomerular (thin arrow), interstitial (thick arrow) and perivascular 
(asterix) collagen fibers deposition. D) Moderate glomerular (thinarrow) and perivascular (asterix) collagen fibers deposition. Normal 
interstitial (thick arrow) collagen fibers E) Statistical analysis of the mean values of area percentage (%) of collagen fibers in different 
studied groups. : Comparison in relation to the control group; : very highly significant difference (P < 0.001). #: Comparison in 
relation to the TZ group; ###: very highly significant difference (P < 0.001).
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distal tubules. The cells had pyknotic nuclei with irregular 
borders and dense aggregates of heterochromatin. Numer-
ous endocytic vesicles were found. Small, disordered mito-
chondria of various shapes were observed. Some swollen 
mitochondria with destructed cristae were also observed 
(Figure 7H, I). 

In the TZ/TA group, renal sections showed improved mi-
croarchitecture; normal glomeruli appeared with their 
capillaries containing red blood cells. Glomerular capillar-
ies were lined with fenestrated endothelial cells. Podocytes 
appeared with primary process and secondary foot pro-
cesses. The secondary foot processes appear to lie on a thin 
basement membrane (Figure 7J). The cells of the proximal 
tubular epithelium had a large round nucleus with clumps 
of heterochromatin. Numerous rod-shaped mitochondria 
were found in the basal portion of the cell, perpendicular 
to a distinct basement membrane. Closely packed apical 
microvilli were also seen. However, many pinocytotic cy-
toplasmic vesicles were still present (Figure 7K). The distal 
tubular epithelial cells contained a central nucleus contain-

EM Examination

EM examination of ultra-thin kidney sections from the con-
trol and TA groups showed glomeruli with capillaries lined 
with perforated endothelial cells. Podocytes appeared with 
a primary process and a secondary foot process resting on a 
thin basement membrane. Proximal tubular epithelial cells 
have round, basal nuclei containing clumps of heterochro-
matin. Numerous rod-shaped mitochondria were found in 
the basal part of the cell, perpendicular to a distinct base-
ment membrane. Closely packed microvilli and prominent 
pinocytotic vesicles were also seen. The distal tubular epi-
thelial cells contained a central nucleus containing clumps 
of heterochromatin. Mitochondria were found in the basal 
portion of the cells with basal infoldings. The cells appeared 
on a distinct basement membrane (Figure 7A-F).

In the TZ group, ultra-thin kidney sections showed changes 
in microstructure; the basement membrane of the glomer-
ular capillaries appeared thicker and lacked its fenestration 
(Figure 7G). The convoluted tubular epithelial cells were 
markedly distorted, with indistinguishable proximal and 
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Figure 5: A-D) CASP3 immuno-stained sections (x400, 50µm) showing the effect of TZ on CASP3 immunoexpression in the renal 
cortex and protection provided by TA: A) Control group; B) TA group; C) TZ group; D) TZ/TA group. A,B) Negative cytoplasmic 
immunoreaction to CASP3 in the renal glomerulus (bifid arrow) and the tubular cells (thick arrow). C) Strong (thin arrow) to moderate 
(thick arrow) positive cytoplasmic immunoreaction to CASP3 in renal tubules. Negative cytoplasmic immunoreaction is observed in the 
renal glomerulus (bifid arrow). D) Weak positive cytoplasmic immunoreaction (thick arrow) to CASP3 in tubular cells is detected. Some 
tubules show strong positive reactions (thin arrow). Negative cytoplasmic immunoreaction is observed in the renal glomerulus (bifid 
arrow). E) Statistical analysis of the mean values of optical density of CASP3 in different studied groups. : Comparison in relation to 
the control group; : Very highly significant difference (P < 0.001). #: Comparison in relation to the TZ group; ###: very highly 
significant difference (P < 0.001).
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In this study, statistical analysis of mean random blood 
sugar values ​​showed a statistically significant increase in 
random blood sugar levels in the TZ group compared to 
the control group, which is consistent with a previous study 
(33). It is worth noting that TZ causes hyperglycemia af-
ter two weeks of use. It also has a detrimental effect on the 
structure of the pancreas, impairing its endocrine functions 
(9). Furthermore, it stimulates glycogenolysis and glucone-
ogenesis (34).

TA supplementation with the TZ/TA group resulted in a 
significant decrease in mean random blood glucose levels 
compared to the TZ group. Similar results were reported 
by Saleh, who interpreted the hypoglycemic effect of tryp-
tophan as resulting from increased glycogenesis, glycolysis, 
and glucose oxidation (35).

The levels of GSH, CAT and SOD in the present study were 
very highly significantly decreased in the renal tissue of the 
TZ group, whereas the level of MDA was very highly signif-
icantly increased in comparison to the control group. These 
results suggest oxidative stress state with exhaustion of the 
antioxidant defense. GSH, CAT, and SOD are major anti-
oxidants and play an important role against oxidative dam-

ing clumps of heterochromatin. A few mitochondria were 
found in the basal portion of the cell with basal infoldings. 
The cell rested on a distinct basement membrane (Figure 
7L).

Quantitative Real time PCR Detection of KIM-1

Statistical analysis of the mean KIM-1 gene expression 
values ​​showed a statistically highly significant increase ​​in 
the TZ group (P < 0.001) compared to the control group. 
A decrease in the mean KIM-1 gene expression values ​​was 
recorded in the TZ/TA group, and the difference was highly 
significant compared to the TZ group and the control group 
(Figure 8).

DISCUSSION 

The present study investigated the potential protective role 
of TA, which is critical for many cells in almost all organs 
of the body, against the effects of TZ on the kidneys of adult 
male albino rats (14). The adult albino rat was chosen for 
this study because of its metabolic similarity to humans 
(31). Male rats were also used instead of female rats to 
eliminate the potential effects of hormonal changes in the 
female estrous cycle (32).

Figure 6: A-E) PCNA immuno-stained sections (x400, 50µm) showing effect of TZ on PCNA immunoexpression in the renal cortex and 
protection provided by TA: A) Control group; B) TA group; C-D) TZ group; E) TZ/TA group. A,B) Weak nuclear immunoreaction in 
the renal glomerulus (bifid arrow) and the tubular cells (thin arrow). C) Strong positive nuclear immunoreaction to PCNA in the tubular 
cells (thin arrow) and lobulated glomeruli (bifid arrow). D) Moderate positive immunoreaction in the renal glomerulus (bifid arrow) 
and the tubular cells (thin arrow). F) Statistical analysis of the mean values of optical density of PCNA in different studied groups. : 
Comparison in relation to the control group; : very highly significant difference (P < 0.001). #: Comparison in relation to the TZ 
group; ###: very highly significant difference (P < 0.001).
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Figure 7: Transmission EM micrographs showing the effects of TZ on the renal cortex ultrastructure and its amelioration by TA: A-C) 
Control group; D-F) TA group; G-I) TZ group; J-L) TZ/TA group. A,D) (TEM x2000): Part of the glomerulus with its blood capillaries 
(BC), RBCs (RC). Fenestrated endothelial cells (thin arrow).  Podocyte (P), primary foot process (bifid arrow), secondary foot processes 
(thick arrow), thin basement membrane (arrowhead). B, C, E, F): B, E) Proximal tubular epithelial cell, C,F) Distal tubular epithelial 
cell, basal round nucleus (N) with clumps of heterochromatin. Many mitochondria (M), distinct basement membrane (arrowhead), 
Closely packed apical microvilli (MV), prominent pinocytotic vesicles (V) basal infoldings (curved arrow). G) Glomerulus with its 
blood capillaries (BC) containing RBCs (RC). The basement membrane of glomerular capillary is thickened and lacks its fenestration 
(arrowhead), fusion of the secondary foot processes (thick arrow) of a podocyte (P) with the basement membrane. H,I) Convoluted 
tubular epithelial cell showing pyknotic nucleus (N*), numerous endocytotic vesicles (V). Disordered small mitochondria (M) of 
various shapes. swollen mitochondria (M*) with destructed cristae. J) Glomerulus with its blood capillary (BC) containing RBCs (RC), 
fenestrated endothelial cells (thin arrow), Podocyte (P), primary foot process (bifid arrow) , secondary foot processes (thick arrow), thin 
basement membrane (arrowhead). K) Proximal tubular epithelial, L) Distal tubular epithelial cell: Basal round nucleus (N) with clumps of 
heterochromatin. Many mitochondria (M), distinct basement membrane (arrowhead). Closely packed apical microvilli (MV), prominent 
pinocytotic vesicles (V), basal infoldings (curved arrow). A, D, G, I, J) (TEM x2000). B , C, F, H, K, L) (TEM x1600). E) (TEM x1250).
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flattening of the epithelium with nuclear spacing and mem-
brane denudation (41). Furthermore, it has been reported 
that the increase in the percentage of necrotic tubules in 
rats is directly proportional to increasing doses of TZ (42). 

Cytoplasmic vacuoles in the tubular lining, reported in 
this work, may be considered an early sign of acute kidney 
injury (43). Cytoplasmic vacuolization is one of the initial 
responses to all types of cell damage and is caused by in-
creased cell permeability (44). The occurrence of vacuoliza-
tion is accompanied by an increase in serum urea nitrogen 
levels (45). Accordingly, El-Sakhawy et al., stated that the 
occurrence of vacuolation could represent a cellular defense 
against harmful compounds (17). In addition, interstitial 
inflammatory infiltration was observed in the TZ group in 
the present study. Necrosis can lead to an inflammatory re-
action due to the release of cytoplasmic content from the 
necrotic cells, most of which are proteolytic enzymes (46). 
Furthermore, it has been observed that hyperglycemia and 
oxidative stress are associated with overexpression of pro-
inflammatory genes (39). Our results also revealed intersti-
tial hemorrhage and vascular congestion in the TZ group. 
Hemorrhage manifests as kidney injury caused by nephro-
toxic substances, and can occur as a result of inflammation 
and tubular necrosis (47). The presence of dilation and con-
gestion of blood vessels could be part of the inflammatory 
response to increase blood flow to the degenerated areas 
(48).

In this work, shrinkage of the glomeruli with widening of 
Bowman’s space was detected, indicating glomerular atro-
phy. These results are generally consistent with those re-
ported by Himri et al. who found glomerular atrophy after 
oral administration of different doses of TZ (49). Salem et 
al. stated that mesangial cells (MCs), which are known to 
provide growth factors for regular cell turnover and also 
play a part in the production of mesangial matrix, may be 
the cause of glomerular atrophy (50). As a result, the harm-
ful effects of free radicals on MCs may prevent them from 
performing their necessary tasks, leading to glomerular 
constriction, a reduction in the production of mesangial 
matrix, and progressive glomerular atrophy. Lobulated glo-
meruli were also seen in the TZ group in our study. Accen-
tuated glomerular lobulation is a common finding in renal 
injury manifested by membranoproliferative glomerulone-
phritis and in hyperglycemic states (38). Pandir et al. stated 
that pathological changes that occur in renal tissue in the 
form of glomerular atrophy, glomerular lobulation, tubular 
degeneration and cellular infiltration are due to the genera-
tion of ROS and a reduction in antioxidant enzyme activi-
ties (51).    

age to cells while MDA is a marker of oxidative stress and 
indicates lipid peroxidation (36). During the metabolism of 
TZ, sulfanilic acid and aminopyrazolone are formed, both 
of which have the potential to damage tissues by producing 
reactive oxygen species (ROS) (3). Therefore, the cells’ anti-
oxidant defenses including GSH, SOD, and CAT begin to be 
consumed in an attempt to prevent cell death, while MDA 
levels increase as a result of lipid peroxidation caused by 
ROS (37). In addition, high blood sugar disrupts the elec-
tron transport chain in mitochondria, leading to increased 
production of ROS and induction of oxidative stress (38). 
Hyperglycemia with oxidative stress was found to be as-
sociated with over expression of pro-oxidative stress genes 
(39). Not only that, but the present study also revealed an 
increase in the mean values ​​of GSH, CAT, and SOD in the 
TZ/TA group, which were statistically significantly differ-
ent from both the TZ group and the control group. These 
results are consistent with other authors’ views on the role 
of TA in mitochondrial health (40). TA can restore the abil-
ity of mitochondrial membranes to produce ATP, which is 
essential for cellular metabolism.

In this study, marked disorganization was observed in the 
convoluted tubules of the TZ group as a result of its admin-
istration. The tubules were dilated with areas of denuded 
membrane. The cells lining the cortical tubules showed 
nuclear pyknosis, deep acidophilic cytoplasm, cytoplasmic 
vacuoles, and a marked decrease in height. The results were 
statistically confirmed, as the mean height of the epithelial 
cells differed significantly from the mean height of the cells 
in the control group. These findings represent a pattern of 
tubular necrosis due to single cell exfoliation, resulting in 

Figure 8: Bar chart showing the statistical analysis of the mean 
values of KIM-1 expression in different studied groups. : 
Comparison in relation to the control group; : very highly 
significant difference (P value < 0.001). #: Comparison in relation 
to the TZ group; ###: very highly significant difference (P value 
< 0.001).
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of mesangial expansion area in the TZ/TA group, which 
was statistically significantly different from the TZ group. 
Higo et al., reported that TA reduces mesangial expansion 
through its antioxidant properties (59).

In this study, MT-stained sections of the control and TA 
groups showed a normal distribution of glomerular and in-
terstitial collagen fibers. However, glomerular fibrosis and 
an increase in perivascular interstitial collagen fibers were 
observed in the TZ group. These results were supported by 
statistical analysis that showed a highly statistically signifi-
cant increase in the percentage of collagen fiber area in the 
TZ group compared to the control group. Other authors 
have reported similar effects of TZ in other tissues where 
TZ administration has been associated with fibrotic chang-
es (60, 61). Oxidative stress and tissue damage induced by 
TZ administration can lead to tissue inflammation, which 
is followed by fibroblast activation and collagen deposition 
(6, 62). 

Coadministration of TA with TZ in the TZ/TA group ani-
mals resulted in reduced collagen fiber deposition, and 
MT-stained sections showed a moderate distribution of 
glomerular, perivascular, and interstitial collagen fibers. 
These results are consistent with the results of a statistical 
study that showed a significant decrease in the area ratio 
in the TZ/TA group compared to the TZ group. TA can re-
duce the production and release of inflammatory mediators 
responsible for fibrosis (63). Other authors have attributed 
the anti-fibrotic effect of TA to its ability to reduce oxidative 
stress (64).

There was a strong to moderate positive cytoplasmic im-
munoreactivity for CASP3 in the renal tubules, resulting in 
a statistically significant increase in its optical density in the 
TZ group compared to the control group. Other research-
ers have found similar results of increased CASP3 activity 
in the spleen tissue of rats after TZ administration (65). On 
the other hand, immunohistochemical staining of the TZ/
TA group using CASP3 showed a weak positive cytoplas-
mic immunoreactivity in tubular cells. These findings are 
corroborated by the results of a statistical study that showed 
a statistically significant decrease in the optical density of 
CASP3 immunoreactivity in the TZ/TA group compared 
to the TZ group. These results are consistent with other 
findings from brain tissue, which indicated that TA could 
reduce CASP3 expression and have anti-apoptotic effects 
(66). 

In the present study, there was strong nuclear immunore-
activity for PCNA in tubular cells and lobulated glomeruli, 
whereas weak nuclear immunoreactivity for PCNA was 

In the present study, some tubules in the TZ group showed 
acidophilic hyaline material deposition and desquamated 
epithelial cells in their lumen. These findings are in accord-
ance with those of Elekima et al., who attributed the pres-
ence of such a hyaline material to early tubular degenera-
tion of the nephron (52). El-Sherif and Issa, stated that the 
presence of hyaline material in the tubular lumen indicates 
the existence of lipid peroxidation and the generation of 
free radicals that work to break down the lipid and protein 
structure of intracellular membranes and hydrolyze the cy-
toplasm (53).

On the other hand, H&E-stained sections from the TZ/TA 
group in our study showed some improvement in glomeru-
lar architecture, with fewer lobulated glomeruli and less di-
lated Bowman’s space. Normal tubular cortical architecture 
was restored. Some tubules still had a slight inflammatory 
infiltrate, with nuclear pyknosis of the endothelial cells. 
These outcomes are consistent with the results of statistical 
analysis, which showed a statistically significant decrease in 
lumen diameter and an increase in epithelial height in the 
TZ/TA group compared to the TZ group. These findings 
confirm the protective role of TA for kidney tissue (12). 
TA can provide this protection to kidney tissue through its 
ability to inhibit lipid peroxidation by scavenging ROS (54). 
Furthermore, TA can protect kidney tissue by stabilizing 
the membrane and regulating osmotic pressure along with 
its direct antioxidant effect (55).

In the current study, strong PAS staining was observed in 
the apparently thickened outer layer of Bowman’s capsules 
and tubular basement membrane with disrupted brush 
border of the proximal tubules in the TZ group. Further-
more, the optical density of PAS staining was significantly 
different from that in the control group. Our results indi-
cated increased renal glycogen deposition, consistent with 
the study by Tang et al. (56). Increased glycogen may be 
explained by hyperglycemia; renal glycogen deposition has 
been reported in cases of hyperglycemia (57). Furthermore, 
in the TZ group, the lobulated glomeruli showed enlarged 
areas stained with PAS, indicating mesangial expansion. 
Statistical analysis showed a significant increase in the per-
centage of mesangial expansion in the TZ group compared 
to the control group. Hyperglycemia is the primary cause 
of mesangial expansion, as glucose uptake stimulates ma-
trix deposition, through upregulation of GLUT2 receptors 
(57). Oxidative stress also plays a critical role in the devel-
opment of diabetic kidney disease and mesangial expansion 
(58). On the other hand, some mesangial expansion was 
observed in the TZ/TA group. Statistical analysis of PAS-
stained sections also showed a decrease in the mean values ​​
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a compensatory mechanism to meet the degenerated cells’ 
need for high metabolic activity (74). 

Regarding KIM-1 protein expression, the mean values ​​
showed a significant increase in the TZ group compared 
to the control group. These results indicate tubular injury, 
based on the previous hypothesis that KIM-1 is an indicator 
of kidney injury. KIM-1 is a type I transmembrane protein 
whose expression is absent or minimal in normal condi-
tions (75). In the present study, statistical analysis of KIM-1 
expression mean values in the TZ/TA group showed a very 
highly significant decrease as compared to the TZ group. 
Similarly, other researchers found no KIM-1 in the urine 
after TA administration (76). Abdel-Daim et al., added that 
TA has the ability to guard against organ injury caused by 
chemical toxins through detoxification, osmoregulation, 
stabilization of the cell membrane, inhibition of inflamma-
tion, oxidation, and apoptosis (77). 

CONCLUSION

TZ could induce kidney injury and structural alteration 
mostly through induction of hyperglycemia and oxidative 
stress. TA can ameliorate these hazardous effects by its an-
tioxidant and hypoglycemic properties. We recommend 
limiting exposure to and consumption of TZ levels in food, 
and suggest adding TA supplements in cases of inevitable 
exposure to excessive TZ levels to reduce its harmful effects 
on the kidneys. Further animal studies are recommended 
before investigating the role of TA in mitigating the kidney-
damaging effects of TZ in clinical trials.
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observed in shrunken glomeruli. Furthermore, there was 
a statistically significant increase in the optical density of 
PCNA immunoreactivity in the TZ group compared to the 
control group. These findings are in harmony with those 
reported by El-Sakhawy et al., who attributed this increase 
in proliferation to an attempt to repair damaged cells (17). 
Elevated PCNA immunoreactivity in the glomeruli may be 
due to hyperglycemia, which causes mesangial expansion. 
Increased PCNA immunoreactivity in the glomeruli indi-
cates increased MCs proliferation (67). 

In the present study, EM examination of ultra-thin kidney 
sections in the TZ group revealed ultrastructural changes; 
the basement membrane of glomerular capillary was appar-
ently thickened and lacked its fenestration. The thickened 
basement membrane is a sign of damage caused by ROS 
(68). Fusion of the secondary foot processes of podocytes 
with basement membrane that lacked its fenestration was 
observed in the TZ group. These findings are in line with 
what was previously reported, that increased ROS produc-
tion and oxidative stress cause pedicle expansion that is 
associated with slit pore reduction (69). Adhesions of po-
docytes to the basement membrane have been reported 
to cause segmental glomerulosclerosis through loss of the 
ability to separate the glomerular tuft from Bowman’s cap-
sule (70).

The ultrastructural features of convoluted tubular epithelial 
cells were found to be markedly distorted with failure to 
differentiate between proximal and distal tubules. The cells 
have pyknotic nuclei with irregular borders and marginated 
condensed clumps of heterochromatin. There were numer-
ous endocytic vesicles. These results are consistent with 
those of other authors who reported that the identification 
of pyknotic nuclei is a marker of toxicity (3). Excess endo-
cytic vesicles can be explained by the fact that hyperglyce-
mia induces glomerular hyperfiltration and hyperperfusion 
(71). As a result of hyperfiltration, more proteins may be 
present in the filtered fluid entering the tubule lumen. Con-
sequently, the proximal tubule adapts its endocytic capacity 
to reabsorb the filtered protein (72).

Small, disordered mitochondria with various shapes and 
some swollen mitochondria with destructed cristae were 
observed in the TZ group. TZ inhibits mitochondrial res-
piration in the kidneys of mice. It also has an impact on 
the mitochondrial membranes’ integrity, which is neces-
sary for sustaining essential mitochondrial functions and 
controlling cell death (73). The presence of some swollen 
mitochondria could be a result of mitochondrial fusion as 
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