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Morphological and molecular effects 
of trace metals on parenchymatous 

organs of diabetic rat model
Ahmed S. Ahmed

Anatomy and Embryology Department, College of Medicine, Tanta University, Tanta 31511, Egypt

SUMMARY
Trace metals are naturally materials found in 

water, earth crust and rocks, making the exposure 
rate to these metals is high affecting vital organs 
of the body. Diabetes is an endocrinal disease that 
can also affect many body organs by its oxidative 
stress like action. The present study was conducted 
to examine the effect of various trace metals on 
some parenchymatous organs in a diabetic and 
non-diabetic rat model. 120 Albino Wistar rats 
were used, and diabetes was induced in 60 rats. All 
rats were divided into twelve groups. All of them 
received trace metals for 4 weeks, except the control 
groups. At the end of the study, samples from blood 
(for biochemical analysis), heart, pancreas, liver, 
kidney and spleen (for histopathological and gene 
expression analysis) were collected. All trace-
metal-treated groups showed histopathological 
insult and functional disability. The extent of injury 
was extensive in diabetic groups if compared 
to non-diabetic groups. The genetic expression 
analysis showed increase in apoptotic genes CASP-
3 and a marked decrease of anti-apoptotic genes 
BCL-2. The present study showed that trace metals 
are highly toxic to various organs of the body 
even in low concentration. The diabetic rats are 
more susceptible to trace-metal-induced cellular 
damage through gene-mediated pathway. CASP-
3 gene plays an important role in trace-metal-
associated tissue injury. The present study showed 

that cadmium affects mainly hepatic and splenic 
tissues. Chromium, arsenic and thallium affect 
mainly the kidney, heart and pancreas respectively.

Key words: Trace metals – Parenchymatous or-
gans – Apoptosis – CASP-3 – BCL-2 

INTRODUCTION
Diabetes mellitus (DM) is an endocrinal 

disorder characterized by a sustained elevation 
of blood glucose level, if uncontrolled, it can cause 
cardiovascular, renal and hepatic complications 
due to its effect on microvasculature. As estimated 
in 2017, 450 million people are affected with 
diabetes. World health organization (WHO) reported 
that diabetes causes about six million deaths per 
year (Piepoli et al., 2016). Economically speaking, 
diabetes-related expenditures in 2019 exceeded one 
billion dollars. The average cost of diabetic patients 
is three-fold nondiabetic personnel (Ashrafzadeh 
and Hamdy, 2019). Its classic symptoms include 
polyuria, polyphagia and polydipsia, together with 
symptoms of multi-organ complications. Diabetes 
affect the cardiovascular system and it doubles the 
risk of cardiovascular complications (Bettencourt-
Silva et al., 2019). It affects small blood vessels of 
the eye, brain, kidney and the peripheral nervous 
system, causing blindness, stroke, nephropathy and 
peripheral neuropathy respectively (Westerberg, 
2013). The main cause of diabetes is insulin 
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deficiency or insulin resistance, which result in 
glucose accumulation in the blood stream causing 
glycosuria, followed by polyuria (Gilardi et al., 2019).

Trace metal is an expression used to describe 
any metallic compound that is toxic in low con-
centrations and has high atomic weight, e.g., mer-
cury, thallium, cadmium, chromium and arsenic 
(all have density more than 5 gm/cm3). These are 
found in water in very limited concentrations; 
if their concentration crosses specific limits, 
they can cause cardiac and renal complications 
(Hwang et al., 2018).

Mercury (Hg) is one of the trace metals discovered 
by ancient Egyptians in 1500 BC. Historically, 
mercury chloride was used as a diuretic and 
disinfectant, as well as in syphilis treatment. 
It is still used in thermometers, barometers, 
sphygmomanometers, fluorescent light lamps and 
in the cosmetics industry (Kern et al., 2016) In some 
developing countries it is also still used in dentistry 
in the form of metal mixture amalgam (Andreoli and 
Sprovieri, 2017). Other modes of exposure include 
Hg toxicity during wars, as Hg is used in explosives 
production, or by eating fish like shellfish or tuna, 
which can store considerable amount of mercury 
(Bose-O’Reilly et al., 2017). Some water-soluble 
forms of Hg are present such as methylmercury, 
which can cause toxicity if ingested (Siblerud et 
al., 2019). It can be absorbed through the skin, the 
gastrointestinal mucous membrane and olfactory 
mucous membrane if mercury vapors are inhaled or 
during tobacco smoking (El-Badry et al., 2018). It is 
extremely toxic and can damage the central nervous 
system, kidneys, liver, lungs and other organs. The 
toxic effect is dose related (Vianna et al., 2019).

Thallium (Ti) is a trace metal discovered in 
1861. It is used in pharmaceutical, cosmetics and 
glass industries, and also as a (tasteless) poison. 
Medically, it is used in cardiographs to examine the 
coronaries and the state of heart revascularization 
after graft surgeries. It is absorbed readily by the 
skin and the mucous membrane of either the 
gastrointestinal or respiratory tracts (Campanella 
et al., 2019). Cadmium (Cd) is a silvery, white 
and solid trace element. Discovered in 1817 
in Germany. It is commonly used in batteries, 
pigments, the electric industry, television screen 
manufacturing, anticancer drugs, laser emission 

and immunofluorescent microscopes. It can cause 
cellular oxidative stress. Intoxication of cadmium 
can be caused by inhalation of fertilizers causing 
pulmonary edema (Wu et al., 2019).

Chromium (Cr) is the most abundant trace metal 
in the earth crust and rocks, discovered in 1797. It 
is used in pigment manufacturing and as a metal 
surface coating. In laboratories, it is used to clean 
glass containers (Them et al., 2018). Arsenic (As) 
is one of the oldest trace metals: discovered in 815 
AD, it was described by the Arab chemist Jabir Ibn 
Haiyan. It is used in wood preservation, insecti-
cides and in rat poisons. It is highly soluble and 
easily absorbed. Historically it was used in syphilis 
treatment and as an antibiotic (Karbowska, 2016).

All previously mentioned trace metals cause 
cellular stress through oxidative stress and igni-
tion of cellular apoptosis. The programmed cell 
death [apoptosis] is regulated by genetic factors 
such as CASP-3 [apoptotic gene] and BCL-2 [an-
ti-apoptotic gene] (Beyaert et al., 1997). Thus, the 
present work is designed to examine the effect of 
trace metals (Hg, Ti, Cd, Cr, As) on apoptosis-reg-
ulating genes (CASP-3, BCL-2) in diabetic and 
non-diabetic albino rats. The current study will 
also examine the effect of trace metals’ toxicity on 
both the function and histological structure of the 
liver, heart, kidney, pancreas and spleen.

MATERIALS AND METHODS

Chemicals

20 gm of mercury Bi-chloride, 95% (HgCl2), 20 
gm of thallium Bi-chloride, 95% (TiCl2), 20 gm 
of cadmium Bi-chloride, 95% (CdCl2), 20 gm of 
chromium Bi-chloride, 95% (CrCl2) and 20 gm 
of arsenic Tri-chloride, 95% (AsCl3) were pur-
chased from Sino pharm Chemical Reagent Co., 
Ltd. (Shanghai Shi, China).

Animals

One hundred and twenty albino Wistar rats were 
used, with an average weight of 200 gm and an 
average age of 6 months. Animals were housed 
individually. Free access to food and water was 
allowed. A 12-hour light/dark cycle was kept. By the 
help of air conditions, the temperature was kept at 
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25ºC (in accordance to national and institutional 
guidelines). This research study was approved by the 
Research and Ethics Committee, Quality Assurance 
Unit, Faculty of Medicine, Tanta University, Egypt.

Experimental design

Diabetes was induced by injecting streptozotocin 
40mg/kg b.w., one-week later, blood glucose level 
was measured. Rat is considered diabetic if blood 
glucose level > 300 mg/dl. Rats were divided 
into twelve groups (n=10), Group I, control 
nondiabetic, Group II, Hg-nondiabetic, Group III, 
Ti-nondiabetic , Group IV, Cd-nondiabetic, Group 
V, Cr-nondiabetic Group VI, As-nondiabetic, Group 
VII, diabetic, Group VIII, Hg-diabetic, Group IX, 
Ti-diabetic, Group X, Cd-diabetic, Group XI, Cr-
diabetic, Group XII, As-diabetic.

All groups (except Group I and Group VII) re-
ceived intraperitoneal injection of the respective 
trace metal salt 20 mg/kg b.w. twice weekly for 
four weeks. Group I and VII received intraperi-
toneal saline injection instead. At day 30, all rats 
were sacrificed, blood from heart chambers was 
collected, serum was separated by centrifugation 
(4000 rpm) and kept at -30ºC for biochemical 
studies. Heart, kidney, liver, pancreas and spleen 
samples were collected and further divided into 
two groups. The first group of organs was fixed 
in 10% neural buffered formaldehyde, dehydrat-
ed, embedded in paraffine, then sectioned at 5 
µm and stained with hematoxylin and eosin. The 
second group was homogenized and centrifuged 
for gene expression analysis using reverse tran-
scriptase PCR (Pawłowska et al., 2017).

Histopathological examinations

Fresh tissue samples were cut into cubes (1 
cm3), placed in fixative 10% paraformaldehyde 
solution, immersed in paraffine blocks, sectioned 
into 5 µm thick sections using CUT 4050 Micro-
tome (Laborgeräte Microtec, Germany), and fi-
nally stained with hematoxylin and eosin. His-
topathological examinations were performed by 
two histopathologists blinded to present study.

Biochemical analysis

Serum was analyzed for blood urea, creatine, As-
partate Aminotransferase of liver (ASTL), Alanine 

Transaminase of liver (ALTL), random blood glu-
cose, bilirubin and total cholesterol (Kits were pur-
chased from Sino pharm Chemical Reagent Co.,)

Gene analysis

Following sacrificing rats, the heart, 
kidney, liver, pancreas and spleen tissues 
were harvested for gene expression analysis. 
RNA from tissues was extracted using Trizol 
reagent (Invitrogen, USA) and quantified with 
an ND-1000 spectrophotometer (NanoDrop 
Technologies, USA). cDNA was synthesized 
from 1 µg RNA with the Revert Aid H-Minus 
first-strand cDNA synthesis kit (Invitrogen, 
USA) as the manufacturer’s protocol. The 
qRT-PCR analysis of all heavy-metal-treated 
groups, as well as the non-diabetic untreated 
control group, was carried out for Caspase-3 
(apoptotic gene) and Bcl2 (anti-apoptotic 
gene) using Maxima SYBR Green qPCR 
Master Mix (Fermentas, USA) according to the 
manufacturer’s protocol and run on PikoReal 
96 real-time PCR (Thermo Scientific, USA). 
The relative gene expression analysis was 
performed by using PikoReal software (Thermo 
Scientific). β-actin was used for normalization. 
Note: Caspase-3; forward primer: 5′-GGA CAG 
CAG TTA CAA AAT GGA TTA-3′, reverse primer: 
5′-GTCGATGCAGTCTCAGCTCTCA-3. Bcl2; 
forward primer: 5′-AAG CCG GCG ACG ACT TCT-
3′, reverse primer: 5′-GCCTACTCCTCAGTCTCT 
TC-3′.

β-actin; forward primer: 5′-GCTGCCTGCT-
GACTAGT AT-3′, reverse primer: 5′-CGTGTGTAT-
GCTCTGACTAC-3′. PCR conditions were [initial dena-
turation at 96 °C (four min.), then forty cycles of 96 °C 
(twenty sec.), 63 °C (thirty sec.), and 72 °C (thirty sec.)

Statistical analysis

Statistical Package for Social Sciences (SPSS) 
software, 20 V. (SPSS Inc., USA) was used for 
data analysis. The statistical significance of 
differences between groups was validated using 
one-way analysis of variance (ANOVA). Post 
hoc Scheffe’s procedure was used for groups 
comparison. Data were expressed in mean ± 
standard deviation and probability value was 
considered significant if <0.05.
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RESULTS

Heart

On examination of hematoxylin- and eo-
sin-stained heart sections, the control group (G-I) 
showed normal histological architecture, normal 
cardiac myofibril with large prominent nuclei with 
clear intercalated discs with no capillary conges-
tion. The diabetic group (G-VII) showed moderate 
tissue fibrosis, necrosis and cytoplasmic vacuola-
tions. Trace-metal-treated nondiabetic groups (G-II, 
III, IV, V, VI) showed cytoplasmic vacuolation of car-
diomyocytes, the nuclei appear small and pyknotic 
with necrotic cardiac myofibrils (Fig. 1). These his-
topathological chances become more extensive in 
trace-metal-treated diabetic groups (G-VIII-XII) con-
gestion of small blood vessels and capillaries (Fig. 
1). The extensive damage appears in As-diabetic 
group (G-XII) was also confirmed by statistically sig-
nificant (p < 0.05) increased CASP-3 and decreased 
BCL-2 expression. The fluctuation of expression be-
come more extensive in diabetic trace-metal-treat-
ed groups (G-VIII-XII) if compared to non-diabetic 
trace-metal-treated groups (G-II-VI) (Fig. 2).

Kidney

Hematoxylin- and eosin-stained kidney sections 
showed that the control group (G-I) revealed 
normal glomeruli. Tubular lining epithelium 
appears healthy with prominent nuclei with no 
cytoplasmic vacuolations. Tubular degeneration 
appears in the diabetic group (G-VII). Trace-metal-
treated groups either diabetic (more extensive) 
or nondiabetic, showed cytoplasmic vacuolation, 
edema, small pyknotic nuclei and congested blood 
vessels (Fig. 3). The gene expression analysis of the 
kidney tissue showed that the chromium-treated 
(diabetic) group (G-XI) scored the highest value 
for CASP-3 expression and the lowest value for 
BCL-2 expression (Fig. 4). While the rest of trace-
metal-treated groups showed relative fluctuation 
of apoptotic and anti-apoptotic genes in favor of 
the apoptotic gene (CASP-3) if compared to control 
group (G-I). After trace metal administration, 
the biochemical analysis revealed a statistically 
significant (p < 0.05) increase in blood urea and 
creatinine either in diabetic or non-diabetic (Fig. 5): 
the highest value was recorded also in chromium 
treated group (diabetic)(G-XI), which emphasizes 
the histopathological findings.

Fig. 1.- Heart tissue sections stained with hematoxylin and eosin (X 1000). (A) group I showed normal histological features. (B, C, D, E and F) represent 
nondiabetic groups treated with trace metals, group II, III, IV, V and VI, respectively. (G) represent diabetic non treated group VII. (H, I, J, K and L) repre-
sent diabetic groups treated with trace metals, group VIII, IX, X, XI and XII, respectively. Vacuolations are pointed at by yellow arrow, while degeneration 
and congestion are pointed into by black and blue arrows respectively.
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Fig. 2.- Gene expression analysis of the heart tissue of groups I-XII. (A) represent CASP-3. (B) represent BCL-2. * statistically significant (p < 0.05) difference 
in comparison to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± standard deviation, (n=10).

Fig. 3.- Kidney tissue sections stained with hematoxylin and eosin (X 1000). (A) Group I, showed normal histological features. (B, C, D, E and F) represent 
groups II, III, IV, V and VI, respectively. (G) represent diabetic non treated group VII. (H, I, J, K and L) represent groups VIII, IX, X, XI and XII, respectively. 
Vacuolations are pointed into by yellow arrow, while degeneration and congestion are pointed into by black and blue arrows respectively.

Fig. 4.- Gene expression analysis of the heart tissue of groups I-XII. (A) Represent CASP-3. (B) Represent BCL-2. * statistically significant (p < 0.05) difference 
in comparison to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± standard deviation, (n=10).
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Liver

On examination of hematoxylin- and eosin-
stained liver sections, normal histological 
architecture was noticed in the control group 
(G-I) with characteristic hexagonal structure 
of liver lobule. Hepatocytes diverge from 
the central vein towards the periphery of 
the lobule. Hepatocytes appear healthy with 
normal cytoplasm and large central nuclei. 
Cellular degeneration and necrosis appeared 
in the diabetic non-treated group (G-VII). On 
administration of trace metals, especially in 
the cadmium group (G-XI), vacuolation and 
inflammatory cells infiltration appears in liver 
sections. These changes appeared more in 

diabetic if compared to non-diabetic groups 
(Fig. 6). The gene expression analysis of CASP-
3 and BCL-2 emphasizes the histopathological 
findings. In trace-metal-treated groups, 
[especially the cadmium group (G-X)] there 
was statistically significant (p < 0.05) increase 
in CASP-3 expression and decrease in BCL-2 
expression (Fig. 7). Liver enzymes analysis (ASTL 
and ALTL) also emphasizes the histopathological 
findings denoting the functional affection of the 
liver after trace-metal administration in both 
diabetic and non-diabetic rats. The diabetic 
groups (trace metal treated) show more rise 
of enzymatic levels if compared to the non-
diabetic (trace-metal-treated) groups (Fig. 8).

Fig. 5.- Kidney function tests of groups I-XII. (A) represent blood urea. (B) represent blood creatinine. * statistically significant (p < 0.05) difference in 
comparison to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± standard deviation, (n=10).

Fig. 6.- Liver tissue sections stained with hematoxylin and eosin (X 1000). (A) Group I showed normal histological features. (B, C, D, E and F) repre-
sent groups II, III, IV, V and VI, respectively. (G) represent diabetic non treated group VII. (H, I, J, K and L) represent groups VIII, IX, X, XI and XII, 
respectively. Vacuolations are pointed into by yellow arrow, while degeneration and congestion are pointed into by black and blue arrows respectively.



Ahmed S. Ahmed

31

Pancreas

Examination of stained pancreas sections 
showed that the control group (G-I) has normal 
histological architecture with healthy acini and islet 
of Langerhans. In the diabetic group (G-VII), the 
acinar cells appear swollen with small cytoplasmic 
vacuolations. Cells appear shrunken, degenerative 
and necrotic in G-II-VI. Histopathological changes 
were more intense in diabetic groups treated with 
trace metals (G-VIII-XII). The thallium group (G-
IX) showed extensive histopathological changes if 
compared to the rest of trace-metal-related groups, 
either diabetic or non-diabetic (Fig. 9). The gene 
expression analysis of pancreatic tissue confirmed 
the histopathological changes, more fluctuation of 
CASP-3 and BCL-2-fold levels either by increase and 
decrease respectively (Fig. 10). Biochemical study 
of the serum showed that group (G-IX) (thallium 
related) recorded the highest blood glucose score. 
All other groups (with exclusion of the control group) 
recorded elevated blood glucose levels (Fig. 11).

Spleen

The histological examination of splenic 
sections showed normal histological 
architecture in control group (G-I). All diabetic 
and non-diabetic groups showed congestion of 
red pulp after administration of trace metals 
together with cell necrosis of white pulp. The 
cadmium-treated diabetic group (G-X) showed 
the most extensive tissue injury if compared to 
the rest of groups (Fig. 12). This was confirmed 
by gene expression done to the splenic tissue, 
which showed that the cadmium-related 
group (G-X) scored the highest CASP-3 level 
among other groups (Fig. 13). As an indicator 
for splenic function, serum analysis for both 
bilirubin and total cholesterol levels were 
performed, which appeared to decrease after 
trace-metal administration either in diabetic 
or non-diabetic groups (Fig. 14).

Fig. 7.- Gene expression analysis of the liver tissue of groups I-XII. (A) represent CASP-3. (B) represent BCL-2. * statistically significant (p < 0.05) 
difference in comparison to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± standard 
deviation, (n=10).

Fig. 8.- Liver function tests of groups I-XII. (A) Represent ASTL. (B) Represent ALTL. * statistically significant (p < 0.05) difference in comparison 
to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± standard deviation, (n=10).
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Fig. 9.- Pancreas tissue sections stained with hematoxylin and eosin (X 1000). (A) Group I showed normal histological features. (B, C, D, E and F) 
represent groups II, III, IV, V and VI, respectively. (G) represent diabetic non treated group VII. (H, I, J, K and L) represent groups VIII, IX, X, XI and XII, 
respectively. Vacuolations are pointed into by yellow arrow, while degeneration and congestion are pointed into by black and blue arrows respectively.

Fig. 10.- Gene expression analysis of the pancreatic tissue of groups I-XII. (A) represent CASP-3. (B) represent BCL-2. * statistically significant (p < 0.05) 
difference in comparison to I- group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± 
standard deviation, (n=10).

Fig. 11.- Blood glucose level of groups I-XII. * statistically significant (p < 0.05) difference in comparison to I-group. # statistically significant (p < 0.05) 
difference in comparison to VII- group. Data are presented as mean ± standard deviation, (n=10).
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Fig. 12.- Splenic tissue sections stained with hematoxylin and eosin (X 1000). (A) Group I showed normal histological features. (B, C, D, E and F) represent 
groups II, III, IV, V and VI, respectively. (G) represent diabetic non treated group VII. (H, I, J, K and L) represent groups VIII, IX, X, XI and XII, respectively. 
Vacuolations are pointed into by yellow arrow, while degeneration and congestion are pointed into by black and blue arrows respectively.

Fig. 13.- Gene expression analysis of the splenic tissue of groups I-XII. (A) represent CASP-3, (B) represent BCL-2. * statistically significant (p < 0.05) 
difference in comparison to I- group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± 
standard deviation, (n=10).

Fig. 14.- Spleen function indicators of groups I-XII. (A) represent blood bilirubin. (B) represent blood total cholesterol. * statistically significant (p < 
0.05) difference in comparison to I-group. # statistically significant (p < 0.05) difference in comparison to VII-group. Data are presented as mean ± 
standard deviation, (n=10).
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DISCUSSION
Trace metals are naturally found in sea water 

and earth crust, resulting in frequent exposure 
rate to these metals and affecting various organs 
of the body (Di et al., 1968). Diabetes is an endo-
crinal problem that can also affect many body 
organs (Sas-Nowosielska and Pawlas, 2015). The 
present study was conducted to compare between 
the effect of various trace metals in a diabetic and 
non-diabetic rat model.

Present results showed that Hg administration 
to non-diabetic rat groups caused cytoplasmic 
vacuolation of cardiomyocytes with small 
pyknotic nuclei and necrosis of cardiac myofibrils, 
which comes in agreement with Nyland et al. 
(2012), who reported myocarditis in a clinical 
case study of Hg toxicity. Other researchers 
(Ahn et al., 2018) reported that Hg can cause 
myocarditis. The changes noticed in non-diabetic 
rats become accentuated in diabetic groups 
with the appearance of congested blood vessels 
and capillaries, which was reported by other 
researchers that mercury causes cardiomyopathy 
and heart failure (Lombardi et al., 2016).

Gene expression analysis of the heart tissue 
showed increased expression of CASP-3 (apoptotic 
gene) while expression of BCL-2(anti-apoptotic 
gene) decreased after Hg administration in all 
rat groups, which collectively favor the apoptotic 
state of the heart in response to Hg: this comes in 
agreement with Tiexeira et al. (2016), who reported 
the apoptotic and toxic effect of mercury on the 
heart tissue. Ding et al. (2017) mentioned the 
increased level of mi-RNA 92 in mercury workers, 
which also favors apoptosis of cells. All these 
histological findings interfere with the normal 
function of the heart as stated by Furieri et al. 
(2011), who reported impaired contractile function 
of the heart as a result of Hg toxicity. The aortic 
endothelium as a component of cardiovascular 
system is also dysfunctional as mentioned by 
Ahmed and Maulood (2018) in case of Hg toxicity.

The cytoplasmic vacuolations and small pyknot-
ic nuclei appeared also in the kidney tissue beside 
the congested capillaries of the glomeruli after Hg 
administration, while other researchers (Li et al., 
2011) stated that Hg affect only kidney tubules 

with no effect on glomerular capillaries. Seno et 
al. (2013) added that Hg induced renal injury by 
inducing autoimmune state. Wang et al. (2015a) 
agreed with us in the glomerular engagement in 
the histopathological lesion as he noticed pro-
liferation of mesangial zone of glomeruli. Other 
researchers (Langworth et al., 1992) agreed with 
Seno et al. (2013) and mentioned the increased 
serum antibodies after Hg administration, which 
result in renal tissue injury.

Our results revealed that the effect of Hg on 
diabetic rat kidneys is more extensive than the 
effect on non-diabetic rats, which comes in same 
page with other researchers (Cohen and Post, 
2002), who added that diabetes affect kidney tissue 
and interferes with urine concentration function, 
making it more vulnerable to Hg toxic effects. The 
apoptotic state of the kidney, which was revealed 
in our research by the fluctuated level of CASP-3 
and BCL-2 in favor of CASP-3, was also mentioned 
by other researchers (Wang et al., 2015b), who 
explained the apoptotic process which undergoes 
in the tubular epithelium. Woods et al. (2002) 
stated that Hg ameliorates NF-KAPPA B, increasing 
the liability of the renal tissue to apoptosis (Sutton 
and Tchounwou, 2007). The increased level of urea 
and creatinine after Hg administration indicate 
the impairment of kidney functions, which was 
reported by other researchers (Rojas-Franco et 
al., 2019) and emphasized our histopathological 
results of the kidney.

In our study, liver tissue showed cellular 
degeneration and necrosis together with 
inflammatory cells infiltration after Hg 
administration either in diabetic or non-
diabetic rats’ groups, which appeared as 
moderate and severe injury respectively. This 
comes in agreement with other researchers 
(Chandirasegaran et al., 2018). The increase 
in expression of CASP-3, which was evident in 
our results, comes in agreement with Yang et al. 
(2016), who stated that Hg increases production 
of reactive oxygen species and causes apoptosis 
to hepatic cells which is Hg dose dependent.

Lee et al. (2017) reported the relationship 
between blood mercury concentration and liver 
function deterioration, which was reported in our 
results as well. Present results showed that Hg 
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administration caused shrinkage of B-cells of the 
pancreas, which appeared with small pyknotic 
nuclei and cytoplasmic vacuolations: this finding 
was reported by other researchers (Śliwińska-
Mossoń et al., 2018). Present results showed that Hg 
causes pancreatic inflammation and histological 
disturbance of both exocrinal and endocrinal 
components. Chen et al. (2012) reported that Hg 
increased the production of mi-RNA regulating 
caspase-3 and caspase-7 production, which comes 
in agreement with our findings that Hg increases the 
expression of apoptotic gene CASP-3 and decrease 
the expression of anti-apoptotic gene BCL-2.

The congested splenic red pulp with wide 
spread necrosis, which appeared in our results 
after mercury administrations in diabetic (more 
extensive pathology) and non-diabetic rats, comes 
in agreement with other researchers (Ghosh et al., 
2018). The increase in expression of apoptotic genes 
was mentioned by other researchers (Barst et al., 
2015), and the disturbed splenic function (immune 
related) was reported by other researchers (Gill 
et al., 2017), which comes in agreement with our 
results after examining splenic functions.

The effect of Ti on cardiac tissue, which 
appeared in our research, was reported by other 
researchers (Maublant et al., 1985). The extensive 
impact of Ti on diabetic rats’ heart was explained 
by Lee and Kim (2017) by occurrence of metabolic 
disturbance and microvasculature dysfunction. 
The increase in CASP-3 gene expression recorded 
in our results was stated by Doue et al. (2008). 
The histopathological impact of Ti on kidney 
tissue appeared in our research was stated by 
(Atkins et al., 1977), who added that Ti is mainly 
concentrated in the heart, large intestine and 
kidney. Foster et al. (2012) stated that Ti intake 
affect mitochondrial functions of the renal tissue, 
which offer another explanation to the apoptosis 
rather than the increases expression of CASP-
3 gene recorded in our results. In our study, 
Ti appeared to cause hepatocyte cytoplasmic 
vacuolation, degeneration and necrosis especially 
in diabetic group, which was reported by other 
researchers (Misiakiewicz-Has et al., 2019) 
who stated that fatty liver insult associated with 
diabetes mellitus (mainly type -2) makes the liver 
tissue more liable to the impact of Ti. Apoptosis 

of liver cells could be explained due to opposing 
expression of CASP-3 and BCL-2, while others 
(Abdel-Daim and Abdou, 2015) stated that Ti cause 
apoptosis by reactive oxygen species production.

The deterioration of liver functions appeared in 
our results, especially in diabetic rats, which was 
reported by Tae et al. (2014) who added that liver 
cirrhotic states associate Ti toxicity. In present re-
sults, Ti caused histopathological changes mainly 
in diabetic rats, which could be explained by effect 
of Ti on mitochondria and rough endoplasmic re-
ticulum (Kizilgul et al., 2018). Also, the increase in 
expression of CASP-3 shown in other results comes 
in agreement with other researchers (Tekabe et al., 
2012). The apoptotic effect of Ti on splenic tissue, 
which was manifest in our results, was also report-
ed by other researchers (Vasamsetti et al., 2018). 
Inokuma et al. (1995) reported that high level of 
Ti tends to accumulate in pancreatic tissue which 
impacted our results as the pancreas was the most 
affected organ after Ti administration.

Results showed that Cd administration caused 
histopathological changes of the heart in the form 
of cytoplasmic vacuolations and nuclear pyknosis 
together with necrosis of the cardiac myofibrils, 
which was expressed more dramatically in the 
diabetic groups. Sarcomere disorganization and 
cardiac arrythmia was reported by Shen et al. 
(2018) as a result of Cd administration.

Present results showed the relationship 
between Cd administration and increased CASP-
3 expression, which result in cardiomyocytes 
apoptosis. Nazimabashir et al. (2015) explained Cd-
related apoptosis by the activation of Nrf2 apoptotic 
pathway. The histopathological insult caused by 
cadmium on both kidney and liver tissue expressed 
in our results together with increased apoptotic state 
was also reported by other researchers (Ranieri et 
al., 2019), who added that the extract of green olive 
leaf can ameliorate the effect of cadmium on kidney, 
and they explained apoptosis by the activation of 
mi-RNA 30 production.

Present results showed histopathological injury 
of the pancreas and increased expression of 
CASP-3 gene after Cd administration, especially 
in diabetic rats, which comes in agreement with 
other researchers (Śliwińska-Mossoń et al., 2019), 
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While the disturbed pancreatic function (showed 
in our result) after Cd administration was not in 
agreement with Trevino et al. (2015), who linked 
between the Cd administration and increased 
insulin secretion. Our results showed that Cd 
affects mainly the structure, apoptotic activity and 
function of liver and spleen, which was partially 
in agreement with Huo et al. (2017), who reported 
that liver and pancreas are mainly affected after 
Cd administration.

Cr administration to diabetic and non-diabetic 
rats, caused histopathological injury to the heart 
with an increase in CASP-3 gene expression, 
which comes in agreement with other researchers 
(Boşgelmez and Güvendik, 2019), who elaborated 
that Cr causes bradycardia in some patients. In 
our study the kidney reacted to Cr administration 
by showing disturbed histological architecture, 
increased apoptosis rate and disturbed renal 
functions either in diabetic or non-diabetic 
rats which was reported by other researchers 
(Venter et al., 2017), who showed that Cr binds to 
chromatin forcing its condensation mainly on the 
tubular lining epithelium cells, and reported the 
occurrence of proteinuria in Cr workers.

Present results showed cytoplasmic vacuola-
tions and necrosis of hepatocytes, increase ex-
pression of CASP-3 gene and decrease of liver 
functions after Cr administration, which comes 
in agreement with other researchers (Yang et 
al., 2020), who reported disturbed histological 
architectures of the liver with disturbed hepatic 
enzymatic activity after Cr administration. Other 
researchers (Wang et al., 2017) reported the asso-
ciation between Cr and the histopathological and 
functional disturbance in the pancreas with in-
creased apoptotic tendency (Same findings were 
reported in our results). In the present study Cr 
caused congested red pulp of spleen with cellular 
necrosis, increased expression of CASP-3 gene 
and disturbed splenic functions which comes in 
agreement with (Núñez et al., 2016). Our results 
showed that the kidney was the most sensitive or-
gan to Cr administration on structural and func-
tional levels, which was confirmed clinically by 
Filler and McIntyre (2019) in dialysis patients.

Present results showed that, in diabetic and 
non-diabetic rats, arsenic (As) administration 

caused histopathological disturbance and 
increased expression of CASP-3 gene in the 
heart tissue. The effect was extensive in diabetic 
groups if compared to non-diabetic group: this 
was in the same page with other researchers 
(Mateen et al., 2017). These histopathological 
and genetic disturbance was also noticed in 
the kidney in addition to disturbed function 
(Sanders et al., 2019). Our study showed that 
As caused histopathological findings in the 
liver, pancreas and spleen of non-diabetic rats; 
more histopathological injury was noticed in 
diabetic rats (Lu et al., 2019). As administration 
was associated with increased expression of 
apoptotic genes and decrease in anti-apoptotic 
gene expression (Jamal et al., 2020). Present 
results showed As mainly affected the heart of 
diabetic rats: this comes in agreement with Wei 
et al. (2018), who demonstrated the involvement 
of liver and kidney as well. In conclusion, the 
present study showed that trace metals are 
highly toxic to various organs of the body even 
with low concentration. The diabetic rats are 
more susceptible to trace-metal-induced cellular 
damage through gene mediated pathway. The 
organs insults include structural and functional 
dimensions. CASP-3 gene plays an important 
role in trace-metal-associated tissue injury. 
Cadmium affects mainly hepatic and splenic 
tissues. Chromium, arsenic and thallium 
affect mainly the kidney, heart and pancreas 
respectively.
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