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Abstract

Gadolinium chloride is a trace element used as a contrast agent and as a selective inhibitor of the kupffer cell in biomedical
research. The current research explored the toxic effects of gadolinium chloride CCl4 mediated injury in male rats in order to
better understand the protection of gadolinium chloride. Thirty-two male rats were split into four groups for six weeks: group
one received 0.5 ml saline ip, group 2, group 3, and group 4 received gadolinium chloride at doses of 7 mg, 10 mg, and 20 mg
/kg B.wt ip twice weekly. Furthermore, 16 male rats were divided into two subgroups: the fifth group received only CCl4 at a
dose of 1 ml/kg twice per week for 6 weeks, while the sixth group was pretreated with gadolinium chloride at a dose of 7 mg
/kg twice per week for two weeks, followed by carbon tetrachloride at a dose of 1 ml/kg and gadolinium chloride at a dose
of 7 mg /kg twice per week. In the liver, gadolinium chloride decreased the expression of TGFB1 and IL-6 thus increasing
the expression of p62. When compared to the CCl4 treated rats, gadolinium chloride pretreatment before and parallel to
CCl4 treatment decreased collagen deposition as visualized by Mallory-trichrome stain. Furthermore, pretreatment with
gadolinium chloride (7 mg/kg B.wt) held all biochemical parameters close to control rats, while CCl4 significantly increased

them. Finally, gadolinium chloride had a protective effect in male rats against livery injury caused by CCl4.
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Introduction

Gadolinium compounds have been used as a contrast
agent for more than 100 million patients worldwide to help
in the detection of healthy and diseased tissue using multiple
imaging techniques [1]. Gadolinium compounds are widely
used in biomedical research and are components of MRI
contrast agents [2]. Gadolinium chloride (GdCL,) is a Kupffer
cell-specific inhibitor, whereas circulating monocytes and
other macrophages are less susceptible to gadolinium [3].
Also, Gadolinium chloride prevents Kupffer cell phagocytosis
and increases cytokine and nitric oxide secretion after
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lipopolysacrides  administration ~when administered
intravenously [3]. Furthermore, Roland, et al. [4] discovered
that gadolinium administration reduced experimental animal
mortality, while Lee, et al. [5] discovered that gadolinium
administration reduced liver disease in sepsis induction.
Notably, gadolinium chloride (GdCI3) has been discovered
to prevent cadmium-induced hepatotoxicity by suppressing
Kupffer cells. In male wistar rats, the effect of GdCl3
pretreatment on a model of acute cadmium-induced liver
injury was investigated. In young Wistar rats, gadolinium
pretreatment decreases acute cadmium-induced liver injury
by mechanisms other than Kupffer cell removal [6-8].
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Furthermore, pretreatment with gadolinium chloride
(GdCl,) decreased thioacetamide-induced liver injury and
hastened post-necrotic liver regeneration [9]. Also, the
treating rats with GdCl,, a selective Kupffer cell inhibitor,
prevented stellate cell activation and fibrosis induction [9].
The aim of this research was to see how gadolinium chloride
affected cytotoxicity, biochemistry, and pathology in male
albino rats, as well as how it affected carbon tetrachloride-
induced liver disorders.

Materials and Methods

The Animals

The animal house of the Medical Research Centre, Faculty
of Medicine, Mansoura University, Mansoura, Egypt, given 48
male Sprague Dawley rats (Rattus norvegicus) 10-12 weeks
old, weighing 100g. They were given a normal diet and water
ad libitum while being kept in good ventilation and lighting
conditions. Before being included in the experiment, the rats
were acclimated for two weeks.

Chemicals

Both colchicine and gadolinium chloride were purchased
from Sigma Aldrich Company in Egypt.

Experimental Procedures

Experiment 1: Studied the cytotoxicity of gadolinium
chloride on male albino rat.

Thirty-two male albino rats were divided into four groups:
group one was given 0.5 ml saline twice per week ip, groups 2,
3, and 4 were given gadolinium chloride, dissolved in saline,
at doses of 7, 10, and 20 mg/kg B. wt., respectively, twice
per week by intraperitoneal injection [10-12]. The animals
were cared for according to the guidelines in the Guide for
the Care and Use of Laboratory Animals (8" edition, National
Academies Press). Mansoura University’s animal welfare
ethics committee gave their approval to this report.

Experiment 2: Studied the effect of gadolinium chloride on
carbon tetrachloride induced liver fibrosis

Sixteen male albino rats were divided into two subgroups:
group 6 was given ccl4 at a dosage of 1 ml/kg, dissolved in
olive oil (v/v) for six weeks [13]. While group 5 received
gadolinium chloride at a dose of 7 mg/kg [14] ip twice per
week for two weeks, then ccl4 at a dose of 1 ml/kg (v/v)
for six weeks, followed by gadolinium chloride at a dose of
7 mg/kg ip twice per week for six weeks and gadolinium.
The animals were cared for according to the guidelines in
the Guide for the Care and Use of Laboratory Animals (8th
edition, National Academies Press). Mansoura University’s
animal welfare ethics committee gave their approval to this
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report.

Chromosomal Aberration Test

The chromosomal aberration test was performed on rat
bone marrow cells using the method described earlier [15].

Histological Study

Specimens from the livers of rats in both experiments
1 and 2 were stored in 10% neutral buffered formalin,
dehydrated in various grades of alcohol, cleared in xylol,
embedded in paraffin wax, sectioned at 4 mm thickness,
stained with Hematoxylin and Eosin [16], and examined
microscopically.

Biochemical Analysis

Blood was collected from each rat from the heart and
abdominal aorta from both experiment 1 and 2 and kept
at room temperature for 20 min up to lhr. Serum was
then separated by centrifugation at 4000 rpm for 20 min.
Serum levels of alanine transaminase (ALT) and aspartate
transaminase (AST), alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), glucose, urea concentration,
albumin, total protein, total bilirubin, triglycerides, and
cholesterol were all detected in all rat groups.

RNA Isolation and RT-PCR

The levels of mRNA were measured using a Light Cycler
and quantitative real-time RT-PCR (Roche, Germany).
Total RNA was extracted from liver tissue pooled (5 mice)
from each treatment in the BALB/c experiments using
Trizol Reagent (Sigma). Two pL of total RNA were reverse
transcribed for preparation of cDNA using M-MLV reverse
transcriptase (Promega, Madison, WI). The cDNA was
then subjected to real-time PCR according to Hunecke et
al method’s (26). In information, the same primer pairs
were used to amplify specific genes in the presence of 3
mM MgCI2. triplicates in a combined amount of 20 liters of
Light Cycler, 5 liters of cDNA, and 5 liters of HotStart DNA
SYBR Green I mix (Roche).The PCR cycle was 10 minutes at
95°C, followed by 35-50 intervals of 15 seconds at 95°C, 15
seconds at 60°C, and 15 seconds at 72°C.The following were
classified as primers: for P62 Fwd:5-TCTTTCCCAACCCCTT-
3’Rev:5’-GCTCTCCCCCACATTC-3 [17], for tgfbl Fwd
5'-gaacccccattgetgt-3', Rev  5'-gccctgtatteegtet-3")  [18],
for IL-6 Fwd 5 GCTCCCTACTTCACAAGTCC 3 Rev 5’
GCAGGTTTGCCGAGRAGATC 3’ [19] and for B-actin Fwd
5-ggcattgttaccaactgggacg-3,.Rev 3-ctctttgatgtcacgcacgatttc-5.
All step for RT-PCR was performed as previously described
[20].
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Statistical Analysis

The data in this study were statistically analyzed using
the computerized SPSS software version 26 and a one-way
analysis for variance (ANOVA) followed by least significant
difference (LSD) as defined by Snedecor, et al. [21]. P value
was considered significant at < 0.05.

Results

We explored the cytotoxicity, biochemical, and
pathological effects of gadolinium chloride on male albino
rats to choice the non-toxic dose of gadolinium chloride for
protection study against carbon tetrachloride. Examination
of chromosomal aberration showed the presence of gab,
ring, and fragment in all rats groups treated with gadolinium
chloride, but the ratio of these abnormalities increased with
the highest dose 20 mg/kg (Figure 1).

Figure 1: The depicted figure showed the chromosomal
aberrations induced by gadolinium chlorides at 20 mg /kg
as (a) normal (b) association (c) gab (d) polyploidy and (e)
ring (f) fragment.

dose induces hepatocellular necrosis and increased hepatic
cell apoptosis. Furthermore, rats given gadolinium chloride
at doses of 7 and 10 mg/kg (groups 2,3) had normal liver
architecture (Figure 2a & b).

Figure 2: The depicted figure showed (a) normal liver
parenchyma (b) the highest dose of gadolinium chloride
induce hepatocellular necrosis and enhanced hepatic
cell apoptosis (c) pretreatment of gadolinium chloride
before and parallel of CCL4 treatment reduce the collagen
deposition which visualized by mallory trichrome stain (d)
massive collagen deposition by CCL4 stained bluish with

As compared to the control group, gadolinium chloride at
all doses of 7, 10, and 20 mg/kg had no effect on body weight
orliver to body weight ratio. Furthermore, as compared to the
placebo group and the other group that was pretreated with
gadolinium chloride and then treated with ccl4 for another
6 weeks, the ccl4 treated group had a lower liver to body
weight ratio. Even though gadolinium chloride is selectively
toxic to kupffer cells at doses of 7 and 10 mg/kg, the highest
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mallory trichrome stain 100x.

As compared to the ccl4 treated group, pretreatment
with gadolinium chloride before and parallel to ccl4
treatment reduces collagen deposition as visualized by the
Mallory trichrome stain (Figure 3¢ & d).

Figure 3: The depicted displayed the chromosomal
aberrations examined per 50 metaphase per each animal
of control and gadolinium chloride treated rats at doses of
7,10, 20 mg/kg B. wt.
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As compared to control group, gadolinium chloride
at the maximum dose of 20 mg/kg increased serum liver
transaminase activity, gamma-glutamyl transferase activity,
alkaline phosphatase activity, urea, cholesterol, bilirubin,
glucose, and triglycerides levels significantly. Furthermore,
all biochemical parameters assessed in groups 2 and 3
were identical to those in the control group (Figure 4).
Furthermore, when compared to all other types, gadolinium
chloride pretreatment kept all measured biochemical
parameters at basal levels close to control, while ccl4
significantly increased serum liver transaminases activity,
gamma-glutamyl transferase activity, alkaline phosphatase
activity, urea, cholesterol, bilirubin, glucose, and triglycerides
(Figure 5).

Figure 4: The depicted figure displayed the biochemical
parameters in control and treated groups with gadolinium
chloride at doses of 7, 10, 20 mg/kg B. wt.

Figure 5: The depicted figure showed the biochemical
parameters in control and treated groups with gadolinium
chloride at dose of gadolinium chloride 7mg/kg+ ccl41ml/
kg and ccl4 at dose of 1ml/kg (v/v) twice per week for 6

weeks.

Finally, the expression of TGFB1 and IL-6 was
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suppressed by gadolinium chloride in rats treated with
carbon tetrachloride, whereas it was high in rats treated only
with carbon tetrachloride. Furthermore, gadolinium chloride
preserved the antioxidant status of the liver as demonstrated
by p62 expression, while carbon tetrachloride treatments
decreased its expression (Figure 6).

Figure 6: The depicted figure displayed the expression
of TGFb1 and IL-6 that was suppressed by Gdcl3 while
retained p62 expression with Gdcl3. CCL4 reduced p62
expression and up-regulated TGFB1 and IL-6.

Discussion

Gadolinium chloride is a contrast agent used in nuclear
magnetic resonance imaging and a selective kupffer cell
inhibitor in most tissues in medical research. Gadolinium
chloride, at the maximum dose of 20 mg/kg, clearly
increased hepatocellular necrosis and hepatic apoptosis.
Also, Spencer, et al. [22] who found that the histopathological
lesions presented in all dosages and increased in severity
in a dose-related fashion. The most common lesions were
hepatocellular necrosis and lymphoid depletion. As a result,
for protective studies against CCL4-induced liver damage, we
selected the lowest dose of gadolinium chloride at 7mg/kg.

Notably, the pretreatment of gadolinium chloride
reduced CCL4 hepatotoxicity through reduction of collagen
deposition and hepatocellular necrosis. This resultagree with
Kyriakou, et al. [6] who found that gadolinium pretreatment.
minimized cadmium induced liver injury and these result
revealed that gadolinium reduced hepatic necrosis induced
by cadmium toxicity.

Gadolinium chloride induced chromosomal
abnormalities of bone marrow cells at all doses gadolinium
chloride but ratio of these abnormalities was increased
with the highest dose 20 mg/kg. These results agreed
with Yamazaki, et al. [23] who found that the frequency of
SCE increased with the concentration of Gd-DTPA when
incubated with venous blood. Additionally, our result agree
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with Setyawati, et al. [24] how reported that gadolinium
oxide nanoparticles induced cytotoxicity in a dose dependent
way on B] cell line (human fibroblasts).

The present study showed that gadolinium chloride
at highest dose (20 mg/kg) was increased significantly the
liver transaminase, alkaline phosphatase, urea, cholesterol,
bilirubin, glucose and triglycerides when compared with
control group. This result was in consistent with Spencer, et
al. [22,25] who found that gadolinium chloride was found
to increase liver enzymes, urea, cholesterol, bilirubin, and
triglycerides in rats and mice in various studies. Furthermore,
as compared to the control group, gadolinium chloride at
doses of 7 and 10 mg/kg showed no variations.

Furthermore, when compared to all other types,
pretreatment with gadolinium chloride kept all liver
function parameters under investigation at basal levels
close to regulation, while ccl4 increased liver transaminase,
alkaline phosphatase, urea, cholesterol, bilirubin, glucose,
and triglycerides significantly. These results are consistent
with those of Kyriakou, et al. [6], who found that gadolinium
pretreatment decreased acute cadmium-induced liver injury
in young Wister rats by significantly reducing serum levels
of AST and ALT. The inhibition of kupffer cells by gadolinium
chloride has a function in the reduction of key cytokines
such as transforming growth factor beta-1 (TGF-1) which is
responsible for collagen deposition and other inflammatory
and profibrogenic cytokines, according to the current report
[26]. Furthermore, during CCl, administration, treatment
with GdCl, and glycine stopped the effect of CCl, enhancing
liver fibrosis, and there was no -smooth muscle actin staining
with GdCl, and glycine treatment. Also, when comparing the
LPS stimulation group to the Gd3* group, there is a decrease
in TNF- (24 h) and IL-6 (24 h) secretion in Gd** after long
exposure as 24 hours [27].

Taken collectively, Gdch3 had a protective effect against
CCl, induced liver injury in male albino rats through
suppressing expression of TGFb1 and attenuating the effect

of CCl4 induced liver fibrosis.
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