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Potassium dichromate is a toxic heavy metal that contains chromium
and causes hypothyroidism. The study aimed to evaluate the
effectiveness of curcumin and levothyroxine in preventing potassium
dichromate-induced hypothyroidism in adult male albino rats. Fifty six
adult male albino rats were splited into eight groups (n=7/each). Group
1 (G1) was used as an untreated control group. G2 was administered
corn oil (0.4 ml/rat). G3 was given curcumin (100 mg/kg/ b.wt). G4 was
administered levothyroxine (20 pg/kg/ b.wt). From G2 to G4, rats were
orally administered for 4 weeks. G5, G6, G7, and G8 were injected
with potassium dichromate (2 mg/kg/b.wt) intraperitoneally for two
weeks. Then, G6, G7, and G8 were received curcumin, levothyroxine,
and curcumin/levothyroxine as in G3, and G4, respectively. The thyroid
stimulating hormones (TSH), triiodothyronine (T3), thyroxine (T4),

tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and
myeloperoxidase (MPO) were evaluated in serum. Reduced glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT), and

malondialdehyde (MDA) were measured in the thyroid tissue. Thyroid
tissues were taken for histological examination. The results showed that
in G5, a significant increase in TSH, and a decrease in T3 and T4 levels
were reported when compared to G1. TNF-a, IL-6 and MPO have also
significantly increased in G5. Furthermore, there was a significant
decrease in GSH content, SOD, and CAT activities, and a significant
increase in MDA level in G5 thyroid tissues. The histological
examinations of thyroid tissues confirmed these results. The
combination of curcumin and levothyroxine (G8) achieved the highest
recovery from potassium dichromate (G5) toxic effects.

Keywords: Curcumin, Hypothyroidism, Levothyroxine, Oxidative
stress markers, Potassium dichromate, Thyroid hormones

1. Introduction

dyslipidemia, insulin-insensitivity, infertility,
cardiomyopathy, anemia, and neuromuscular

Hypothyroidism is a chronic pathological
condition associated with deficiency of thyroid
hormones (T3 and T4). The thyroid gland’s
poor production of thyroid hormone causes
primary hypothyroidism, the pituitary gland's
inadequate secretion of thyroid stimulating
hormones (TSH) causes secondary
hypothyroidism, and the hypothalamus's lack of
thyrotropin releasing hormones (TRH) causes
tertiary hypothyroidism. Hypertension,
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dysfunction are all consequences of untreated
hypothyroidism (Vigneshwar et al.,, 2021).
Hypothyroidism can have serious side effects,
including cardiovascular illness, infertility,
musculoskeletal and neurological issues, and
even death, if left untreated or treated
insufficiently (Dhara et al., 2024). Thyroxine
(T4) and triiodothyronine (T3) are the two
primary thyroid hormones secreted by the
thyroid gland, which is a metabolically active
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endocrine gland. These two hormones influence
nearly all physiological processes and are
necessary for cellular metabolism, (Kar et al.,
2022). Thyroid hormones are crucial for body
metabolism, and improper secretion can lead to
physiological consequences and regulate overall
metabolism (Li and Lin, 2021). The production
of thyroid hormones by thyroid follicular cells is
essential for healthy growth, development,
neuronal differentiation, and metabolism. The
hypothalamic-pituitary-thyroid axis is a self-
regulating circuit that includes the thyroid,
anterior pituitary, and hypothalamus. T3 and T4
hormones are synthesized when TRH, which is
generated by the hypothalamus, stimulates the
release of TSH from the anterior pituitary gland
(Kan and Kucukkurt 2022). T4 and T3 regulate
body functions, but metabolic dysfunctions
linked to thyroid diseases raise the chance of
acquiring further abnormalities such as
depression and anxiety disorders. It is estimated
that 200 million people worldwide suffer from
thyroid disorders (Panda et al., 2021).

Chromium (Cr), which is abundant in the
environment, is poisonous and has emerged as a
hazard to human society. Depending on the
chemical form, exposure period, and dose,
chromium toxicity varies (Salama et al., 2021).
Hexavalent-Cr is categorized as a group |
occupational carcinogenic substance in the
study published by the International Agency for
Research on Cancer (IARC) (Loomis et al.,
2018). Approximately half a million industrial
workers globally are exposed to Cr at work.
Additionally, hexavalent-Cr contaminated water
is a worldwide problem since it is the main way
that the general public gets exposed to
chromium. A soluble hexavalent-Cr compound,
potassium dichromate (K2Cr207) has wide use
in a variety of industries (EIBakry and Tawfik,
2014). Potassium dichromate, a strong oxidizing
toxic heavy metal containing Cr-VI, is used in
paints, magnetic tape manufacturing, leather
tanning, and as a catalyst for the production of
hydrocarbons. When exposed to Cr -VI, which
is widely present in the environment, causing
carcinogenic and mutagenic effects in both
humans and animals (Sedik et al.,, 2023).
Potassium dichromate causes oxidative tissue
damage because it is metabolically reduced to
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trivalent-Cr  (Arivarasu et al., 2008). The
sulphate anion transport system in the cell
membrane facilitates the easy penetration of
hexavalent-Cr, which is then reduced to other
lower oxidation states and accumulates in
different organs, causing a multiplex of reactive
oxygen species (ROS) and organ damage
(Barhoma, 2018). An imbalance between
antioxidant and free radical indicators in the
body is known as oxidative stress (Khazdair et
al., 2018). Free radicals cause oxidative stress
disorders, which cause lipids, proteins, and
nucleic acids to oxidize (Amidi et al., 2012).
The prognosis of the majority of inflammatory
disorders is influenced by ROS, which are
significant  signal molecules.  Endothelial
dysfunction and tissue damage are caused by
ROS  generated by  polymorphonuclear
neutrophils, which are an important part of
immunological defense in the inflammatory
region (Mittal et al., 2014). Cytokines are
soluble, low molecular weight proteins that
facilitate communication and contact between
cells. These proteins have a role in controlling
tissue repair, inflammation, and immune system
reactions. Tumor necrosis factor-alpha (TNF-a)
is the primary proinflammatory cytokine which
triggers the inflammatory response. It also has
the ability to trigger other cytokines, including
interleukin-6 (IL-6) (Turkmen et al., 2022).

One popular medication wused to treat
hypothyroidism is levothyroxine sodium by
replacing thyroid hormones. Levothyroxine has
many positive benefits, but it can also have
negative ones, such as changes in behavior, heat
intolerance, tachycardia, irregular breathing,
restlessness, sleeplessness, palpitations,
abdominal pains, and weight loss (Vigneshwar
et al., 2021). The use of natural herbal products
as supplemental or preventative medicines is
growing in popularity as a way to combat the
negative effects of medications used to treat
diseases (Avci et al., 2022). Novel compounds
come from natural products so natural source-
based medications have significantly improved
human health (Wu et al., 2018). Turmeric, rich
in bioactive compounds, including curcumin, a
potent polyphenol with anti-inflammatory
properties, has been extensively researched for
its impact on inflammatory and oxidative
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balance (Dehzad et al., 2023). The natural
polyphenol compound curcumin, which is
extracted from the rhizomes of the turmeric
plant, has numerous curative properties and
gained popularity in biomedical fields due to its
antioxidant, anticancer, antibacterial, anti-
inflammatory, antiviral, neuroprotective,
cardioprotective, and radioprotective activities
(Pontes-Quero et al., 2021). Although hormone
therapy may be effective in treating
hypothyroidism, it also has a number of
negative side effects. Therefore, the aim of this
study was to evaluate the ability of the natural
treatment curcumin and levothyroxine to treat
rats' hypothyroidism induced by potassium
dichromate.

Materials and methods
Chemicals

Potassium dichromate and curcumin (catalogue
numbers 309176 and C1386, respectively) were
purchased from Sigma-Aldrich  Chemical
Company in Cairo, Egypt.

Drug preparation

Eltroxin was obtained as tablets from Glaxo
Smith Kline Drug Company. Each tablet
contains levothyroxine (50 pg), which dissolved
in distilled water and administered orally once
daily for four weeks at a dose of 20 ug/kg
b.wt/day (Farag et al., 2023).

Animal treatments

Fifty-six adult male albino rats were used in the
study (12 weeks old, weighing 150- 160 g); they
were acclimated for two weeks. Rats were
purchased from Cairo's Egyptian Organization
for Biological Products and Vaccines and
housed in breeding cages. Rats were fed a
standard diet (Egyptian Company of Oils and
Soap, Kafr-El Zayat, Egypt) and water. The
present research was given approval by the
Committee of the Scientific Research Ethics of
Faculty of Science, Damanhour University
under Code No. DMU-SCI-CSRE- 24-08-03.

Rats were grouped into eight groups (seven rats
for each group).

Group 1 (G1); Rats were used as control during
the experiment. They were fed a regular diet and
not given any treatment. G2 (corn oil group):
Rats were given 0.4 ml corn oil orally by gastric
gavage every day for 4 weeks. G3 (curcumin
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group): Rats were given 100 mg/kg b.wt/day of
curcumin dissolved in corn oil orally daily for 4
weeks (Papiez et al., 2008).

G4  (levothyroxine group): Rats were
administered orally levothyroxine at the dose of
20 pg/kg b.wt/day for 4 weeks (Farag et al.,
2023). G5 (potassium dichromate group): Rats
were injected potassium dichromate
intraprotenially (i.p.) at a dose of 2 mg/kg/ b.wt,
for 2 weeks, to induce hypothyroidism (El
Bakry and Tawfik, 2014). G6 (potassium
dichromate/ curcumin group): After receiving
an injection of potassium dichromate for 2
weeks, rats were given curcumin as in G3 for an
additional 4 weeks. G7 (potassium dichromate/
levothyroxine group): After receiving an
injection of potassium dichromate for two
weeks, rats received the levothyroxine as G4 for
4 weeks. G8 (potassium
dichromate/curcumin/levothyroxine group):
After receiving an injection of potassium
dichromate for 2 weeks, rats was co-
administering curcumin and levothyroxine as in
G3 and G4, simultaneously for 4 weeks.

Collecting samples

After an overnight fast, the experiment involved
rats being euthanized by wusing sodium
pentobarbital i.p. (60 mg/kg) (Pourghasem et
al., 2014) and investigated to a complete
necropsy. Each rat's portal vein was used for
gathering blood samples, which were then
placed in non-heparinized, dry, and clean glass
test tubes. Centrifugation of the specimens at
1922 g for 15 minutes at 4°C was used to
separate the serum. The thyroid gland removed
by making a mid-line incision in the neck,
identifying sternohyoid and sternomastoid
muscles, and the muscles were separated to see
the trachea. The thyroid glands were visible as
two small reddish oval masses on each side of
the trachea. The glands gently dissected to avoid
its injury (Hadie et al., 2013). The thyroid
glands were removed from the dissected rats
and separated into two equal portions. Ice-cold
saline solution was used to wash each portion.
The first thyroid gland portion was preserved in
10% formalin for histological examination,
while the second thyroid gland portion and the
serum samples were kept at —80°C until they
were needed for biochemical analyses.
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Determination of thyroid hormones

Serum T3 and T4 levels were measured by
using rat ELISA kits from Sigma-Aldrich Co.
(St. Louis, MO, USA) with catalog numbers:
SE120091 and SE120090, respectively. Serum
TSH concentration in serum was measured by
using rat ELISA kit from Cusabio Co. (Fannin,
Houaton, TX, USA) with catalog number: CSB-
E05115r.

Estimation of proinflammatory cytokines

Determination of TNF-a and MPO were
performed by using rat ELISA kits from ELK
Biotechnology Co. (Denver, CO, USA) with
catalog number: ELK1396 and ELK10309,
respectively. IL- 6 was determined by using Rat
EKISA kit from Bioassay Technology
Laboratory Co. (Yangpu, Shanghai, China) with
catalog number: EO135Ra.

Preparation of thyroid
homogenate

The tissue homogenate of thyroid gland was
prepared. To obtain 10% (w/v) homogenates,
one gram of tissue was cut into small pieces and
submerged in ice-cold 0.1M phosphate buffer
saline (PBS, pH 7.4) one gram of tissue was
sliced into small pieces and immersed in ice-
cold 0.1M PBS (pH 7.4). Then the homogenates
were centrifuged at 4°C for 15 minutes at 1922
g, and the supernatants were separated and
stored at -80°C until use.

Estimation of thyroid tissues antioxidant
parameters

Thyroid tissue antioxidant parameters were
determined using the resulting supernatants: The
commercial kits Biodiagnostic, Co. (Dokki,
Egypt) with catalog number: GR 25 11 was
used to measure reduced glutathione (GSH) at
412 nm, following a reaction involving the
transformation of 5,5'-dithiobis-2-nitrobenzoic
acid (DTNB) to 5'’-Thionitrobenzoate (TNB)
(Beutler, 1963); the enzymes superoxide
dismutase (SOD, EC 1.15.1.1) and catalase
(CAT, E.C. 1.11.1.6) were measured using the
Biodiagnostic kit (catalog numbers: SD 2521
and SD 2517, respectively). The Biodiagnostic
kit (catalog number: MD-2529) was used to
estimate malondialdehyde (MDA) levels by
reacting with thiobarbituric acid (TBA) for 30

gland tissue
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minutes at 95°C in acidic media, resulting in a
pink product at 534 nm (Ohkawa et al., 1979).

Histopathological examination

The thyroid gland was processed for
histopathological study using hematoxylin and
eosin (Hand E) stain (Kiernan, 2015). Thyroid
glands were removed from dissected rats, fixed
in 10% formalin solution for 24-48 hours, and
processed to form paraffin wax blocks. Paraffin
blocks were prepared for sectioning at 5 pum
thickness by rotary microtome and examined
under light microscope.

Statistical analysis

The data was statistically analyzed using the
Statistical Package for Social Sciences (SPSS
software) version 25. The results were displayed
as mean = standard deviations (SD) and
evaluated using the one-way ANOVA (Tukey)
test for multiple comparisons. Statistical
significance was considered as a p value < 0.05.

3. Results

TSH, T3 and T4 in G2 and G3 showed near
values to control rats, while rats administered
levothyroxine (G4) showed significant decrease
(p< 0.05) in TSH concentration and significant
increase (p< 0.05) in T3 and T4 concentrations
when compared to control group (G1). The data
obtained from potassium dichromate induced
hypothyroidism rats showed highly significant
increase (p< 0.05) in TSH concentration that
reached to about 1.9 fold and significant
decrease (p < 0.05) in T3 and T4 concentrations
in rats injected with potassium dichromate (G5)
if compared with control group. Additionally,
G6, G7, and G8 showed a significant decrease
(p< 0.05) in TSH concentration compared to
G5, while T3 and T4 concentrations increased
significantly (p< 0.05) in these groups compared
to G5. Furthermore, there is significant decrease
(p< 0.05) in TSH concentration after treatment
with curcumin (G6) and levothyroxine (G7)
indicated that mild improvement in thyroid
hormones concentrations if compared with G1
and G5. Treatment with co-administration of
curcumin and levothyroxine showed a high
degree of improvement in thyroid hormones
concentrations which reached to normal values
especially in G8 as shown in Fig. 1.
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Fig. 1. The concentrations of TSH (A), T3 (B), and T4 (C) of
all experimental groups. G1: control group; G2: Corn oil-group;
G3: Curcumin group; G4: Levothyroxin group; G5: Potassium
dichromate group; G6: Potassium dichromate/ curcumin group;
G7: Potassium dichromate/levothyroxine group; G8: Potassium
dichromate/curcumin/levothyroxine group. Results are shown as
mean + SD. (***), (**), and (*) the levels of significance. (a):
significant at p<0.05 in comparison with control group G1. (b):
significant at p<0.05 in comparison with potassium dichromate
group G5.

Data obtained from Fig. 2 showed the changes
in serum TNF-a, IL- 6, and MPO concentrations
in potassium dichromate group (G5) were
highly significant increase (p< 0.05) reached to
about 1.49, 1.59, and 2.17 folds, respectively, if
compared  with  control  group. Also,
proinflammatory cytokines significantly
decrease (p< 0.05) in treated groups G6, G7,
and G8 as compared to G5 and G1. The results
obtained from this study showed antioxidant
parameters (GSH, SOD, and CAT) and MDA
revealed no significant change (p> 0.05)
between the G2 and G3 groups compared to the
control group. The results indicated a slight,
statistically insignificant reduction (p>0.05) in
GSH content, and SOD and CAT activities in
G4, with an insignificant increase (p> 0.05) in
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MDA level in comparison with the control
group. However, the results from G5 revealed
an incredible significant decrease (p < 0.05) in
GSH content, and SOD and CAT activities and
highly significant increase (p< 0.05) in MDA
level when compared to the control group.
Furthermore, there is significant increase (p<
0.05) in GSH content, and SOD and CAT
activities in G6, G7 and G8 when compared to
G5. Additionally, compared to G5, the MDA
level in G6, G7, and G8 significantly decrease

(p< 0.05) as shown in (Fig. 3).
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Fig. 2. The levels of TNF-a (A), IL-6 (B), and MPO (C) of all
experimental groups. G1: control group; G2: Corn oil-group;
G3: Curcumin group; G4: Levothyroxin group; G5: Potassium
dichromate group; G6: Potassium dichromate/ curcumin group;
G7: Potassium dichromate/levothyroxine group; G8: Potassium
dichromate/curcumin/levothyroxine group.. (***), (*), and (*)
the levels of significance. (a): significant at p<0.05 of
corresponding group in comparison with G1. (b): significant at
p<0.05 of corresponding group in comparison with potassium
dichromate G5.

216



Biological and Biomedical Journal

Elghazaly et al., 2024

04 A

404 D*** baxx bex* hexx

hess

Reduced glutathione (mg/g.tissue)

40 PEE* baww bans passe be %%

b*** hasns

Superoxide dismutase (U/g.tissue)

e

G6 G7 GS8

G3 G4 G5

Gl G2

40+ C

bass hyss btatl
¥ e e bi$s
oy S—

b**% hoye —

Catalase (U/g.tissue)

30
™ i D ANER
?
9
o
S 20+
E
(=
o
°
z DAEF |yuy hans DEXS bass Dres poys
] — bx*x — s b
S 10+ —_
B
°
c
o
n
z DOC
0 X
Gl G2 G3 G4 G5 G6 G7 GS8

Fig. 3. The content of GSH (A), the activities of SOD (B),
CAT(C), and the level of MDA (D) of all experimental groups.
G1: control group; G2: Corn oil-group; G3: Curcumin group;
G4: Levothyroxin group; G5: Potassium dichromate group; G6:
Potassium dichromate/ curcumin group; G7: Potassium
dichromate/levothyroxine group; G8: Potassium
dichromate/curcumin/levothyroxine group. (***), (**) and (*)
the levels of significance. (a): significant at p<0.05 in
comparison with G1. (b): significant at p<0.05 of corresponding
group in comparison with G5.
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Histological examinations

Microscopic examination of thyroid gland
sections of control and corn oil groups stained
with haematoxylin and eosin revealed normal
architecture, varying sizes, and acidophilic
colloid filling in follicular lumens. Each follicle
had a single layer of cubical cells with spherical
nuclei (Fig. 4 A and B). The group treated with
curcumin showed normal thyroid follicular
histological structure when compared to the
control group (Fig. 4 C). The levothyroxine
treated group revealed normal thyroid follicle
structure, but some had flatted follicular cells
with flatted nuclei and acidophilic colloid in
their follicular lumens if compared to G1 (Fig. 4
D). On the opposite side, the potassium
dichromate group induced hypothyroidism and
revealed disrupted thyroid follicle walls and loss
of regular architecture. Most of the thyroid
follicles were damaged and fused. However, in
their lumen there are desquamated epithelial
cells. In addition, the follicular cells were
vacuolated cytoplasm and dark rounded
(pyknotic) nuclei when compared to G1 (Fig. 5
A). The potassium dichromate/curcumin treated
group revealed nearly normal thyroid follicles
lined with spherically nucleated follicular cells
and the follicular lumens filled with acidophilic
colloid. A few of follicular cells exhibit
vacuolated cytoplasm with dark rounded
pyknotic nuclei if compared to G5 (Fig. 5 B).
The potassium dichromate/ levothyroxine
treated group showed mild improvements in
thyroid follicles if compared to G5 (Fig. 5 C).
The thyroid gland sections in potassium
dichromate/curcumin/levothyroxine treated
group revealed marked degree of improvements
in thyroid gland architecture if compared to G5
(Fig. 5 D).
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Fig. 4. Photomicrographs of thyroid gland sections were
obtained, stained with haematoxylin and eosin control group (A)
and corn oil group (B), revealing normal architecture of thyroid
follicles (TF) appeared with variable sizes and the follicular
lumens filled with acidophilic colloid (C). Each follicle had a
single layer of cubical cells with spherical nuclei (arrows).
Curcumin treated group (C), revealed normal histological
structure of thyroid follicles (TF). Levothyroxine treated group
(D) displayed the glandular structure of most thyroid follicles,
but some thyroid follicles (TF) had a single layer of flattened
follicular cells with flattened nuclei (arrow) and follicular
lumens filled with acidophilic colloid (C). (H & E, x400).
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Fig. 5. Photomicrographs
dichromate group (A), illustrating thyroid follicle walls were
damaged and lost their normal architecture,in lumen of most
thyroid follicles fused (star), the epithelial cells (D) were
observed. Congested blood vessels (BV) and follicular cells with
vacuolated cytoplasm and dark rounded (pyknotic) nuclei
(arrow) were observed. Potassium dichromate/curcumin treated
group (B) showing nearly normal thyroid follicles (TF) lined
with spherically nucleated follicular cells and the follicular
lumens filled with acidophilic colloid (C). A few of the
follicular cells exhibit vacuolated cytoplasm and dark rounded
(pyknotic) nuclei (arrow). Potassium dichromate/levothyroxine
treated group (C) illustrating mild improvements in thyroid
follicles (TF) and the follicular lumens filled with acidophilic
colloid (C), with vacuolated cytoplasm and pyknotic (arrow).
Potassium dichromate/curcumin/levothyroxine treated group (D)
revealed marked degree of improvements in thyroid follicles
(TF) and the follicular lumens filled with acidophilic colloid
(C). (H & E, x400).
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thyroid gland sections. Potassium

Discussion

As one of the hexavalent Cr compounds,
potassium dichromate is regarded as a common
inorganic chemical reagent with immunotoxin,
carcinogenic, and genotoxic properties. Through
oxidative stress, it causes toxicity to the thyroid
gland (Belal et al., 2023). Thyroid hormone
replacement therapy is currently  used
extensively to treat hypothyroidism, although it
has a number of negative side effects, including
heat intolerance, anxiety, headache, chest pain,
nausea, elevated heart rate, and weak bones
(Balkrishna et al., 2024). This clearly explains
why curcumin, a strong antioxidant utilized in
this study, was able to decrease the
incredible increase in  oxidative stress and
inflammatory markers. Curcumin, a natural
phenolic compound, has significant disease
treatment potential because of its anti-
inflammatory and antioxidant qualities. It
controls inflammatory signaling pathways and
reduces inflammatory mediators’ production,
while also acting as a free radical scavenger (El
Kazzaz and Shehab, 2024). Thyroid hormones
are  essential  for  cell  proliferation,
differentiation, and metabolism regulation.
Inhibition in their synthesis can cause health
issues so; curcumin is turmeric polyphenol
which stimulates the thyroid gland in rats
(Papiez, 2023). In this research, we investigated
curcumin’s  preventive  properties  against
potassium dichromate motivated
hypothyroidism, oxidative stress, inflammation,
and histopathological alterations in thyroid
gland.

The result obtained from this study showed that
rats administered with levothyroxine (G4)
showed significant decrease in TSH and
significant increase in T3 and T4 if compared
with control group (G1). The alteration in
hormonal concentration in G4 suggested a
single layer of flattened follicular cells, which
displayed flattened nuclei, surrounded the
thyroid follicles, and the follicular lumens were
filled with acidophilic colloid. Our results were
confirmed by Hussein et al. (2022) who
reported that rats orally administered with L-
thyroxine (levothyroxine) at different doses of
(50, 100 and 200 pg/kg bwt) for one, two and
three weeks, respectively showed significant
decrease in serum TSH and increase in T3 and
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T4 concentrations. The thyroid gland,
responsible for secreting two main thyroid
hormones thyroxine and triiodothyronine which
plays a crucial role in cellular metabolism and
body functions, so hypothyroidism being a
common condition caused a lack of thyroid
hormones (Kar et al., 2022).

Serum TSH, T3, and T4 measurements are the
most  reliable methods for identifying
hypothyroidism; a rise in TSH and a fall in T4
and T3 levels are considered indicators of
hypothyroidism (Ashraf et al., 2022). Potassium
dichromate induced hypothyroidism through
biochemical and histological alterations in
thyroid gland. G5 induced hypothyroidism in
rats caused highly significant increase in TSH
level reached to about 1.9 fold and significant
decrease in T3 and T4 in rat if compared with
normal rat. In agreement with the present
results, Aboul-Fotouh et al. (2018) who
confirmed that potassium dichromate-induced
hypothyroidism results in decreased levels of T3
and T4, with increased TSH, related to the
transformation of potassium dichromate to its
trivalent form which increases oxidative stress
and reactive oxygen species, there by affecting
follicular cells' thyroid hormone production so,
T3 and T4 decreased as a result of the active
combination of Cr and globulins, which
preventing the proteolysis of thyroglobulin.
Similar findings were reported by Mohamed
and Abd EI-Twab (2016) who attributed the
decreased serum free triiodothyonine (FT3),
free thyroxine (FT4) and significant increase in
TSH levels in G5 rats. Only the thyroid gland
expresses the thyroperoxidase enzyme (TPO),
which is responsible for the manufacture of
thyroid hormones. To create the thyroid
hormones, TPO oxidizes iodide to iodine,
iodinates thyroglobulin, and links iodinated
tyrosine residues. TPO must work properly for
thyroid hormones to be generated; hence
inhibiting this enzyme can significantly lower
serum T4 levels (Ramhgj et al., 2021).

The histopathological investigations obtained
from G5 showed thyroid follicle walls were
damaged, and their typical architecture was lost.
Most of the thyroid follicles were damaged and
fused. However, in their lumen there are
desquamated epithelial cells. In addition,
Follicular cells were seen with vacuolated
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cytoplasm and dark rounded (pyknotic) nuclei
when compared to G1. These results confirmed
previous studies that demonstrated potassium
dichromate caused structural alterations in
thyroid follicular cells and disrupted the gland's
normal architecture by causing thyroid follicles
to join together and degenerate as well as
desquamated cells in its lumen (EIBakry and
Tawfik, 2014). In comparison to G5 (potassium
dichromate), The present results indicated a
considerable significant decrease in TSH and
significant increase in T3 and T4 after treatment
with curcumin (G6), levothyroxine (G7), and
both curcumin and levothyroxine (G8). The
greatest recovery of potassium dichromate
poisoning on TSH, T3, and T4 is one of the best
outcomes seen in G8. Additionally, there was a
noticeable improvement in the thyroid gland's
histological structure.

The GSH, SOD, and CAT are primary cellular
antioxidant enzymes that are believed to be
essential for life. Since these enzymes are in
charge of detoxifying various ROS, assessing
their activity often indicates the level of
oxidation (Panda et al., 2021). These results
showed that the induction of levothyroxine
caused a slightly insignificant decrease in GSH
content, and SOD and CAT activities and a
slight increase in MDA level in G4 compared to
G1. Additionally, our findings showed that G4
had slightly greater levels of TNF-a, IL-6 and
MPO concentrations than in Gl
Hypothyroidism can lead to increased oxidative
stress and decreased antioxidant activity
(Chainy and Sahoo, 2020). ROS production
linked to chromium poisoning causes oxidative
stress and disrupts the balance between oxidants
and antioxidants (Velma and Tchounwou,
2013). SOD, CAT, and GSH are recognized to
be essential for lowering free radicals and
preserving antioxidant homeostasis in tissues
(Ighodaro and Akinloye 2018). The results from
G5 revealed a highly significant increase in
MDA level and an incredible significant
decrease in GSH content, and SOD and CAT
activities when compared to G1. In addition, the
results confirmed that there were highly
significant increases in TNF-a and IL-6 and
MPO levels in G5 when compared to G1. All of
these findings correspond with a previous
investigation by Mohamed and Abd EI-Twab
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(2016) who confirmed a significant reduction of
GSH and SOD and disturbed serum TNF-a and
IL-6 in G5 rats. The body's antioxidant defense
system, in particular the decreased GSH,
counteracts the overproduction of ROS.
Because of its reducing properties and
involvement in cellular metabolism, it is
essential for preserving cell integrity (EI-
Guendouz et al., 2020).

The superoxide anion is converted to oxygen
and hydrogen peroxide by the enzyme SOD and
CAT subsequently breaks it down into water.
However, glutathione peroxidase (GPXx)
prevents oxidative destruction of membrane
lipids and catalyzes the conversion of GSH to
oxidize glutathione (GSSG) from
hydroperoxides, so protecting the cellular
membrane from destruction. Furthermore, by
inhibiting  glutathione  reductase  (GR),
chromium hexavalent delays the conversion of
GSSG into GSH (Kalaiselvi et al., 2013). Cr
binding to the enzyme's active site and/or
excessive enzyme utilization in the scavenging
of free radicals caused by hexavalent-Cr may be
the cause of the suppression of antioxidant
enzymes, which results in irreversible inhibition
of enzyme function. These enzymes' decreased
activity and the suppression of their protein
production could be used as indicators of heavy
metal poisoning (Karhib et al., 2022).

MDA is a persistent byproduct that is widely
recognized as an indirect marker of elevated
intracellular ROS production (Cherian et al.,
2019). The propagation of free radical reactions
brought on by lipid peroxidation may
compromise the integrity of membranes and
cause cell death (Bashandy et al., 2021).
Potassium dichromate stimulates inflammation
by increasing TNF-a, which in turn promotes
the inflammatory immune response to tissue
damage through overproduction of TNF-o and
IL-1B (Mehany et al.,, 2013). Curcumin was

regarded as a bifunctional antioxidant,
promoting the production of antioxidant
enzymes indirectly and scavenging ROS

directly (Garcia-Nifio et al., 2013). Thus, it's
possible that an antioxidative substance could
aid in the treatment of hypothyroidism. After
treatment, the GSH content, SOD and CAT
activities increased significantly and the level of
MDA decreased significantly in rats given
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curcumin (G6), levothyroxine (G7), and both
curcumin and levothyroxine (G8), respectively,
in comparison to G5. The results showed that all
treated groups had a significant decrease in the
TNF-a, IL-6, and MPO, especially in G8 rats.
Recently, El Kazzaz and Shehab (2024)
attributed the curcumin has the ability to reduce
inflammation by inhibiting the production of IL-
6 and TNF-a, which prevents the progression of
disease. The ability of curcumin to interact with
different inflammation-related molecular targets
and prevent the synthesis of TNF-a,
interleukins, and monocyte chemoattractant
protein is believed to be the explanation of its
anti-inflammatory properties. Aboul-Fotouh et
al. (2018) recorded that curcumin had a
protective effect against hypothyroidism and
thyroid tissue damage induced by potassium
dichromate. Similarly, Memarzia et al. (2021)
observed one of Curcuma longa, Linn's primary
phenolic active compounds, curcumin, has a
number of  pharmacological  properties,
including anti-inflammatory and antioxidant
properties. Mokhtari-Zaer et al. (2020) reported
that phenolic acids, polyphenols, and flavonoids
as antioxidant compounds scavenge free
radicals and prevent the oxidative mechanisms.
Furthermore, levothyroxine assists in treating
hypothyroidism, however there is some
oxidative stress caused by it, as shown by the
G4 data. The greatest results in G8 take into
account the best recovery from potassium
dichromate toxicity on the thyroid gland and
produce near-normal levels of thyroid hormone

concentration, antioxidant parameter, and
proinflammatory cytokines. In conclusion,
potassium dichromate is a highly toxic

substance induces hypothyroidism. The most
effective recovery of potassium dichromate's
adverse effects on biochemical and histological
investigations occurs when hypothyroidism is
treated with a combination of curcumin and
drug (levothyroxine) such as thyroid hormonal
disturbance recovery, promoting antioxidant
markers (GSH, SOD and CAT) and inhibition
of TNF-a, IL-6 and MPO.
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