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Abstract:

Background: Hypothyroidism and Hepatotoxicity are damage to the liver which can occur, for
example, due to propylthiouracil (PTU) induced oxidative stress. It could be assumed that
natural antioxidants such as curcumin and its nano-formulations like Curcumin-Chitosan
nanoparticles (Cur-Cs-NPs) might be protective in this condition. Aims: To evaluate the
protective role of Cur-Cs-NPs against PTU-induced hypothyroidism and hepatotoxicity in male
Wistar rats by assessing biochemical, molecular, and histological parameters. Methods: Fifty-five
adult male Wistar rats used, with fifteen in the preliminary trial and forty in the main
experiment. The rats were divided into four groups (n=10 each). G1 control, G2 PTU
50 mg/kg B.W., G3 Cur-Cs-NPs 100 ug/kg B.W., and G4 PTU + Cur-Cs-NPs. Treatments
administered orally for 28 days. Rhizomes of Curcuma longa used for the synthesis of Cur-Cs-
NPs characterized by UV-Vis, FTIR, XRD, EDX, and zeta potential analysis. Blood samples
were collected for the measurement of catalase (CAT) by ELISA; liver tissues were subjected to
an analysis of CAT gene expression using RT-PCR and histopathology by H&E staining.
Results: The catalase activity in the PTU group was 10.04 + 0.66 ng/mL as compared to control
20.84 £ 1.57 ng/mL (p=0.0003), thus confirming oxidative stress. Cur-Cs-NPs alone (G3)
increased CAT levels to 25.12 +2.13 ng/mL while G4 showed partial recovery 14.29 +0.91
ng/mL CAT mRNA expression followed suit, G1 (1.01 +0.06 fold), G2 (0.8278 +0.19), G3 (0
71837 20 .15), and G4 (0 .3945 + 0.02). A synergistic suppressive effect when PTU and Cur-Cs-
NPs are combined has been inferred from these values. Conclusion: Cur-Cs-NPs proved to be
potent antioxidants and hepatoprotective in PTU-induced hypothyroid rats as evidenced by
improved catalase activity, modulated gene expression, and regenerative liver histology. Based
on these findings, it is recommended that Cur-CsNPs could be a possible therapeutic
candidate for managing oxidative damage to the liver in hypothyroidism.
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INTRODUCTION

Curcumin is an active principle extracted from turmeric (Curcuma longa) which has
come into the spotlight for its varied health-promoting properties and particularly for its anti-
inflammatory, antioxidant, and hepatoprotective activities. The health benefits of curcumin
have been reported with very good documentation regarding its antioxidant and anti-
inflammatory action (1). However, bioavailability is a major obstacle since curcumin gets poorly
absorbed within the intestinal tract. For example, it has been suggested that its absorption be
augmented by piperine (2).

Curcumin presents very good results in hepatoprotection regarding oxidative stress-
related pathologies. In Sharifi-Rad et al., 2020, the modulation exercised by curcumin on pro-
inflammatory cytokines and reactive oxidative response is presented. Developing nanoparticle
formulations seeks to address these issues by improving solubility and absorption, thus
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achieving more effective therapy potential (3). All those mechanisms become much more
effective when curcumin is applied in nanoparticle form; probably better bioavailable forms
would enhance the protective effects of curcumin in hepatic protection (4). Curcumin presents
a multitarget biological effect in pathology. The possibility that nanoparticles of curcumin may
on simultaneously affect numerous pathways of signaling brings also the possibility of improved
effectiveness in clinical applications (5).

The protective effects of curcumin nanoparticles are essentially their antioxidant and
anticancer activities. Yen et al. (2010) proved that curcumin nanoparticles greatly enhance the
physicochemical properties of curcumin, with improved therapeutic outcomes (6). Potential
applications of cancer therapy using curcumin-modified nanoparticles, magnetic and silver ones
included, show high potential in improving drug delivery as well as therapeutic efficacy (7-8).
Curcumin nanoparticles are very promising for neuroprotection, mainly for neurodegenerative
diseases. Rahmani et al. (2018) discussed the ability of curcumin to influence amyloid
metabolism along with its antioxidant properties; therefore, it is suggested that nanoparticle
formulations could enhance these effects within the brain, thus opening a new pathway for
conditions like Alzheimer’s disease. Liver toxicity, or hepatotoxicity, is a general and significant
health risk from a wide variety of environmental and pharmaceutical agents (9). It would be
more reasonable to understand how the damage of the liver occurs so that protective measures
can be taken. Studies have highly correlated oxidative stress with hepatotoxicity. It was also
reported that platinum chemotherapy drugs induce hepatotoxicicity through oxidative damage
catalase detoxifies hydrogen peroxide therefore playing an important role in this mechanism of
chemotherapy-induced hepatotoxicicity. This paper will therefore highlight how understanding
the interplay between catalase activity and oxidative stress by these drugs could reveal protective
strategies for cancer patients undergoing treatment (10)..

Liver injury induced by drugs remains leading concern in hepatotoxicity investigations.
This was already narrated with the listing of several drugs related to hepatotoxicity by Pandit et
al., 2012, stressing how important it is to know the role played by antioxidants like catalase in
reducing oxidative stress. Propylthiouracil (PTU) is usually prescribed as a treatment for
hyperthyroidism and more specifically in Graves’ disease, but it does come with several side
effects including liver toxicity. While general hepatotoxicity has been dealt with quite well
already, most specific mechanisms regarding PTU-induced hepatotoxicity remain unexplored.
Such insights would be valuable as speculation that biochemical pathways perturbed by PTU
could have a parallel in those previously described for other hepatotoxic agents-nanoparticles of
titanium dioxide would then lead to further speculation about pathophysiological and even
emotive alterations resulting from PTU (12). It has also been assumed that the hepatotoxic
action of PTU comes from its interference with thyroid hormone production-related metabolic
disturbances. The role of antioxidants in mitigating PTU-induced oxidative stress remains a
critical area of investigation. While some studies have explored the protective effects of various
natural products, the specific impact of PTU on liver enzyme levels, lipid peroxidation, and
antioxidant status in male rats requires further exploration. Even though the results are
previous data about catalase, several missing pieces of information. For example, although the
increase of catalase is an important way, the exact paths by which curcumin nanoparticles
improve catalase action in the situation of PTU-caused liver poisoning are not completely
explained (13).

The goal of the current study was to evaluate the protective role of Cur-Cs-NPs against
PTU-induced hypothyroidism and hepatotoxicity in male Wistar rats by assessing biochemical,
molecular, and histological parameters.
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METHODS

Experimental Animals

Fifty-five adult male Wistar rats were utilized in this study. Preliminary experiment comprised
fifteen rats, while forty rats were used in the main experiment. All the animals were kept in
ventilated rooms in plastic cages under controlled conditions (22-25 °C) with ad libitum access
to water and pellet feed. Two weeks of acclimatization to the new environment was observed
before the commencement of the experiments.

Curcuma longa rhizomes were procured from a local market in Baghdad; washing
followed, then drying at 40°C and grinding. A hydroalcoholic extract was prepared by stirring
50 g of the powder into 500 ml ethanol at 70-80°C for 6 hours, after which the solvent was
allowed to evaporate also used in the synthesis of curcumin-chitosan nanoparticles. The
characterization methods included:

o  UV-Vis Spectroscopy nanoparticle formation.

FTIR for functional groups and molecular interactions.

XRD crystalline structure analysis phase.

Use EDX to find out what elements make up a material.

Check the stability of nanoparticles by measuring their Zeta Potential.
The primary experiment was conducted to evaluate the protective effects of Curcumin-
Chitosan nanoparticles toward hypothyroidism and hepatotoxicity induced by propylthiouracil
in rats. A total of forty rats were selected and divided into four different groups comprising ten
rats each and treated for 28 consecutive days as follows:
G1 (Control): Oral administration of distilled water.
G2: Treatment with PTU at a dose of 50 mg/kg body weight through oral gavage.
G3: Received Cur-Cs-NPs at a dose of 100 pg/kg body weight orally.
G4: Received PTU (50 mg/kg) alongside Cur-Cs-NPs (100 pg) orally.

At the termination of the experiment, rats were anesthetized using intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10 mg/kg). Blood was obtained through
cardiac puncture followed by euthanasia of the animals. Liver tissues were collected. Serum was
separated by centrifugation from whole blood that had been allowed to clot at room
temperature; the serum aliquots were kept frozen at -18 °C until needed for catalase (CAT)
analysis via ELISA using a kit from Humacount. Tissue samples suitable for gene expression
analysis of CAT using RT-PCR were stored in liquid nitrogen. The isolation of RNA from liver
tissues was performed following the Genaid Korea protocol to determine the expression levels
of CAT in the liver tissues. Liver tissue specimens were prepared for histopathological
examination according to the method of (15).

Statistical analysis:
Data were analyzed statistically by Graph prism 26 (Graph Pad Software, CA, USA) and SPSS
version 23.0. On this research, the data was subjected to statistical analysis using the LSD test
and Duncan Multiple Range comparing significant different (P<0.05) between the means. The
presentation of data was done as mean standard error (SE)
RESULTS

The finding of the current study reported that Group G1 (control) had a high catalase
level (20.84 +1.57 ng/mL), which significantly decreased in G2 (PTU-treated group) to
10.04 £ 0.66 ng/mL (p value=0.0003); this indicates that PTU induces oxidative stress by
reducing the levels of antioxidant enzymes. However, the highest catalase activity was recorded
in G3 (Cur-Cs-NPs only) and measured to be 25.12+2.13 ng/mL, comparable to that of the
control and even above it, thus suggesting very strong antioxidant potential of these
nanoparticles. In G4 (Cur-Cs-NPs + PTU), catalase levels were elevated to 14.29+0.91 ng/mL
compared with G2 but still significantly lower than in the control and G3; this indicates that
there is partial restoration of antioxidant defense by Cur-Cs-NPs when PTU is present .
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Superscript letters(a,b) denote statistically significant differences between groups. (as shown in

figur 1).
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FIGURE 1. Effects of curcumin nanoparticle nanoparticles on catalase activity in different

study groups

Figure 2 shows the amplification curves for CAT gene expression in liver tissue samples,
derived from realtime PCR data. The different amplification profiles confirm successful
mRNA detection for CAT across all groups tested. Lower Ct values indicate higher initial
expression levels and it is seen that the curves start rising earlier along the x-axis, for example,
before cycle 25 which indicates strong catalase gene expression in some groups. On the other
hand, delayed amplification curves near or beyond cycle 30 indicate low levels of CAT and may
be due to effects of oxidative stress or treatment. These patterns will be used to assess regulation
of hepatic antioxidant genes by Cur-Cs-NPs via CAT expression.
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Figure 2. Amplification curve of the tested samples for expression of gene of interest (CAT).
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CAT mRNA expression fold change varied significantly among the groups under study.
In the control group (G1) received only distilled water orally, and gene expression was
considered baseline (1.01 + 0.06 fold). PTU treatment (50 mg/kg B.W.) expressed in Group G2
resulted to suppression of the gene (0.8278 + 0.19 fold), indicating that PTU has a suppressive
effect: CurCsNPs at 100 pg/kg B.W. in Group G3 caused further downregulation of the gene
(0.7837 + 0.15 fold), suggesting a mild downregulating effect: The lowest expression was
observed in Group G4 (0.3945 + 0.02 fold) which received both PTU (50 mg/kg B.W.) and
CurCsNPs (100 pg/kg B.W.) orally on a daily basis; it indicates synergistic or additive
suppressive effects on CAT mRNA expression when these two agents are combined. (table 1).

Table 1. Gene expression values between the compared groups (compared fold change for

CAT):

Studied group Gene expression values
Control (G1) 1.01+£ 0.06 a

PTU (G2) 0.8278+0.19 ab
Cur-Cs-NPs (G3) 0.7837+0.15 ab

PTU and Cur-Cs-NPs (G4) 0.3945+0.02 b

Histopathological pictures of the liver tissues showed a marked difference among the
experimental sets. Normal hepatic architecture was observed in the control group (A), with well-
preserved hepatocytes and central veins. The rats in Group G2 (B), PTU-treated, showed
moderate inflammatory cell infiltration mainly periportal, congestion of the blood vessels, and
bile duct hyperplasia; this is damage to the liver. In Group G3 (C), Cur-Cs-NPs alone
administration resulted in liver tissue appearing normal; hence it may suggest a protective or
non-toxic effect of the nanoparticles. More interestingly, in Group G4 (D), PTU + Cur-Cs-NPs
administration exhibited features of hepatic regeneration such as binucleated and trinucleated
hepatocytes besides an increased number of Kupffer cells; this indicates partial recovery and
immune activation. From these results, it can be inferred that Cur-CsNPs have a
hepatoprotective effect against PTU-induced damage (figure 3).
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DISCUSSION

The research work carried out established the ability of PTU to cause liver toxicity in
most animal models. The basic mechanisms are oxidative stress, inflammation, and apoptosis.
For example, carbon tetrachloride (CCl4) hepatotoxicity provides evidence that oxidative stress
is a major factor in liver damage (16-17). Free radicals generated can easily be contained by
antioxidant defense mechanisms; however, when this balance is tilted in favor of free radicals,
mitochondrial dysfunction may ensue and result in cell death-PTU exposure may exacerbate
this situation. Elswefy and his colleagues also indicated that inflammation leads to liver fibrosis;
it can then be inferred that PTU triggers inflammatory cascades that enhance its hepatotoxicity
Several studies have protective agents against hepatotoxicity (18- 19).

The current study has indicated the role of curcumin nanoparticles in the antioxidant
protection against hepatotoxicity. Recent research has spotlighted curcumin, particularly as
nanoparticles, in protecting against liver injury. Curcumin is a polyphenolic antioxidant
derived from turmeric (20). It is known to reduce stress caused by oxidation, majorly
contributing to damage in the liver under all other circumstances and PTU-induced conditions.
This aligns well with Farzaei et al. (2018), who indicated that curcumin could modulate cellular
mechanisms for the enhanced expression of protective enzymes like CAT which detoxifies
hydrogen peroxide (H202) - a reactive oxygen species involved in injury to the liver (21).
Therefore, since activation of CAT is important for protection against oxidative damage in liver
cells, it may be asserted that curcumin nanoparticles would provide a therapy for PTU-induced
hepatotoxicity (22).

Curcumin formulated as nanoparticles offers a great way to improve the bioavailability
and overall therapeutic efficacy of this compound. According to Liu et al.’s research (23),
encapsulation in nanoparticles improves the delivery of curcumin and its potential ability to
activate cellular protective mechanisms such as catalase. Based on this, it could be assumed that
curcumin nanoparticles free not only through direct antioxidant action in the liver but also
their better therapeutic potential due to more efficient uptake by cells. In this, catalase acts as
an essential detoxifying agent for H202 (24). According to Farzaei et al.,, 2018, curcumin
increases the function of catalase thereby reducing oxidative stress leading to the protection of
hepatic cells from damage. This feature is highly significant in PTU., which has been reported
as an inducer of oxidative stress within liver tissues. Therefore, if curcumin nanoparticles can
activate CAT, then they might have a crucial mechanism through that hepatoprotective effect
could be mediated (21).

Curcumin has very frequently enhanced the activity of all antioxidant enzymes increases,
including catalase. In one study, it was shown that treatment with curcumin significantly
increased the activity of catalase in macrophages under conditions of oxidative stress. It
indicates the protective role of curcumin against oxidative damage (8). In another study, not
only did they find that curcumin elevated catalase activity but also that it activated the Nrf2-
Keapl signaling pathway The transcription of antioxidant genes and among them are also
catalase (25). Such a mechanism may imply that curcumin nanoparticles have potential efficacy
in such action—to enhance function accompanied by cellular protection.

Previous studies reported that curcumin nanoparticles’ physicochemical properties bear
great importance in their biological activity. For instance, Meng et al. (2020) explored
zein/carboxymethyl dextrin nanoparticles for encapsulating curcumin. They mostly highlighted
improvements in stability and controlled release properties (26). These are the conditions most
desired by the antioxidant effects of curcumin, including catalase activation. Further, research
proved that present curcumin-modified nanoparticles greatly boosted antioxidant activity. For
example, Pu et al. (2014) talked about the ability of nanoparticles to react to oxidative stress
thus helping release curcumin and improve its therapeutic effectiveness (27). This hint suggests
further optimization in designing curcumin nanoparticles for better catalase activation.
Curcumin activated catalase. This activation of catalase by curcumin is apparently mediated
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through more flexible signaling pathways. Citing Ren et al. (2020) research curcumin relieves
oxidative stress through Sirt1-Foxol as well as PI3K-Akt signaling pathways, it can also intersect
with catalase activity (28). Such multiple ways of improving the function of catalase via different
paths present a very attractive way to look more into curcumin nanoparticles. Shah et al.,
(2016) showed that curcumin wrapped in chitosan-tripolyphosphate very small particles had
better ability to be absorbed and antioxidant action, saying that such mixtures could really help
increase catalase work inside living things (29-30).

CONCLUSION

Cur-Cs-NPs proved to be potent antioxidants and hepatoprotective in PTU-induced
hypothyroid rats as evidenced by improved catalase activity, modulated gene expression, and
regenerative liver histology. Based on these findings, it is recommended that Cur-Cs-NPs could
be a possible therapeutic candidate for managing oxidative damage to the liver in
hypothyroidism.
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