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ABSTRACT

Objective: Suitable plasma concentration at the site of action is a crucial therapeutic goal, so slow-release pharmaceutical dosage forms have been
very effective. This study planned to investigate the plasma concentrations of curcumin (Cur) and selenium nanoparticles (SeNPs) following the
administration of a slow-release system of SeNPs loaded with Cur (SeNPs@Cur).

Methods: 75 adult male rats were randomly divided into five groups. The control group received no treatment. In other groups, a single dose of 5 ml
of 10% ethanol (solvent group), 0.25 mg/kg SeNPs, 50 mg/kg Cur, and 0.25 mg/kg SeNPs loaded with 50 mg/kg Cur (SeNPs@Cur) were
administered intraperitoneally. Blood samples were taken on days 1, 3, and 5, and blood concentrations of SeNPs and Cur were measured by
inductively coupled plasma atomic emission spectroscopy (ICP-AES) and High-performance liquid chromatography (HPLC), respectively.

Results: The concentration of Cur in the Cur group was less than five pg on day 1 and gradually decreased over 5 d to zero. The blood concentration
of Cur was approximately 15 pg on day 1 in the SeNPs@Cur group, then decreased until the 3rd day, and finally remained at a constant level of 5 pg
on the 5t d. Selenium concentration decreased in the SeNPs group, from 160 pg on day 1 to 100 pug on day 5. Selenium concentration in the
SeNPs@Cur group was 180 pg on the first day, then decreased to 110 pg on the fifth day. SeNPs@Cur maintained a plasma curcumin level of 5 pg on
day 5 compared to undetectable levels in the Cur group.

Conclusion: This study showed that the intraperitoneal administration of SeNPs@Cur, compared to the administration of free Cur, initially causes a
high serum concentration and a loading dose, which continues with the slow release, increasing and maintaining the Cur serum level in the long-

term treatment period.
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INTRODUCTION

Cur is the active component of Curcuma longa, or turmeric and
accounts for about 2-8% of the chemical ingredients of turmeric. It
is responsible for its characteristic yellow and golden hue and many
other properties [1, 2]. It performs a variety of pharmacological
activities with little intrinsic toxicity, including antioxidant, anti-lipid
peroxidation, free radical scavenging, anti-inflammatory,
antimicrobial, anti-cancer, hypolipidemia, hypocholesteremia,
hepatoprotective, inhibiting lipoxygenase, cyclooxygenase, and
protease enzymes, anti-platelet aggregation, and digestant by the
choleretic effect [3, 4]. Due to Cur's low aqueous solubility, quick
absorption, biotransformation, and overall clearance in the body, it
has a short retention period in blood circulation [2]. In animal
studies, curcumin undergoes rapid metabolic reduction and
conjugation, resulting in poor systemic bioavailability after oral
administration [5]. Therefore, the majority of work on Cur and its
potential medical applications has focused on enhancing Cur's
physiological solubility, general absorption, and biological durability
in the body, such as through applying novel pharmaceutical delivery
systems [6, 7].

Over the years, numerous curcumin drug targets have been
described, providing the molecular basis for the pharmacological
action. Unfortunately, the bioavailability and delivery of curcumin
are the main obstacles to its effectiveness, precluding its use in
medicine. Tabanelli et al. have explored the most promising and
modern strategies for improving curcumin bioavailability, offering a
comprehensive overview of this field. The progress in the
nanoparticle field could provide, in the near future, further
curcumin-based complexes with significant pharmacological profiles
that can be developed as effective therapeutic agents for treating

human diseases. The advancement in this field holds great promise
to employ this polyphenol in medicine [8, 9].

Selenium is one of the microelements that play essential roles, especially
for vertebrates, such as participating in the selenoprotein structure,
including glutathione peroxidase, phospholipid hydroxylase, and
thioredoxin. It has a wide range of functions, such as anti-cancer, anti-
viral, antioxidant, and anti-inflammatory activity and the reduction of
oxidative stress induced by reactive oxygen species [10-12]. Both
organic and inorganic forms of selenium have different antioxidant
effects. SeNPs have a higher median lethal dose (LDso), fewer side effects,
greater antioxidant efficiency, enhanced bioavailability, and increased
blood shelf life compared to other forms of selenium [13]. SeNPs
increase the efficiency of serum glutathione peroxidase, superoxide
dismutase, thyroxine reductase, and hepatic glutathione S-transferase,
increase antioxidant activity, and subsequently reduce the production of
malondialdehyde in comparison to selenium [14].

Based on the above evidence, we speculated that a combination of
Selenium and curcumin might exhibit enhanced anticancer efficacy
due to the simultaneous targeting of multiple cellular targets and the
synergistic benefits or targeted applications (e. g, anti-inflammatory
or antioxidant purposes) [15].

Achieving the appropriate concentration of the drug at the site of the
action during the treatment period is an ideal therapeutic goal in
treatment. Therefore, the supply of slow-release pharmacological
formulations is one of the unique approaches. Slow-release systems
are intended to achieve a uniform drug plasma concentration during
the therapeutic period. This results in a significant reduction in drug
doses and side effects, a reduction in fluctuations in blood drug
concentrations, an increase in therapeutic functions, and a decrease
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in treatment costs [6, 16]. This study examines the blood levels of
Cur and SeNPs following the administration of SeNPs@Cur.

MATERIALS AND METHODS
Materials

Selenium oxide, ascorbic acid, Cur and other reagents and solvents
were purchased from Merck (Darmstadt, Hesse, Germany).

Preparation and characterization of SeNPs and SeNPs@Cur

The SeNPs and SeNPs@Cur synthesis and their characterization
were done in a previous study [17]. 50 ml of a 44 mmol ascorbic acid
solution (Merck, Germany) was added dropwise to the 500 ml
aqueous solution of 1 mmol selenium oxide (Sigma-Aldrich, USA) to
form S. N. For curcumin loading on the S. N, 10 mg of curcumin
(Sigma-Aldrich, USA) dissolved in 5 ml of acetone (Sigma-Aldrich,
USA) was added to 150 ml of S. N, stirred, and mixed carefully for 24
h in the fridge (After that, evaluation of the resulting nanoparticles’
characteristics as particle size distribution, surface charge, loading
efficiency, etc., was done as in the previous study [17].

Animal experiments

By international standards, 75 adult male rats weighing 200-250 g
were kept in metal cages with free access to clean, fresh water and
rat pellet food under standard circumstances of 22 °C, relative
humidity of 55-56%, 12 h light/dark cycle. Animals were sorted into
five groups at random after environmental adaptation. Only normal
saline with 10% ethanol was administered to the solvent group. In
other groups, 0.25 mg/kg of SeNPs, 50 mg/kg of Cur, and 0.25
mg/kg SeNPs loaded with 50 mg/kg of Cur (SeNPs@Cur) were
administered intraperitoneally [18]. The control group didn't get
any treatment. The blood samples were taken on days 1, 3, and 5
from 15 mice in each group (each time 5 mice). The animals in each
group were euthanized with 150 mg/kg of sodium pentobarbital
(Sigma-Aldrich, USA) intraperitoneal administration, and the blood
sample was taken by heart puncture for further analysis. All
investigational procedures used in this study were reviewed and
approved by approved by the institutional ethical committee (IR.
SKUMS. AEC.1401.011).

HPLC analysis

Cur extraction was carried out using McEwan's buffer solution. 372
g of Naz2EDTA, 12.9 g of citric acid, and 28 g of disodium sulfate were
combined. 800 ml of deionized distilled water was added to the
prepared mixture. Then, after, 0.1 M phosphoric acid was used to
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adjust the compound's pH to 4. In the end, distilled water was used
to dilute the resulting mixture. 600 pl of serum and 100 pl of
McEwan's buffer were added to the test tube and gently mixed with
a stirrer. Then, it was held for 30 min in a hot water bath at 40 °C.
The supernatant was then taken and placed into another tube after
the tubes had been centrifuged for 30 min at 3000 rpm. Following
this procedure, 5 ml of methanol was added to each tube, gently
mixed, and then filtered through a microfilter. For HPLC detection,
several dilutions of the pure standards of the Cur were made in the
mobile phase solvent. These dilutions ranged from 2, 20, 100, 200,
2000, and 20,000 g/ml. The mobile phase comprised 30% deionized
distilled water and 70% acetonitrile. The lowest concentration of the
standard solution, 20 pl, was injected into the HPLC system, and the
sample's retention time was determined. The optimal temperature
and flow rate were found at 37 °C and 1 ml/min, respectively.
Additionally, the ideal sample retention was measured at 420 nm.

Selenium measurement using an ICP device

Two ml of each sample was added to a 6:2 v/v solution of nitric acid
and hydrogen peroxide for wet digestion. The mixture was heated to
85 °C, left to dry, and then purified by stable acid-purified
microfilters. It was then dissolved in a solution of nitric acid and
hydrogen peroxide and diluted to a volume of 10 ml using double-
deionized water.

The control and calibration standard solutions were prepared from
a single element of selenium (blank). The control standard was
made by combining 2 ml of nitric acid with 100 ml of twice-
deionized water. The ICP-OES system was employed to measure
selenium quantitatively. By spiking the serum samples, it was
possible to determine the recovery rates of the samples tested and
validate how well the device worked.

Statistical analysis

The results were expressed as mean+SD, and the ANOVA test was
used. Differences were considered significant at P<0.05. All statistics
were conducted using Microsoft Office Excel 2019 for Windows.

RESULTS
Cur standard curve using HPLC

First of all, the result of the synthesis and characterization of The
SeNPs and SeNPs@Cur were showed in a previous study [17].

The peak of Cur was seen at about 15.5 min (fig. 1A). The standard
curve (fig. 1B) obtained using HPLC was linear (R? = 0.9999) in the
concentration range of 0.5-100 ppm.
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Fig. 1: A) Spectrum of Cur by HPLC, B) Standard curve of Cur by HPLC

Selenium standard curve using ICP

The standard curve for selenium (fig. 2) obtained using ICP was
linear (R* = 0.9968) in the concentration range of 50 to 1 ppm.

Cur release in blood

Examining the Cur release in the blood, which is given in fig. 3, it can
be seen that in the group that received only Cur, its amount

decreased slowly until it reached zero on the fifth day. The initial
amount of Cur in the SeNPs@Cur group was much higher on the first
day, and after a sudden decrease until the third day, its amount
reached relative stability from the third day to the fifth day.

Selenium release in blood

The selenium release in the blood is shown in fig. 4. The amount of
released selenium in the control group decreases after a small
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increase until the third day and reaches zero on the fifth day. The
amount of selenium in the SeNPs group increased from 160 pg on
the first day to 100 pg on the fifth day. In the SeNPs@Cur group, the
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initial amount of selenium was higher (180 pg), and then it slowly
decreased until, on the third to fifth day, its amount remained
relatively constant.

Selenium calibration curve
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Fig. 4: Amount of released selenium in blood

Pharmacokinetics of cur and selenium

The pharmacokinetic parameters of Cur and selenium were
measured based on the equations given in the work method [17],

and the results are shown in Tables 2 and 3. As can be seen, the half-
life in both Cur and SeNPs groups was 48 h, which is more than the
SeNPs@Cur group. The clearance constant (Kel) in the Cur group
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(0.0144) is much lower than the SeNPs@Cur group (0.023).
Regarding the volume of distribution (@) and clearance time (Cl), it

Int ] App Pharm, Vol 17, Issue 5, 2025, 528-533

was also seen that its amount was significantly higher in the Cur and
SeNPs group than in the SeNPs@Cur group.

Table 2: Pharmacokinetic parameters of cur

Group ta/2) m kel (1/n) AUC 0-t (micg. h/mI) AUC 0-00 (micg. h/ml) Cl total (ml/h) Vd @
Cur 48 0.0144 304.3 0.3523 35.48 2463.9
SeNPs@Cur 29 0.0239 968.7 1.1729 10.658 445.9

Pharmacokinetic parameters, ti2: The time required for the concentration of the drug to reach half of its original value, Bel: The rate of drug
eliminated per unit of time, AUC 0-B: the area under the concentration-time curve from dosing (time 0) to time t, AUC 0-co: the area under the
concentration-time curve from dosing (time 0) to infinite time, Cl total: The volume of plasma (blood) completely cleared of drugs per hour, B@: the

volume of distribution, values are mean, n=3.

Table 3: Pharmacokinetic parameters of selenium

Group t(1/2) () kel (1/n) AUC 0-t (micg. h/mI) AUC 0-00 (micg. h/ml) Cl total (mi/h) Vd mn
SeNPs 48 0.0144 12240 19094 0.00327 0.0227
SeNPs@Cur 38.5 0.018 13728 19761 0.00316 0.175

Pharmacokinetic parameters, ti2: The time required for the concentration of the drug to reach half of its original value, Bel: The rate of drug
eliminated per unit time, AUC 0-@: the area under the concentration-time curve from dosing (time 0) to time t, AUC 0-co: the area under the
concentration-time curve from dosing (time 0) to infinite time, Cl total: The volume of plasma (blood) completely cleared of drug per hour, @@: the

volume of distribution, values are mean, n=3.

DISCUSSION

Cur is one of the compounds with low bioavailability after oral use
due to first-pass metabolism with hepatic metabolism, especially
glucuronidation and sulfation [19].

In this study, the amount of Cur released into the blood showed that in
the Cur group, the blood level of this substance was less than five pg 24
h after administration, which indicates its low half-life in the body.
This small amount also slowly decreases until it reaches zero on the
fifth day, consistent with some previous research on this matter.

In a 1997 study on rats, after oral administration of 1 g/kg of Cur,
very small amounts of Cur were seen in the blood plasma, and the
level slowly decreased until it reached zero on the fourth day [20].

Shoba et al. (1998) reported that the simultaneous use of Cur with 1-
properly piperidine (the alkaline substance of pepper) as an oral
administration in the rats caused the stimulation of glucuronyl
transferase enzymes, and this transformation increased the
bioavailability (154%) of Cur [21].

Hong et al. (2004) found high plasma levels of curcumin glucuronide
and curcumin sulfate, small amounts of hexahydrocurcumin,
hexahydrocurcumin-inol, and hexahydrocurcumin glucuronide, and
very small amounts of curcumin, although due to low bioavailability,
the amount of these substances decreased sharply by the second day
[22]. However, this research showed that the level of Cur in the
blood in the SeNPs@Cur group was close to 15 pg at the end of the
first 24 h. Still, after it decreased until the third day, its level
remained constant (nearly five pg) until the fifth day, indicating an
increase in its bioavailability in the body, possibly due to a slow-
release form.

The use of new drug delivery technologies to increase the shelf life
of drugs and the possibility of targeting them has recently attracted
the attention of many researchers. Various technologies have been
tested regarding highly hydrophobic substances, such as Cur,
including liposomal and phospholipid formulations, emulsions,
nanogels, polymer micelles, polymer conjugates, self-assembling,
and encapsulating nanoparticles [23]. In the present study, the
evaluated concentration of Cur in the blood in the first hour in the
SeNPs@Cur group is higher than the concentration of Cur in the
blood in the group receiving free Cur, which is because Cur, along
with the nanoparticle, becomes more soluble, so it is more soluble in
the blood. It is solved and identified with more values [24].

Apiratikul et al. (2013) used a nanoliposome created from fat as a
carrier for Cur. The amount of cellular absorption and the blood

level of free and encapsulated Cur were compared. It was
determined that by coating Cur, its absorption rate increased, and its
blood level increased more than the control group [25]. Also, Rang
Zhang et al. found Cur/Se nanoparticles could increase the
bioactivity of curcumin and improve cancer therapy by regulating
the gut microbiota. Which agrees with the combination of both
Cur/Se in this research [26].

Sadeghi et al (2013) introduced biocompatible nanotubes as
carriers for Cur. In this research, polylysine and bovine serum
albumin and layer-by-layer deposition methods were used to create
nanotubes. Their results showed an increase in the solubility of Cur
and its effect on the body [27].

Tiyaboonchai et al. (2007) investigated solid lipid nanoparticles
loaded with Cur for dermal administration. The size of these
nanoparticles loaded with Cur was close to 450 nm, and they were
stable for six months at room temperature. These particles could be
released for 12 h, while the sensitivity to light and oxygen in Cur
composition was significantly reduced after being placed in this
formulation. In the end, in vitro studies of this formulation on
healthy volunteers showed that the effectiveness of this cream with
this combination of Cur is higher than the cream with free Cur [28].

Rahimzadeh et al. (2016) investigated Cur's loading, toxicity,
absorption, and release from a new surfactant nanotube. They
reported that free Cur diffuses through the cell membrane and
enters the cell, and after the cell cytoplasm is saturated with Cur, it is
prevented from entering the cell. As a result of this process, all the
characteristics of Cur can be seen shortly after entering the body,
and its effects on the body disappear quickly. This is while using
nanotubes causes Cur to enter the cell in the form of endocytosis and
makes it possible for the cell to always have a proper accumulation
of this substance that is released slowly [29].

Naderinezhad et al (2017) investigated the fabrication of a
biodegradable and self-accumulating anionic nanotube as a new
approach to improve the delivery of Cur to bone cancer cells and
provide a mathematical model for drug release kinetics. Their
results showed that the placement of Cur in neosome, a vesicle
based on non-ionic surfactants, can overcome the instability
problem of neosome in plasma and improve its solubility. Examining
the drug release profile at different times in 96 h showed that the
neosemic system has slow-release Cur, and after 96 h, 43.87% of the
total Cur is released into the plasma [30].

Zare Shehneh et al. (2018) investigated the anticancer function of
Cur-containing lipid nanotubes as a new system in the direction of
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controlled drug release. They showed the optimized Cur-Cur-
containing liponiscemic nanosystem with appropriate physical and
chemical properties and increased drug stability. It can be a suitable
carrier for drug delivery to cancer cells [31].

In the present study, the selenium analysis showed that this element
released in the SeNPs group gradually decreased until the fifth day.
In the SeNPs@Cur group, the amount of selenium was higher on the
first day, and its amount gradually decreased, and on the third to the
fifth day, its amount remained almost constant. Considering that no
noticeable difference was observed between these two groups, the
existence of a nanoparticle in both groups is confirmed.

Nano-sized materials have inhomogeneous characteristics of
isolated atoms, and normal-sized coarse materials related to their
high surface-to-volume ratio. SeNPs have attracted wide attention
due to their high bioavailability and relatively low toxicity. For
example, the LD50 of SeNPs in mice is 92.1 mg/kg; for
selenomethionine, this value is 25.6 mg/kg [32].

When methionine is limited or catabolized, selenomethionine can be
stored in protein by releasing and entering selenium into other storage.
Therefore, the bioavailability of selenium depends on its absorption in
the intestine and its transformation into a biologically active form [33].

Zhang et al. (2009) reported that SeNPs were more bioavailable than
other forms by inducing selenoenzymes in cultured cells and
selenium-deficient rats. Therefore, nano selenium may have a different
bioavailability than other inorganic selenium by going through various
transformation processes, and it may act differently, with a greater
effect, and finally cause optimal growth performance [34].

Li et al. (2008) investigated the toxicity of SeNPs and selenite with
an equal amount of 100 pg/l. They showed that SeNPs accumulated
five times in the liver and LC50, four times more toxicity than the
group receiving selenite and stated. More caution should be
exercised when using these nanoparticles [35]. Also, Niels Hadrup
and Gitte Ravn-Haren study the Acute human toxicity and mortality
after selenium ingestion [36].

CONCLUSION

This study showed that the intraperitoneal administration of
SeNPs@Cur, compared to the administration of free Cur, initially
causes a high serum concentration and a loading dose, which
continues with the slow release, increasing and maintaining the Cur
serum level in the long-term treatment period. Maintaining the
maintenance dose and thus improving the therapeutic functions for
a longer period by prescribing a lower amount of the drug. This is
important in treating inflammation and cancer disease.
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