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ABSTRACT

Background: Curcumin possesses antioxidant properties against oxidative
damage, exerting powerful oxygen-free radical scavenging effects. The
present study compares the protective effects of pre-treatment with
curcumin and nanoparticles of curcumin on lithium pilocarpine-induced
status epilepticus (SE) for oxidative damages and other blood indices in
adult male rats.

Methods: The pretreated rats with curcumin and nano curcumin were
induced with lithium pilocarpine-induced SE, and the non-enzymatic
oxidative stress indices like lipid peroxides (TBARS), reduced total
glutathione (GSH), as well as the enzymatic oxidative stress indices like
catalase (CAT), glutathione S-transferase (GST), and superoxide dismutase
(SOD), were estimated together in the blood cells with some blood indices
in the serum.

Results: SE was able to induce a significant increase in TBARS and CAT
and a substantial decrease in GSH, GST, and SOD levels in the blood cell
tissues. The curcumin and nano curcumin pretreated groups significantly
attenuated these oxidative stress indices. Furthermore, the blood indices
like counts of red and white blood cells, platelets, hemoglobin, and packed
cell volume were also depleted due to SE. Still, they were unaffected in
the curcumin and nano curcumin pretreated groups. The serum enzyme
levels of alkaline phosphatase, creatinine kinase, and other serum indices
like high-density lipoprotein, urea, and glucose were decreased in the SE
group. However, pretreatment with curcumin and nano curcumin
ameliorated these serum indices.

Conclusion: The results indicate that oxidative stress indices in blood cells
and other serum indices can be potential biomarkers for SE. Curcumin and
nano curcumin may act as natural antioxidants for SE in the effective order
of nano curcumin > curcumin. Further studies are required to ascertain the
possibility of nano curcumin as an antiepileptic natural product.
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Introduction

Recent studies have reported the protective effects of
curcumin  (Cur) against oxidative damage with
antioxidant and anticonvulsant properties.’-3  Status
epilepticus (SE) is a neurodegenerative condition causing
neuronal injuries in the brain* due to neurochemical
imbalances in affected brain regions. Such chemical
imbalances have been evidenced by the excessive
generation of free radicals, suggesting oxidative stress.>
Lithium (Li)-pilocarpine (Pc)-induced SE in rodent models
has provided information regarding oxidative stress-
related epileptic activity.347 The Li—Pc model of SE
reproduces most clinical, temporal, and
neuropathological features of SE.8

Blood-brain barrier (BBB) leakage is one of the earliest
characteristic pathophysiological disturbances during SE
and might, therefore, play an essential role in the
development of SE.? Initial studies in various SE animal
models indicated that BBB leakage can be easily
detected during the first few days after
pharmacologically induced SE.'0.17 There is ample
evidence that SE-induced BBB disruption and
inflammation play an important role in the development
of epilepsy and the progression of seizure activity. BBB-
SE-associated oxidative stress is accelerated by different
pathological processes that include inflammation and
angiogenesis.?

Although the anticonvulsant effect of several compounds
having antioxidant properties has been demonstrated in
various studies,®12 the unsatisfactory pharmacotherapy
of SE necessitates the search for alternative natural
resources that can target the different underlying
mechanisms of SE pathology and reduce disease
occurrence and/or progression. Among the natural
resources, many studies on Cur effects on SE have been
undertaken.”.13.14 Still, no study has been conducted on
the comparative protective effect of Cur and its
nanoparticle form as nano curcumin (NCur) pretreatment
on the oxidative stress of the blood cells and other serum
indices in experimentally induced SE.

In light of the above, this study explores the comparative
neuroprotective effects of Cur and NCur on Li-Pc-induced
SE in rats to understand hematological oxidative stress
and other blood and serum indices that may have a
correlative perspective with SE. Furthermore, the present
research work can indirectly suggest the importance of
screening natural food products that are beneficial as
neurotherapeutic agents in ameliorating SE using
oxidative stress in the blood cells and other indices in
blood and serum as biomarkers for SE.

Methodology

EXPERIMENTAL ANIMALS

Male Sprague Dawley rats (weighing 200-250 g, 2
months old) were used in this study. The animals were
maintained under controlled conditions at 22 * 1°C,
humidity at 50—-60% with 12 hours of light-dark diurnal
cycle with free access to food and water except during
experimental handlings. All experimental procedures
were conducted according to the institutional guidelines

for the care and use of laboratory animals by the local
animal care and ethics committee instructions.

INDUCTION OF STATUS EPILEPTICUS AND TREATMENT
GROUPS

Animals were randomly assigned into seven groups.
Groups 1, 2, 3, and 4 served as controls receiving saline,
Li (3 mEq/ml/kg, i.p.), 50 % dimethyl sulfoxide (DMSO),
and Pc (20 mg/ml/kg, s.c.), respectively. SE was induced
in groups 5, 6, and 7 by administering an aqueous
(saline) solution of Li (BDH Laboratory Supplies, Poole,
England, in a dose as in control), followed by (20 h later)
Pc (Sigma Chemical Co., St. Louis, MO, USA, in the dose
as used for control). Group 5 served as the experimental
control of the SE group, and groups 6 and 7 served as
the Cur (group 6) and NCur (group 7) test groups. Cur
(Sigma, USA), was dissolved in 50% DMSO and was
given to group 6 at a dose of 50 mg/kg body weight/ml
orally. The prepared NCur was given to group 7 orally
at a dose of 5 mg/kg body weight for seven days before
administering Li and Pc for the induction of SE. Our pilot
studies used a range of doses (low, medium, and high) to
determine the effects of Cur and NCur. However, Cur (50
mg/kg) and NCur (5 mg/kg) are the best-observed
doses used in this study. After the Pc injections, the animals
(n =20 per group) were observed for convulsive
behavioral alterations, which developed progressively
into SE within 1-2 h.'5. Data from behavioral
observations are not included in this study. Animals not
reaching the SE level were discarded.

PREPARATION OF CURCUMIN NANOPARTICLES OF
CURCUMIN

Curcumin  nanoparticles were  prepared  using
dichloromethane under the ultrasonication method as
described elsewhere.'¢ In brief, curcumin (0.30 mmol) was
taken in dichloromethane (50 mL), and 1 mlL of the
prepared solution was added dropwise to boiling water
(50 mL) at a flow rate of 0.1 mL/min within 3 minutes at
an ultrasonic power of 100 W with a frequency of 30
kHz. After sonication for 15 mins, the contents were
centrifuged at 500 rpm for 20 mins at room temperature,
and the solution was concentrated under reduced
pressure at 500C to obtain a powder. Furthermore, 1 H
NMR and the lyophilized powder's ultraviolet (UV)
spectra confirmed it to be NCur.'6

COLLECTION OF BLOOD SAMPLES FOR ASSAYS

After inducing SE, the animal’s blood samples were
collected under light anesthesia from the retro-orbital
sinus plexuses of their eyes with the help of capillary
tubes.’” Some assays were done in the whole blood, and
for assays in the serum, the collected blood was allowed
to clot and centrifuge at 2500 rpm in a refrigerated
centrifuge at 10 °C for 15 min. The clear serum was
isolated and stored at O °C until required for serum
assays. The pellets of blood cells were used to prepare
the erythrocyte lysates for measuring the oxidative stress
indices in the erythrocyte membrane tissue.

ANALYSIS OF WHOLE BLOOD

The automated parameter hematology analyzer (T 450,
USA) measured the red blood cell count, hemoglobin
content, packed cell volume, total white blood cell count,
and blood platelets.
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PREPARATION OF ERYTHROCYTE LYSATES

Erythrocyte lysates were prepared using this method.'8
Erythrocyte pellets were obtained from the blood
samples by centrifugation at 2500 rpm for 15 min at
room temperature. The plasma and buffy coats were then
removed, and the erythrocytes were washed twice in
saline and stored at 20 °C for 15 min. Lysed erythrocytes
were prepared by thawing frozen samples and adding
3 volumes of ice-cold distilled water. Cell membranes
were removed by centrifugation at 1000 g for 20 min.

DETERMINATION OF NONENZYMATIC OXIDATIVE
STRESS INDICES IN BLOOD CELLS

Thiobarbituric acid-reactive substances. Lipid peroxides
were determined spectrophotometrically as
thiobarbituric  acid-reactive  substances  (TBARS)
according to the method of Ohkawa et al.’? Tissue lipid
peroxide levels were quantified using an extinction
coefficient of 1.56 X 105m—1 ecm—1 and expressed as
nanomoles of TBARS formed per g tissue weight. The
results are expressed as nmol/g wet weight.

Glutathione. Reduced glutathione (GSH) level was
measured enzymatically by a slightly modified method
of Mangino et al.20 The slope of the change in
absorbance was used to quantify total GSH by
comparing the slope of the samples with a standard curve
prepared with pure glutathione (Sigma). The specific
activity is expressed into umol /g tissue weight.

DETERMINATION OF ENZYMATIC OXIDATIVE STRESS
INDICES IN BLOOD CELLS

Glutathione-S-Transferase.  Glutathione  S-transferase
(GST) was estimated by Habig et al.2! using 1-chloro-
2,4-dinitrochlorobenzene (CDNB) as substrate at 340 nm.
The GST activity is expressed as U/g tissue weight.

Catalase. Catalase (CAT) activity was measured using the
Aebi method?2, which tracks the decomposition of
hydrogen peroxide by measuring the decrease in
extinction of H202 at 240 nm. The activity of CAT is
expressed as the rate constant of first-order reaction K
per gram tissue weight.

Superoxide Dismutase. Superoxide dismutase (SOD)
activity was estimated by the method of Misra and
Fridovich.23 Activity is expressed as the amount of
enzyme that inhibits the oxidation of epinephrine by
50%, equal to U per gram tissue weight.

SERUM ANALYSIS

The clear serum was used for the estimation of various
blood chemical parameters, including some serum
enzymes like alkaline phosphatase (ALP), alanine
transaminase (ALT), aspartate transaminase (AST),
creatinine kinase (CK), and some other serum entities like
high-density lipoprotein (HDLP), urea, glucose, and
potassium ion (K) by the auto analyzer apparatus
(Reflotron Plus, Roche, Germany) using commercially
available Reflotron kits (Roche Diagnostics, Germany) for
all serum parameters. The principles of the tests of each
analyte were based on the methods as follows: ALP,24
ALT,25 AST,26 CK,2” HDLP,28 urea and glucose,?? and K.3°

However, briefly, it can be said that Reflotron, is a solid
phase reagent technology capable of measuring a wide
range of analytes on whole blood, plasma, or serum
samples and the results show good concordance with
conventional wet chemistry methods, with comparable
imprecision.28

STATISTICAL ANALYSIS

The data were analyzed using Bartlett’s test for equal
variance and Gaussian-shaped distribution

for normality using the Kolmogorov-Smirnov goodness-
of-fit test. As the data passed the normality test (P >

0.10), group means were compared with one-way
ANOVA with post hoc

testing using the Tukey-Kramer Multiple Comparisons Test
or Student-Newman-Keuls Multiple Comparisons Tests. All
results were expressed as means T SEM, and the
significance was defined as P < 0.05 for all analyses.

Results

CHARACTERIZATION OF CURCUMIN NANOPARTICLES
A co-TLC of NCur with Cur was performed to rule out any
chemical modification or degradation. In our earlier
study,’® 1 H NMR spectrum was recorded; however, for
easy reference, the results from our earlier study'¢ are
given in Figures 1a and 1b. The TLC profile and NMR
data suggested that both had an identical chemical
structure. The particle size analysis and distribution of the
NCur were performed using the TEM and SEM analysis,
respectively, and the results agree with those of our
earlier study.'® The results are shown in Figures 2a and
2b, respectively. As reported earlier, the dry powder
form of NCur was found to have good physical and
chemical stability and was readily dispersible in water.1¢

Nanccurcumin

Figure 1a. Thin layer chromatography (TLC) data of Curcumin
(Cur) and Nano curcumin (NCur).
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Figure 2a

Figure 2b. Scanning Electron Microscopy (SEM) data of NCur.

Figure 2b

Figure 2a. Transmission Electron Microscopy (TEM) data of NCur.

Note: Figures 1a, 1b, 2a, and 2b are taken from Ahmad et al.’® [16] to suggest that our present findings are the same as those

reported earlier.’® [16].

ANALYSIS OF BLOOD PARAMETERS

Induction of SE significantly reduced blood parameters
like red blood cell count, white blood cell count, platelet
count (Figure 3 q, b, and ¢, respectively), hemoglobin
content, and packed cell volume (Figure 4 a and b,
respectively) compared to the control group.
Pretreatment with Cur and NCur ameliorated all the
observed blood parameters in the order NCur > Cur
(Figures 3 and 4).

The Li, DMSO, and PC control results are not included in
these figures, as they were not different from the saline
control.

OXIDATIVE STRESS INDICES IN BLOOD CELLS
NONENZYMATIC OXIDATIVE STRESS INDICES
Thiobarbituric  acid-reactive  substances. The lipid
peroxidation level (TBARS) in the erythrocyte membranes

was markedly (P < 0.001) increased after Li-PC (SE)
treatment as compared to the control group (Figure 5a).
Pretreatment with Cur and NCur significantly (P < 0.001)
attenuated Li-Pc induced an increase in TBARS in the
order NCur >Cur (Figure 5a) as compared to the Li-Pc
(SE) group.

Glutathione. A highly significant (P < 0.001) depletion of
glutathione (GSH) was observed in the erythrocyte
membrane tissue of the Li-Pc (SE) group (Figure 5b).
Pretreatment with Cur and NCur significantly attenuated
this depletion of GSH in the order NCur > Cur (Figure 5b)
as compared to the Li-Pc (SE) group.
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Figure 3. Protective effect of pre-treatment with curcumin (Cur) and nano curcumin (NCur) on the counts of [a] Red Blood Cells
(RBC), [b] White Blood Cells (WBC), and [c] Platelets levels in the blood of the status epilepticus (SE)-induced rats. The two
antioxidants were effective in the order NCur> Cur.

SE-induced group# differed significantly (p<0.001) from the Saline control group.

NCur*** and Cur** significantly differed from the SE-induced group at p<0.001 and p<0.01, respectively, by Newman Keul's
student’s test after one-way ANOVA.
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Figure 4. The protective effect of pre-treatment with curcumin (Cur) and nano curcumin (NCur) on [a] hemoglobin (Hb), and [b]
packed cell volume (PCV) in the blood of the status epilepticus (SE)-induced rats. The two antioxidants were effective in the order
NCur> Cur.

Statistical significance is the same as in Figure 3.

© 2025 European Society of Medicine



[a] #

** *k*k
. 501 —|—| .
s [ Saline
> & 404 T [ Lithium (Li)
2 ‘fl I DMSO 50%
éo” g 30+ - I Pilocarpine (Pc)
£ S
S c 207 =
¢ 2
< 7 10+
|_
0

~ 7.5 [b] "

2

o= | E= Li-Pc (SE)

S W - *% *kk

&‘fl 50 0 Cur 50 mg/kg + SE
E’ e ' NCur 5 mg/kg + SE
°

E 2

I 2.5- -

~ QO

5= =

@)

0.0

Experimental Groups

Figure 5. The protective effect of pre-treatment with Cur and NCur on the non-enzymatic oxidative stress indices [a] TBARS (lipid
peroxidation), and [b] GSH (glutathione) content in the blood cells of the SE-induced rats. The two antioxidants were effective in

the order NCur> Cur.
Statistical significance is the same as in Figure 3.

ENZYMATIC OXIDATIVE STRESS INDICES
Glutathione-S-Transferase. A highly significant (P < 0.001)
depletion of glutathione-S-transferase (GST) was
observed in the Li-Pc (SE) group (Figure 6a). Pretreatment
with Cur and NCur significantly attenuated this depletion
of GST in the order NCur > Cur (Figure 6a) as compared
to the Li-Pc (SE) group.

Catalase. The catalase (CAT) level was markedly (P <
0.001) increased after SE induction as compared to the
control group (Figure 6b). Pretreatment with Cur and
NCur significantly (P < 0.001) attenuated Li-Pc induced
an increase in CAT in the order NCur > Cur (Figure 6b)
as compared to the Li-Pc (SE) group.

Superoxide Dismutase. The superoxide dismutase (SOD)
level was significantly (P < 0.001) decreased in the SE-
induced group as compared to the control group (Figure

6c). Pretreatment with Cur and NCur significantly (P <
0.001) attenuated Li-Pc-induced decrease in SOD in the
order NCur > Cur (Figure 6c) as compared to Li-Pc (SE)

group.

SERUM ANALYSIS

Among the blood serum enzyme parameters (Figures 7
and 8), SE induction inhibited the level of enzymes ALP
(Figure 7a), ALT (Figure 7b), and AST (Figure 7c), HDLP,
Urea, and Glucose (Figure 8a), and CK (Figure 8b)
significantly as compared to the control. Pretreatment
with Cur and NCur significantly attenuated the observed
serum parameters in NCur > Cur. However, the level of
K remained unaffected (Figure 8c).

The Li, DMSO, and Pc control results are not included in
these figures, as they were not significantly different from
the saline control.

© 2025 European Society of Medicine 7



Comparative protective evaluation of curcumin and nano curcumin on the oxidative stress and other indices in the blood of
experimental status epilepticus animal model

[a] #
|
100+
— o = 3 Saline
i , B Lithium (Li)
s N  ==DMSO50%
o
o> 50-
3
h 25
O
0
[b] #
75_ I I *% *k%
S T
o — Il Pilocarpine (Pc)
=] —
é 50 g T E= Li-Pc (SE)
5 = || N
S o
2 o
M 257 ]
— o
< E
© -
od |
[c]
1004 #

~
al
1

soD (x10™M)
(U/g wet tissue wt.)
N [6)]
T 2

i i *% *kk
| 0 Cur 50 mg/kg + SE
NCur 5 mg/kg + SE
0

Experimental Groups

Figure 6. The protective effect of pre-treatment with Cur and NCur on the enzymatic oxidative stress indices [a] GST (glutathioneS-
transferase), [b] CAT (catalase), and [c] SOD (superoxide dismutase) content in the blood cells of the SE-induced rats. The two
antioxidants were effective in the order NCur> Cur.
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Figure 7. The protective effect of pre-treatment with Cur and NCur on serum enzymes [a] ALP (alkaline phosphatase), [b] ALT

(alanine transaminase), and [c] AST (aspartate transaminase) in the serum of the status epilepticus (SE)-induced rats. The two
antioxidants were effective in the order NCur> Cur.

Statistical significance is the same as in Figure 3.
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urea, and glucose, [b] CK (creatinine kinase), and [c] K* (potassium ion) in the serum of the status epilepticus (SE)-induced rats. The
two antioxidants were effective in the order NCur> Cur. However, K* remained unaffected by the two antioxidants (Figure 8c).

Statistical significance is the same as in Figure 3.

Discussion

It is evident that in the recent past, researchers have been
globally involved in evaluating and screening natural
products for their antioxidant properties. In this study, we
assessed the effect of Cur and NCur on various blood
parameters, including oxidative stress indices in the SE-
induced model. From the results, it was inferred that the
natural product Cur and its nanoparticles. NCur could be
a good antioxidant in the order NCur > Cur in
attenuating the harmful effects of oxidative stress and
other blood-related parameters caused by SE in rats.

One of the earliest characteristic pathophysiological
disturbances during SE has been related to blood-brain
barrier (BBB) leakage, which might play an essential role
in the development of epileptic seizures.® It was
presumed that such BBB could have some indication of SE-

induced disruptions in the blood of the rat model. Thus,
we studied the oxidative stress indices and other blood-
related parameters in the blood of the SE-induced rats
with an insight to compare the protective effect of Cur
and NCur on all observed parameters in the blood.

The biochemical results of our study further indicate a
significant disruption in the oxidative indices (enzymatic
and non-enzymatic) levels in the blood cells of the rats
treated with Li-Pc, suggesting a preliminary and
considerable level of oxidative stress. Antioxidants could
arrest the seizure genesis caused by excitotoxic agents.3!
Potent antioxidant activities have been reported for
Cur.3:6:32:34 Although Cur has been reported to have a
neuroprotective role in SE-induced models, to the author's
best knowledge, no precedent has been reported for Cur
and NCur in a comparative evaluation. In the SE groups
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of this study, a significant disruption in levels of oxidative
stress indices in the blood cells was observed. Compared
to the respective SE group, pretreatment with Cur and
NCur significantly attenuated Li-Pc-induced oxidative
stress-related indices (enzymatic and non-enzymatic) in
the blood cells.

This study was also designed to assess the antioxidative
defense system in the RBCs of SE-induced rats and the
ameliorating effect of Cur and NCur on such oxidative
stress. Reduced glutathione (GSH) is central to the cellular
antioxidant defenses and an essential cofactor for
antioxidant  enzymes.3> Under oxidative stress,
glutathione is consumed by the glutathione-related
enzymes to detoxify peroxides produced because of
increased TBARS3437, and elevation in TBARS is a
consequence of depleted GSH stores, which are
otherwise capable of moderating the amount of TBARS.
Similar disturbances in the antioxidant barrier (involving
glutathione peroxidase and superoxide dismutase) have
been shown in the rat serum and tissues where the
depletion of the other accompanied the increment of one
enzyme.38

Phosphatases, including ALP, are critical enzymes in
biological processes responsible for detoxification,
metabolism, and biosynthesis of energetic
macromolecules for different essential functions. Any
interference in these enzymes leads to biochemical
impairment, tissue lesions, and cellular function lesions 39,
It was suggested that interference in the activities of ALP
enzymes in serum might be due to altered plasma
membrane permeability or cellular necrosis, thus showing
the stress condition of the treated animals. Blood serum
enzymes like ALP, AST, and ALT can be used as
biomarker enzymes for detecting SE.

Besides the soluble enzymes of blood serum like AST, ALT,
and ALP, the other observed blood chemistry indices may

also be suitable bioindicators for detecting SE due to Li-
Pc. As blood is the overall reflector of body health, the
altered glucose, urea, and HDLP levels in treated rats
suggest some damage due to SE.

It should be noted that most earlier studies on SE in
experimental animal models have investigated for their
behavioral changes, cognitive retention, and brain
damage in the hippocampus and striatum areas using
histopathological parameters (looking for neuronal
structural changes) and/or biochemical alterations
(measuring oxidative stress indices, neurotransmitters).3-
57812151633 Using noninvasive methods for studying
various biochemical indices in the blood of experimental
animal models could be yet another reliable parameter
for studying SE.

Conclusion:

It can be concluded at a preliminary level that Cur and
NCur have promising anticonvulsant and antioxidant
activity against SE-induced rat blood cells in the order
NCur>Cur. The oxidative stress indices in the blood cells
and other indices in the blood and serum of SE-induced
rats can be considered bioindicators for SE. However,
further studies on these lines are needed,
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