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ABSTRACT

Background: Histamine signaling plays a pivotal role in the post-exercise muscular responses. Blockage of H1/H2 receptor could
result in the down-regulation of post-exercise muscle strength. Lecithin is a well-known supplement to improve exercise training
effectiveness. In this study, we investigated the effects of lecinthin on H1/H2 antagonists-induced changes in motor performance of mice.
Methods: The study was performed on Swiss albino mice brought from Pasteur Institute in Ho Chi Minh City, Viethnam. Mice were
divided into 4 groups: Control, lecithin, model and treatment and were underwent a rotarod exercise training procedure. During
training processes, mice were given fexofenadine and cimetidine for blocking histamine receptors. Treatment with lecithin were
applied during administration of antihistamine drugs. After that, the post-exercise muscle strenght between groups were evaluated
via behavioral test including Rotarod Test, Wire Hanging Test and Grip strength test. The changes of biological markers were
evaluated in the serum and the muscular tissue of mice via commercial ELISA assay kit.

Result: We found that lecithin could ameliorate the detrimental effects of H1/H2 antagonists. In addition, we also revealed the
mechanism under this protective effect implicated on the effect of lecithin on mitochondrial adaptation process during exercise
training. Administration with antihistamines induced increase in SOD, GPx activity and reduced GSH/GSSG ratio. Treatment with
lecithin potentiated this the compensative response of antioxidant enzyme SOD and GPx. Moreover, lecithin also counteracted the
effects of antihistamines that decreased GSH/GSSG ratio. In conclusion, our results suggested that lecithin is potentially useful to
be taken as a supplement during exercise training and its biological effects, at least in part, related to the regulation of redox balance

in muscular tissue during training processes.
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INTRODUCTION

Exercise training helps to prevent and mitigate diseases
including cardiovascular, metabolic, psychiatric, pulmonary
and cancer diseases (Li et al., 2023; Pedersen and Saltin,
2015). Exercise training exerts health beneficial effects
through modulating metabolic communication between
cells and tissues in the human body and stimulating
mitochondrial adaptations (Murphy et al., 2020). Although
physicians have still questioned that exercise can be
considered as medicine and prescribed for patients or not
(Caimey et al., 2018), the role of exercise training in treament
protocol is indisputable. As the exercise-is-medicine
concept has been developing (Li et al., 2023; Thompson
et al., 2020), understanding pharmacological medication
and exercise interaction is important to promote positive
health outcomes and minimize “side effects” of exercise
training in treatment regimen for patients.

Histamine signaling pathways have been reported to
be important in modulating exercise training responses.
Histamine exert its biological effects as an agonist of four
widely expressed heterotrimeric guanine nucleotide-
binding protein—coupled histamine receptors (H1, H2, H3,
H4) in the skeletal muscle cells. Activation of H1 and H2
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histamine receptor profoundly influence human physiological
responses to exercise. Pharmacological effects of
antihistamines have also been reviewed previously and
suggested that these medications can be applied in certain
case to investigate the modification of genes responding
to exercise (Luttrell and Halliwill, 2017). Those findings
about the role of histamine reveal that it is plausible to
utilize pharmacological inhibition of histamine signaling
pathway to study mechanism under a compound on
muscular responses after a training process.

Nutrition is an very important key to achieve exercise
training goals. Increase lecithin in the dietary have been
showed that it might be beneficial in optimizing exercising
performance (Jager et al., 2007). Lecithin plays many
important functions which regulate effectiveness of training
process such as maintaining structural and stability of cell
membranes, normalizing choline and lactic acid
concentration and supporting mitochondrial function (Jager
et al., 2007; Wang et al., 2025). However, study about the
effects of lecithin on exercise and muscular function is
limited. Decrease of lecithin levels has previously been
reported to be mediated via histamine receptor signaling
(Rao, 2000). Lysolecithin, which is synthesized via
phospholipase A treatment, was shown to caused rapid
degranulation of mast cells and resulted in the release of
histamine (Rothschild, 1965). In this study, we evaluated
the effects of lecithin on post-exercise muscle strenght
impairment caused by H1 and H2 antagonists and clarify
the involvement of mitochondrial adaptations in the
mechanism under the these effects.

MATERIALS AND METHODS

Animals

Swiss albino mice were purchased from Pasteur Institute
in Ho Chi Minh City, Vietnam. The male mice used for the
experiments were 8-week-old. The average body weight of
the mice was about 24 g. All mice were fed ad libitum in an
air-conditioned room at 23+1°C and 55+5% relative
humidity with a standard 12 h light and 12 h dark cycle.
Feed composition was followed the standard feeding
rodent (Ramzi et al., 2025). All experiments were conducted
in the year 2025 and were approved by The Animal
Research Ethics Committee of Ton Duc Thang University
(TDTU-AEC). Decision No. 07/HDTVDD.

Drug treatment

Fexofenadine (Sanofi), cimetidine (Mekophar Chemical

Pharmaceutical Joint-Stock Co.) and Lecithin from soybean

(Sigma-Aldrich) were suspended in 0.5% CMC-Na. Mice

were divided into 4 groups, six mice per group (n=6):

Control: Mice were administrated with vehicle (0.5%
CMC-Na).

Lecithin: Mice were administrated with only lecithin.

Model: Mice were administrated with fexofenadine and
cimetidine.

Treatment: Mice were administrated with lecithin, fexo-
fenadine and cimetidine.

Mice received fexofenadine (540 mg/kg, p.o./day) and
cimetidine (40 mg/kg, p.o./day) for 14 consecutive days
(Van der Stede et al., 2025). Lecithin (200 mg/kg, p.o./day)
(Wang et al., 2025), was administrated once a day for 14
consecutive days during treatment of antihistamine drugs.
The doses employed in the present study were determined
according to references and preliminary tests.

Rotarod exercise training

Rotarod exercise training was conducted following
previous study with modifications (Herrera et al., 2024). All
experimental animals partaken in rotarod exercise training.
The exercise training occurred between the hours of 8:00
a.m. and 05:00 p.m. and was performed on a The Rota
Rod (Panlab, Spain). Before each individual training
session, the rotarod was thoroughly cleaned with 70%
ethanol. Mice underwent rotarod exercise training within 5
min for 14 consecutive days. The intensity of the training
session was gradually increase by increasing the rotational
speed (in RPMs) from 3, 5, 10, 15, 20, 25, to 30 RPMs every
2 days of training. At the 15" day, motor performance were
assessed via rotarod test, wire hanging test and grip
strength test.

Rotarod test

The test was performed via an accelerating paradigm,
starting from a rate of 3 rpm to a maximum speed of 30
rpom, then the rotation speed was kept constant at 30 rpm
for a maximum of 300s. The duration for which the animal
could maintain balance on the rotating drum was
measured as the latency to fall, with a maximal cutoff time
of 300s (Hur et al., 2020).

Wire hanging test

The wire hanging test detects neuromuscular abnormalities
of muscle strength. For this test, a wire cage lid is used
with duct tape around the edges to prevent the mouse from
walking off the rim. The animal is placed on the top of the
cage lid. The lid is then slightly shaken to force the mouse
to grip the wire. Afterwards, the lid is slowly turned upside
down. The lid is held at a height of approximately 0.5 - 0.6
m above a soft underlay, high enough to prevent the mouse
from jumping down, but not high enough to cause harm in
the event of a fall. The time until the animal falls is
measured. A 90 or 300 seconds cut-off time is used
depending on the model (Tam et al., 2015).

Grip strength test

Mice are placed on the grip strength apparatus in a way
that they can grab a small grid with their fore paws. Then,
the experimenter slowly pulls the mice away from the grid
until it releases the handle. The maximum strength of the
animal’s grip is recorded. Each animal undergoes three
trials per testing session (Nazari et al., 2023).

Sample collection

Serum and gastrocnemius muscles were harvested. The
gastrocnemius muscles were frozen in liquid nitrogen (LN)
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and stored at -80°C to determine molecular and biochemical
parameters further. Serum samples was stored at -20°C
prior using for further biochemical testing.

Evaluation of cholesterol levels and triglyceride levels

Mouse serum cholesterol and triglyceride levels were
evaluated using the Erba cholesterol test kit (Cat No:
BLT00080, Germany) and the Erba triglyceride test kit (Cat
No: BLT00057, Germany). Results are calculated
automatically by Semi Automated Biochemistry Analyzer.

Evaluation of total superoxide dismutase (T-SOD),
superoxide dismutase 1 (SOD-1) and superoxide
dismutase 2 (SOD-2) activity levels

The evaluation of T-SOD, SOD-1 and SOD-2 activity levels
was performed using the Elabscience® CuZn/Mn
Superoxide Dismutase (CuZnSOD/Mn-SOD) Activity Assay
Kit (Cat No: E-BC-K022-M, China). Briefly, the gastrocnemius
muscles were homogenized using dounce homogenizer
at 4°C. After that, they were centrifuged at 10000xg for 10
min at 4°C and collected supernatant for detection. The
principle of the assay is that superoxide anion produced
by xanthine oxidase system reacts with hydroxylamine and
finally converted to a purplish-red substance after chromogenic
reaction. The amount of purplish-red substance is
measured by optical density (OD) at 550 nm. The SOD in
the sample has a specific inhibitory effect on superoxide
anion, can reduce the content of purplish-red substance
and then was calculated by the formula in the assay kit
manual. The T-SOD activity is the sum of SOD-1 and SOD-2
acitivity, a specific pretreatment method can be used to
eliminate the activity of SOD-2, leaving only the activity of
SOD-1 to be measured.

Evaluation of glutathione peroxidase (GPx) activity levels

GPx activity level was quantified via a spectrophotometric
assay previously described (Sharma et al., 2021). The
assay, which uses 2.0 mM reduced glutathione and 0.25
mM cumene hydroperoxide as substrates, monitors the
rate of NADPH oxidation at 340 nm. The reaction mixture,
with a total volume of 1 mL, contained 50 mM potassium
phosphate buffer (pH 7.5), 1 mM EDTA, 1 mM NaN,, 0.2
mM NADPH, 1 E.U./mL glutathione-reductase, 1 mM
reduced glutathione and either 1.5 mM cumene
hydroperoxide or 0.25 mM H,O,. A 0.1 mL aliquot of the
enzyme source was added to 0.8 mL of the mixture and
pre-incubated for 5 minutes at room temperature before
the reaction was initiated by the addition of 0.1 mL of
peroxide solution. Blanks, in which the enzyme source was
replaced with distilled water, were used to correct for
background absorbance. The rate of reaction was
calculated using the molar extinction coefficient for NADPH
(6.22 mM-'cm). GPx activity was normalized to protein
concentration and expressed as nmol NADPH oxidized/
min/mg protein at 25°C. Protein was quantified using the
BCA protein assay with bovine serum albumin as the
standard.

Evalutaion of reduced glutathione (GSH), oxidized
glutathione (GSSG) level and GSH/GSSG ratio

The evaluation of GSH, GSSG levels and GSH/GSSG ratio
was performed using the Elabscience® Total Glutathione
(T-GSH)/Oxidized Glutathione (GSSG) Colorimetric Assay
Kit (Cat No: E-BC-K097-S, China). The principle of the assay
is that glutathione reductase converts GSSG into GSH. After
that, GSH reacts with a 5,52 -dithiobis-(2-nitrobenzoic acid)
(DTNB) and produces yellow 1,3,5-trinitrobenzene (TNB).
The total amount of glutathione (GSH and GSSG) can
be determined by the amount of yellow TNB produced via
measuring the absorbance at 412 nm wavelength. The
amount of GSSG was measure by removing all of the GSH
from the sample before performing the same reaction.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
8.0.2 (GraphPad Software, La Jolla, CA, U.S.A.) with one-
way ANOVA followed by Tukey's multiple comparison test.
p<0.05 was considered as statistically significant. Data
was presented as the MEAN + S.E.M. of values obtained
from 06 mice per group (n=6) and checked for normality by
Kolmogorov-Smirnov test.

RESULTS AND DISCUSSION

Effects of lecithin on the changes of motor performance
induced by administration with fexofenadine and
cimetidine

To clarify whether lecithin reduced motor performance of mice
after administration with fexofenadine and cimetidine, we
examined whether lecithin attenuated antihistamines-
induced changes in latency to fall in rotarod and wire hanging
test. We also examined the forelimb grip strength using the
grip strength test. As shown in Fig 1A and Fig 1B, administration
with fexofenadine and cimetidine significantly decreased the
latency to fall in the rotarod and wire hanging test. Treatment
with lecithin significantly attenuated the reduction in latency to
fall of mice on the rotarod drum (Fig 1A) as well as on the wire
(Fig 1B) in comparison with Model group. In addition, Fig 1C
demonstrated that fexofenadine and cimetidine significantly
decrease fore limb grip strength of mice and that treatment
with lecithin could counteracted the decrease of animal’'s grip
strength induce by antihistamine drugs administration. These
results suggested that fexofenadine and cimetidine decreased
post-exercise muscle strenght of mice in comparison with the
control group and that lecithin alleviated this phenomenon.

Effects of lecithin on the changes of serum cholesterol
and triglyceride levels induced by fexofenadine and
cimetidine

To examine whether antihistamines altered lipid
metabolism, we evaluated cholesterol and triglyceride
levels in mouse serum. Fig 2A and Fig 2B demonstrated
that administration with antihistamines and lecithin did not
induce significant changes in cholesterol and triglyceride
levels. The lack of change in lipid profile suggests lipid
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metabolism is not involved in the down-regulation of post-
exercise muscle strenght induced by antihistamines.

Effects of lecithin on the changes of muscular SOD activity
levels induced by fexofenadine and cimetidine

Clinical studies indicated that exercise training-induced
increase in mitochondrial SOD expression (Van der Stede

et al., 2025). Therefore, in this study, we examined whether
our animal model can mimics this phenomenon. As
demonstrated in Fig 3A, after administrating with
antihistamines, T-SOD activity significantly increased.
Treatment with lecithin enhanced the increase of T-SOD
activity after antihistamines administration. To determine
which SOD isoforms was contributed into T-SOD changes,
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Fig 1: Effects of lecithin on the changes of motor performance induced by administration with fexofenadine and cimetidine.
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Fig 2: Effects of lecithin on the changes of cholesterol and triglyceride induced by administration with fexofenadine and cimetidine.
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we evaluated SOD-1 and SOD-2 levels. As depicted in Fig 3B,
SOD-1 activity did not changes between experimental
animal groups. In the other hand, SOD-2 activity significantly
increased after anthihistamines adminstration. Treatment
with lecithin also potentiated the increase of SOD-2 activity
after antihistamines administration (Fig 3C). A similar
pattern was seen for T-SOD and SOD-2 activity combined
with the unchanged result of SOD-1 activity suggested that
SOD-2 was the main contributing factors of antihistamines-
induced changes in T-SOD activity. These results was
consistent with the clinical study and suggested that lecithin
could modulate post-exercise muscle strenght of mice via
SOD-2 activity alterations (Van der Stede et al., 2025).

Effects of lecithin on the changes of muscular GPx
activities induced by fexofenadine and cimetidine

Since SOD-2 and GPx are two related antioxidant enzymes,
we continued our study by evaluating the changes of
muscular GPx activity. As demonstrated in Fig 4A, GPx activity
was increased after administration with antihistamines.
This increase was further enhanced by lecithin treatment.

Effects of lecithin on the changes of muscular GSH/GSSG
ratios induced by fexofenadine and cimetidine

We also examined the metabolism of GSH and GSSG to
ensure the role of GPx in the protective effects of lecithin
against antihistamines-induced post-exercise muscle
strenght impairments. Fig 4B and Fig 4D indicated that
administration with antihistamines decreased GSH

(39.1%) and GSH/GSSG ratio (83.7%) while increasing
GSSG (55.6%) (Fig. 4C). Treatment with lecithin counteracted
the effects of antihistamine on GSH and GSSG metabolism
in the muscular tissues. These results suggested that
lecithin mitigated the impairment of GSH/GSSG antioxidant
system induced by administration with antihistamines.
Pharmacological blockage of H1/H2 receptor could
lead to impairment of microvascular and mitochondrial
adaptations to interval training and profoundly reduce post-
exercise muscle perfusion in humans (Van der Stede et al.,
2025). Animal models also showed that blockage of H1
receptor result in inhibition of arterioles dilation and
capillary permeability and thus down-regulate the oxygen
and nutrients supply and the removal of waste products
(Niijima-Yaoita et al., 2012). Lecithin is well-known for
providing health benefits (Onaolapo et al., 2024). In the
present study, we have showed that treatment with
antihistamines H1/H2 induced post-exercise muscle
strength of mice through behavioral tests. In addition, our
results suggested lecithin exerted the protective effects
against antihistamines H1/H2 on post-exercise muscle
strength. Because lecithin is well-known for their role in
cardiovascular benefit that it could redesign cholesterol
homeostasis and lipoprotein metabolism (LeBlanc et al.,
2003; Onaolapo et al., 2024), we evaluated the effects of
lecithin on changes of cholesterol and triglyceride
metabolism of mice after antihistamins administration.
Unexpectedly, antihistamines H1/H2 did not alter neither
cholesterol nor triglyceride levels of mice. Therefore, our
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Fig 3: Effects of lecithin on the changes of muscular SOD activity induced by administration with fexofenadine and cimetidine.
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results suggested that H1/H2 receptor signaling did not
regulate lipid metabolism during exercise training.

As mitochondrial adaptations could be impaired by
H1/H2 blockage in human (Van der Stede et al., 2025), we
investigated SOD activities in the muscular tissue of mice.
Interestingly, our data indicated that SOD-2 (mitochondrial
SOD) but not SOD-1 (cytosolic SOD) acitivity significantly
increased after administration with antihistamines. In the
previous clinical study, Van der Stede et al. (2025) reported
that post-training SOD-2 expression was higher in
participants of the placebo groups in comparison with H1/
H2 blockade—treated group. Our data showed a contrary
outcome that blockage of H1/H2 receptor induced increase
in post-training SOD-2 activity. This may due to the
differences in mitochrondrial adaptations between mouse
and human. In muscle cells, mitochondria merge together
to produce energy more efficiently. This process, called
mitochondrial fusion, is triggered by aerobic exercise, which
improves how well the mitochondria function (Hood et al.,
2019). Exercise training consume a lot of energy and
produce reactive oxygen species (ROS). ROS mainly
produced by mitochondria in muscle cells (Zhou et al.,
2024). In fact, an appropriate ROS concentration is
necessary for muscle growth during training. ROS may
induce the stimulation to the mitochondrial biogenesis
resulted from exercise training which is important for
muscle adaptive process. However, excessive ROS
production can cause negative effects on post-exercise
results (Davies et al., 1982; Zhou et al., 2024). Smitha

(Bhaskar et al., 2020) reported that SOD-2 is able to
increase mitochondrial fusion in a manner independent of
its role as an antioxidant (Bhaskar et al., 2020). Therefore,
in the previous clinical research, H1/H2-dependent
regulation of training adaptations might occur in a condition
which ROS was not excessively produced. In that case,
administration with antihistamines subsided SOD-2 level
and induced reductions in training-induced effects on
mitochondrial capacity via antioxidative-independent
intracellular signaling pathways. In contrast, in this study,
blockage of histamine H1/H2 might cause the excessive
oxidative stress and muscular tissue damage due to
species-specific differences in ROS threshold and
mitochondrial dynamics. Blockage of histamine receptors
can induce excessive ROS production via disrupting the
enhancement of post-exercise blood flow and vasodilation
(Ely et al., 2016, 2020; Sieck et al., 2025; Trinity et al., 2016).
Therefore, we hypothesized that the elevation of SOD-2
was the consequences of compensation response of
mouse mitochondria when ROS excessively increased.
During exercise, the body relies on a network of antioxidant
enzymes and substances such as superoxide dismutase,
glutathione peroxidase, catalase, thioredoxin, peroxiredoxin
and thioredoxin reductase to maintain a crucial redox
balance in humans and animals (Demirhan et al., 2025;
Le Moal et al., 2017; Powers et al., 2011). For that reason,
we evaluated the expression of GPx and GSH/GSSG levels
to validate our hypothesis. GPx activity was upregulated
after administrating with antihistamines. However, the GSH
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and GSH/GSSG was downregulated. Working together,
SOD and GPx form an enzymatic defense system that
protects cells from oxidative damage by converting
dangerous superoxide radicals into harmless water
(Demirhan et al., 2025; Irak et al., 2021). SOD initially
converts ROS into H, O, . Using reduced glutathione (GSH)
as a substrate, GPx detoxifies hydrogen peroxide by
converting it to water while oxidizing the GSH to GSSG
(Muhee et al., 2023). As GSH/GSSG was downregulated,
our results suggested that the increase of SOD-2 and GPx
was the compensation responses and related closely but
not independently with the increase of ROS formation
during exercise training.

Additionally, we found in this study that lecithin
potentiated SOD-2 and GPx activity response after the
administration with H1/H2 antagonists. Carrying on the
previous explanations, our results showed that lecithin
induced increase of SOD-2 and GPx activity. Moreover,
treatment with lecithin also ameliorated antihistamines-
induced impairments in GSH, GSSG level and GSH/GSSG
ratio. Therefore, it is plausible that lecithin protected against
post-exercise muscle strenght downregulation induced by
blockage of H1/H2 receptor via restoring redox balance
managing by synergy between SOD and GPx activity. Recent
research have demonstrated that lecithin supplementation
significantly enhanced antioxidant capacity by increasing
SOD and CAT activities (Qiu et al., 2026). Lecithin can also
counteract oxidative damages to muscle induced by
blockage of H1/H2 receptors through its action on
cardiovascular health, post-exercise blood flow and
vasodilation improvement (Onaolapo et al., 2024). Although
these studies are consistent with our data that the
mechanism under protective effects of lecithin on muscular
tissue rely on modulating H1/H2 blockage-induced
excessive ROS formation, they can not explain the reason
why SOD-2 but not SOD-1 was potentiated by treatment
with lecithin. During exercise training, mitochondrial content
and quality is robustly changed. ROS can trigger PGC-1a
signaling and induce mitochondrial fusion which enhance
post-exercise muscle strenght. In the other hand, reduction
in PGC-1a signaling could promotes impairments in
mitochondrial integrity, further induce mitochondrial fission
and ROS-induced mitophagy, which impair post-exercise
muscle strength (Memme et al., 2021). Seidman et al.
(2002) reported that lecithin activated mitochondrial
membrane-located enzymes including SOD and GPx which
protected mitochondrial membrane from damage by ROS
(Seidman et al., 2002).

CONCLUSION

Taken together, in our study, it is plausible that excessive
ROS formation induced by blockage of H1/H2 receptors
during exercise activated compensation responses in
mitochondria which is enhancement of SOD-2 and GPx
acitivity. Lecithin protected against these impairments via
promoting antioxidant compensation responses and

restoring mitochondrial fusion signaling. Lecithinized
superoxide dismutase and calcium peroxide/carrageenan/
soybean lecithin-derived polypyrrole phototherapeutic
microparticles are proved to be promising therapy to elevate
mitochondrial enzymatic activities. Consequently, our
finding about the role of lecithin on mitochondrial adaptation
could provide intimation for expending therapeutic
application of these biomaterials.
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