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Abstract

Objective: This study aimed to evaluate the antioxidant properties of betaine against asthma in a mouse
model.

Methods: Thirty-two adult female BALB/c mice were divided into four groups: control (C), asthma (A),
betaine-asthma (BA), and prednisolone-asthma (PA). Intraperitoneal injection of 100 puL ovalbumin
(OVA) solution on days 0, 7, 14, and 21 was administered, followed by sensitization with OVA drops in
the A, BA, and PA groups. Prednisolone (3 mg /kg) and betaine (1%w/w of the total diet) were
administered orally once daily from days 27 to 84.

Results: A significant reduction in inflammation was observed in the BA group following betaine
treatment (P<0.01). Immunoglobulin E (IgE) levels increased significantly in the A and PA groups,
whereas betaine treatment significantly reduced IgE concentrations (P<0.01). Betaine and prednisolone
treatments significantly increased the activities of catalase, superoxide dismutase, and total glutathione
(GSH) levels (P<0.01). GSH peroxidase activity was significantly elevated in the PA group compared to
the C and A groups (P<0.01). Betaine and prednisolone treatments significantly reduced malondialdehyde
compared to the A group (P<0.01).

Conclusion: Betaine, as a promising dietary supplement, was associated with an increase in erythrocyte
antioxidant activity and a decrease in lipid peroxidation. These findings suggest that betaine may have
beneficial effects, particularly when combined with prednisolone, in the treatment of asthma.

Keywords: Asthma, Betaine, Mice, Oxidative stress, Red blood cells (RBCs)

Introduction excessive mucus secretion into the airway
Asthma, a chronic respiratory disease, is lumen, mucosal inflammation, and increased
characterized by reversible airway obstruction, smooth muscle tone in the airway, which
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subsequently leads to wheezing, shortness of
breath, and cough (1). Although common
medications such as glucocorticoids are used to
control these symptoms, approximately 10% of
patients do not respond well to drug therapy (2).
Asthma is associated with structural changes in
the lung tissue, inflammation of the airways,
increased number of goblet cells, and increased
volume of respiratory wall smooth muscle (3).
Macrophages, dendritic cells, mast cells,
eosinophils, neutrophils, and T lymphocytes are
the most common inflammatory cells involved
in asthma. Mediators such as Thl and Th2,
interleukins 4, 5, 9, and 13, as well as
immunoglobulin E (IgE), are involved in asthma
and regulate chronic inflammation associated
with the disease (1). The continuous infiltration
of monocytes, neutrophils, and eosinophils into
the airways and the repeated production of
inflammatory =~ mediators  result in  the
overproduction of reactive oxygen species
(ROS) (1-3). Within inflammatory cells, the
primary sources of ROS production include
mitochondrial oxidation, nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase,
xanthine oxidase, and cytochrome P450. Indeed,
oxygen consumed in mitochondria via
incomplete combustion generates reactive
species, such as O2-, hydrogen peroxide
(H202), and OH- (2-4). Conversely, airway
obstruction and the disruption of CO2 release
lead to the accumulation and retention of CO2 in
the blood, increasing the concentrations of H+
and H2CO3 relative to bicarbonate, thereby
causing respiratory acidosis that promotes the
generation of reactive oxygen species and
elevates reactive nitrogen species (1,4). Several
antioxidant markers in the blood and lungs,
including the enzymes catalase (CAT),
superoxide dismutase (SOD), and glutathione
(GSH) peroxidase, as well as the coenzyme
GSH, can inhibit ROS production and counter
their toxicity (5).

Betaine (3-methylglycine) is a beneficial
micronutrient with antioxidant properties found
in plants, animals, marine invertebrates, and
microorganisms (6,7). Our previous studies
demonstrated that oral administration of betaine
reduces alcohol-induced oxidative stress in the
brain and testis of rats (8,9). Its protective effect
has also been reported in oxidative stress
induced by cadmium and carbon tetrachloride
poisoning (10). Recent findings from our
laboratory indicate that betaine attenuates
oxidative stress and cognitive dysfunction in an
amyloid B-induced rat model of Alzheimer's
disease (11). Considering the antioxidant and
methyl-donor properties of betaine, oral
administration of betaine may modulate
oxidative stress in asthma (1, 8-11). Therefore,
this study aimed to evaluate the antioxidant
effects of betaine in combination with
prednisolone treatment in mice with asthma.

Materials and Methods

A total of 32 female BALB/c mice, weighing
approximately 20-25 g and aged 6-8 weeks,
were allocated according to the
recommendations of the Animal Care
Committee of Lorestan University
(Khorramabad, Iran) under Approval number:
LU.ECRA 2018/5. The mice were divided into
four equal groups: control (C), asthma (A),
betaine-asthma (BA), and prednisolone-asthma
(PA) (12, 13). To induce asthma, 40 pg of
ovalbumin (OVA) dissolved in 100 puL
phosphate-buffered saline (PBS) and alum (1:1
ratio) were administered intraperitoneally on
days 0, 7, 14, and 21 to all groups except the
control group. Additionally, from day 28 to day
84, these mice received a daily inhalation of 20
ng of OVA in 50 pL of PBS, while the control
group received the same volume of PBS as a
nasal drop (1,14). Concurrently, the BA group
received dietary betaine at 1% of total diet (w/w)
daily, and the PA group received oral
prednisolone at a dose of 3 mg/kg. The control
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group continued to receive PBS (1, 15, 16). At
the end of the experiment (day 85), the mice
were sacrificed under anesthesia with xylazine
and ketamine. Bronchial alveolar fluid (BALF)
was collected from the lungs for subsequent
white blood cells (WBC) analysis, and cardiac
puncture was performed to collect whole blood
and serum as the final step.

Biochemical Measurements

IgE levels were measured using the Abcam
Mouse IgE ELISA Kit (ab157718), following
the manufacturer's instructions, and expressed as
ng/mL in serum (17). Hemoglobin (Hb)
concentration was determined using a
biochemical kit (Parsazmoon, Tehran, Iran) and
expressed as g/dL of whole blood. Glutathione
peroxidase (GPx) activity was assessed using a
kit from Kiazist Company (Hamedan, Iran). By
measuring changes in NADPH uptake at 340
nm, the production of GSH oxide can be quickly
detected. GPx was calculated and expressed as
enzymatic units per gram of Hb. SOD enzyme
activity was also measured using a kit from
Kiazist Company (Hamedan, Iran). In this
method, xanthine and xanthine oxidase were
used to generate superoxide radicals. The
inhibition of this reaction, in the presence of
resazurin, resulted in the formation of a pink
product. Absorbance was recorded at 570 nm,
and the enzyme activity was measured based on
the enzyme units per gram of Hb. CAT activity
was also measured using a Kiazist Company kit
(Hamedan, Iran), following the manufacturer's
instructions, and the results were expressed as
mU/g Hb. Total GSH levels were determined
using a Kiazist Company kit (Hamedan, Iran). In
this method, Ellman's solution reacts with
sulthydryl (SH) groups via a reversible reaction
to form a yellow compound. Finally, the
absorbance of the DTNB complex and reduced
sulthydryl groups was measured at 405 nm, and
the GSH levels in the samples were calculated
and expressed as micromoles per gram of Hb.

Malondialdehyde (MDA), a marker of lipid
peroxidation, was also measured using a kit
from Kiazist Company (Hamedan, Iran). In this
experiment, MDA forms a complex with
thiobarbituric acid under acidic pH and high
temperature, producing a reddish-colored
compound, which was read at 532 nm, and
MDA levels were calculated and expressed as
nanomoles per gram of Hb.

Histological Examination of Lung Tissue

The lung tissue was completely isolated and
fixed in 10% formalin solution. Tissue samples
were then processed and stained with
hematoxylin and eosin for histopathological
examinations under a light microscope. The
findings were scored on a scale of 0-3 based on
the degree of inflammatory cell infiltration,
muscle layer thickening, and  mucus
accumulation. Scores corresponded to the
following grades: 0 = no inflammation, 1 = mild,
2 = moderate, and 3 = severe inflammation (14).
The histopathological evaluations were scored
by an expert without any bias, as confirmed by
antioxidant results and interleukin-6 levels in
asthmatic mice.

Statistical Analysis

Statistical analysis was conducted using
GraphPad Prism version 5 (GraphPad Software,
San Diego, CA, USA). Levene's test was used to
assess the normality and homogeneity of
variances for all variables. Data are presented as
mean = SEM. Statistical differences among the
groups were determined using a one-way
analysis of variance followed by Tukey's post
hoc analysis. A P value<0.01 was considered
statistically significant.

Results

IgE levels were significantly elevated in the A
group compared to the BA and C groups
(P<0.01). They were also significantly higher in
treatment with prednisolone than in the A and
BA groups (P<0.01, Fig.1).

4

Herbal Medicines Journal. 2026, 11(1)



Betaine Reduces Oxidative Stress of Red Blood Cells ...

6-
=
2
g
E
(=)
£
2
3 2
ng’ —_
0-
o v o nS

Fig.1. The effects of betaine and prednisolone
treatments on IgE level in mice (n=8 per group).
Values represent Meant=SEM (ng/ml of serum).
***Denotes a significant difference (P<0.01) with
C, BA groups and #*** denotes a significant
difference (P<0.01) with BA and A groups. C;
Control, A; Asthma, BA; Betaine-asthma, PA;
prednisolone-asthma.

WBC counts were significantly increased in the
A group compared to the C, BA, and PA groups
(P<0.01). Notably, prednisolone treatment
resulted in a significant decrease in WBC counts
compared to the BA group (P<0.01, Fig.2).
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Fig. 2. The effects of betaine and prednisolone
treatments on White Blood Cells (WBC) count in
BALF Liquid of mice (n=8 per group). Values
represent Meant+SEM. *** Denotes a significant
difference (P<0. 01) with C, BA, PA, groups and
#***denotes a significant difference (P<0.01) with
BA group. C; Control, A; Asthma, BA; Betaine-
asthma, PA; prednisolone-asthma.

Histopathological analysis revealed that the most
pronounced tissue damage was observed in the A
group. However, mice treated with betaine
indicated a notable reduction in airway epithelial

thickening and inflammatory cell infiltration.
Similarly, prednisolone treatment decreased
inflammatory cell infiltration and reduced
airway epithelial thickening compared to the A

group (Fig.3).

i e a -
Fig. 3. Histopathology micrographs of lung tissue
from control, ova albumin-induced asthma, betaine
and prednisolone treatments on lung tissue of mice a:
Control group. Showing normal architectures of
bronchioles and alveoli. b: Asthma group, heavy
concentration of inflammatory cells around the
bronchioles (asterisks). c: Betaine treatment. The
accumulation of inflammatory cells is prominently
reduced around the bronchial walls (arrows). d:
Prednisolone treatment group: the most of the alveoli
and some of the bronchioles are condensed with
inflammatory cells. Congestion of large and small
vessels is dominant. a: Control group. b: Asthma
group c: Betaine treatment d: Prednisolone treatment
a-d: x100 HE.

CAT activity was significantly higher in the
betaine and prednisolone treatment groups than
in the A group (P<0.01). However. no significant
difference in CAT activity was observed
between the BA and PA groups (P>0.05, Fig.4).
Betaine treatment significantly increased GSH
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content compared to the A group (P<0.01), and
prednisolone treatment also significantly
increased GSH content compared to the A group
(P<0.01, Fig. 5). MDA concentration was
significantly higher in the A group than in the C
group (P<0.01), and significantly decreased in
the BA group compared to the A group (P<0.05).

150001

10000+

50004

Catalase activity ( munit/g of Hb )

Fig. 4. The effects of betaine and prednisolone
treatments on Catalase (CAT) activity in RBC of
mice (n=8 per group). Values represent Mean+SEM
of enzyme activity (munit/g Hb). ***Denotes a
significant difference (P<0.01) with BA and PA
groups. *denotes a significant difference (P<0.05)
with BA group. C; Control, A; Asthma, BA; Betaine-
asthma, PA; prednisolone-asthma.
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Fig. 5. The effects of betaine and prednisolone
treatments on glutathione content (GSH) in RBC of
mice (n=8 per group). Values represent Mean+SEM
of enzyme activity (nmol/mg of Hb). ***Denotes a

significant difference (P<0. 01) with A group, and
**denotes a significant difference (P<0.01) with A
group. C; Control, A; Asthma, BA; Betaine-asthma,
PA; prednisolone-asthma.

A further significant reduction in MDA levels
was observed in the PA group compared to the A
group (P<0.01, Fig.6). Both betaine and
prednisolone treatments significantly increased
SOD activity compared to the A group (P<0.01,
Fig.7). GPx activity was significantly higher in
the PA-treated mice compared to the BA and A
groups (P<0.01, Fig.8).
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Fig. 6. The effects of betaine and prednisolone
treatments on MDA concentration in RBC of mice
(n=8 per group). Values represent MeantSEM of
MDA (nmol/mg of Hb). ***Denotes a significant
difference (P<0.01) with C group, and** denotes a
significant difference (P<0.01) with A group.
*denotes a significant difference (P<0.05) with A
group. C; Control, A; Asthma, BA; Betaine-asthma,
PA; prednisolone-asthma.
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Fig. 7. The effects of betaine and prednisolone
treatments on superoxide dismutase (SOD) activity in
RBC of mice (n=8 per group). Values represent
Mean+SEM of enzyme activity (unit/mg of Hb),
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***Denotes a significant difference (P<0. 01) with BA
and PA groups. C; Control, A; Asthma, BA; Betaine-
asthma, PA; prednisolone-asthma.
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Fig. 8. The effects of betaine and prednisolone
treatments on glutathione peroxidase (GPx) activity
in RBC of mice (n=8 per group). Values represent
MeantSEM of enzyme activity (mu/mg Hb).
***denotes a significant difference (P<0. 01) withC,
A and BA groups. C; Control, A; Asthma, BA;
Betaine-asthma, PA; prednisolone-asthma.

Discussion

The results of the present study clearly indicate
the protective effects of betaine in betaine-
treated mice against asthma. In the asthma
group, we observed an accumulation of
mononuclear  cells, with lymphocytes
predominating, around the bronchioles. In
contrast, in the betaine-treated mice, the severity
of this accumulation of single-nucleus
inflammatory cells was significantly reduced.
Our data also showed that prednisolone
treatment had some deleterious effects,
including an increase in IgE antibody levels and
inflammation in the lung tissue of asthmatic
mice. In conclusion, we found that betaine
protected against asthma by decreasing IgE
levels, reducing inflammation, and suppressing
oxidative stress in a mouse model.

Asthma is a chronic inflammatory disease
characterized by reversible airway obstruction,
increased cell numbers, inflammatory mediators,
and subsequent structural and functional changes
in the lungs and respiratory tract walls (1, 3, 5).
Asthma leads to an overproduction of free

radicals, and the predominance of ROS over
neutralizing antioxidants results in oxidative
stress (1, 5). As previously mentioned, the
elevated number and activity of inflammatory
cells, along with increased IgE production in this
disease, led to the use of serum IgE levels,
inflammatory cell counts, and histopathological
examination of lung tissue to confirm asthma
(17, 18-20). The results of this study showed
that OVA induced asthma in the A group
compared with the controls. The increased IgE
level served as an additional parameter
confirming asthma induction (1, 17, 20).
Interestingly,  prednisolone,  despite  its
immunosuppressive properties, increased IgE
levels, which aligns with previous studies (21-
23). Indeed, glucocorticoids, such as
prednisolone, inhibit human antigen-specific and
enhance total IgE and IgG4 production due to
differential effects on T and B cells, and the
corticosteroid effect on immunoglobulins has
been proven previously (21, 22). In contrast,
betaine significantly reduced IgE levels in the
BA group. WBC counts in BALF were
significantly higher in both the PA and BA
groups; notably, prednisolone appeared to
exhibit a more pronounced effect in reducing
WBC counts compared to betaine.

As previously mentioned, CAT is an antioxidant
enzyme that breaks down H202 into water and
oxygen (24). In the present study, the CAT
activity in asthma-induced oxidative stress was
clearly. GPx is another antioxidant enzyme that
degrades hydrogen peroxide and lipid peroxides
and plays a crucial role in oxidation and cellular
rearrangement reactions to protect the cell
membrane from oxidative damage (25, 26). We
showed that betaine had a slight effect on
increasing GPx activity in asthma-induced
oxidative stress, which 1s consistent with our
previous work (1). SOD is also an antioxidant
enzyme that, along with GPx, prevents oxidation
of the mitochondrial membrane and causes the
radical conversion of superoxide to H202 (25,

Herbal Medicines Journal. 2026, 11(1)
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27). In the present study, SOD activity
significantly increased with betaine treatment,
showing an effect comparable to that of the drug
prednisolone. GSH is a reductive coenzyme that
can prevent oxidation by releasing electrons to
free radicals. As free radical levels increase, the
reduced GSH-to-oxidized ratio decreases; this
ratio is used to assess the rate of oxidative stress
(25, 26). The GSH level in the betaine-treated
mice increased with betaine consumption
compared to the control group, consistent with
our previous study on the kidneys and livers of
asthmatic mice (1).

With respect to lipid peroxidation, lipids are
among the most vulnerable raw materials to the
damage caused by free radicals and are
considered key markers of oxidative stress (25,
28). In this study, both betaine and prednisolone
treatments reduced lipid peroxidation, as
measured by MDA levels, in asthma-induced
oxidative stress. Overall, the present findings
suggest that betaine, in combination with
prednisolone, may be effective in reducing
OVA-induced oxidative stress in asthma and
could be considered a promising therapeutic
approach. Consistent with the known properties
of betaine, our previous study on the livers and
kidneys of asthmatic mice showed that CAT and
GPx activities increased in response to oxidative
stress in the asthma group, serving as a
compensatory mechanism to counteract it. In
contrast, GPx activity was significantly lower in
the prednisolone group than in the asthma group.
Additionally, MDA levels were significantly
lower in Dbetaine-treated mice than in
prednisolone-treated mice. Furthermore, liver
MDA concentrations were significantly higher in
prednisolone-treated mice, further supporting the
antioxidant effects of betaine (29,30). Although
the present results support antioxidant effects of
betaine and confirm its protective effects against
asthma, future studies should focus on dose-
response, the molecular mechanism of
cytokines, and sex differences in response to

asthma. Hence, the promising properties of
betaine in clinical trials and additional animal
models are needed to clarify the exact biological
mechanism of betaine for human investigations.

Conclusion
There 1is substantial evidence from our

laboratory supporting the beneficial effects of
betaine in controlling oxidative stress (1, 8-10,
29). The present study also showed that betaine
may exert its protective effects by increasing the
activities of CAT, SOD, and total GSH, thereby
reducing lipid peroxidation in asthma-induced
oxidative stress. However, further studies are
needed to elucidate the exact mechanism of
betaine when wused in combination with
prednisolone, the primary drug for asthma, in
animal models.
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