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Abstract

Pain is a distressing sensation that arises.as a consequence of damage to bodily tissues, while 3-
alanine is an amino acid that is both nonessential and non-proteogenic, functioning as an inhibitory
neurotransmitter. Hence, the purpose of this investigation was to ascertain the analgesic role of -
alanine in the.context of pain induced by exposure to a hot plate in mice. A total of 85 male NMRI
mice were. employed in five separate experiments. In the initial experiment, the mice were
administered saline, B-alanine at doses of 15mg/kg, 30mg/kg, and 45mg/kg, as well as morphine
at a dose of Smg/kg. In the second experiment, the mice were given saline, B-alanine at a dose of
30mg/kg once daily for a duration of 7 days, naloxone at a dose of 2mg/kg, and naloxone in
combination with B-alanine at a dose of 30mg/kg. For experiments 3-5, the mice were subjected
to flumazenil (5mg/kg), L-NAME (10 mg/kg), and 6-hydroxydopamine (100mg/kg) instead of
naloxone. Importantly, the mice received B-alanine once daily for a period of 7 days, whereas all
the antagonists were administered 30 minutes prior to the respective tests. Subsequently, the hot

plate test was employed to measure pain responses, both prior to and at 10, 15, 20, 25, and 30



minutes following the injections, by recording the response latency time. At the conclusion of the
experiments, blood samples were obtained and used to determine the levels of serum
malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx), total
antioxidant status (TAS), and nitric oxide (NO). The findings revealed that morphine led to a
significant increase in the latency time (P<0.05), while B-alanine also resulted in a notable increase
in the latency time (P<0.05). Interestingly, pretreatment with B-alanine followed+by naloxone
resulted in a decrease in the latency time (P<0.05). Similarly, pretreatment with B-alanine followed
by flumazenil significantly reduced the latency time on the hot plate (P<0.05). Furthermore,
pretreatment with B-alanine followed by L-NAME led to an increase in the latency time (P<0.05).
Administration of B-alanine resulted in a decrease in serum NO and MDA levels, and an increase
in SOD, GPx, and TAS levels (P<0.05). Collectively, /these findingssuggest that the
antinociceptive activity of P-alanine is mediated through GABAergic/mechanisms and NO
production, and possibly through its antioxidant properties, in the context of pain induced by

exposure to a hot plate in mice.
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1. Introduction

The sensation of pain serves as‘a defensive mechanism that has evolved in order to safeguard
tissues against actual or potential ‘harm, thereby playing a crucial role in the survival of various
animal species. Moreover, pain also manifests as a symptom in numerous diseases, serving as an
indicator that.there is an underlying issue within the organism (1). Nevertheless, the persistence of
pain can potentially lead to the development of chronic conditions and result in alterations to both
the central nervous system and peripheral tissues (2). Dysfunction in nociceptive signaling at
different levels of the nervous system can be identified as the primary cause of pathological pain.
Extensive documentation has confirmed that the opioidergic, GABAergic, dopaminergic, and
nitrergic systems are responsible for providing relief from pain within the spinal cord (3). Despite
the widespread prescription of opioids and nonsteroidal anti-inflammatory medications for pain
relief, reports of side effects associated with their long-term usage have surfaced (3).

B-alanine, a nonessential and non-proteogenic amino acid, is produced as the end product of

carnosine in the human body. This amino acid plays a critical role in intracellular buffering and



effectively delays the accumulation of lactic acid (4). Numerous physiological functions have been
attributed to B-alanine, including anticancer and antioxidant activity, as well as the enhancement
of muscle function and exercise performance (5). While the mechanisms through which p-alanine
exerts its positive effects on the brain have not been fully elucidated, its structural similarities to
y-aminobutyric acid (GABA) and glycine enable it to bind to their receptors and function as an
inhibitory neurotransmitter (6). Furthermore, B-alanine has been found to pesitively influence
spatial memory, as evidenced by its ability to increase levels of this amino acid in‘the hippocampus
following the administration of the Morris water maze test (7). In individuals diagnesed with
schizophrenia, B-alanine supplementation has been shown to improve cognitive function through

its antioxidant properties (5).

Supplementation with -alanine has been found to decrease lipid peroxidation and the production
of reactive oxygen species (ROS), while simultaneously enhancing levels of glutathione
peroxidase (GPx), superoxide dismutase (SOD), reduced glutathione (GSH), and catalase in rats
with myocardial ischemia and reperfusion-induced.injury (4). Despite an extensive review of the
literature, no reports have been found regarding the anti-nociceptive properties of B-alanine.
Therefore, the objective of this study is to investigate the potential anti-nociceptive role of B-
alanine and its potential interaction'with.the opioidergic, GABAergic, dopaminergic, and nitrergic

systems in the context of hot plate-induced pain.

2. Material and Methods

2.1. Animals and grouping

In this investigation, a total of 85 male NMRI mice with a weight range of 25-30 g were housed
in a controlled environment with a room temperature of 23 £ 1 °C and a 12-hour light/dark cycle.
The mice were kept.in standard cages, with six mice in each cage. They had unrestricted access to
fresh water and chow pellets. The first test involved the intraperitoneal injection of different
substances into the mice. These substances included saline, B-alanine at three different doses (15
mg/kg, 30 mg/kg, and 45 mg/kg), and morphine (5 mg/kg). It should be noted that the mice
received B-alanine once a day for a period of 7 days, while the morphine was injected only 30
minutes before the test. In the second test, the mice were again intraperitoneally injected with

different substances. These substances included saline, B-alanine (30 mg/kg) once a day for 7 days,



naloxone (2 mg/kg), and a combination of naloxone and B-alanine (30 mg/kg). The third test
followed a similar pattern, with the mice receiving different injections. These injections included
saline, B-alanine (30 mg/kg) once a day for 7 days, flumazenil (5 mg/kg), and a combination of
naloxone and B-alanine (30 mg/kg). In the fourth test, the mice were injected with saline, 3-alanine
(30 mg/kg) once a day for 7 days, L-NAME (10 mg/kg), and a combination of naloxone and f-
alanine (30 mg/kg). The fifth test involved the intraperitoneal injection of saline,$-alanine (30
mg/kg) once a day for 7 days, 6-hydroxydopamine (100 mg/kg), and a combination of 6-
hydroxydopamine and B-alanine (30 mg/kg). Similar to the first test, the mice received $-alanine
once a day for 7 days, while all the antagonists were injected 30 minutes before the test.

2.2. Hot Plate Test

The thermal noxious stimuli anti-nociceptive activity of f-alanine was evaluated using Harvard's
hot plate, which was set at a temperature of 52 + 2°C (8): The mice were placed on the heated
surface, and the time elapsed between placement and specific responses, such as jumping,
withdrawal of paw(s), or licking of the forepaws, was recorded as the response latency time. These
recordings were made before the injection and at 10, 15, 20, 25, and 30 minutes after the injections.
A cutoff time of 20 seconds was used to‘determine analgesia and inhibition of tissue damage (8)
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: Sten Phase ALl s SEe e

CEEEE -

Image. The hotplate procedure

2.3. Biochemical evaluations



At the end of the tests, blood samples were collected and serum MDA, SOD, GPx, and TAS were
determined using Zell Bio GmbH (Germany) assay Kits. Also, the Greiss colorimetric method
determined NO concentration in the blood serum. An ELISA reader measured samples' optical
density (OD) at the wavelength of 540 nm (9).

2.4. Statistical Analysis

SPSS 22 was used for data analysis using a one-way analysis of variance (ANOVA) and were
shown as the mean * standard error. Tukey post hoc test was applied for the main effect by
ANOVA (P < 0.05).

3. Results

The figures presented in the study demonstrate the anti-nociceptive properties/of B-alanine as
measured by the hot plate test. In figure 1, it can be observed that morphine significantly increased
the latency time in the hot plate test compared to the control group (P.<.0.05). On the other hand,
B-alanine at a dosage of 15 mg/kg had no significant effect on latency time (P > 0.05). However,
at dosages of 30 and 45 mg/kg, B-alanine significantly increased the latency time in the hot plate
test compared to the control group (P < 0.05).
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Figure 1. Effect of the f-alanine on Latency Time in the Hot Plate Test in Mice (mean + SE,
P<0.05).



Moving on to figure 2, it is evident that naloxone at a dosage of 2 mg/kg did not elicit an anti-
nociceptive response in the hot plate test compared to the control group (P > 0.05). Conversely, -
alanine at a dosage of 30 mg/kg significantly increased the latency time in the hot plate test
compared to the control group (P < 0.05). Moreover, when -alanine was administered prior to

naloxone (2 mg/kg), the latency time in the hot plate test was significantly decreased (P < 0.05).

==@==Control (saline)
== naloxone (2 mg/kg)
e=j==(3-alanin (30mg/kg)
B-alanin (30mg/kg) + naloxone (2 mg/kg)
14

# T
- A
D 12 ‘/ L
N 1
o 10 # #
N -'/é T ® -
? 6 I—T/ 'A i _' A
S 2 B
©
-
2
0

0 5 10 15 20 25 30
Time (minutes)

Figure 2. Effect of the f-alanine, Naloxone and their Co-Injection on Latency Time in the Hot
Plate Test in Mice (mean + SE, P<0.05).

Figure 3 reveals that flumazenil at a dosage of 5 mg/kg did not produce any anti-nociceptive
response in the-hot plate test compared to the control group (P > 0.05). In contrast, B-alanine at a
dosage of .30 mg/kg significantly increased the latency time in the hot plate test compared to the
control group (P < 0.05). Furthermore, when (-alanine was administered prior to flumazenil (5

mg/kg), the latency time in the hot plate test was significantly reduced (P < 0.05).
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Figure 3. Effect of the B-alanine, Flumazenil and Their €o0=Injection.on Latency Time in the Hot
Plate Test in Mice (mean«t SE, P<0.05).

Examining figure 4, it can be observed that the administration of L-NAME at a dosage of 10 mg/kg
had no effect on the latency time in the hot plate test compared to the control group (P > 0.05).
However, B-alanine at a dosage of 30 mg/kg significantly increased the latency time in the hot
plate test compared to the control group (P < 0.05). Additionally, when (3-alanine was administered
prior to L-NAME (10 mg/kg), the latency.time in the hot plate test was significantly increased (P
<0.05).
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Figure 4. Effect of the f-alanine, L-NAME and Their Co-Injection on Latency Time in the Hot
Plate Test in Mice (mean £ SE, P<0.05).

Figure 5 demonstrates that 6-hydroxydopamine at a dosage of 100 mg/kg did not elicit an anti-
nociceptive response in the hot plate test compared to the control group (P > 0.05). Conversely, 3-
alanine at a dosage of 30 mg/kg significantly increased the latency time in. the hot plate test
compared to the control group (P < 0.05). Notably, no significant effect was observed on the
latency time in mice pretreated with B-alanine (30 mg/kg) followed by 6-hydroxydopamine (P >
0.05).

==@==Control (saline)
=== 6-hydroxydopamine (100mg/kg)
=== (3-alanin (30mg/kg)
B-alanin (30mg/kg) + 6-hydroxydopamine (100mg/kg)

=
()]

14 Tt
%12 i /* +
£ 10
F o i T L P
> b 1
& ¢  a— ——
£ 4
-

0

Time (minutes)

Figure 5. Effect of the -alanine, 6-hydroxydopamine and Their Co-Injection on Latency Time
in the Hot Plate Test in Mice (mean * SE, P<0.05).

Shifting focus to the effects of $-alanine on serum biochemicals, figures 6-10 present the results.
In figure 6, it can be seen that a single dose of morphine had no significant effect on serum MDA
levels compared to the control group (P > 0.05). However, administration of B-alanine significantly
decreased serum MDA levels compared to control mice (P < 0.05). There was no significant

difference between the dosages of 30 and 45 mg/kg of B-alanine (P > 0.05).
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Figure 6. Effect of the f-alanine on serum malondialdehyde levels in. Mice (mean £ SE, P<0.05).

Examining figure 7, it is evident that morphine had no significant effect on serum SOD levels
compared to control mice (P > 0.05). Conversely, treatment with 3-alanine significantly increased
serum SOD levels compared to control mice (P < 0.05). There was no significant difference

between the dosages of 30 and 45 mg/kg of B-alanine (P > 0.05).
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Figure 7. Effect of the f-alanine on serum superoxide dismutase levels in Mice (mean * SE,
P<0.05).

In this particular study, it was observed that the administration of morphine did not have any
discernible impact on the levels of serum glutathione peroxidase (GPx) when compared to the
control group of mice (P > 0.05). On the other hand, it was found that the treatment.involving the
use of B-alanine led to a significant increase in the levels of serum GPx in comparison to the control
group (P < 0.05). Furthermore, there was no notable distinction between the levels of the 30 and

45 mg/kg doses of B-alanine (P > 0.05) (figure 8).
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Figure8. Effect of the B-alanine on serum glutathione peroxidase levels in Mice (mean £ SE,
P<0.05).

Upon examination, it was determined that the administration of morphine did not exert any
influence on the levels of total antioxidant status (TAS) in the serum, as compared to the control
group of mice (P > 0.05). Conversely, it was observed that the treatment involving the use of -
alanine resulted in a significant increase in the levels of serum TAS (P < 0.05). Moreover, there
was no significant distinction between the doses of 30 and 45 mg/kg of B-alanine (P > 0.05) (figure
9).
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Figure 9. Effect of the B-alanine on serum total-antioxidant status in Mice (mean £ SE, P<0.05).

Based on the findings illustrated in figure 10;.it was observed that a single dose of morphine did
not have any noticeable impact on'the concentration of nitric oxide (NO) in the serum, as compared
to the control group (P > 0.05). Conversely, it was found that the treatment involving the use of -
alanine led to a significant decrease.in.the concentration of serum NO, in comparison to the control
group of mice (P < 0:05). Furthermore, there was no significant distinction between the levels of

the 30 and 45 mg/kg doses of B-alanine (P > 0.05).
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Figure 10. Effect of the B-alanine on serum nitric oxide concentration in Mice (mean + SE,
P<0.05).

4. Discussion

Based on the principal finding of the present investigation, the administration of 3-alanine resulted
in an increase in the duration ofdatency. Subsequent pretreatment with -alanine, followed by the
administration of an opioid antagonist, dled to a decrease in the latency time. Furthermore,
pretreatment with -alanine, followed by a GABA antagonist, resulted in a reduction in the latency
time on the hot plate. Additionally, pretreatment with -alanine, followed by an inhibitor of NO
synthesis, caused aniincrease in'the latency time. f-alanine is classified as an endogenous [3-amino
acid and, although it'is not utilized in the synthesis of proteins or enzymes, it does demonstrate
physiological . significance. p-alanine is present within the central nervous system as a
neuromodulator (10). It has been reported that pretreatment with naloxone blocked the anti-
nociceptive effects during the threshold period in hot plate tests (11). There exists a correlation
between the synthesis of B-alanine and the GABA system facilitated by malonate semialdehyde.
GABA-T exhibits comparable reactivity towards both pB-alanine and GABA. Consequently, the
endogenous concentration and release of B-alanine are significantly influenced by GABA-T,

suggesting that this enzyme is also involved in regulating the synthesis of B-alanine within the
central nervous system (12).



NO can induce peripheral hyperalgesia by modulating the expression of cyclooxygenase (13). The
sub-plantar injection of formalin results in an elevation of NO levels at the site of injection, and
pretreatment with L-NAME mitigates pain in mice (14, 15). B-alanine has the capability to bind to
GABA and glycine receptors, as well as the N-methyl-D-aspartate (NMDA) complex. Within the
central nervous system, B-alanine is localized in both neurons and glia, specifically within the brain
stem and spinal cord (16). Electrical stimulation triggers the release of B-alanine, which then
interacts with binding sites and inhibits neuronal excitability (17). Activation of. N-methyl-D-
aspartate receptors by glutamate leads to an increase in the release of NO and PGEZ2, subseguently
enhancing glutamate levels within the dorsal horn neurons and promoting central sensitization
(18). Conversely, glycine receptors suppress neuronal firing within the spinal cord, and
pretreatment with cyclooxygenase inhibitors reduces pain (19). Presumably, the antinociceptive
activity of B-alanine is mediated through the involvementof the NO.and GABAergic systems.

As observed, the administration of B-alanine resulted.in a decrease in serum levels of NO and
MDA, while simultaneously increasing levels of SOD, GPx; and TAS. These findings suggest that
the antinociceptive activity of B-alanine is mediated through the GABAergic and NO production
pathways, and potentially through its antioxidant activity in the context of hot plate-induced pain
in mice. The antioxidant properties of B-alanine/have been reported in previous studies.
Supplementation with B-alanine (at.doses ranging. from 300-1200 mg/kg) resulted in reduced
serum levels of immunoglobulin/G and immunoglobulin M, as well as an up-regulation of SOD
and GPx expression in weaned piglets (20). Furthermore, -alanine has been demonstrated to
alleviate oxidative stress by decreasing MDA levels, increasing SOD levels, and mitigating muscle
fatigue in mice (21).

Based onmovel discoveries from the recent investigation, $-alanine exhibits an anti-nociceptive
function and interacts with the opioidergic, GABAergic, and nitrergic systems in relation to hot
plate-induced pain. in mice. Furthermore, B-alanine ameliorates oxidative stress through the
reduction of MDA levels and the augmentation of SOD, GPx, and TAS levels in the context of hot

plate-induced pain in mice.

Acknowledgements
This research was conducted as a part of the DVM thesis of the first author. The authors thank the

Faculty of Veterinary Medicine, Science and Research Branch, Tehran, Iran for their cooperation.



Authors’ Contribution

Study concept and design: S.H.

Acquisition of data: A.A.

Analysis and interpretation of data: S.H.

Drafting of the manuscript: A. A.

Critical revision of the manuscript for important intellectual content: S. H.
Statistical analysis: S.H.

Administrative, technical, and material support: S.H., A. K.

Conflict of Interests
No potential conflict of interest was reported by the authors.

Ethics
This study was approved by the Biomedical Research Ethics Committee of Islamic Azad
University, Tehran, Iran (IR.IAU.SRB.REC.1402.141).

Funding information

This study received no financial support.
Consent for publication

None

Informed consent

none

Author s contributions
Study concept and design: S.H
Acquisition of data: A.A

Analysis and interpretation of data: S.H



Analysis and interpretation of data: A.A. E.K

Critical revision of the manuscript for important intellectual content: S.H

Statistical analysis: S.H

Administrative, technical, and material support: A.A, S.H, E.K

Data availability

Data is available by request

References

1.

Zendehdel M, Beizaee S, Taati M, Bashiri A. Antinociceptive mechanisms of Rosmarinus
officinalis extract in mice using writhing test.

Nikjooy N, Asghari A, Hassanpour S, Arfaee F. Study of Anti-nociceptive Role of the
Manna of Hedysarum and the Neurotransmitter Systems Involved in Mice. Iranian Journal
of Veterinary Medicine. 2022 Jul 4;16(3).

Regalado Al, Mancebo B, Paixao A, Lépez Y, Merino N, Sanchez LM. Antinociceptive
activity of methanol extract of Tabebuia hypoleuca (C. Wright ex Sauvalle) Urb. stems.
Medical Principles and Practice. 2017 Aug 28;26(4):368-74.

Hou X, Sun G, Guo L, GongZ, Han Y, Bai X. Cardioprotective effect of taurine and [3-
alanine against cardiac disease in myocardial ischemia and reperfusion-induced rats.
Electronie-Journal of Biotechnology. 2020 May 1;45:46-52.

Bhattacharya TK, Pence BD, Ossyra JM, Gibbons TE, Perez S, McCusker RH, Kelley KW,
Johnson RW, Woods JA, Rhodes JS. Exercise but not (-)-epigallocatechin-3-gallate or -
alanine enhances physical fitness, brain plasticity, and behavioral performance in mice.
Physiology & behavior. 2015 Jun 1;145:29-37.

Yeung AW/ Tzvetkov NT, El-Tawil OS, Bungau SG, Abdel-Daim MM, Atanasov AG.
Antioxidants: scientific literature landscape analysis. Oxidative medicine and cellular
longevity. 2019 Jan 8;20109.



10.

11.

12.

13.

14.

15.

16.

Sase A, Dahanayaka S, Héger H, Wu G, Lubec G. Changes of hippocampal beta-alanine
and citrulline levels are paralleling early and late phase of retrieval in the Morris Water
Maze. Behavioural brain research. 2013 Jul 15;249:104-8.

Ong HM, Mohamad AS, Makhtar N, Khalid MH, Khalid S, Perimal EK, et al.
Antinociceptive activity of methanolic extract of Acmella uliginosa (Sw.) Cass. J
Ethnopharmacol. 2011;133(1):227-33. doi: 10.1016/j.jep.2010.09.030.

Jalili C, Ahmadi S, Roshankhah S, Salahshoor M. Effect of Genistein on. reproductive
parameter and serum nitric oxide levels in morphine-treated mice. Int J Reprod. Biomed.
2016;14(2):95-102.

Hoffman JR, Emerson NS, Stout JR. -alanine supplementation. Current Sports Medicine
Reports. 2012 Jul 1;11(4):189-95.

Llorca-Torralba M, Pilar-Cuéllar F, da Silva Borges G, Mico JA; Berrocoso E. Opioid
receptors mMRNASs expression and opioids agonist-dependent G-protein activation in the rat
brain following neuropathy. Progress in Neuro-Psychopharmacology and Biological
Psychiatry. 2020 Apr 20;99:109857.

Saunders B, Elliott-Sale K, Artioli GG, Swinton PA, Dolan E, Roschel H, Sale C, Gualano
B. B-alanine supplementation to improve exercise capacity and performance: a systematic
review and meta-analysis. British journal of sports medicine. 2017 Apr 1;51(8):658-69.
Ping CP, Tengku Mohamad TA, Akhtar MN, Perimal EK, Akira A, Israf Ali DA, Sulaiman
MR. Antinociceptive effects of cardamonin in mice: Possible involvement of TRPV1,
glutamate, and opioid receptors. Molecules. 2018 Sep 3;23(9):2237.

Chen L, Zhong Y, Ouyang X, Wang C, Yin L, Huang J, Li Y, Wang Q, Xie J, Huang P,
Yang H. Effects of B-alanine on intestinal development and immune performance of
weaned piglets. Animal Nutrition. 2023 Mar 1;12:398-408.

Kaboutari J, Ghorbani M, Karimi B, Javdai M, Khosraviyan P. Effects of the Slow-release
Curcumin-loaded Selenium Nanoparticles on Experimental Peritonitis. Iranian Journal of
Veterinary Medicine. 2024 Oct 1;18(4):555-66.

Khodabakhshi Rad A, Mehrjerdi HK, Pedram MS, Azizzadeh M, Amanollahi S. Clinical
Evaluation of the Effect of Methylprednisolone Sodium Succinate and Meloxicam in
Experimental Acute Spinal Cord Injury. Iranian Journal of Veterinary Medicine. 2023 Apr
1:17(2).



17.

18.

19.

20.

21.

Parthasarathy A, Savka MA, Hudson AO. The synthesis and role of B-alanine in plants.
Frontiers in plant science. 2019 Jul 18;10:921.

Azarhosh M, Ghashghaei A, Pooyanmehr M, Maleki A, Alimohammadi S. Evaluating
Immunomodulatory Effects and Cytokine Changes by Propranolol Following Surgical
Stress in Male Rats.

Bhat AS, Tandan SK, Kumar D, Krishna V, Prakash VR. The interaction between
inhibitors of nitric oxide synthase and cyclooxygenase in formalin-induced.pain in mice:
an isobolographic study. Anesthesia & Analgesia. 2008 Mar 1;106(3):978-84.

Chen Y, Boettger MK, Reif A, Schmitt A, Ugeyler N, Sommer C. Nitric oxide synthase
modulates CFA-induced thermal hyperalgesia (through cytokine regulation in mice.
Molecular pain. 2010 Mar 2;6:1744-8069.

Ma YL, Yang Y, Thakur K, Cespedes- Acufia CLyZhangJG; Wei ZJ. Evaluation of spatial
memory and anti- fatigue function of longs term supplementation of (- alanine and
confirmation through cAMP- PKA and apoptosis pathways in mice. eFood. 2021
Aug;2(4):185-92.



