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ABSTRACT

Introduction: Diabetes is a chronic disease that causes dysfunction
of various organs and tissues resulting in end organ damage
and premature mortality. Oxidative stress is a main factor of
diabetic complications. There is a need for the development of
safer therapeutic agents for diabetes, due to the adverse effects
of conventional drugs. L-carnosine is a dipeptide synthesised
by the body from B-alanine and L-histidine. It is reported to have
heavy metal chelating, pH buffering, anti-inflammatory property
and neuroprotective effect making it a prospective drug target
for chronic diseases like diabetes. The antidiabetic property of
L-carnosine and its free radical scavenging potential have not yet
been fully explored.

Aim: To evaluate the in-vitro antidiabetic and antioxidant activities
of L-carnosine.

Materials and Methods: The present in-vitro study was conducted
in the Department of Pharmacology at Sri Ramachandra Medical
College and Research Institute, Porur, Chennai, India. The duration
of the study was one month, done in December 2020. The in-
vitro antidiabetic property of L-carnosine was evaluated using
a-glucosidase and a-amylase inhibition. About 20, 40, 60, 80,
100 pg/mL concentrations of L-carnosine and acarbose were used
for the study wherein, acarbose was used as the standard. The
absorbance values were taken in spectrophotometer at 405 nm
and 540 nm for a-amylase and a-glucosidase enzyme, respectively.
Further, the antioxidant activity of L-carnosine was determined at the

INTRODUCTION

Diabetes Mellitus (DM) has become a leading cause of morbidity
and mortality factor amongst individuals in recent times. The
most concerning factor is the increasing number of young adults
becoming diabetic further leading to various chronic complications
[1,2]. Epidemiological meta-analysis suggests an uncontrollable
increase in global health expenditure due to diabetes, so the
management of this disease must be given top priority [3]. There is
a need to follow an integrated approach to achieve better control
over diabetes. Research needs to be done on various cost-effective,
as well as, efficacious newer drugs and dietary supplements in
order to establish their antidiabetic property [4].

Physiological levels of reactive oxygen species are important
for optimal cell signaling but at higher levels, it has detrimental
effects [5]. Oxidative stress can be defined as an imbalance in
the homeostatic levels of pro-oxidants and antioxidants resulting
in excessive generation of free radicals, which can act as a major
contributor to various chronic diseases [6,7]. In order to protect
against this oxidative stress, antioxidants come into play. Various
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same concentrations using 2,20-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) assay with Butylated Hydroxytoluene (BHT) as
standard. The spectrophotometric absorbance was read at 734 nm.
The data analysed was presented as percentage inhibition. The
percentages of enzyme inhibition for various concentrations were
compared between the standard and L-carnosine.

Results: The inhibitory percentages for a-glucosidase enzyme
at concentrations of 20,40,60,80 and 100 ug/mL of L-carnosine
were 28.61%, 36.01%, 45.33%, 53.05%, 62.70% respectively.
The percentages for a-amylase inhibition at concentrations of
20, 40, 60, 80 and 100 pg/mL were 18.18%, 31.81%, 45.45%,
59.09% and 72.12%, respectively. The free radical scavenging
activity by ABTS assay for 20, 40, 60, 80 and 100 pg/mL
concentrations of L-carnosine were 34.40%, 36.65%, 38.04%,
40.51% and 43.30%, respectively. L-carnosine exhibited
significant inhibition of a-glucosidase and a-amylase enzyme in
dose-dependent manner. The result of the ABTS assay showed
that L-carnosine possessed significant free radical scavenging
property in a concentration-dependent manner.

Conclusion: Results showed L-carnosine had considerable
a-glucosidase inhibitory activity, a-amylase inhibitory activity,
as well as, ABTS radical scavenging activity. The present
findings indicate that L-carnosine has in-vitro antidiabetic and
antioxidant activity. Hence, the present study supports further
evaluation and use of L-carnosine for the management of
diabetes and as an antioxidant in nutraceuticals.
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nutritional supplements and small molecules have been evaluated
as antioxidants and found to have therapeutic potential in preclinical
trials [8,9]. There is a necessity for better understanding of their
mechanism of action to provide a rational approach to their
pharmacological success.

L-carnosine is a dipeptide produced by the human body from
B-alanine and L-histidine. It is present in large amounts in the skeletal
muscles [10]. High concentrations of L-carnosine are also found
in the heart, brain and gastrointestinal tissues. It is present only in
vertebrates and not in plants. Dietary sources of L-carnosine are
mainly meat, poultry and seafood [11]. The structure of L-carnosine,
the dipeptide B-alanyl-L-histidine has been depicted in [Table/Fig-1]
[12]. Carnosine occurs naturally as many variants of carnosine
derivatives such as anserine and the ophidine/balenine-methylated
imidazole ring of L-histidine, as homocarnosine where B-alanine
is replaced by Gamma-Aminobutyric Acid (GABA), as carcinine
where histamine replaces L-histidine but the most common ones
are its methylated analogues, which are mainly from carnosine
N-methyltransferase mediated methylation of its imidazole ring
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[13]. Carnosine is degraded in the tissues through hydrolysis by the
enzyme carnosinase (two isoforms are present in humans CN1 and
CN2) [14,15]. It has many beneficial effects that have been well-
established such as heavy metal chelation, buffering of pH, anti-
inflammatory property and neuroprotection [16-18]. Carnosine is
found to recover the glucolipotoxic inhibition of insulin-stimulated
glucose uptake from the skeletal muscle cells, that can be further
studied to evaluate its antidiabetic potential [19,20]. It also helps
in non enzymatic detoxification of reactive aldehydes, which have
been implicated in the causation of diabetes [21]. It has also
been found to reduce lipid peroxidation, hence, can be evaluated
for its antioxidant capacity [22,11]. Thus, these observations
present substantial possibility of future therapeutic applications of
carnosine. The present study was aimed to evaluate L-carnosine
for its antidiabetic property by a-glucosidase inhibition, a-amylase
inhibition and antioxidant property by ABTS assay.
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[Table/Fig-1]: The structure of L-carnosine, depicting the dipeptide -alanyl-L-histidine

linkage.

MATERIALS AND METHODS

The present in-vitro study was conducted in the Department of
Pharmacology at Sri Ramachandra Medical College and Research
Institute, Porur, Chennai, India. The duration of the study was one
month, in December 2020.

Study Procedure

Determination of a-glucosidase inhibitory activity: Phosphate
buffer-50 mM, sodium carbonate-0.1 M, 4-Nitrophenyl-B-D-
glucopyranoside (PNPG)-1 mM, a-glucosidase-1 u/mL and sample
extract with range of concentrations 20-100 ug/mL a-glucosidase
inhibitory activity was conducted in accordance with the method of
Thengyai S et al., with slight modification [23]. Reaction mixture of
50 pL phosphate buffer, 10 pL alpha-glucosidase and 20 plL of various
concentrations of extracts (20-100 pg/mL) were preincubated at
37°C for 15 minutes. A 20 pL p-nitrophenyl-a-D-Glucopyranoside
(PNPG) was then added as a substrate and further incubated at
37°C for 30 minutes. The reaction was terminated, when the yellow
colour was produced by addition of 50 L sodium carbonate.
The experiments for each concentration were performed with
appropriate blanks in Ultraviolet (UV) spectrophotometer. The
Optical Density (OD) was read at 405 nm as a measure of
absorbance. Various concentrations of acarbose (20-100 ug/mL)
were used as a standard and control tubes without extracts was
setup as negatives in parallel. The results were expressed as
percentage inhibition calculated by using the following formula:

Inhibition  (%)=Absorbance of control-Absorbance of sample/
Absorbance of controlx100

Determination of «-amylase inhibitory activity: Sodium
phosphate buffer-0.02 M, a-amylase-10 u/mL, soluble starch-
0.05%, Dinitrosalicylic Acid (DNS)- as required and sample extract
with range of concentrations 20-100 ug/mL a-amylase inhibitory
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activity was carried out according to a modified method of Akoro
S et al.,, [24]. Preparation of assay mixture was done by adding
200 pL of sodium phosphate buffer, 20 pL of enzyme and 20 pL
of extracts, which was then incubated at room temperature for
10 minutes. Then 200 pL of starch was added. A 400 pL of 3,5
DNS reagent was added and the reaction was terminated. After
placing for five minutes in boiling water bath, it was cooled and
15 mL of distilled water was added. The negatives were prepared
without any extracts. The absorbance produced, for each
concentration of the sample, standard and control were measured
in terms of OD read at 540 nm. The % inhibition was calculated
using the following formula:

Inhibition  (%)=Absorbance of control-Absorbance of sample/
Absorbance of controlx100

Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical
scavenging activity: The spectrophotometric analysis of ABTS
radical scavenging activity was determined according to the modified
method of Palmieri S et al., [25]. The principle of this, is dependent on
the antioxidant ability to scavenge the ABTS cation which produces
a blue/green coloured compound. BHT was used as standard.
ABTS decolourisation assay involves the generation of the ABTS
chromophore by the oxidation of ABTS with ammonium persulphate.
It can be applied for hydrophilic and lipophilic substances. Reagents
used were 7 mM ABTS, 2.45 mM ammonium per sulphate, ethanol
and ABTS solution, which was prepared using 7 mM of ABTS mixed
with 2.45 mM ammonium per sulphate and then the mixture was
kept in dark for 12-16 hours at room temperature before use. ABTS
solution was diluted with ethanol and absorbance was measured at
734 nm. Samples were diluted to produce 20, 40, 60, 80, 100 pg/mL.
The reaction was initiated by the addition of 1.0 mL of diluted
ABTS to 10 L of different concentration of the sample and 10 pL
of methanol as control. BHT was used as standard. The percentage
inhibition was calculated after the absorbance, as a measure of the
OD, was read at 734 nm. The % inhibition was then calculated using
the following equation:

ABTS scavenging activity (%)=(A,-A,)/A,x100
where,
A, is the control absorbance and A, is the sample absorbance.

Optical Density (OD) measurement: OD is measured using a UV
spectrophotometer. It is based on the amount of light scattered by
the chemical substance rather than the amount of light absorbed at
a particular wavelength. It is the logarithmic ratio of the intensity of
incident light to the intensity of the transmitted light [26]. For all the
above-mentioned assays, the OD was calculated using the formula:

Optical Density (OD)=Log (maximum power density output/maximum
permissible exposure)

STATISTICAL ANALYSIS

The data analysed were presented as percentage inhibition. The
percentages of enzyme inhibition for various concentrations were
compared between the standard and L-carnosine.

RESULTS

The inhibitory effect of L-carnosine and acarbose for a-glucosidase
activity shown in [Table/Fig-2,3].

Sample Concentration (ug/mL) OD (log ratio) Inhibition (%)
20 0.222 28.61
40 0.199 36.01
L-carnosine 60 0.170 45.33
80 0.146 53.05
100 0.116 62.70

[Table/Fig-2]: Shows the percentage inhibitory activity of a-glucosidase enzyme

by the test compound, L-carnosine at various concentrations.
Control Optical Density (OD): 0.311 (log ratio)
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[Table/Fig-3]: Represents the percentage inhibitory activity of a-glucosidase enzyme

by the standard, acarbose at various concentrations.
Control Optical Density (OD): 0.311 (log ratio)

At the initial concentration of 20 pg/mL, L-carnosine demonstrated
a percentage inhibition of 28.61% as compared with acarbose,
which showed 39.29%. The highest concentration of 100 pg/mL, L-
carnosine demonstrated 62.7% inhibition as compared with acarbose,
which showed 76.84%. L-carnosine inhibited a-glucosidase activity
in a concentration dependent manner. Considering the percentage
of inhibition at increased concentrations, it can be postulated that,
L-carnosine can be a potential inhibitor of a-glucosidase activity.
L-carnosine at the concentration of 100 pg/mL showed 72.12%
inhibitory effect on the a-amylase activity, which was similar to acarbose,
which showed 77.27% inhibitory effect at the same concentration.
Acarbose is a well-known a-amylase inhibitor [27] and almost similar
effect observed with L-carnosine validates its significant a-amylase
inhibitory activity in increasing concentrations. [Table/Fig-4,5] shows
the a-amylase inhibitory activity of L-carnosine and acarbose at various
concentrations (20-100 pg/mL).

Sample Concentration (ug/mL) OD (log ratio) Inhibition (%)
20 0.018 18.18
40 0.015 31.81
L-carnosine 60 0.012 45.45
80 0.009 59.09
100 0.006 7212

[Table/Fig-4]: Depicts the Percentage inhibitory activity of a-amylase enzyme by

the test compound, L-carnosine at various concentrations.
Control Optical Density (OD): 0.022 (log ratio)

Sample Concentration (ug/mL) OD (log ratio) Inhibition (%)
20 0.014 36.66
40 0.011 50.00
Acarbose 60 0.009 59.09
80 0.007 68.18
100 0.005 77.27

[Table/Fig-5]: Shows the percentage inhibitory activity of a-amylase enzyme by

the standard, acarbose, at various concentrations.
Control Optical Density (OD): 0.022 (log ratio)

L-carnosine showed effective ABTS radical scavenging activity
in a concentration dependent manner (20-100 pg/mL). At the
concentration of 20 pg/mL, L-carnosine produced a potential
scavenging effect of 34.40% as compared with the standard BHT,
that produced only 3.399%. As the concentration of L-carnosine
increases, its scavenging activity was also found to increase.
[Table/Fig-6,7] shows representation of the inhibition percentage of
ABTS generation by 20-100 pg/mL concentrations of L-carnosine
and BHT.

Sample Concentration (ug/mL) OD (log ratio) | ABTS activity (%)
20 0.612 34.40
40 0.591 36.65
L-carnosine 60 0.578 38.04
80 0.555 40.51
100 0.529 43.30

[Table/Fig-6]: Depicts the free radical scavenging activity of L-carnosine using ABTS

assay, at various concentrations.
Control Optical Density (OD): 0.933 (log ratio)

Journal of Clinical and Diagnostic Research. 2023 Jul, Vol-17(7): FCO1-FC05

Sample Concentration (ug/mL) OD (log ratio) Inhibition (%) Sample Concentration (ug/mL) OD (log ratio) ABTS activity (%)
20 0.195 39.29 20 0.682 3.399
40 0.167 46.30 40 0.657 6.940
Acarbose 60 0.135 56.59 BHT 60 0.645 8.640
80 0.107 65.59 80 0.618 12.464
100 0.072 76.84 100 0.602 14.730

[Table/Fig-7]: Represents the free radical scavenging activity of the standard, BHT

at various concentrations.
Control Optical Density (OD): 0.706 (log ratio)

The percentage inhibition of ABTS activity was significantly higher at
various concentrations of L-carnosine starting with 34.4% inhibition
at 20 pg/mL and the highest inhibition of 43.3% was recorded
at 100 pg/mL, as compared to the standard which exhibited
only 14.73% at the same concentration. These results showed,
L-carnosine had a markedly higher ABTS inhibition as compared
with BHT.

DISCUSSION

The L-carnosine is naturally synthesised mainly by skeletal muscles,
which is used by various tissues and organs for their growth
and development. It serves as the main building block of protein
synthesis. L-carnosine is absorbed in the gut and when it reaches
the bloodstream, it is metabolised by the enzyme, carnosinase.
Carnosinase splits this back into its precursors, histidine and
alanine [28]. Sugars when bound to proteins cause destruction
of these proteins and also triggers inflammatory processes. It
can help to prevent this damage. L-carnosine levels have been
found to be reduced in chronic diabetes patients [29]. Hence, its
supplementation can be a potential prospective strategy to maintain
the blood glucose levels in these patients. Previous studies have
shown L-carnosine has anti-inflammatory potential. Tang W et al.,
has reported that L-carnosine has metal chelation and anticell death
properties [30]. Turner MD et al., have reported the reactive oxygen
species scavenging potential of L-carnosine, which contributes
to its anticancer property [31]. Hipkiss AR et al., reported that
L-carnosine can reduce lipid peroxidation and senescence [32,33].
Studies have postulated that, it has haepatoprotective effect
[34-36]. Therapeutic observation has showed dietary carnosine
supplementation seems to prevent atherogenesis [37]. In the
present study, the potential benefits of L-carnosine have been
extended to evaluate the antihyperglycaemic and antioxidant property.

In the present study, L-carnosine was evaluated for its effect on
a-glucosidase and a-amylase enzymes using in-vitro studies.
L-carnosine was also evaluated for its antioxidant potential using
ABTS assay. The main antidiabetic strategy is inhibiting carbohydrate
digesting enzymes like a-glucosidase and alpha amylase. Inhibition
of such enzymes results in postprandial antihyperglycaemic
effect by decreasing the rate and the extent to which glucose
absorption takes place in the small intestine [38]. Inhibition of
these enzymes brings down the absorption of carbohydrates from
the gastrointestinal system and slows down the rate of increase
in postprandial glucose. The delay in digestion and breakdown
of starch can also have a beneficial effect on insulin resistance.
Glucosidase enzyme is considered one of the main therapeutic
targets for the treatment of DM. It prevents the transformation of
oligosaccharides and disaccharides to glucose and delays the
absorption of monosaccharides from the small intestine inhibition
of a-glucosidase enzyme can prevent undue fluctuations in blood
glucose levels [39]. In order to develop a functional physiological
food supplement or a chemical compound for diabetic therapy,
the extent of glucosidase inhibition can be evaluated. In-vitro
a-glucosidase enzyme inhibitory assay has merits such as minimal
sample consumption and short but effective analysis time [40].
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Complex polysaccharides are hydrolysed by amylases to dextrins,
which are further hydrolysed to glucose. a-amylase inhibitors
are also called as starch blockers, as they decrease the starch
absorption by inhibiting the hydrolysis of 1,4-glycosidic linkages
of starch and other oligosaccharides [41]. Hence, a-amylase
inhibition plays a significant role in the treatment of postprandial
hyperglycaemia. The present study also requires minimal screening
time and small amount of sample. Synthetic compounds that
inhibit a-glucosidase and a-amylase such as acarbose, are widely
used in the treatment of DM. Due to increased incidence of
various side-effects, safer a-glucosidase and a-amylase inhibitors
are desired [42]. L-carnosine is a nutritional supplement present in
meat products, which can prove to a be safe alternative to these
synthetic compounds [44]. The current study utilises a-glucosidase
and a-amylase inhibition to prove L-carnosine as a potential drug
target for the treatment of DM [43]. Free radicals are not only
generated exogenously, but also by endogenous physiological
and biochemical processes. These are reactive oxygen species
such as superoxide, hydroxyl and peroxyl radicals that damage the
biomolecules. Increased production of free radicals and oxidative
stress is a key player in the development of complications of DM [44].

Radical scavenging activity plays a vital role in maintaining the
homeostasis of the biological system. Chemical assays have the
ability to scavenge synthetic free radicals, by a variety of radical-
generating systems and methods for detection of the oxidation
end-point [45]. ABTS assay is a simple, direct antioxidant assay
based on the reduction of ABTS radical cation. Bingol Z et al.,
states that generation of the ABTS radical cation is one of the widely
used spectrophotometric method for the effective measurement
of antioxidant activity of pure substances, solutions and aqueous
mixtures [46]. The present assay is advantageous in terms of cost,
reaction time and requirement of a simple equipment such as a
spectrophotometer. The present study investigated the antioxidant
potential of L-carnosine warranting its therapeutic potential in
diabetes and other degenerative conditions.

With the positive findings from the present study, it can be definitely
established that, L-carnosine has significant antidiabetic and
antioxidant properties. But more assays are needed to further
confirm these findings. The results of the present study, imply that
L-carnosine, a nutraceutical, can be used as a therapeutic drug
target for DM and other degenerative diseases, provided it shows
similar positive results in, in-vivo and clinical trials in the future.

Limitation(s)

Further studies are required to establish the cellular mechanism,
responsible for a-glucosidase and a-amylase enzyme inhibition.
The antioxidant activity of L-carnosine and the mechanism could be
further confirmed with other methods of antioxidant assays.

CONCLUSION(S)

Within the limits of the present study, it can be implied that, L-carnosine
has demonstrated significant antidiabetic and antioxidant properties
using a-glucosidase inhibitory assay, a-amylase inhibitory assay
and ABTS antioxidant assay. However, more in-depth exploratory
research is required both in-vitro and in-vivo to warrant the proof of
these findings thereby, providing a necessity for further exploration
of the potential use of L-carnosine for diabetic patients and patients
with various inflammatory and degenerative disorders.

Acknowledgement

The authors would like to thank the entire Department of
Pharmacology, Sri Ramachandra Institute of Higher Education
and Research, Porur, Chennai, India, for aiding in the successful
conduction and completion of the present study.

www.jcdr.net

REFERENCES

[11 Chung WK, Erion K, Florez JC, Hattersley AT, Hivert MF, Lee CG. Precision
medicine in diabetes: A consensus report from the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD). Diabetes
Care 2020;43:1617-35. Doi: 10.2337/dci20-0022.

[2] Aminde LN, Tindong M, Ngwasiri CA, Aminde JA, Njim T. Adherence to
antidiabetic medication and factors associated with non-adherence among
patients with type-2 diabetes mellitus in two regional hospitals in Cameroon.
BMC Endocrine Disorders. 2019;19. Doi: 10.1186/s12902-019-0360-9.

[3] Bigna JJ, Nansseu JR, Katte JC, Noubiap JJ. Prevalence of prediabetes and
diabetes mellitus among adults residing in Cameroon: A systematic review and
meta-analysis. Diabetes Research and Clinical Practice. 2018;137:109-18.
Doi: 10.1016/j.diabres.2017.12.005.

[4] Jannoo Z, Mamode Khan N. Medication adherence and diabetes self-care
activities among patients with type 2 diabetes mellitus. Value in Health Regional
Issues. 2019;18:30-35. Doi: 10.1016/j.vhri.2018.06.003.

[5] Arazi H, Eghbali E, Suzuki K. Creatine supplementation, physical exercise
and oxidative stress markers: A review of the mechanisms and effectiveness.
Nutrients. 2021;13:869. Doi: 10.3390/nu13030869.

[6] Sies H, Berndt C, Jones DP. Oxidative stress. Annual Review of Biochemistry
2017;86:715-48. Doi: 10.1146/annurev-biochem-061516-045037.

[7] Flohé L. Looking back at the early stages of Redox Biology. Antioxidants
2020;9:1254. Doi: 10.3390/antiox9121254.

[8] Forman HJ, Zhang H. Targeting oxidative stress in disease: Promise and
limitations of antioxidant therapy. Nature Reviews Drug Discovery. 2021;20:689-
709. Doi: 10.1038/s41573-021-00233-1.

[9] Zhang H, Forman HJ. 4-hydroxynonenal-mediated signaling and aging.
Free Radical Biology and Medicine. 2017;111:219-25. Doi: 10.1016/j.
freeradbiomed.2016.11.032.

[10] Juki¢ I, Kolobari¢ N, Stupin A, Mati¢ A, Kozina N, Mihaljevi¢ Z, et al. Carnosine,
small but mighty-prospect of use as functional ingredient for functional
food formulation. Antioxidants (Basel). 2021;10(7):1037. Doi: 10.3390/
antiox10071037.

[11] Wu G. Important roles of dietary taurine, creatine, carnosine, anserine and
4-hydroxyproline in human nutrition and health. Amino Acids. 2020;52:329-60.
Doi: 10.1007/s00726-020-02823-6.

[12] Hipkiss A, Cartwright S, Bromley C, Gross S, Bill R. Carnosine: Can
understanding its actions on energy metabolism and protein homeostasis
inform its therapeutic potential? Chem Cent J. 2013;7(1):38. Doi: 10.1186/1752-
153x-7-38.

[13] Vistoli G, Aldini G, Fumagalli L, Dallanoce C, Angeli A. Activation effects of
carnosine- and histidine-containing dipeptides on human carbonic anhydrases:
A comprehensive study. International Journal of Molecular Sciences.
2020;21:1761. Doi: 10.3390/jms21051761.

[14] Artioli GG, Sale C, Jones RL. Carnosine in health and disease. European Journal
of Sport Science. 2018;19:30-39. Doi: 10.1080/17461391.2018.1444096.

[15] Ghodsi R, Kheirouri S. Carnosine and advanced glycation end products:
A systematic review. Amino Acids. 2018;50:1177-86. Doi: 10.1007/s00726-
018-2592-9.

[16] Baye E, Ukropcova B, Ukropec J, Hipkiss A, Aldini G. Physiological and
therapeutic effects of carnosine on cardiometabolic risk and disease. Amino
Acids. 2016;48:1131-49. Doi: 10.1007/s00726-016-2208-1.

[17] Cao Y, Xu J, Cui D, Liu L, Zhang S, Shen B. Protective effect of carnosine on
hydrogen peroxide-induced oxidative stress in human kidney tubular epithelial
cells. Biochemical and Biophysical Research Communications. 2021;534:576-
82. Doi: 10.1016/j.bbrc.2020.11.037.

[18] Schén M, Mousa A, Berk M, Chia WL, Ukropec J. The potential of carnosine in
brain-related disorders: A comprehensive review of current evidence. Nutrients.
2019;11:1196. Doi: 10.3390/nu11061196.

[19] Blancquaert L, Everaer TI, Missinne M, Baguet A. Effects of histidine and
B-alanine supplementation on human muscle carnosine storage. Medicine &
Science in Sports & Exercise. 2017;49:602-09. Doi: 10.1249/mss.1001213.

[20] Spelnikov D, Harris RC. A kinetic model of carnosine synthesis in human
skeletal muscle. Amino Acids. 2018;51:115-21. Doi: 10.1007/s00726-018-
2646-z.

[21] Peng W, Mao P, Liu L, Chen K. Effect of carnosine supplementation on lipid
profile, fasting blood glucose, HbA1C and insulin resistance: A systematic
review and meta-analysis of long-term randomized controlled trials.
Complementary Therapies in Medicine. 2020;48:102241. Doi: 10.1016/j.
ctim.2019.102241.

[22] Zhao J, Posa DK, Kumar V, Hoetker D, Kumar A. Carnosine protects cardiac
myocytes against lipid peroxidation products. Amino Acids. 2018;51:123-38.
Doi: 10.1007/s00726-018-2676-6.

[23] Thengyai S, Thiantongin P, Sontimuang C, Ovatlarnporn C, Puttarak P.
a-glucosidase and a-amylase inhibitory activities of medicinal plants in Thai
antidiabetic recipes and bioactive compounds from vitex glabrata R. Br.
Stem Bark. Journal of Herbal Medicine. 2020;19:100302. Doi: 10.1016/j.
hermed.2019.100302.

[24] Akoro S, Aiyelaagbe O, Onocha P, Gloer J. A new benzophenone derivative
from garcinia kola heckel stem-bark. Natural Product Research. 2018;34:241-
50. Doi: 10.1080/14786419.2018.1528583.

[25] Palmieri S, Pellegrini M, Ricci A, Compagnone D, Lo Sterzo C. Chemical
composition and antioxidant activity of thyme, hemp and coriander extracts:
A comparison study of maceration, Soxhlet, UAE and RSLDE techniques.
Foods. 2020;9:1221. Doi: 10.3390/foods9091221.

Journal of Clinical and Diagnostic Research. 2023 Jul, Vol-17(7): FCO1-FC05



www.jcdr.net

D Malathy et al., Evaluation of Antidiabetic and Antioxidant Activity of L-carnosine

[26] Beal J, Farny NG, Haddock-Angelli T, Selvarajah V, Baldwin GS, Buckley-Taylor [87] Zhao J, Conklin DJ, Guo Y, Zhang X, Obal D, Guo L. Cardiospecific overexpression
R, et al. Robust estimation of bacterial cell count from optical density. 2019. of ATPGD1 (carnosine synthase) increases histidine dipeptide levels and prevents
Doi: 10.1101/803239. myocardial ischemia reperfusion injury. Journal of the American Heart Association.

[27] Mechchate H, Es-safi |, Louba A, Algahtani AS, Nasr FA. In-vitro alpha-amylase 2020;9. Doi: 10.1161/jaha.119.015222.
and alpha-glucosidase inhibitory activity and in vivo antidiabetic activity of [38] Das M, Vijayaraghavan R, Shanmukha I. In-vitro evaluation of antidiabetic activity
Withania frutescens L. Foliar extract. Molecules. 2021;26:293. Doi: 10.3390/ of aqueous and ethanolic leaves extracts of Chloroxylon Swietenia. National
molecules26020293. Journal of Physiology, Pharmacy and Pharmacology. 2017;7:1. Doi: 10.5455/

[28] Matthews J, Artioli G, Turner M, Sale C. The physiological roles of carnosine njppp.2017.7.1235104012017.
and B-alanine in exercising human skeletal muscle. Medicine & Science in [39] Gong L, Feng D, Wang T, Ren YV, Liu Y, Wang J. Inhibitors of a-amylase and
Sports & Exercise. 2019;51:2098-108. Doi: 10.1249/mss.002033. a-glucosidase: Potential linkage for whole cereal foods on prevention of

[29] Matthews J, Turner M, Santos L, Elliott-Sale K, Sale C. Carnosine increases hyperglycaemia. Food Science & Nutrition. 2020;8:6320-37. Doi: 10.1002/
insulin-stimulated glucose uptake and reduces methylglyoxal-modified proteins fsn3.1987.
in type-2 diabetic human skeletal muscle cells. Amino Acids. 2023;55:413-20. [40] Zhang X, Li G, Wu D, Yu Y, Hu N. Emerging strategies for the activity assay
Doi: 10.1007/s00726-022-032309. and inhibitor screening of alpha-glucosidase. Food & Function. 2020;11:66-82.

[30] Tang W, Liu H, Ooi TC, Rajab NF, Cao H. Zinc carnosine: Frontiers advances Doi: 10.1039/c9fo01590f.
of supplement for cancer therapy. Biomedicine & Pharmacotherapy. [41] Tian JL, Si X, Wang YH, Gong ES, Xie X. Bioactive flavonoids from Rubus
2022;151:113157. Doi: 10.1016/j.biopha.2022.113157. corchorifolius inhibit a-glucosidase and a-amylase to improve postprandial

[31] Turner MD, Sale C, Garner AC, Hipkiss AR. Anticancer actions of Carnosine and hyperglycaemia. Food Chemistry. 2021;341:128149. Doi: 10.1016/j.foodchem.
the restoration of normal cellular homeostasis. Biochimica Et Biophysica Acta (BBA)- 2020.128149.

Molecular Cell Research. 2021;1868:119117. Doi: 10.1016/j.bbamcr.2021.119117. [42] Dong, Suil, Yang F, Ren X, Xing Y, Xiu Z. Reducing the intestinal side-effects of

[32] Hipkiss AR, Baye E, de Courten B. Carnosine and the processes of ageing. acarbose by Baicalein through the regulation of gut microbiota: An in-vitro study.
Maturitas. 2016;93:28-33. Doi: 10.1016/j.maturitas.2016.06.002. Food Chemistry. 2022;394:133561. Doi: 10.1016/j.foodchem.2022.133561.

[33] Milane L, Trivedi M, Singh A, Talekar M, Amiji M. Mitochondrial biology, targets, [43] Cesak O, Vostalova J, Vidlar A, Bastlova P, Student V. Carnosine and beta-alanine
and drug delivery. Journal of Controlled Release. 2015;207:40-58. Doi: 10.1016/j. supplementation in human medicine: Narrative review and critical assessment.
jconrel.2015.03.036. Nutrients. 2023;15:1770. Doi: 10.3390/nu15071770.

[34] Schwank-Xu C, Forsberg E, Bentinger M, Zhao A. L-carnosine stimulation of [44] VYaribeygi H, Sathyapalan T, Atkin SL, Sahebkar A. Molecular mechanisms linking
coenzyme Q10 biosynthesis promotes improved mitochondrial function and oxidative stress and diabetes mellitus. Oxidative Medicine and Cellular Longevity.
decreases hepatic steatosis in diabetic conditions. Antioxidants. 2021;10:793. 2020;2020:8609213. Doi: 10.1155/2020/8609213.

Doi: 10.3390/antiox10050793. [45] Sohilait H, Kainama H. Free radical scavenging activity of essential oil of Eugenia

[35] Eftekhari A, Heidari R, Ahmadian E, Eghbal MA. Cytoprotective properties of caryophylata from Amboina Island and derivatives of Eugenol. Open Chemistry.
carnosine against isoniazid-induced toxicity in primary cultured rat hepatocytes. 2019;17:422-28. Doi: 10.1515/chem-2019-0047.

Pharmaceutical Sciences. 2018;24:257-63. Doi: 10.15171/ps.2018.38. [46] Bingol Z, Kiziltags H, Gdéren AC, Kose LP. Antidiabetic, anticholinergic and

[36] Alsheblak MM, Elsherbiny NM, El-Karef A, El-Shishtawy MM. Protective effects antioxidant activities of aerial parts of shaggy bindweed (convulvulus betonicifolia

of L-carnosine on CCL4 -induced hepatic injury in rats. European Cytokine
Network. 2016;27:06-15. Doi: 10.1684/ecn.2016.0372.

Miller subsp.)-profiling of phenolic compounds by LC-hrms. Heliyon. 2021;7.
Doi: 10.1016/j.heliyon.2021.e06986.

PARTICULARS OF CONTRIBUTORS:

1. Postgraduate, Department of Pharmacology, Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai, India.

2. Professor, Department of Pharmacology, Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai, India.

3. Assistant Professor, Department of Pharmacology, Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai, India.
4. Professor and Head, Department of Pharmacology, Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. D Anusha,

Professor, Department of Pharmacology, Sri Ramachandra Institute of Higher
Education and Research, Porur-600116, Chennai, India.

E-mail: drdanusha@gmail.com/anusha.d@sriramachandra.edu.in

AUTHOR DECLARATION:
e Financial or Other Competing Interests:
Was Ethics Committee Approval obtained for this study? NA

None

PLAGIARISM CHECKING METHODS: len*etall

ETYMOLOGY: Author Origin

® Plagiarism X-checker: Jan 13, 2023

* Manual Googling: Apr 19, 2023

EMENDATIONS: 6

e iThenticate Software: May 24, 2023 (19%)

Date of Submission: Jan 12, 2023
Date of Peer Review: Apr 15, 2023
Date of Acceptance: Jun 02, 2023

L]
* Was informed consent obtained from the subjects involved in the study? NA
L]

Journal of Clinical and Diagnostic Research. 2023 Jul, Vol-17(7): FCO1-FC05

For any images presented appropriate consent has been obtained from the subjects. NA Date of Publishing: Jul 01, 2023


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

