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Abstract

Objective. Several studies support the active role of Carcinine,
an L-carnosine metabolite, in insulin resistance and dyslipidaemia, to
modulate the insulinemic/glycaemic profile and fat metabolism.

Materials and methods. 100 (50 women and 50 men) volunteers,
aged between 40 and 85 years with a body mass index (BMI) between
25 and 34,9 kg/m2, spontaneously addressed to our “Second Opinion
Medical Consulting Network” (Modena, Italy) between 2019 and
2020, were included in this anecdotal, observational, retrospective
trial. The aim of the study was to find an adequate possibly natural
treatment for unbalanced insulin resistance pattern notwithstanding
ongoing administration of statins, and hypoglycaemic chemical agents
in healthy overweight/obese subjected. All the patients were divided
in two groups: 1) the first group included 50 patients that were admi-
nistered with a specific galenic nutraceutical product containing 20
mg of carcinine, and 2) the second group included 50 patients, which
were administered with lithothamnion calcareum alga (190 mg) and
three-time day for two months.

The waist circumference, glycaemia, homeostasis model asses-
sment (HOMA-IR), glycated haemoglobin, total cholesterol values
were detected at time 0, and time 1 (after treatment). At the same
time, the pre versus post treatment, Advanced Glycation End products
(AGE?S), that play an important role in the development of diabetic va-
scular complications, were instrumentally measured at time 1 and 2.

Results. After 60 mg/day of Carcinina treatment, glycaemia
(p=0,001), glycated haemoglobin (p<0,001), total cholesterol
(p<0,003), serum insulin (p<0.05) were significantly reduced, respect
to placebo period. Abdominal circumference (p<0.2), HOMA index
(p<0.03) progressively were reduced as well. No cardiovascular risk
and untoward effects were observed at the prescribed dosages. The
AGE reader test showed a statistically meaningful reduced risk due
to reduced amount.

Conclusions. Carcinine, at the daily dose of 60 mg/day, was able
to modify, safely, the AGEs that induced cardiovascular risk, the waist
circumference, and some glycolipid-metabolic parameters in over-
weight/obese patients with altered blood glucose pattern, improving
significantly the impending metabolic syndrome. Clin Ter 2023; 174
(2):195-202 doi: 10.7417/CT.2023.2519
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Introduction

Metabolic Syndrome (MetS), also defined dysmetabo-
lic syndrome or insulin resistance syndrome, is a clinical
condition that includes multiple risk factors, such as obe-
sity, hypertension, dyslipidaemia, and abnormal glucose
metabolism associated with atherosclerotic cardiovascular
disease (diabetes or stoke) (1). European MetS prevalence,
using International Diabetes Federation diagnostic criteria,
has been estimated as 41% in men and 38% in women (2).
Several studies confirmed obesity as a “driving force” in the
prevalence of insulin resistance and consequently of MetS,
in combination with physical inactivity and atherogenic diet
(3-6). In fact this nutritional excess can induct a hypoxic sta-
te, that can lead to cell necrosis with macrophage infiltration
and production of adipocytokines ((interleukin-6, tumour
necrosis factor a, as well as prothrombotix mediator plasmi-
nogen activator inhibitor 1 (PAI-1)) (7-10). Other potential
mechanisms include low-grade chronic inflammation, oxida-
tive stress and formation of advanced glycation end products
(AGEs) (5, 11, 12). In fact, AGEs enclose a heterogeneous
substance class (yellowish-brown materials with specific
fluorescence), produced through non-enzymatic glycation
of proteins, lipids or nucleic acids within the so-called Mail-
lard reaction (MR) (13). Endogenous (e.g. oxidative stress,
hyperglycaemia) and exogenous (e.g. cigarette smoke, high
levels of refined and simple carbohydrate diets, hypercaloric
diets, high temperature-cooked foods, and sedentary lifest-
yle) AGEs are partially degraded in the body or eliminated
via the kidneys (13, 14).

In addition, AGEs bind to specific cellular receptors (RE-
GEs), triggering a cascade of pro-inflammatory reactions.
AGEs storage in the circulating blood and various tissues,
contributes to the development of vascular complications in
patients with and without diabetes, thus playing a central role
in the long-term metabolic memory, called ‘glycaemic me-
mory’ concept (13). However, AGEs represent the substrate
of this glycaemic memory, and its level measurement might
suggest the risk of diabetes complications than the HbAlc
that mirrors glycaemic control over 8-12 weeks only (15,
16). The risk of diabetic complications by AGEs high levels



196

Palmieri B, et al.

can be reduced by natural antioxidant components: enclosing
L-carnosine or Carcinine (Fig.1). The first is a naturally
occurring dipeptide (B-alanyl-histidine), commonly found
in the non-protein fraction of mammalian tissues, skeletal
muscle, and brain (23, 24). It was first identified in 1900
in beef extract, and it is a potent endogenous scavenger of
oxidative stress and highly concentrated (mM) in muscle
and nervous tissues (17, 18). Instead, Carcinine (B-alanyl-
L-histamine), a metabolite of L-carnosine, was discovered
in cardiac tissue of the crustacean Carcinus maenas in 1973
and has since been identified in the hearts of other crustacea
(19). Carcinine would be a better effective choice rather
than carnosine because it is significantly more resistant to
enzymatic hydrolysis than carnosine and has anti-glycation,
anti-inflammatory and antioxidant properties, suggesting a
potential strategy in MetS treatment (20-22).

The aim of our clinical retrospective observational trial
was to evaluate the therapeutic action of carcinine on meta-
bolic parameters in overweight/obese patients with altered
blood glucose pattern.

Materials and methods

The study is a simple open investigation comparing two
groups of patients with altered blood glucose pattern, applied
between January 2019 and March 2020, to our “Second
Opinion Medical Consulting Network” (Modena, Italy),
looking for further nutritional supplements to improve life
quality and counteract the symptoms of the diabetic and
metabolic syndrome eligible for this anecdotal, spontaneous,
and retrospective trial (23-26). The Second Opinion Medical
Network is a consultation referral web and Medical Office
System enclosing a wide panel of specialists, to whom any
patient with any illness or syndrome that is not adequately
satisfied by the previous diagnosis or therapy can be applied
for an individual telematic or front office clinical audit (27-
30). Inclusion criteria: -partecipants at least 18 years of age,
-healthy overweight/obese patients, -BMI range between 25
and 34,9 kg/m2, -altered blood glucose pattern, -patients
with confirmed diagnosis of Type 1 or Type 2 diabetes
mellitus for 21 year and using insulin by multiple-daily
subcutaneous injections or insulin pump and an HbAlc
> 8%, patients with insulin resistance defined as glycated
haemoglobin (HbA1c) 5.5-6.4%, patients on metformin or
simvastatin drug therapy.

Exclusion criteria: -patients with borderline psychiatric
problems (anxiety, depression, insomnia) involving eating

behaviour and lifestyle physical activity, with obvious re-
bound on metabolism, -subjects who did not accept to un-
dergo biochemical exams, -pregnant women, -patients with
clinical or laboratory signs of acute or chronic infection.

Recruitment criteria

100 Patients, aged between 40 and 85 years and with
body mass index (BMI) between 25 and 34.9 kg/m2, with
the plasma glucose level 2126 mg/dl in fasting or 2200 mg/dl
for 2h value after 75 g glucose oral load, glycate haemoglo-
bin 26.5 %, on metformin (500mg/day) and/or simvastatin
(30mg/day) treatment (Table 1).

The 2 years average/ long standing daily intake of
metformin 500 mg once a day and simvastatin 30 mg night-
time, was not given up even if inadequate, but integrated
with experimental treatment. Any other drug (vitamins,
benzodiazepines, or other hormonal thyroid) or antioxidant
treatments were withdrawn 2 weeks before the start-up of
the study. Standardization of the caloric amount to 1400
calories balancing carbohydrates 40%, proteins 30%, lipids
30% and daily physical activity (30 minutes walking every
day) were alleged in the protocol. All the patients signed
an informed consent and were followed weekly with phone
interview and monthly with a clinical visit.

The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the local ethics committee
Second Opinion Local Institutional Review Board (IRB).
All the patients were divided in two groups comparable in
terms of age, clinical history, symptoms: (1) the first group
included 50 patients that were administered with a specific
galenic nutraceutical product “Un-tafor” (3 cps/day before
the main meals, breakfast, lunch, and dinner) for 2 months.
Each capsule contains 200 mg of Glycoless (10% of carci-
nine (2HCI), B alanyl-histamine dihydrochloride), however
20 mg of carcinine; and (2) the second group included 50

Table 1. Baseline characteristics of the patients

Parameters Values
Age (years) 58.2+20.3
Male (%) 50
Female (%) 50
Weight (kg) 85.4+15.2
BMI (kg/m2) 31.2+6.4
HbA1c (%) 8.7+2.5
Insulin resistance 9.5+7.2
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Fig. 1. Structural modification of the L-carnosine molecule converting into carcinine
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patients, which were administered with a placebo, conven-
tionally named “Un-tafor X, composed by lithothamnion
calcareum alga (190 mg) and 10 mg of Glycoless (1 mg of
carcinine) three-time day for two months.

At the end of this treatment, laboratory exams, (gly-
caemia, glycated haemoglobin, total cholesterol), waist
circumference, and HOMA index were measured at time
1, and time 2 (after treatment).

HOMA-IR is a simple method described by Matthews
et al., based on the hypothesis that basal glucose and insulin
interactions are largely determined by a simple feedback
loop (23).

Compliance to proposed lifestyle and variation in eating
behaviour were also investigated in order to detect any influen-
ce of the newly added nutraceutical support compared with
the old one on some nutrition and energy spending parameter.
Also pre and post treatment, the level of Advanced Glycation
End products (AGESs), that plays an important role in the de-
velopment of diabetic vascular complications, was detected,
using a point of care non-invasive monitoring device (AGE
Reader, Diagnoptics Technologies B.V, The Netherlands).

Blood collection and measurement of biochemical indices
Blood samples were collected using the standard phle-

botomy technique in the morning after a 12-hour overnight
fast. The patients were registered at the front desk and sent

for collection. Serum samples were rested for 20 minutes
for clot retraction after centrifugation. The samples were
centrifuged for 8 minutes at a speed of 3000 rpm. For lipi-
dogram, glucose, CRP and uric acid, the VITROS 5, 1 FU-
SION automatic dispenser was used by the Dry Chemistry
method. For fructosamine, the method Colorimetric was
used; for VHS, the Westergren method; Insulin and ferritin
was measured with chemiluminescence methodology; the
high-performance liquid chromatography method was used
for glycated haemoglobin measurement.

AGEs level measurement

Circulating or tissue-bound AGEs can be measured using
enzyme linked immunosorbent assay (ELISA), fluorescence
spectroscopy, fluid chromatography and gas chromatography
with mass spectrometry (24). We selected an easy non-inva-
sive method based on AGEs-related skin autofluorescence
(AGE Reader, DiagnOptics, Groningen, the Netherlands)
(25). The patient placed his forearm over the scanner on the
blue field, so that no outside light interferes the ‘measure-
ment window’ (Fig. 2 A-D). An excitation, autofluorescent
light source (composed by multiple light emitting diodes
(LEDs)) is directed through this window onto the skin for
fractions of a second. This skin autofluorescence (SAF) is
displayed on the screen within seconds, together with its
age-adjusted reference values and a software specifies the
risk level of endogenous AGEs pool (Fig. 3 A,B) (26).

Fig. 2 (A-D): Position of the patient arm in the AGE reader
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Fig. 3 (A,B): Graphical representation of results of AGE Reader

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 7 (GraphPad Software Inc., San Diego, CA, USA).
Data were analyzed using an unpaired t-test with Welch’s
correction. p < 0.05 was considered significant.

Results

High dose Carcinine supplementation (first group)
compared to “lithothamnion calcareum algae + carcinine”
treatment (second group), significantly decreased glycemia
(p=0,0412) glycated haemoglobin (p=0,0335), total chole-
sterol (p=0,0303) and serum insulin (p=0,0064) after in all
the patients. A significant reduction in abdominal circum-
ference (p <0.2) and HOMA-IR (p <0.03) between time 1
and 2 was also observed (Table 2, Fig. 4-7).

Table 2. Biochemical parameters at time 1 (after carcinine treatment)
and 2 (lithothamnion calcareum + carcinine treatment). Values are
presented as mean+standard deviation.

Values at Values at T2
. T1 (Carcini- (lithothamnion
Variable
ne treat.) calcareum algae +
carcinine treat.)
Glycemia (mg/dL) 67.4+8.2 87.6+8.8
(GO/I‘};cated Haemoglobin 74412 8.5+1.3
Total Cholesterol (mg/dL) | 181+24.4 190+21.4
Serum insulin (pU/mL) 12.3+7.6 17.2+8.0
Abdominal Circumfer- | g5 g4.7 09 98.70+5.00
ence (cm)
HOMA-IR 2.9+1.5 4.1+1.3




The role of Carcinine treatment on glico-lipidic imbalance of patients with altered blood glucose pattern

199

1004

80

604

40

Glycemia (mgidL)

20+

250

2004

150 +

100

Total cholesterel {mg/dL)

™ T2

20

-
w
1

Serum insulin (uUimL)
r ®

o
L

Fig. 4-7: Graphical representations of biochemical parameters at T1 and T2

The SAF showed a linear increase of value/year for
persons up to 70 years, according to Koetsier et al.(31).
Furthermore, we observed a reduced AGEs values after
60 days, with reduction of cardiovascular risk probability
(Table 3).

There are several limitations of SAF measurements, such
as the possibility that some external factors (e.g. creams,
sunscreens, self-browning creams, extreme hyperaemia, or
vasoconstriction, etc.) can influence SAF measurements as
reported by Noordzij et al. (32). We carefully standardized
the procedure in order to avoid these limits as much as
possible.

Discussion

The potential action of L-carnosine as a pharmacologi-
cal agent has been studied in rodent models of metabolic
syndrome and cardiovascular disease (33-35). However,
the bioavailability of L-carnosine as an oral drug therapy
has several limitations, mainly the high serum and tissue

Table 3. SAF values at T1 and T2

Age Group SAF value at SAF value at T2

(years) T1 (Carcinine (Lithothamnion algae+ carcin
treat.) treat.)

40-55 2.2+1.4 2.3+1.7

55-70 3.7£2.5 3.9+3.1

70-85 3.8+2.7 4.0£3.2

carnosinase activity in humans degrades carnosine by rapid
hydrolysis of the peptide bond (17). Carcinine, instead,
exists in multiple-histamine-rich mammalian tissues such
as heart, kidney, stomach and intestine (36). In particu-
lar, our study has been focused on the clinical benefits of
carcinine administration, whose action mechanism can be
better highlighted considering the chemical affinity of this
molecule with carnosine whose physiological role has been
extensively investigated (37, 38). A number of putative
roles have been ascribed to the family of carnosine, such
as intracellular buffering (39), regulation of glycogenolysis
(40), muscle calpains and myosin activation, neurotransmis-
sion (41). Carnosine also provides of a weak antinflam-
matory tissue repair effect, especially in oral surgery (42).
Experimentally, it protected hearth reperfusion injury after
ischemia in the rabbit model (43, 44), and prevented, or
partly reversed, lens cataract (45). Carnosine and carcinine
appear to be physiological antioxidants able to efficiently
protect the lipid phase of biological membranes and aqueous
environments. Carnosine and carcinine exhibit an ability
to inhibit lipid oxidase with scavenger activity and block
of lipid peroxidation generation, they display antioxidant
properties, chelating transition metals (21, 46). Differently
from carnosine, being carcinine refractory to the enzyme
carnosinase inactivation, it longer maintains and enhances
the antioxidant effect of carnosine (20). The simple decar-
boxylation of carnosine to produce carcinine, creates a great
difference in the catabolism of the 2 molecules. The inac-
tivation of carcinine with arylamidase is 30 times weaker
than that of carnosine, thus the former has a greater bio-
availability than the latter. The most appealing antioxidant
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clinical effects of this compound are potentially antiaging,
preventing the reticulation damages of collagenic and elastic
structures and also counteracting deoxyribose degradation
by toxic aldehydes and ROS (47). Our study was addressed
to explore the putative therapeutic role of carcinine to re-
lieve the glycation products side effects and to reduce the
risk factors due to the metabolic syndrome, a fascinating
investigation area to prevent the cardiovascular damages
of the glycation products induced by insulin resistance. We
showed that 8 week substantial dosages of carcinine sup-
plementation led to a significant decrease in fasting glycemia
(p = 0.001). Similar results were obtained by Houjeghani
(48), after 12 weeks of L-carnosine supplementation. The
authors observed a significant reduction in serum glucose
and glycated haemoglobin levels, but with no significant
effect on HOMA-IR. De Courten published that patients
with metabolic syndrome, and glucose intolerance sup-
plemented for 12 weeks with L-carnosine, reduced the two-
hour glucose and insulin levels without effects on fasting
glycemia (49) .Yilmaz (50) in previous experimental trials,
observed significant reductions in plasma glucose in animal
models. Other in vivo studies described L-carnosine induced
hypoglycaemia. Soliman (51) in streptozotocin-induced
diabetic models showed that treatment with L-carnosine (100
and 200 mg/kg) improved glycaemic and dose-dependent
dyslipidaemia parameters. Another study pointed out that
oral supplementation with L-carnosine for 4 weeks reduced
plasma glucose in animal models (52). The possible mecha-
nisms by which carnosine leads to glucose reduction can be
explained by Nagai (53) who demonstrated that carnosine
increases parasympathetic nerves function in the pancreas,
with subsequent stimulation of insulin secretion and reduced
glucagon secretion from the pancreas, with an hypoglycae-
mic effect. Carnosine decreases, however, plasma glucose
levels by inhibiting gluconeogenesis, increasing glycolysis
and glucose sensitivity, as suggested by Tsoi (53). In our
study, we detected a significant reduction in glycated hae-
moglobin (p < 0.001) in the 8 weeks administration schedule
as reported in the meta-analysis of Menon (54). Similarly,
Elbarbary (55) observed a reduction in glycated haemoglobin
values (p <0.05) in diabetic children supplemented with
12 weeks. Carnosine administration L-carnosine is able
to inhibit the proteins glycation (56, 57). The abdominal
circumferences were reduced as well at the end of 8 weeks-
carcinine treatment (p <0.2), in contrast with Houjeghani
and De Courten who denied significant differences in ab-
dominal circumference (48, 49). Abdominal circumference
and visceral fat are considered an indicator of fatal risk and
aspecific symptoms of the metabolic syndrome (20, 58).
Its reduction reversibly decreases risk of the metabolic
syndrome (59, 60). Reduction in total cholesterol levels (p
< 0.003) at the end of 8 weeks was observed after carcinine
supplementation, respect to placebo treatment. Likewise,
Mong (61) observed in his study that carnosine supple-
mentation in mice reduced total cholesterol levels in eight
weeks. According to the same authors, such reduction was
due to the decrease in the activity of cholesterol-regulating
enzymes such as 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase. It is known that altered values of
total cholesterol are associated with the metabolic syndrome
(62). Thus, reducing total cholesterol levels decreases the

risk factors associated with the syndrome. We found that
Carcinine (L-carnosine metabolite) decreased some of the
parameters of the metabolic syndrome in 8 weeks, respect to
placebo treatment, thus indicating that the human model also
has the same result as the animal model. The limitations of
our study are: 1) small patient cohort, 2) absence of control
group, 3) the use of HOMA-IR as single marker, since this
is limited especially in patients with severe hyperglycaemia
or non-obese diabetic patients, whose basal insulin secretion
is impaired (63). Based on the results of our research and the
findings from the studies mentioned above, carcinine sup-
plementation appears to be an adjunct approach to improving
fasting blood glucose, total cholesterol, insulin, HOMA-IR
and abdominal circumference as metabolic markers and of
glycated haemoglobin as markers of glycation.

Conclusions

In conclusion, 8 weeks of carcinine oral supplementation
(60 mg/day) resulted in a decrease of glycated haemoglobin,
total cholesterol, insulin, abdominal circumference, and
HOMA-IR.

Notably from the symptomatic point of view 80% of the
treated subjects reported after 2 weeks carcinine admini-
stration, a higher fasting threshold of appetite and reduced
hunger before the meals.

Furthermore, quicker satiety after lunch and dinner
without further required carbohydrate intake was detected,
with reduced food amount and suppression of binge eating
at day and night /time.

This very relevant clinical observations about eating, and
lifestyle improvements might be explained with an enhanced
insulin stability and balanced feedback release from the
pancreatic insulae, without hypoglycaemic fasting post-
prandial peaks.

This effect is worth in our opinion of specific carcinine
prescription to reduce compulsive eating behaviour of me-
tabolic syndrome.

Declaration of conflict of interest: The authors declare
no conflict of interest with any financial organization regard-
ing the material discussed in the manuscript.
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