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Abstract. The pineal hormone melatonin actively regulates the body’s adaptive reactions to changes in external
environmental conditions and internal homeostasis. Melatonin, as a pharmacological agent with antioxidant properties, is
widely used to correct disorders resulting from oxidative stress. The present study aimed to investigate changes in cardiac
activity under the influence of this hormone, in particular, the effect of melatonin on heart rate variability in laboratory
rats with a model of adrenaline-induced myocardial dystrophy. The degree of regulatory tension and neural control
mechanisms and mechanisms of nervous regulation was assessed by mathematical analysis of heart rate variability, which
is one of the integrative methods for evaluating the functional activity of the body’s regulatory systems. The main results
of the study demonstrated that autonomic regulation of the heart showed an increase in the vegetative balance index
(VBI), alongside a decrease in heart rate frequency (HRF) and tension index (TI), indicating reduced sympathetic-adrenal
stimulation of the heart under conditions of adrenaline-induced myocardial dystrophy. During the 10 day administration
of melatonin to rats with adrenaline-induced myocardial dystrophy, an increase in autonomic activity was observed, with
an emphasis on heightened parasympathetic nervous system influence on the heart, which contributed to a lower risk
of arrhythmias and myocardial infarction. In particular, changes in heart rate were accompanied by HRF fluctuations
ranging from 339 to 451 beats/min and an increase in TI from 1,279 to 7,942 units. Twenty-four hours post-adrenaline
administration, TT and HRF decreased by 22% and 6.5%, respectively. In rats with pineal hyperfunction, the mean HRF
was 414 + 26 beats/min, TI increased by 27%, and the mean VBI increased by 14%. The observed effects of melatonin
indicate that it is a potentially useful tool for preventing adrenaline-induced myocardial damage. The results of the study
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offer new possibilities for correcting the functional state of the heart and enhancing understanding of the mechanisms
through which different levels of pineal gland activity influence cardiac function

Keywords: melatonin; pineal gland; tension index; heart rate; stress reactions; adrenaline induced myocardial

dystrophy

Introduction

The conditions of modern reality in the country are char-
acterised not only by the increasing pace of life but also by
military events, uncertainty, social changes, and economic
instability. All of these factors, coupled with the sounds of
explosions, sirens, a sense of constant danger, and lack of
adequate sleep and rest, as well as separation from loved
ones, induce constant stress even in healthy people. It is
known that stress formation occurs through the activation
of the hypothalamicpituitaryadrenal complex. Any stressful
event arises due to adrenaline release and is accompanied
by the development of oxidative stress, which negatively af-
fects the morphological and functional state of the heart,
leading to arrhythmias, heart attacks, coronary syndromes,
and hypertensive crises. The negative consequences of ox-
idative stress, which precede morphofunctional changes,
include the intensification of free radical lipid peroxidation
and the destabilisation of antioxidant defence. This process
is a key factor in the development of cardiac pathologies
and is therefore considered a crucial link in the pathogen-
esis of cardiovascular disease. The chosen research topic
is highly relevant, as chronic stress has become an aspect
companion of modern life, and cardiovascular disease re-
mains the leading cause of morbidity. At the same time,
the effect of melatonin on heart rate variability in rats with
adrenaline-induced myocardial dystrophy has been insuffi-
ciently studied. This knowledge gap prompted the present
study, as these findings may provide new opportunities for
correcting the functional state of the heart and enhancing
understanding of how varying levels of pineal gland activi-
ty affect cardiac function.

The pineal gland is a central endocrine organ actively
involved in adaptation processes, homeostasis regulation,
and stress response. The pineal hormone melatonin plays
a key role in regulating the body’s adaptive responses to
changes in external environmental conditions and inter-
nal homeostasis. Melatonin is known to be an antioxidant
with cardioprotective properties. According to V. Pishak et
al. [1], melatonin plays an important role in blood pressure
regulation. Pinealectomy in rats causes hypertension, and
melatonin administration reverses this effect. Melatonin
has also been found to significantly influence HRF and
vascular resistance. In turn, Y-J. Song et al. [2] investigat-
ed the effect of melatonin supplementation on metabolic
status in patients with diabetes and coronary heart disease.
Their findings indicated that melatonin supplementation
enhanced insulin sensitivity and improved cholesterol lev-
els, as well as significantly reduced certain oxidative bio-
markers. These results suggest that melatonin treatment
may lower cardiometabolic risk in patients with diabetes
and coronary heart disease. According to the research of

M. Tobeiha et al. [3], melatonin directly interacts with the
nervous system and indirectly with blood vessels and the
heart. It exerts its direct effects through receptor-depend-
ent signalling pathways, as well as indirect antioxidant ac-
tions by scavenging free radicals.

The cardioprotective effects of melatonin are due not
only to its antioxidant properties but also to its immuno-
modulatory, anti-ischaemic and antihypertensive effects.
In an experiment conducted by I. Yaremii et al. [4], dai-
ly administration of melatonin over a two-week period
in rats with dexamethasone-induced diabetes led to the
normalisation of certain indicators of carbohydrate me-
tabolism in the liver. This confirms the assumption of a
possible hypoglycaemic effect of melatonin in diabetes
progression. Yu.O. Zolotukhina’s research [5] found that
patients with coronary heart disease, both those without
concomitant conditions and those with diabetes mellitus,
exhibit suppressed anticoagulant activity and an increased
blood clotting potential, which, in turn, heightens the risk
of vascular disease. This was confirmed in the research of
A. Stenling [6]. C. MilletBoureima et al. [7] demonstrated
that melatonin has a beneficial effect on the cardiovascular
system (CVS) by regulating heart rate and reducing night-
time blood pressure in patients with hypertension. In addi-
tion, it may offer powerful protection for the cardiovascular
system and reduce the risk of reperfusion injury following
myocardial infarction. Furthermore, according to a study
by A. Chrustek & D. Olszewska-Stonina [8], melatonin has
a normalising effect on blood pressure, heart rate, and cor-
onary circulation. Y.-J. Song et al. [2] found that melatonin
can modulate cardiovascular functions such as cardiac
output, blood pressure, heart rate, and seasonal rhythms.
After pinealectomy, the primary source of melatonin in the
bloodstream, blood pressure in rats increased, whereas me-
latonin administration in hypertensive rats lowered blood
pressure, baroreflex response, and heart rate. A study by
X. Zhang et al. [9] showed a beneficial effect of melatonin
on mitochondrial fusion, regulated by the molecule OPA1
(optic atrophy 1), in myocardial infarction and/or reperfu-
sion injury. It has been established that melatonin can pre-
serve myocardial function, reduce infarct size, and prevent
cardiac myocyte death in response to reperfusion stress.

Melatonin plays a crucial role in the protective effects
of stress adaptation mechanisms. Y.-J. Song et al. [2] as-
sessed the effect of melatonin intake on metabolic status
in patients with diabetes and coronary heart disease and
found that melatonin supplementation enhanced insu-
lin sensitivity and cholesterol levels. A scientific study by
A. Chrustek & D. Olszewska-Stonina confirmed that me-
latonin is a versatile molecule with multiple physiological
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functions. It exhibits strong antioxidant properties by acti-
vating antioxidant enzymes and safeguards cells from lipid
peroxidation. Therefore, melatonin, as a pharmacological
agent with antioxidant properties, is widely used to correct
disorders resulting from oxidative stress. However, at pres-
ent, it remains unclear which factor is primary: whether
genetically determined disorders of melatonin production,
together with other factors, contribute to pathology forma-
tion, or whether the increased need for melatonin arises
due to the disease itself, as the reserve capacity of the enzy-
matic (particularly antioxidant) system becomes depleted.
Considering the wide range of biological activities of mela-
tonin, including its antioxidant, antistress, and chronobio-
logical effects, this study aimed to investigate the effects of
melatonin on heart rate variability in laboratory rats with
adrenaline-induced myocardial dystrophy.

Materials and Methods

The experimental component of the study was conducted
on adult male Wistar rats, weighing 220-260 g, which were
kept under vivarium conditions on a standard diet with
exposure to natural light cycles. All stages of the study, in-
cluding manipulative interventions and euthanasia, were
carried out in compliance with the provisions of the “Gen-
eral Ethical Principles for Animal Experiments”, adopted
by the VII National Congress on Bioethics in 2019 [10],
and following the Procedure for Carrying out Experiments
and Experiments on Animals by Scientific Institutions
(2012) [11], as well as the European Convention for the
Protection of Vertebrate Animals Used for Research and
Other Scientific Purposes (1986) [12].

Two series of experiments were conducted to study
the effects of adrenaline-induced myocardial dystrophy
against a background of pituitary hyperfunction, which
was complicated by adrenaline-induced cardiac dystro-
phy. The animals were divided into four groups, with
each group consisting of eight animals. Group I (control):
rats were maintained under normal vivarium conditions.
Group II: rats were exposed to a 10-day period of pituitary
hyperfunction. Group III: rats were subjected to 10 days
of adrenaline-induced myocardial dystrophy. Group IV:
rats developed adrenaline-induced myocardial dystrophy
against a background of pituitary hyperfunction.

According to the literature, the maximum single-ad-
ministered dose of melatonin is 5 mg/kg of body weight;
therefore, pituitary hyperfunction was induced by adminis-
tering melatonin (VitaMelatonin, JSC “Kyiv Vitamin Plant’,
Ukraine) at a dose of 1 mg/kg of body weight, dissolved
in 1.0 ml of solvent, once daily at 19:00 for 10 days [4].
An experimental model of cardiac pathology, specifically
adrenaline-induced myocardial dystrophy (AMD), was es-
tablished by administering adrenaline hydrochloride at a
dose of 0.5 mg/kg as a single injection [13, 14]. To record
the electrocardiogram (ECG), rats were restrained in the
cervical and lumbar regions using a specialised appara-
tus. The animals’ paws were secured with strips of adhe-
sive plaster, and the apparatus containing the restrained

animals was placed in a shielded chamber. Alcohol-treated
stainless-steel needle electrodes (0.1 mm in diameter) were
inserted subcutaneously into the forelimbs of the animals.

ECG recording offers additional possibilities for assess-
ing the mechanisms involved in functional regulation, as
well as the adaptive capacity of the body, which reflects the
degree of dynamic balance with the environment. In this
context, heart rhythm can serve as an indicator of regula-
tory system function, not only for the heart but also for the
body as a whole. Since the cardiovascular system is the first
to react to external influences, the body’s adaptive response
to maintaining balance with the environment manifests
through increased tension in regulatory processes [15, 16].

Based on this principle, the degree of regulatory and
neural control system tension was assessed through a
mathematical analysis of heart rate variability (HRV). Ac-
cording to the literature, HRV is one of the most integra-
tive methods for evaluating the functional activity of the
body’s regulatory systems, as changes in the key parameters
of cardiac variability reflect both cardiac function and the
impact of regulatory influences associated with autonomic
nervous system activity [17, 18].

During rhythmogram recording, the following indica-
tors were evaluated: Mode (Mo) - the duration of the most
frequently occurring cardiac interval; Mode amplitude
(AMo) - the number of cardiac intervals with the value of
Mo; Variation range of cardiac intervals (AX) - the differ-
ence between the maximum and minimum values in the
sample, and stress index. Mathematical analysis of HRV
was conducted based on ECG recordings in the second
standard lead at a tape speed of 100 mm/s. For analysis, 100
consecutive R-R intervals were selected. Based on the val-
ues of Mo, AMo, and AX, the following indicators were cal-
culated: Regulatory system stress index, using the formula:

RSSI=AMo/ (2AX x Mo). (1)
Vegetative balance index (VBI) using the formula:
VBI=AMo/AX. @)

Statistical analysis of the study results was conducted
using the parametric method of variance statistics, specif-
ically the Student’s t-test. The arithmetic mean (M), stand-
ard deviation (0), and Student’s t-test (¢) were determined.
A difference between numerical parameters was consid-
ered statistically significant if p < 0.05. Statistical calcula-
tions were performed using a personal computer with the
standard STATISTICA 6 software for Windows.

Results and Discussion

According to ECG recordings, the animals in the control
group had a regular heart rhythm. Under conditions mod-
elling adrenaline-induced myocardial dystrophy, the HRV
parameters changed significantly. Analysis of heart rate fre-
quency (HRF) in rats with adrenaline-induced myocardi-
al dystrophy revealed that the average tension index (TT)
ranged from 1,279 to 7,942 units, while HRF ranged from
339 to 451 beats per minute. Thus, adrenaline-induced

10
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myocardial dystrophy had a significant effect on heart
rhythm, with animals responding to myocardial dystrophy
caused by epinephrine through an increased heart rate.
Two hours post-adrenaline administration, the stress in-
dex decreased by 2.4%, while the heart rate decreased by
4.8%, reaching 410 + 13.4 beats per minute. ECG record-
ings of rats in the experimental group, taken 24 hours

post-adrenaline administration, showed a decrease in TI
and HRF compared to pre-administration values by 22%
and 6.5%, respectively, reaching 403 + 14.7 beats per minute
(Table 1). These changes indicate an increased influence of
the sympathetic branch of the autonomic nervous system
(ANS) on heart rhythm, which is mediated via the humoral
pathway, primarily involving the adrenal glands.

Table 1. Heart rate variability indicators in rats with adrenal-induced myocardial dystrophy

HRV indicators Before adrenaline administration of After 2 hours After 1 day
HRF (beats per minute) 43114 410+13.4 403 +14.7
TI (units) 4,716 +467 4,605 + 381 3,681 +460
. 1,652 +238 1,073+ 160
VBI (units) 1,255+222 b, >0.05 b, >0.05

Notes: p, - comparison with values before adrenaline administration; p, — comparison of values observed after 24 hours with those

recorded two hours post-adrenaline administration
Source: developed by the authors based on their research

The authors concur with researchers who suggest that
phosphoinositide secondary mediators play a role in the
formation of limiting systems that mitigate the destructive
effects of stress factors, in this case, adrenaline. It is pos-
sible that in addition to functional regulation at the sys-
temic level (brain-myocardium), the myocardium itself
can counteract negative effects through the selfregulation
and oscillatory properties of secondary mediator systems.
This process may block adverse effects at the stage of intra-
cellular signalling [19, 20]. The data obtained suggest that
epinephrine administration induces changes that result in
autonomic regulation disorders. It can be hypothesised that
a key trigger in this process is a reduction in melatonin pro-
duction by the pineal gland.

Testing for adrenaline sensitivity 10 days after admin-
istration showed some alterations in HRV parameters;

however, these changes were not statistically significant.
Two hours post-administration, TI increased by 2%,
whereas after 24 hours, it decreased by 30% and 32%, re-
spectively, compared to the baseline level recorded at the
two-hour mark. HRF decreased by 10.5% two hours po-
stepinephrine administration. Meanwhile, VBI increased
by 27% within two hours but subsequently decreased by
5% over the following 24 hours, relative to pre-adminis-
tration values. Thus, mathematical analysis of heart rate
variability indicated a reduction in TT and HREF, alongside
an increase in VBI, two hours post-adrenaline adminis-
tration. Analysis of heart rate in rats with an experimen-
tal model of pituitary hyperfunction revealed an average
heart rate of 414 + 26 beats per minute, with TI increasing
by 27% to 5,981 + 410 units, and VBI rising by 14% to
1,741 + 197 units (Table 2).

Table 2. Results of mathematical analysis of heart rate in rats under the influence
of adrenalineinduced myocardial dystrophy against a background of hypermelatoninaemia

ECG parameters Before adrenaline administration After 2 hours After 1 day
HRF (beats per minute) 414126 369+18 36528
- 2,435+ 300 3,431+424
TI (units) 5,981 +410 p<0.01 p<0.001
. 898 +77
VBI (units) 1,741 197 p<0.01 1,086 + 100

Notes: p - significant difference between values before adrenaline administration and two hours post-administration within the same

group of animals
Source: developed by the authors based on their research

ECG recordings taken two hours post-adrenaline in-
jection in this group of animals revealed a sharp decrease in
the stress index and a moderate reduction in heart rate. The
average HRF decreased by 10 beats per minute, while the
TI value decreased by 47% relative to baseline levels. The TI
reduction was statistically significant (p <0.001) compared
with both the baseline value and the preadministration TI
value recorded in this group (p <0.01). Notably, despite this
substantial decline in TTand only a slight reduction in HRE,
VBI dropped sharply to 898 + 77 units. This decrease was

significant (p <0.01) compared to control animals. ECG re-
cordings taken 24 hours post-epinephrine administration
revealed a further slight reduction in heart rate and an in-
crease in TT and VBL

It is possible that the administration of epinephrine
enhances sympathetic nervous system function, and in the
presence of hypermelatoninaemia, parasympathetic nerv-
ous system activity is increased, thereby reducing the risk of
arrhythmias and myocardial infarction. Melatonin adminis-
tration may also reduce the intensity of energy metabolism
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and, consequently, oxygen consumption. In addition, this
effect of melatonin could activate the stress-limiting system
in a manner similar to opioid peptides and phosphoinos-
itide systems, ultimately enhancing myocardial resistance
to catecholamine-induced stress. With the artificial activa-
tion of adrenoceptor structures through adrenaline admin-
istration, melatonin may trigger feedback mechanisms that
enhance parasympathetic nervous system activity, thereby
reducing the risk of arrhythmias, preventing pathological
foci,and minimising thelikelihood of myocardial infarction.

In contemporary scientific research, the role of the pin-
eal gland has gained increasing significance in understand-
ing the mechanisms of neurohumoral regulation of cardiac
function. This growing interest stems from the well-es-
tablished cardioprotective effects of melatonin. Thus, the
results of this study suggest that melatonin administra-
tion in the context of AMD exerts an antiischaemic effect,
promoting the restoration of cardiac function, enhancing
parasympathetic nervous system activity, and mitigating
dystrophic manifestations [21, 22].

Mathematical analysis of heart rate under conditions
of hypermelatoninaemia in AMD revealed a decrease in
HRF and TI in rats two hours after adrenaline administra-
tion. However, after 24 hours, the heart rate remained at the
two-hour level, while the stress index had increased. This
trend did not align with ECG control values following ep-
inephrine administration. Meanwhile, VBI decreased over
the 24-hour period. Epinephrine administration may en-
hance sympathetic nervous system function, while pineal
hyperfunction promotes increased parasympathetic nerv-
ous system activity, thereby reducing the risk of arrhythmi-
as and myocardial infarction. These data may be attributed
to melatonin administration leading to heightened para-
sympathetic tone, inhibition of free radical reactions, and
reduced myocardial electrical instability.

With pineal gland hyperfunction, melatonin pro-
duction increases, leading to a reduction in sympathet-
ic-adrenal system activity, metabolic rate, and oxygen

consumption. Daily fluctuations in autonomic nervous sys-
tem activity play a crucial role in this process. Thus, the
results obtained in this experiment indicate that one of the
key advantages of pineal gland hyperfunction, which max-
imises melatonin’s cardioprotective effects, is the predom-
inant role of parasympathetic processes in cardiac adapta-
tion mechanisms under conditions of AMD. The timely and
sufficient activation of melatonin enhances the efficiency of
compensatory and adaptive responses, thereby increasing
myocardial resistance. These findings are consistent with
studies conducted by Ukrainian, American, and Chinese
researchers. Studies by Y.-]. Song et al. [2] have demon-
strated that melatonin exerts an antihypertensive effect and
alleviates hypertension caused by continuous exposure to
light. Similarly, V. Kolesnikova & A. Radchenko [23] found
that melatonin affects cardiac function and plays a role in
oxidative stress mechanisms. According to V.P. Pishak et
al. [1], melatonin acts directly on the paraventricular nu-
cleus and the hypothalamic-pituitary-adrenal axis, modu-
lating the baroreflex set point, reducing sympathetic tone,
and increasing parasympathetic tone within the medulla
oblongata, which regulates heart rate.

The dynamic changes of heart rate variability values in
AMD under conditions of pituitary gland hyperfunction
exhibited a consistent pattern, characterised by a decrease
in heart rate, TI, and VBI (Fig. 1). Comparative analysis
of these data and the observed trends suggests that these
changes may be attributed to adrenoceptor desensitisa-
tion and reduced baroreceptor sensitivity, resulting from
structural and metabolic alterations in the myocardium.
Such processes may obscure the progressive impairment
of neurohumoral regulation. These results also suggest an
increase in sympathetic nervous system activity as part of
a compensatory response. The decrease in primary HRV
parameters highlights the close interrelation between ext-
racardiac heart rate regulation and the functional state of
the myocardium during the progression of AMD and the
effects of melatonin.

% 1007

OAMD

80

60
40

AN N NN

20

0

B AMD+hypermelatoninaemia

HRF

VBI

Figure 1. Dynamics of changes in the indicators of mathematical analysis
of heart rate under conditions of AMD and AMD + hypermelatoninaemia

Notes: 100% of the values represent indicators in control animals

Source: developed by the authors based on their research

This reduction in heart rate variability suggests a shift
in autonomic balance towards increased parasympathet-
ic dominance. Such mechanisms underlying heart rate

variability reduction may result from two primary factors:
a decrease in the amplitude of autonomic tone oscillations
and reduced sinus node sensitivity to autonomic influences.
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The results obtained by the present study indicate that
melatonin administration under conditions of AMD exerts
a general corrective effect by restoring the functional state
of the heart. This finding aligns with the studies of M. To-
beiha et al. [3], which demonstrated melatonin’s role in
heart regeneration and its protective effects against cardiac
dysfunction. In addition, the absence of significant changes
in heart rate, which characterises the central mechanism of
heart function, indicates that the observed changes occur
at the local level. In other words, these changes take place
within the myocardium and are realised at the cellular level
rather than within central regulatory circuits.

These results are further supported by the studies of
N.O. Bezkorovayna et al. [24], found that 10-day expo-
sure to continuous illumination (500 lux) induces a sig-
nificant increase in parasympathetic influence on heart
rate and bradycardia in females, while in males, it leads
to an increase in heart rate accompanied by a decrease in
parasympathetic influence on the heart. The development
of adrenaline-induced myocardial necrosis in females un-
der continuous illumination is associated with cardio-in-
tervalometer dynamics similar to those observed under
light-balance conditions, with greater parasympathetic
activity within the ANS and a corresponding increase in
sympathetic activity. In males, under similar conditions,
the ANS response to the development of myocardial ne-
crosis differs from that observed under balanced lighting
conditions and demonstrates parasympathetic involve-
ment in heart rhythm regulation while exhibiting sympa-
thetic dominance [24].

The results of the present study indicate that melatonin
contributes to reducing oxidative stress under conditions
of AMD and normalising the studied parameters. Mela-
tonin demonstrated its antiischaemic effect, significantly
improving the functional state of the rat heart in the exper-
iment conducted by T. Senoner & W. Dichtl [25]. For ex-
ample, studies by F.Gd. Amaral & J. CipollaNeto [26] have
shown that the benefits of melatonin’s potent protective
properties are associated with its ability to lower oxidative
stress and reduce the risk of damage following myocardial
infarction. Additionally, melatonin functions as a scaven-
ger of reactive oxygen species within mitochondria, there-
by providing a beneficial effect in coronary heart disease.
According to other studies, notably M. Cherska et al. [27],
the mechanisms through which melatonin affects vascular
tone have been identified, specifically its interaction with
its own receptors, its influence on adrenergic pathways of
muscle contraction, and its ability to block serotonergic
stimulation.

Thus, the findings of this study confirm that melatonin
administration under conditions of adrenaline-induced my-
ocardial dystrophy exerts a general corrective effect. It pro-
motes the restoration of the functional state of the heart at
the cellular level without significantly affecting central reg-
ulatory mechanisms. Melatonin exhibits an anti-ischaemic
effect by reducing oxidative stress and improving cardiac
function, which corroborates previous studies confirming

its role in lowering the risk of damage following myocardial
infarction and its involvement in vascular tone regulation.

Conclusions

Based on studies investigating the autonomic regulation
of the rat heart under the influence of melatonin in the
context of adrenaline-induced myocardial dystrophy, this
study has demonstrated the physiological role of melatonin
in modulating autonomic status and functional chang-
es in the heart. These effects are attributed to its antioxi-
dant, anti-ischaemic, and stress-protective properties. The
dynamics of the studied parameters indicate the adaptive
mechanisms of the rat heart, which involve the autonomic
nervous system. A comparison with similar parameters in
rats with adrenalineinduced myocardial dystrophy led to
the following conclusions.

The autonomic regulation of the heart, as assessed by
mathematical analysis of heart rate, revealed an increase
in VBI values alongside a decrease in HRF and TI values.
This pattern indicates a reduction in sympathetic-adrenal
stimulation of the heart under conditions of adrenaline-in-
duced myocardial dystrophy. Mathematical analysis of the
heart rate in rats with an experimentally induced model of
pituitary hyperfunction showed that the average heart rate
was 414 + 26 beats per minute. The average T increased by
27% to 5,981 + 410 units, while the average VBI increased
by 14% to 1,741 +197 units. Given the above findings, these
differences may indicate that changes reflecting autonomic
balance mechanisms and their influence on adaptive and
compensatory responses under adrenaline stress occurred
with the vagus nerve playing a dominant role. Experimen-
tal data highlight the importance of studying the effects of
melatonin in cardiovascular conditions such as myocardial
ischaemia, chronic hypoxic heart injury, and atherosclero-
sis. Therefore, the timely diagnosis of melatonin produc-
tion disorders, along with its potential therapeutic use in
stressful situations, underscores the importance of these
measures. In this context, circadian rhythm disturbances -
which are crucial for maintaining normal myocardial func-
tion - further emphasise the need to investigate melatonin’s
role in stress and myocardial pathology. The study of heart
rate variability is essential for a more precise determination
of regulatory mechanisms. This will facilitate the develop-
ment of effective preventive and therapeutic measures.

The results of this study indicate the need to investi-
gate sex-related differences in heart rate variability. Fur-
thermore, melatonin appears to be a promising agent for
the prevention of adrenalineinduced myocardial damage.
Future research should focus on examining the effects of
melatonin deficiency on heart rate parameters during the
development of adrenaline-induced myocardial dystrophy
in male and female rats.
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AHoTauia. AKTUBHe KepyBaHHA aflaliTUBHMMM peakliAMM OpraHisMy Ha 3MiHM 3O0BHIlIHIX YMOB cepefoBMIIA i
BHYTPILIHPOTO TOMeOCTa3y BifOyBa€eTbcsA 3a y4yacTi rOpMOHY emidisa MenaroHiHy. MenmaToHiH AK (hapMaKoIOTriYHNIA
npemnapar i3 aHTMOKCUJAHTHUMH BJIACTMBOCTAMY HIMPOKO BUKOPUCTOBYIOTH JI/I1 KOPEKIil PO3/IajiB, 110 BUHUKAKTh
BHAC/IiIOK OKCUMAIATUBHOTO cTpecy. Lle mocmimkeHHA 6yno cIpsAMoOBaHe Ha BMBYEHHS 3MiH ceplieBOi aKTMBHOCTI Iin
BIUIMBOM JJAaHOI'O TOPMOHY, 30KpeMa BIUIMBY Me/IaTOHIHY Ha BapiaOe/IbHICTD CepIieBOro pUTMY y 1a00paTOPHIUX LY piB, AKi
MaJm Mofeb afjpeHaniHoBoi pucTpodii miokappa. CTYIiHD HAIIPYTY peryIATOPHUX MeXaHi3MiB Ta MexaHi3MiB HepBOBO]
perynAnii oLiHIOBa/M 3a MaTeMaTVYHMM aHaIi30M BapiaOe/lbHOCTI PUTMY cepld, AKWII € ONHUM i3 iHTerpaTMBHMX
METOJiB OLjiHIOBaHHA (PYHKI[iOHAIbHOI aKTMBHOCTI PeryIATOPHMUX CUCTeM OpraHismMy. OCHOBHI pe3y/IbTaTu JOCIiKeHHA
II0Ka3aJIN, 110 BeTeTaTUBHA Pery/IAllid ceplis BUABIIA 301/IbIIeHHA 3HaYeHHA [I0Ka3HVKa BereTaTyBHOro 6anancy (IIBb)
IIpY 3HVDKEHHI 3Ha4eHb 4acToTH cepleBux ckopodenb (UCC) Ta ingekcy HanpyskeHocri (IH), 1o cBiguuThb Ipo 3HIDKEHHA
CUMIIaTO-apeHaIoBOI CTUMYJIALII cepIisi B yMoBax aipeHaliHoBol Miokapaiopuctpodii. [Tpotarom 10-geHHOro BBefieHHA
MEJIaTOHIHY LIypaM Ha TIi pO3BUTKY ajpeHaTiHOBOI MiokapaiopucTpodii crocrepiranocsa HmifBUIeHHS BereTaTUBHOL
AKTYBHOCTI 3 aKI[€HTOM Ha IIOCU/IEHHS BIUIMBY IIAPACMMIIATMYHOI HEPBOBOI CUCTEMM Ha CEpIE, 10 CIPUAIO SHVDKEHHIO
PM3MKY apUTMiil i po3BUTKY iH(papKTy MioKappia. 30KpeMa, 3MiHU PUTMY Ceplisd CYIpOBOMKyBamucsa KomuBanHAMI YCC
Bix 339 mo 451 yx./xB. i migBMUIeHHAM iHIEKCY HANpYy>XeHoCTi Bifi 1279 mo 7942 opn. Yepes 24 rogvHM Mic/A BBeIEHHA
aJipeHaJIiHy IIi MOKAa3HMKM 3HIDKyBa/mcsa Ha 6,5 % i 22 %, BigmoigHo. Y mypis i3 rinep¢yHkiielo emidisa cepenne
sHadeHHs YCC cranoBuno 414+26 ypn./xs., IH 36inbmuBcs Ha 27 %, a cepenna BenmuunHa [IBB - Ha 14 %. Bussneni
edeKTy MeaToHiHy CBif4aTh, 110 BiH € IOTEHIITHO KOPYCHYUM 3ac000M JyIA 3aro0iraHHA iHIYKOBaHUX afipeHaliHOM
IIOIIKOIKEeHDb MioKapaa. Pe3ynbTaTy JOC/TiKEeHHS BiIKpUBAIOTh HOBI MOX/IMBOCT] y KOpeKLii PyHKI[iOHa/IbHOIO CTaHy
CeplL Ta JO3BOJIATD PO3LIMPUTY PaMKI PO3YMiHHA MeXaHi3MiB BIVIMBY pisHOI QyHKIIIOHAIbHOI aKTUBHOCTI emnidisy Ha
Q)yHKuiOHaanMﬂ CTaH cepusd
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Abstract. Acne vulgaris (AV) is a chronic, inflammatory skin disease affecting 80% of young adults and adolescents, causing
lesions, scarring, and pigmentation in the pilosebaceous unit. Managing AV effectively crucial to improving patients’ quality
of life and preventing long-term dermatological complications. This study aimed to evaluate the efficacy of three widely
used topical treatments for AV, which are: benzoyl peroxide, retinoid, and salicylic acid treatments, in managing mild to
moderate acne using a cross-sectional observational study design. The study analysed the effectiveness of benzoyl peroxide,
retinoid, and salicylic acid treatments for mild to moderate acne over an 8-week period. Participants aged 15 to 50 were
randomly assigned to three treatment groups and outcomes were measured through physical exams and questionnaires.
The variables assessed included lesion count, acne severity using GAGS scores, scarring, and skin texture and the data was
analysed using SPSS, paired T-tests, and ANOVA to identify the most effective treatment. The study found that benzoyl
peroxide significantly improved skin texture and eliminated severe inflammatory cases. Retinoids showed the most reduction
in non-inflammatory and inflammatory lesions, with 55% of participants showing only mild lesions post-treatment.
Retinoids also reduced severe acne scarring and improved skin texture. Salicylic acid produced moderate improvements,
reducing non-inflammatory lesions and improving skin texture. Benzoyl peroxide and retinoids significantly improved
skin texture, however, benzoyl peroxide showed mixed results in scarring. Paired sample t-tests confirmed significant
improvements in skin texture and non-inflammatory lesions for both benzoyl peroxide and retinoid groups. The findings
revealed that retinoids are more effective for non-inflammatory acne lesions and benzoyl peroxide for severe inflammatory
cases, allowing for personalised treatment plans. This approach offers valuable insights for improving acne management
outcomes. The study can help dermatologists in selecting effective treatments for acne based on lesion type and severity
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Introduction

Acne vulgaris (AV) is one of the most prevalent dermato-
logical conditions, with a significant impact on the physical
and psychological well-being of individuals, particularly
young adults and adolescents. AV is a complex condition
influenced by hormonal changes, microbial activity and de-
mographic factors. Since acne continues to influence mil-
lions of people worldwide, it is essential to comprehend the
efficacy and safety of prevalent topical therapies. Despite
the availability of a variety of treatment options, the rising
incidence of acne and the possibility of treatment resist-
ance, particularly in mild to moderate instances, highlight
the need for continuous evaluation of existing treatments.
Traditional therapies are limited due to adverse effects and
poor patient adherence. The rising prevalence of sensitive
skin and antibiotic resistance makes it necessary to provide
safer and more effective treatments. Furthermore, with the
increased interest in alternative treatments and concerns
about the long-term adverse reactions of conventional
medicine, it is time to assess the efficacy of established ther-
apies in managing acne symptoms.

In response, recent literature explores advances in acne
treatment, therapies and new skin regimens. Hence, re-
searchers are exploring innovative anti-inflammatory and
antibacterial agents, such as phytochemicals derived from
natural products, as safer and more effective alternatives for
combating P. acnes and reducing the impact of acne vulgar-
is [1,2]. T. Zhang et al. [3] conducted a study comparing 2%
supramolecular SSA hydrogel and Davuwen Adapaline gel
for treating mild to moderate acne vulgaris. Results showed
both treatments were effective, however, SSA showed a
lower rate of adverse effects and better outcomes in pore
reduction. This suggests SSA as a safer alternative for acne
management [4]. For the treatment of mild to moderate AV,
A. Gernetal. [5] evaluated the safety, effectiveness and toler-
ability of a unique 3 step skincare routine in comparison to
BPO in their randomised, doubl-blinded, clinical research.
According to the study, although BPO was quite effective at
lowering P. acnes, 44% of participants stopped using it with-
in six months due to its adverse effects on sensitive skin.

A study by W. Chen et al. [6] found that the prevalence
of sensitive skin in the adult population is greater than 71%
with women being more likely to report it, suggesting the
need for new OTC regimens with comparable efficacy and
greater tolerability compared to existing BPO therapies.
B.S. Dikicier [7] examined the effectiveness, side effects,
and adherence rates of topical acne treatments in 250 pa-
tients, primarily female (71.2%). The most prescribed
treatments were antibacterial BPO combinations and top-
ical retinoids. Nearly half discontinued therapy due to un-
responsiveness and side effects, with severe acne patients
more likely to discontinue treatment. Salicylic acid (SA) is
a beta-hydroxy acid with keratolytic properties, effective in
both comedonal and inflammatory acne. It is used in solu-
tions, creams, and gels with low concentrations depending
on the skin [8]. SA acts against both non- inflammatory
and inflammatory lesions in active acne vulgaris. Moreover,

in a study by R. Sarkar et al. [9], SA peels were compared
with glycolic acid (GA) peels for treating grade 2 AV. Both
peels were found effective in reducing lesions and improv-
ing post-acne hyperpigmentation. SA was more effective in
addressing comedones, papules, and pustules, however, SA
peels have low water solubility.

A systematic review by K. Sattar et al. [10] evaluated
the efficacy and safety of adapalene and BPO combination
therapy for acne vulgaris. The study’s results showed that
combination of adapalene and BPO is a safe and effective
therapeutic option for managing acne and reducing acne
lessions. AV has been a common dermatological disease
that has important effects on the personal health and
well-being of people. Despite the availability of various top-
ical treatments, there is a lack of comprehensive and com-
parative research analysing their effectiveness. There has
been a lack of research focusing on these aspects regarding
the efficacy of these treatments, including the possible ef-
fects on acne lesion count and skin intensity.

The current literature provides a clear correlation be-
tween acne and age as well as gender. Most of the teenagers
and young adults are faced with hormonal changes which
are essential in growth especially during puberty hence
leading to acne [11, 12]. AV is a common skin condition
that affects populations worldwide, however, only a few
studies have compared its treatment responses between
different populations or regions, such as Pakistan. There
has been a considerable gap in research regarding the com-
parative effectiveness of commonly used topical treatments
for mild to moderate acne in the Pakistani demographic,
considering unique genetic, environmental, and lifestyle
factors. This study was designed with the purpose of filling
this gap by comparing the effectiveness of Benzoyl perox-
ide, Retinoid, and salicylic acid in Pakistan.

The aim of this study was to evaluate and determine
comparative efficacy of benzoyl peroxide, Retinoid, and
SA used topically in patients with mild to moderate acne.
This paper represented a corss-sectional observational de-
sign that aimed to establish an effective positive therapeutic
outcome that might help clinicians to make more informed
decisions on acne management practices.

Materials and Methods

Study Design

The study has employed a cross sectional observation
design to asses and compare the effectiveness of three
treatments: retinoid (tretinoin), benzoyl peroxide and
salicylic acid in the patients with mild to moderate acne.
The study was conducted on the patients from three der-
matological clinics of Pakistan with the span of 8 weeks.
Participants were randomly assigned to each treatment
group, with all three groups receiving specific assigned
treatment method. The effectiveness of each treatment
was evaluated at the end of 8-week period, with outcomes
assessed based on specific clinical parameters. This de-
sign allowed for a comprehensive comparison of the
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three treatments within the same timeframe, providing
valuable insights into their relative efficacies.
Participants

For the observational study, 60 participants aged 15 to 50
years were selected. Of these, 35% were men (21 partici-
pants) and 65% were women (39 participants). The age

Age

19 oc below

320-29
£30-39
W <0-50

distribution was as follows: 41.7% were 19 years old and
younger, 36.7% were aged 20-29, 16.7% were aged 30-39
and 5.0% were aged 40-50. The majority of participants
were under the age of 30, indicating a younger cohort.
The gender distribution was skewed towards women, who
made up the majority of the sample, as shown in Figure 1.

Gender

Wrase
DFemate

Figure 1. Demographics of the study participants

Source: developed by the authors

Figure 1 demonstrates a disparity in age distribution
between males and females, with a greater proportion of
females falling within the younger age groups (19 or below
and 20-29). This demographic profile provided context for
interpreting the treatment outcomes.

The participants were randomly assigned to specific
treatment method, dividing 20 participants in each group
without any limitation of age or severity of the acne. Con-
sent forms were obtained from each patient and treatments
were administered to each patient with the permission of
both doctors and patients.

Inclusion and exclusion criteria
The participants were included and excluded by the follow-
ing criteria.

Inclusion criteria:

® age of participants between 15 and 50;

® patients diagnosed with mild to moderate acne;

@® patients that were capable and allowed for the applica-
tion of treatment method;

@® patients that were interested to follow up the treatment
method properly and attend follow-up appointments;

@® patients with no history of skin allergies or sensitivity
to reactions.

Exclusion criteria:

@® patients with severe acne or other related medical con-
ditions;

@ patients that were allergic to retinoid, salicylic or ben-
zoyl peroxide;

@ other medical conditions that might affect their fol-
low-up appointments or treatment method;

@ females that were pregnant or on breast feeding period.
Interventions
The study has implemented three distinct interventions for
each treatment group. The first group received a 2.5% gel of

benzoyl peroxide, which was applied once daily to effected
area. The second group was treated with tretinoin lotion,
also known as all-trans retinoic acid, which is a topical
medication derived from vitamin A with the concentration
of 0.05% once daily in the morning. The third group re-
ceived SA in a 2%gel formulation which was applied twice
daily. These interventions were selected to evaluate the ef-
fectiveness of mild to moderate acne patients.

Data collection

The data was collected through physical and online ques-
tionnaires. Observations were recorded before the treat-
ment and 8 weeks after the treatment. Each participant was
assigned to one of three treatment groups. The variables
assessed included non-inflammatory lesions (comedones)
and inflammatory lesions (papules, pustules, and nod-
ules) [13], the severity of acne using the GAGS (Glycos-
aminoglycans) score [14], acne scarring [15], and skin tex-
ture and appearance [16]. The scales for these observations
were clearly defined to ensure consistency and accuracy in
the data collection process, providing a comprehensive as-
sessment of the treatment efficacy over the study period.
An additional questionnaire of the review process has been
undertaken by the patients to analyse the treatment experi-
ence of each patient.

Data collection tools and variables

To ensure a comprehensive evaluation of the treatment
outcomes, standardised scales and questionnaires were
utilised for data collection. These tools assessed various
parameters, including non-inflammatory and inflammato-
ry lesions, GAGS scores, acne scarring, skin texture, and
treatment satisfaction. The following section details the
measurement scales (Table 1) and pre- and post-treatment
questionnaires (Table 2 and 3) used to gather participant
data systematically.

18
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Table 1. Measurement scales for variables in acne evaluation

Variable

Scale (Range)

Non-inflammatory lesions

1=0-20 (mild)

2 =21-40 (moderate)

3=41-60 (severe)

4 =61+ (extremely severe)

Inflammatory lesions

1=0-5 (mild)

2=6-20 (moderate)

3=21-50 (severe)

4> 50 (very severe)

GAGS (glycosaminoglycans) score

1=0-18 (mild)

2=18-30 (moderate)

3=31-38 (severe)

4> 38 (very severe)

Acne scarring 1= Macular
2 = Mild
3= Moderate
4 = Severe
Skin texture 0= None
1= Minimal
2 = Moderate
3= Severe
4 = Extreme

Source: developed by the authors

Table 2. Pre-treatment questionnaire

Question

Response options

1. Age

19-25
26-35
36-45
46-50

2. Gender

Male
Female

3. Do you use sunscreen regularly?

Yes
No

4. If yes, what is the SPF of the sunscreen you use?

SPF 15 or lower
SPF 16-30
SPF 31-50

SPF 51 or higher

5. Do you use any additional skin care products (e.g., moisturizer, exfoliator)?

Yes (please specify):

No
Daily
- . Weekly
?
6. How often do you apply these additional skin care products? Monthly
Rarely
7. Do you have any known hormonal issues (e.g., polycystic ovary syndrome, Yes (please specify):
thyroid issues)? No
8. Are you currently taking any medications other than for acne? Yes (plea;?)spec1fy):
9. Are you currently on any hormonal treatments or birth control? ves (plea;eospeafy):
10. Do you experience significant stress or lifestyle changes regularly? Leos
Ye L ify):
11. Do you have a history of any skin conditions (e.g., eczema, psoriasis)? es (p ea;ispea Y
12. Have you had any recent changes in your skin condition? ves (pleaiﬁ)speufy):
13. Do you have any known allergies? ves (plea's\l%speafy):
. Yes
14. Are you currently pregnant or breastfeeding? No
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Continued Table 2

Question

Response options

15. How often do you experience acne flare-ups?

Daily
Weekly
Monthly

Rarely

16. On average, how many hours per day do you spend outdoors?

Less than 1 hour
1-2 hours
2-4 hours
More than 4 hours

medications or home remedies?

17. Do you use any specific acne or skin treatments, such as over-the-counter

Yes (please specify):
No

prior to starting treatment?

18. On a scale of 1 to 10, how would you rate the overall condition of your skin

1 (Very poor) to 10 (Excellent)

Source: developed by the authors

Table 3. Post-treatment questionnaire

Question . .
number Question Options/scale
Participant information
1 Participant ID
2 Age
3 Gender Male, female, other
Baseline assessment
4 Non-inflammatory lesions (comedones) count 0-20 (mild), 21-40 (moderate), 41-60 (severe),
61+ (extremely severe)
5 Inflammatory lesions (papules, pustules, nodules) count 0-5 (mild), 6-20 (moderate), 21-30 (severe),
>50 (very severe)
. 0-18 (mild), 18-30 (moderate), 31-38 (severe),
6 GAGS (glycosaminoglycans) score >38 (very severe)
7 Acne scarring Macular, mild, moderate, severe
- 0 (none), 1 (minimal), 2 (moderate),
8 Skin texture and appearance 3 (severe), 4 (extreme)
8-week follow-up assessment
9 Non-inflammatory lesions (comedones) count 0-20 (mild), 21-40 (moderate), 41-60 (severe),
61+ (extremely severe)
10 Inflammatory lesions (papules, pustules, nodules) count 0-5 (mild), 6-20 (moderate), 21-50 (severe),
>50 (very severe)
. . 0-18 (mild), 18-30 (moderate), 31-38 (severe),
11 GAGS (glycosaminoglycans) score: >38 (very severe)
12 Acne scarring: Macular, mild, moderate, severe
13 Skin texture and appearance: 0 (none), 1 (minimal), 2 (moderate), 3 (severe),
4 (extreme)
Treatment experience and satisfaction
14 How satisfied are you with the treatment overall? 1 (very dissatisfied) — 5 (very satisfied)
15 Did you experience any side effects during the treatment? Yes, no
If yes, please describe the side
16 .
effects experienced:
17 How would you rate the ease of use of the treatment? 1 (very difficult) — 5 (very easy)
18 Would you recommend this treatment to others? Yes, no
19 How has the treatme.nt !mpacteq your confidence and 1 (no impact) — 5 (significant impact)
social interactions?
20 Any additional comments or feedback on the treatment:

Source: developed by the authors

Ethical considerations

Consent forms were obtained from each patient and
treatments were administered to each patient with the
permission of both doctors and patients. Additionally,
approval for the study was granted by the three der-
matology clinics in Pakistan involved in the research.

Ho

thr
De

wever, per their request, the names of these clinics

have been kept confidential to respect their privacy pol-
icies. All procedures adhered to ethical guidelines to
protect the participants’ rights, safety, and well-being

oughout the study in accordance with the rules of the
claration of Helsinki [17].
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Reliability of the study

The reliability of the study was assessed by determining the
internal consistency of the questionnaire by using Cron-
bach’s Alpha. It was found that for a 10-item scale, the
Cronbach’s Alpha was 0.409. This suggested a fair degree
of internal consistency though implying that some modi-
fication might be made to improve reliability with respect
to this scale. However, rigorous methodology was observed
throughout the investigation of questionnaire and treat-
ments validation by dermatological experts and consider-
ation of ethical issues thereby enhancing dependability and
trustworthiness of results.

Outcome Measures

The outcomes of each treatment group were measured as
primary and secondary outcomes. The primate outcomes
included the changes in the inflammatory and non-inflam-
matory lesions count and the improvements in the GAGS
score. Secondary outcomes of the treatment groups includ-
ed the improvement in skin smoothness and reduction in
the acne scarring. These outcomes were measured to de-
termine the comparative analysis of each treatment and
the determination of an effective treatment for the patients
with mild to moderate acne.

Statistical Analysis

The study used SPSS for data analysis, utilising descriptive
statistics to summarise baseline demographics and study
endpoints. The Paired T-test was used to compare pre- and
post-treatment outcomes within each treatment group, as-
sessing the effectiveness of each treatment method in reduc-
ingacne severity over an 8-week period. ANOVA was used to
compare mean outcome measures across the three treatment
groups, identifying the most effective treatment method
(Benzoyl Peroxide, Tretinoin, or Salicylic Acid) in improv-
ing acne outcomes. This statistical test provided a compre-
hensive understanding of the relative efficacy of each treat-
ment, ensuring observed differences were not due to chance.

Results and Discussion
Acne Vulgaris: Pathophysiology, treatment challenges,
and hormonal influences
Acne vulgaris (AV) is a chronic inflammatory skin dis-
ease affecting around 80% of young adults and adoles-
cents [1, 7]. AV affects the pilosebaceous unit and is char-
acterised by both inflammatory and non-inflammatory
lesions, scarring, and pigmentation that persist through-
out life [18]. It has been characterised by open and closed
comedones, lesions with inflammatory nodules, pustules,
and papules, typically affecting the face, chest, and back [5].
Another human commensal bacterium that inhabits
the skin’s pilosebaceous ducts is Propionibacterium acnes,
or P acnes. The pathophysiology of acne vulgaris is signif-
icantly influenced by P. acnes, a bacterium that colonises
the sebaceous glands and hair follicles. Its proliferation
triggers inflammation, leading to the development of acne
lesions and contributing to both physical discomfort and
emotional distress [19]. Notably, the rise in P. acnes-re-
lated infections, such as shoulder infections after surgery,

underscores the growing challenge of managing this bacte-
rium. Compounding the issue is the increasing incidence
of antibiotic resistance, which limits the effectiveness of
traditional treatments [20].

Treatment adherence is a significant issue, especially
for topical treatments, as it can lead to side effects and pro-
longed treatment time, resulting in acne recurrence, patient
dissatisfaction, and increased medical costs [7]. Interna-
tional treatment guidelines recommend a topical retinoid
plus antimicrobial as the first-line therapy for most acne
patients. Topical Retinoid, such as tretinoin and adapalene,
were essential for acne management, but they are often pri-
marily effective in comedonal acne and associated with sig-
nificant cutaneous irritation [21]. Benzoyl peroxide (BPO)
is a widely used topical therapy for acne vulgaris, with its
bactericidal effect on P. acnes being well documented.

Androgens are hormones that are present in both male
and female, play a pivotal role in the development of acne,
particularly during puberty when their levels rise rignifi-
cantly. This hormonal surge stimulates an increase in se-
bum production, contributing to pore formation and the
subsequent onset of acne [22]. The condition of acne, is
caused by increased androgen production by the gonads
and adrenal glands and increased sensitivity to androgen
receptors. This leads to blockage of the pilosebaceous canal,
follicular hyperkeratinisation, sebaceous gland enlarge-
ment, and keratinocyte shedding, resulting in a follicular
plug all influenced by androgens. This blockage creates a
microcomedo, which progresses into a visible comedo as
sebum flow is obstructed [23]. Although acne is commonly
associated with adolescence, it may be severe in adulthood,
especially among women because of hormonal fluctuations
caused by the menstrual cycle, pregnancy, or Polycystic
Ovary Syndrome (PCOS) [24]. Understanding these de-
mographic characteristics is crucial in delivering suitable
acne therapies and setting the appropriate anticipations for
each group of patients.

Results of acne treatment according
to the severity of the disease
The acne grading system is an essential part of dermato-
logical practice aimed at classifying acne according to its
severity, offering therapy options, and providing prognos-
tic estimations. It consists of several measurements: the
non-inflammatory lesions scale, the inflammatory lesions
scale, the GAGS (glycosaminoglycans) score, the acne scar-
ring scale, and the skin texture scale. One scale measures
various aspects of acne and ranges from mild to extremely
severe ensuring that every aspect is considered.
Non-inflammatory acne lesions include comedones,
which are divided into open (blackheads) and closed
(whiteheads). They occur due to the blockage of hair folli-
cles by sebum, dead epidermal cells, and microorganisms,
with no signs of inflammation such as redness or pain. The
main causes are hyperkeratinisation and increased sebum
production, which create a favourable environment for
the growth of P. acnes. These lesions typically do not cause
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discomfort but may progress to an inflammatory stage
without proper care. Figure 2 shows the distribution of
non-inflammatory lesions in three groups before therapy.
Most patients in all groups had moderate to severe non-in-

Group_1_! /_Lesions_Pre Group_2_|

flammatory lesions, with moderate category being the most
prevalent. Figure 3 shows the post treatment results of all
groups for non-inflammatory lesions. This highlights a
common issue that treatment aims to address.

/_Lesions_Pre Group_3_! /_Lesions_Pre
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Figure 2. Non-inflammatory lesions - all 3 groups (pre-treatment)

Source: developed by the authors
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Figure 3. Non-inflammatory lesions — all 3 groups (post-treatment)

Source: developed by the authors

The analysis found that in all three groups, after treat-
ment, there was a tendency to reduce the percentage of
patients with severe and extremely severe lesions. This
indicates the overall effectiveness of the treatment. In
parallel with the decrease in the number of severe cases,
the number of patients with mild or moderate lesions in-
creased. Despite the overall trend towards improvement,
there are certain differences in the dynamics of changes
between the groups. In particular, Group 3, which used
salicylic acid, showed the greatest treatment effectiveness.
In particular, after treatment, no extremely severe cases

were detected at all, and the number of severe cases was
halved. Inflammatory lesions are skin conditions causing
redness, swelling, and pain due to the body’s immune re-
sponse to perceived threats. Examples include acne, ecze-
ma, psoriasis, and dermatitis, with severity ranging from
mild to severe. Figure 4 shows the results of the distribu-
tion of inflammatory skin lesions before treatment in the
three experimental groups. In particular, in all groups, the
majority of participants had moderate to severe inflam-
matory lesions. Figure 5 shows the results of treatment of
inflammatory lesions.
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Figure 4. Inflammatory lesions - all 3 groups (pre-treatment)

Source: developed by the authors
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Figure 5. Inflammatory lesions — all 3 groups (post treatment)

Source: developed by the authors

The results showed improvement in all groups. In
particular, the number of patients with mild lesions in-
creased and the number of severe and very severe lesions
significantly decreased. In Group 1 (benzoyl peroxide),
the number of patients with mild lesions doubled to 30%,
and the number of patients with very severe lesions de-
creased by half. Group 2 (retinoids) showed the most sig-
nificant improvement: 50% of participants had mild cases
(which is 2 times more than before treatment), and no
very severe cases were recorded. Group 3 (salicylic acid)
showed a significant increase in mild cases and a halving
of severe cases (from 40 to 20%). however, the number
of very severe lesions remained the same. Thus, while all
groups showed a reduction in disease severity, treatment

Group_1_GAGS_Score_Pre

Group_2_GAGS_Score_Pre

with retinoids (group 2) produced the most significant re-
duction in inflammation.

GAGS Score. To evaluate the effectiveness of the drugs,
it is important to analyse the distribution of disease severity
in patients in all three groups. For this purpose, we used the
Global Acne Grading System (GAGS), a quantitative scor-
ing system used to assess the severity of acne vulgaris. It
measures the severity of acne in six areas of the face, chest
and back, ranging from 0 to 4. The total score of all six areas
determines the severity of acne. The total score is then used
to classify acne as mild, moderate, severe or very severe.
The GAGS can be used for clinical monitoring, epidemio-
logical studies and clinical trials. Figure 6 shows the overall
results of the GAGS score before treatment.
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Figure 6. GAGS score - all 3 groups (pre-treatment)

Source: developed by the authors

Figure 6 shows the GAGS score distribution for three
groups before treatment. Most participants had moder-
ate or severe acne, with fewer cases of mild or very se-
vere acne. In Group 1, about 50% had severe acne, 30%
moderate, 10% very severe, and 10% mild. Group 2 had
around 45% with severe acne, 35% moderate, 15% mild,
and a small percentage very severe. Group 3 had 40% se-
vere, 35% moderate, 10% mild, and 15% very severe cases.
This suggests that moderate to severe acne was the most
common. These results indicated a predominance of mod-
erate to severe GAGS scores in all groups prior to treat-
ment. Post-treatment data should reveal changes in these

categories to assess the effectiveness of each treatment in
reducing GAGS severity (Fig. 7).

In Figure 7, the GAGS score post-treatment showed
that group 1 (BPO) had a higher number of severe cases
compared to pre-treatment, suggesting it may not have
been as effective in reducing GAGS severity. group 2 (Reti-
noid) showed modest improvement, while group 3 (SA)
showed a slight reduction in very severe cases but over-
all stability. Thus, the most significant improvement was
shown by group 2, which was treated with tretinoin lotion.

Acne scarring is a condition where the skins healing
process is disrupted, leading to excessive or insufficient

Ukrainian Journal of Medicine, Biology and Sports, 2024, Vol. 9, No. 4 23



Evaluating topical treatments for mild to moderate acne...

collagen production. This can be caused by factors like
acne severity, picking, delayed treatment, hormonal chang-
es, and men developing more severe acne. It’s crucial to

Group_1_GAGS_Score_Post

Group_2_GAGS_Score_Post

address acne promptly to prevent scarring. Causes include
cysts or nodules burst, and picking or squeezing acne can
also contribute to scarring [25].
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Figure 7. GAGS score - all 3 groups (post treatment)

Source: developed by the authors
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Figure 8. Acne scarring -

Source: developed by the authors

Figure 8 shows the distribution of acne scarring se-
verity across three treatment groups before treatment. The
data suggests that moderate and severe scarring were the
most common types among participants, with fewer cas-
es of mild or molecular scarring. All three groups show
a similar pattern, where the proportion of severe scarring

Gorup_1_Acne_Scarring_Post

Gorup_2_Acne_Scarring_Pre

Gorup_2_Acne_Scarring_Post

Moderste 1 Moderate Soveco

Gorup_3_Acne_Scarring_Pre

all 3 groups (pre-treatment)

is notably higher than the mild category. This indicates
that most participants had significant acne-related scar-
ring prior to treatment. The differences in scarring severi-
ty across groups provide a baseline for assessing how well
each treatment reduces acne scars in the post-treatment
phase (Fig. 9).
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Figure 9. Acne scarring — all 3 groups (post treatment)

Source: developed by the authors

Figure 9 shows the post treatment results for acne scar-
ring which demonstrates that Group 1 (Benzoyl Peroxide)
showed most significant shift, with a notable rise in mild

scarring and a reduction in severe cases. Group 2 (Reti-
noid) showed the best improvement, showing the high-
est proportion of molecular and mild scarring, indicating
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effective scar healing. Group 3 (Salicylic Acid) showed
some improvement but retained a higher percentage of
severe scarring. Overall, Retinoids were the most effec-
tive in reducing acne scars, followed by Benzoyl Peroxide,
while Salicylic Aci showed limited impact.

Skin Texture. Skin texture issues result from in-
flammation, scarring, and irregular healing processes.
Common complications include rough patches, en-
larged pores, and raised scars. Factors such as hormonal
imbalances, and environmental pollutants contribute to

Gorup_1_Skin_Texture_Pre

Gorup_2_Skin_Texture_Pre

the deterioration [26]. The analysis of the skin texture of
the participants by group showed the following results
(Fig. 10). In all groups, a large number of severe and
very severe skin texture problems were recorded. How-
ever, in the first group, the number of moderate, severe
and very severe cases was almost the same (30, 30 and
35%, respectively). In the second and third groups, se-
vere cases significantly prevailed. However, Group 3 had
the highest proportion of severe skin texture problems
before treatment.
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Figure 10. Skin texture - 3 groups (pre-treatment)

Source: developed by the authors
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Figure 11. Skin texture - all 3 groups (post treatment)

Source: developed by the authors

Figure 11 shows the results of the skin treatment for
all groups. The analysis showed that all groups achieved an
improvement in the patients’ skin texture. At the same time,
after treatment, at least 5% of patients in each group were
found to be completely free of problems. There were two
times fewer severe cases and no extremely severe cases in
groups 1 and 2. Group 3 showed improvement in skin tex-
ture, however, retained severe textures than Groups 1 and
2. BPO and Retinoid treatments showed better outcomes,
with many achieving moderate or minimal improvements,
suggesting they may be more effective than SA.

Assessing the safety and effectiveness

of topical acne treatments

Paired Sample T-test

The paired T-test is a statistical method used to compare
the mean values of two related samples, particularly before
and after a given intervention. In this study, paired sample

t-test was conducted to evaluate the safety and efficacy of
topical the treatment for mild to moderate acne. The anal-
ysis compared pre-treatment and post-treatment outcomes
to assess significant differences in spasticity reduction and
functional improvement. This approach allows for an ob-
jective evaluation of each treatment’s effectiveness and ena-
bles conclusions to be drawn about their impact.

Benzoyl Peroxide Group

Table 4 shows the paired sample t-test statistics for Group
1 (Benzoyl Peroxide) which showed that skin texture im-
proved significantly, with a mean score reduction from 2.95
(pre-treatment) to 1.85 (post-treatment), a mean difference
0f1.100. Other parameters did not exhibit significant chang-
es: non-inflammatory lesions (mean difference = 0.300),
inflammatory lesions (mean difference = 0.350), and acne
scarring (mean difference = 0.100). GAGS scores even in-
creased by 0.250, which may indicate a deterioration in the
overall condition of the skin.

Ukrainian Journal of Medicine, Biology and Sports, 2024, Vol. 9, No. 4 25



Evaluating topical treatments for mild to moderate acne...

Table 4. Benzoyl Peroxide group-paired samples statistics

Paired samples statistics
Mean N Std. deviation Std. error mean

) Non_Inflammatory_Lesions_Pre 2.40 20 .883 197
Pair 1 Non_Inflammatory_Lesions_Post 2.10 20 .968 .216
. Inflammatory_Lesions_Pre 2.35 20 .875 .196
Pair 2 Inflammatory_Lesions_Post 2.00 20 .858 192
) GAGS_Score_Pre 2.35 20 .933 .209
Pair 3 GAGS_Score_Post 2.60 20 .821 .184
Pair 4 Acne_Scarring_Pre 2.30 20 .923 .206
Acne_Scarring_Post 2.20 20 .951 213

. Skin_Texture_Pre 2.95 20 .945 211
Pair > Skin_Texture_Post 1.85 20 .745 167

Source: developed by the authors

Table 5 shows the paired sample t-test statistics for
Group 1 (BPO) which indicated the following outcomes:
ehe skin texture showed a statistically significant value
of p =0.000, reflecting a significant improvement after
treatment. However, non-inflammatory lesions showed
p = 0.083, and inflammatory lesions p = 0.149, neither

of which reached statistical significance. That is, the
treatment did not have a confirmed effect. GAGS scores
(p=0.309) and acne scarring (p = 0.725) showed no sta-
tistically significant changes. The most notable improve-
ment was in skin texture, highlighting its effectiveness in
this area.

Table 5. Benzoyl Peroxide group-paired sample test

Paired samples test
Paired differences
95%
Confidence X
std. | Std. | interval of the t df Sig.
Mean |Deviatio| error difference (2-tailed)
mea n
Lower | Upper

Pair 1 | Non_Inflammatory_Lesions_Pre - Non_ 300 | 733 | 164 | -.043 | .643 | 1.831 | 19 083
Inflammatory_Lesions_Post

Pair 2 | Inflammatory_Lesions_Pre - 350 | 1.040 | .233 | -.137 | .837 | 1.505 | 19 149
Inflammatory_Lesions_Post

Pair 3 | GAGS_Score_Pre - GAGS_Score_Post -.250 1.070 .239 -.751 .251 -1.04 19 .309

Pair 4 | Acne_Scarring_Pre - Acne_Scarring_Post .100 1.252 .280 -.486 .686 .357 19 .725

Pair 5 | Skin_Texture_Pre - Skin_Texture_Post 1.100 912 .204 .673 1.527 5.395 19 .000

Source: developed by the authors

The analysis reveals that BPO significantly improves
skin texture post-treatment, with a mean difference of 1.100.
However, changes in non-inflammatory and inflammatory
lesions did not reach statistical significance. Reductions
in GAGS scores and acne scarring showed no significant
impact. These findings highlight the targeted effectiveness
of BPO in improving skin texture, while other acne-relat-
ed measures showed limited or nonsignificant changes.
Retinoid Group
Table 6 shows the paired sample t-test statistics for
Group 2 (Retinoid) which showed the following outcomes:

Non-inflammatory lesions improved significantly, with a
mean reduction of 0.80 (p =0.000), indicating substantial
effectiveness in reducing these lesions. Inflammatory le-
sions also decreased by 0.55 (p =0.002), demonstrating a
significant improvement. GAGS scores increased by 0.15
(p = 0.375), reflecting no significant change. Acne scar-
ring worsened slightly by 0.35 (p =0.168), and skin texture
showed a significant improvement with a mean reduction
of 1.70 (p =0.000). The most notable improvements were
observed in non- inflammatory lesions and skin texture,
suggesting the effectiveness of Retinoid in these areas.
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Table 6. Retinoid group-paired samples statistics

Paired samples statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 Non_Inflammatory_Lesions_Pre 2.40 20 .821 .184
Non_Inflammatory_Lesions_Post 1.60 20 .754 .169
Pair 2 Inflammatory_Lesions_Pre 2.20 20 1.005 .225
Inflammatory_Lesions_Post 1.65 20 .745 167
Pair 3 GAGS_Score_Pre 2.25 20 .851 .190
GAGS_Score_Post 2.40 20 .821 .184
Pair 4 Acne_Scarring_Pre 1.75 20 .851 .190
Acne_Scarring_Post 2.10 20 .968 .216
Pair 5 Skin_Texture_Pre 2.70 20 1.081 .242
&2 I'skin_Texture_Post 1.00 20 918 205

Source: developed by the authors

Table 7 shows the paired sample t-test results for
Group 2 (Retinoid) which demonstrates significant im-
provements in several areas. Non-inflammatory lesions
were significantly reduced, demonstrating a statistically
significant difference of p =0.001. Inflammatory lesions
also improved, showing a significant reduction p=0.037.
GAGS scores showed a minor decrease (p=0.614), which
was not significant. That is, the treatment did not have a

significant effect on the overall acne severity scale. Acne
scarring slightly worsened (p =0.309), but the change was
not statistically significant, that is, the acne scars have
not changed significantly Skin texture changes showed
a statistically significant difference p =0.000, indicating
significant improvement after treatment. The most pro-
nounced improvements were in non-inflammatory le-
sions and skin texture.

Table 7. Retinoid group-paired sample test

Paired samples test
Paired differences
95% .
std Std. confidence t | df (2-Stle)giied
Mean d t " error interval of the ®)
eviation mean difference P
Lower | Upper
Pair 1 | Non_Inflammatory_Lesions_Pr e - Non_ 800 | .951 213 | 355 | 1.245 | 3.760 | 19 | .001
Inflammatory_Lesions_P ost
Pair 2 | Inflammatory_Lesions_Pre - 550 1.099 .246 036 | 1.064 | 2.238 | 19 .037
Inflammatory_Lesions_Post
Pair 3 | GAGS_Score_Pre - GAGS_Score_Post -.150 1.309 .293 -.763 .463 -.513 19 .614
Pair 4 | Acne_Scarring_Pre - Acne_Scarring_Post -.350 1.496 .335 - 1.050 .350 - 1.046 19 .309
Pair 5 | Skin_Texture_Pre - Skin_Texture_Post 1.700 1.031 .231 1.217 2.183 7.373 19 .000

Source: developed by the authors

The test showed that Retinoids effectively reduce both
non-inflammatory and inflammatory rashes (p <0.05). At
the same time, the overall acne severity score (GAGS Score)
and the condition of the scars did not change significantly
after treatment (p > 0.05). The most pronounced improve-
ments were observed in skin texture (p <0.001), which may
be an important cosmetic effect. In general, retinoids show
significant efficacy in the treatment of acne, especially in
reducing rashes and improving skin texture, but do not sig-
nificantly affect existing scars.

Salicylic Acid Group

Table 8 shows the paired sample t-test statistics results in
the SA group which indicated the following outcomes:
Non-inflammatory lesions decreased significantly by 0.70,
reflecting improvement. Inflammatory lesions also showed
a reduction of 0.35. GAGS scores increased slightly by 0.25
(p=0.299), indicating a minimal change or slight deteriora-

tion in the condition. Acne scarring worsened by 0.35, but
this change was not significant. Skin texture improved by
0.35 (p=0.125), showing a modest enhancement. The most
significant improvements were observed in non-inflamma-
tory lesions, while other measures showed minimal or no
significant change. Table 9 shows the paired sample t-test
results for the SA group which revealed the following out-
comes: Salicylic acid statistically significantly reduced the
number of non-inflammatory rashes (p=0.000), indicating
a notable improvement. The inflammatory lesions showed
aresult of p=0.110, i.e. this change was not statistically sig-
nificant. GAGS scores increased slightly (p=0.367), show-
ing minimal change. Acne scarring worsened (p =0.286),
which was not significant. The skin texture improved sig-
nificantly, as evidenced by the p value of 0.005. The most
notable results were the significant reduction in non-in-
flammatory lesions and improvement in skin texture.
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Table 8. Salicylic acid-paired samples statistics

Paired samples statistics
Mean N Std. deviation Std. error mean
Pair 1 Non_Inflammatory_Lesions_Pre 2.50 20 .827 .185
Non_Inflammatory_Lesions_Post 1.80 20 .834 .186
Pair 2 Inflammatory_Lesions_Pre 2.50 20 .827 .185
Inflammatory_Lesions_Post 2.15 20 .933 .209
Pair 3 GAGS_Score_Pre 2.35 20 .875 .196
GAGS_Score_Post 2.60 20 .883 .197
Pair 4 Acne_Scarring_Pre 2.25 20 .910 .204
Acne_Scarring_Post 2.60 20 1.046 .234
Pair 5 Skin_Texture_Pre 2.60 20 .940 .210
Skin_Texture_Post 2.25 20 910 .204
Source: developed by the authors
Table 9. Salicylic Acid group-paired sample test
Paired Samples Test
Paired Differences
95%
Std. confidence Sig.
Mean d S.td‘. error interval of the t el (2-tailed)
SERET | difference
Lower Upper
pair 1 | Non-Inflammatory_Lesions_Pre-Non_ | 7q5 | ¢57 | 147 | 393 | 1.007 | 4.765 | 19 .00
Inflammatory_Lesions_Post
pair 2 | INflammatory_Lesions_Pre- 350 | .933 209 | -.087 | .787 | 1.677 | 19 110
Inflammatory_Lesions_Post
Pair 3 | GAGS_Score_Pre-GAGS_Score_Post 2-50 1.209 .270 -.816 .316 9-25 19 .367
Pair 4 | Acne_Scarring_Pre- Acne_Scarring_Post 3'50 1.424 319 | -1.017 | 317 i 1(509 19 .286
Pair 5 | Skin_Texture_Pre - Skin_Texture_Post .350 .489 .109 121 .579 3.199 19 .005

Source: developed by the authors

Salicylic acid is effective in reducing the number of
non-inflammatory breakouts and improving skin tex-
ture, which is confirmed by statistically significant re-
sults (p<0.01). At the same time, its effect on inflamma-
tory rashes, general acne condition (GAGS Score) and
acne scars is not statistically significant, and in some
cases, there is even a tendency to worsen. Thus, salicyl-
ic acid can be an effective treatment for patients with
comedonal acne, but its use in the treatment of inflam-
matory acne and post-acne scars requires additional re-
search or a combined approach with other therapeutic
methods.

One-way ANOVA for comparing gender

and treatment measures

A one-way ANOVA analysis was conducted to evaluate the
impact of gender on various acne treatment outcomes, in-
cluding non-inflammatory lesions, inflammatory lesions,
GAGS score, acne scarring, and skin texture. Table 10
shows the results of the ANOVA analysis, which shows
whether there is a statistically significant difference be-
tween the groups (men and women) for each acne treat-
ment indicator. A p-value of <0.05 is statistically significant
and indicates that gender has an effect on this indicator. A
P-value >0.05 means that there is no such effect.

Table 10. Results of one-way ANOVA analysis

Sum of Squares df Mean Square F Sig.
Between Groups .059 1 .059 .085 772
Non_Inflammatory_Lesions_Pre Within Groups 40.674 58 .701
Total 40.733 59
Between Groups .165 1 .165 .216 .643
Non_Inflammatory_Lesions_Post Within Groups 44.168 58 .762
Total 44.333 59
Between Groups .514 1 .514 .633 .429
Inflammatory_Lesions_Pre Within Groups 47.136 58 .813
Total 47.650 59
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Continued Table 10

Sum of Squares df Mean Square F Sig.
Between Groups .847 1 .847 1.145 .289
Inflammatory_Lesions_Post Within Groups 42.886 58 .739
Total 43.733 59
Between Groups .405 1 .405 .526 .471
GAGS_Score_Pre Within Groups 44.579 58 769
Total 44.983 59
Between Groups .003 1 .003 .004 .949
GAGS_Score_Post Within Groups 40.930 58 .706
Total 40.933 59
Between Groups .264 1 .264 .312 .578
Acne_Scarring_Pre Within Groups 49.136 58 .847
Total 49.400 59
Between Groups 4.344 1 4.344 4.643 .035
Acne_Scarring_Post Within Groups 54.256 58 .935
Total 58.600 59
Between Groups 1.653 1 1.653 1.724 .194
Skin_Texture_Pre Within Groups 55.597 58 .959
Total 57.250 59
Between Groups 6.336 1 6.336 7.032 .010
Skin_Texture_Post Within Groups 52.264 58 .901
Total 58.600 59

Source: developed by the authors

The results of ANOVA analysis showed no significant
gender-related differences in the severity of non-inflam-
matory lesions pre- or post-treatment, suggesting minimal
variability between genders. Inflammatory lesions showed
no significant gender-related differences pre- or post-treat-
ment, suggesting no statistically meaningful differences be-
tween genders. The GAGS scores also showed no significant
gender differences pre- or post-treatment, indicating no
significant variability between genders. However, a notable
gender-related difference was observed in post-treatment
acne scarring, indicating that gender significantly affects
the outcomes for acne scarring. Gender differences were
also significant for skin texture post-treatment, suggesting

that gender significantly influences the improvement of skin
texture after treatment. These findings highlight the impor-
tance of considering gender-specific factors when assess-
ing treatment efficacy for acne scarring. Table 11 displays
the reliability test findings for the study’s items. The Case
Processing Summary shows that all 60 cases (100%) were
legitimate, with no exclusions, resulting in a complete data-
set for study. In Reliability Statistics, the Cronbach’s Alpha
score for 10 items is 0.709, suggesting satisfactory internal
consistency. A Cronbach’s Alpha greater than 0.7 indicates
good reliability, implying that the questions included in
the questionnaire are relatively consistent, however minor
changes might potentially increase reliability even further.

Table 11. Reliability test

Case Processing Summary

N %
Valid 60 100.0

Cases Excluded? 0 .0
Total 60 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach’s Alpha

N of Items

.709

10

Source: developed by the authors

The study evaluated the efficacy of three topical treat-
ments for acne by Benzoyl Peroxide, Retinoid, and SA in
five parameters including non-inflammatory and inflam-
matory lesions, GAGS scores, acne scarring, and skin tex-
ture. BPO showed significant improvement only in skin
texture, with a mean reduction of 1.10 (p = 0.000), while

other parameters, including non-inflammatory and in-
flammatory lesions, GAGS scores, and acne scarring, did
not show statistically significant changes.

The paired sample t-test analysis revealed that all
three treatment groups demonstrated significant improve-
ments in certain areas. For the BPO group, significant
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enhancement was observed in skin texture (p =0.000), but
no significant changes were found in non-inflammatory
lesions, inflammatory lesions, GAGS scores, or acne scar-
ring. The Retinoid group showed significant reductions
in non-inflammatory lesions (p = 0.001) and inflamma-
tory lesions (p =0.037), along with improved skin texture
(p=0.000). The SA group exhibited significant reductions
in non-inflammatory lesions (p=0.000) and improvements
in skin texture (p =0.005). These findings highlight the ef-
ficacy of each treatment in improving specific acne-related
parameters. In general, the results show that the choice of
drug depends on the type of acne, and each drug has its
own advantages for specific patient groups.

Discussion

This study highlights the comparative efficacy of three com-
monly used topical treatments for mild-to-moderate acne,
namely benzoyl peroxide, retinoids, and salicylic acid. The
findings not only emphasise the strengths of each treatment
but also underscore the need for personalised approaches
to acne management, particularly considering the unique
profiles and responses of the study participants. Stud-
ies conducted by H. Baldwin et al. [27], P. Szczuraszek et
al. [28] have shown that Retinoid derived from vitamin A
works by unclogging pores, reducing inflammation and
preventing the formation of new acne lesions in the treat-
ment of AV and psoriasis by altering cellular protein that
affects multiple pathways involved in the pathogenesis of
acne. This is confirmed by the results of the current study.
The results of this study aligned with J.C. Harper et al. [29]
and D. Pariser & E. Guenin [30] demonstrating that Treti-
noin 0.05% lotion was significantly more effective than ve-
hicle in achieving treatment success and reducing inflam-
matory and non-inflammatory lesions.

According to S.K. Tyring et al. [31], lotion comprising
0.05% Tretinoin improved quality of life for patients with
moderate-to-severe acne after 12 weeks of treatment, with
clinical improvements in acne symptoms specifically in fe-
male with moderate or severe acne if used once in daily
routines. Moreover, G. Han et al. [32] showed that this lo-
tion effectively reduced non-inflammatory acne lesions in
an Asian population, improving quality of life without any
adverse events or concerns about skin dryness, irritation,
or hyperpigmentation.

The American Academy of Dermatology (AAD) rec-
ommends using topical benzoyl peroxide and retinoid as
the first treatment for mild acne, followed by oral antibiot-
ics for moderate- grade disease [2]. T. Matin & M.B. Good-
man [33] noted Benzoyl peroxide is an effective topical
treatment for AV due to its antibacterial, irritant, and an-
ti-inflammatory properties. The results of the current study
also coincide with the findings of the following authors.
According to B. Dréno et al., [34] topical benzoyl peroxide
2.5% gel effectively reduces atrophic acne scars and acne
lesions in moderate to severe acne patients, with up to 48
weeks of treatment being safe and well- tolerated. The 2.5%
gel formulation of benzoyl peroxide was found to be more

effective by H. Tanizaki et al. [35] in preventing the wors-
ening of scars in Japanese patients with AV.

Benzoyl peroxide, being a popular acne treatment can
cause skin irritation, bleaching effects, allergic reactions,
antibiotic resistance, and increased sun sensitivity [36].
Due to these complications, several studies has demonstrat-
ed the combination of other agents with benzoyl peroxide
to improve the effeteness of the treatment method for acne
patients. M.P. Amrutha et al. [37] suggested that the combi-
nation gel of 0.1% adapalene and 2.5% benzoyl peroxide is
more effective for treating mild-to-moderate acne vulgar-
is, with comparable tolerability. However, G. Kosmoski et
al. [38] suggested that a daily regimen of benzoyl peroxide
(2.5%) in the morning and retinol (0.1%) in the evening
effectively reduces acne count, severity, and lesions, while
improving skin complexion and quality of life without
causing facial irritation. Although the current study did not
investigate combination treatments for acne, the authors
agree that combining different drugs that demonstrate spe-
cific positive effects on different problems can be effective.

SA effectively treats AV by suppressing the AMPK/
SREBP1 pathway and NFB pathway in human sebocytes.
This is confirmed by the study by J. Lu et al. [39]. According
to S.E. Dal Belo et al. [40], DC-Eff, a multi-targeted salicylic
acid-based dermocosmetic cream, is as effective as benzo-
yl peroxide 5% in improving mild-to-moderate acne, with
better tolerance and high appreciation. Due to several lim-
itations of using SA along such as skin irritation, dryness,
peeling, and increased sun sensitivity, especially during ini-
tial treatment has suggested the combination of SA with oth-
er agents for effective outcomes. For instance, T. Zhang et
al. [3] suggested that Poly (ionic liquid)-based micronee-
dles containing SA showed potential in improving acne
treatment by effectively delivering therapeutics through
the skin barrier. Moreover, D. Ye et al. [41] revealed that the
low-dose oral isotretinoin combined with 30% SA chemical
peeling effectively and safely treats AV in Asian patients.

The ANOVA analysis conducted in the current study
showed that gender did not significantly affect the overall
severity of non-inflammatory and inflammatory lesions.
However, significant gender differences were found in the
treatment of scars and skin texture, which is supported by
numerous studies. Gender differences in acne treatment
outcomes can be influenced by hormonal fluctuations, treat-
ment response, and side effects. Women experience more
hormonal fluctuations due to menstrual cycles, pregnancy,
and menopause, which can affect acne [24]. Research of
K.D. Gardner [42] suggested that women may respond dif-
ferently to acne treatments, benefiting from hormonal ther-
apies like oral contraceptives. Women may also experience
different side effects from topical treatments, such as irrita-
tion and dryness, which can influence adherence to treat-
ment regimens and potentially affect overall outcomes [43].
Opverall, these researches highlighted the need for tailored
treatment plans that consider individual patient character-
istics, including skin type, acne severity, and potential side
effects, to achieve optimal outcomes in acne management.
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Conclusions

The study successfully achieved its goal of evaluating the
comparative efficacy of benzoyl peroxide, retinoids, and
salicylic acid in managing mild-to-moderate acne. Us-
ing a robust cross-sectional design, the research analysed
outcomes across parameters such as non-inflammatory
and inflammatory lesions, skin texture, and acne scarring.
Each treatment demonstrated unique strengths. Retinoids
showed superior efficacy in improving non-inflammatory
and inflammatory lesions and enhancing skin texture. Ben-
zoyl peroxide significantly improved skin texture, but its
effect on inflammatory and non-inflammatory rashes was
less pronounced, and no statistically significant changes
were observed. Salicylic acid demonstrated a positive effect
on non-inflammatory rashes and skin texture, but its ef-
fect on inflammatory lesions and acne scars was less pro-
nounced and not statistically significant. This indicates the
need for a combined approach in the treatment of complex
forms of acne.

The study results also demonstrated that the effective-
ness of treating inflammatory and non-inflammatory acne
lesions does not depend on gender. At the same time, it was
emphasised that gender is important in terms of the im-
pact of acne treatment on scarring and skin texture, high-
lighting the role of hormonal influences on the course of
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AHoTauin. Acne vulgaris (AV) - Lile XpoHiuHe 3aIlajIbHe 3aXBOPIOBAaHHA LIKipy, sike Bpakae 80 % MoONIOAuX mofei i
IiJYIITKIB, COPUYMHAIOYM YpakKeHHd, pyOLi Ta MirMeHTalil0 BOIOCUCTO-CalbHUX Binginis. Edexrusne mixyBanua AV
Mae BMpilayibHe 3HaUYeHHsI [JIs TOKPAI[eHHs SIKOCTI )KITTS HALli€HTIB i 3a1100iraHHs JOBrOCTPOKOBYM I€PMATOIOTI YHUM
ycxnagHeHHAM. Lle mocmimxeHHS Oylno cIpsAMOBaHe Ha OLHKY e(eKTMBHOCTI TPbOX LIMPOKO BMKOPUCTOBYBAHUX
MiceBUX MeTOZIB JIiKyBaHHA AV: JIIKyBaHHA IIEPOKCUIOM O€H301Ty, PETMHOIIOM i Ca/lilVIOBOIO KUCTIOTOIO B JIIKyBaHH]
BYT'PIB JIETKOT'O Ta CEPEIHBOTO CTYIEHA TSKKOCTI 3a JOIIOMOIOI0 IVIaHY IepeXpecHOro 06cepBaliiiHOrO TOCTiIKeHHA.
ITpoananizoBaHo e(eKTMBHICTb OEH30IIIIEPOKCHAY, PeTUHOINY Ta Ca/lillVIOBOI KMCIOTH /LA TiKyBaHHA aKHe JIETKOTO Ta
CepeHbOTO CTYTIEHA TAKKOCTI IPOTATOM 8-TH>KHEBOTO Iepiofy. YYacHMKIB BikoM Bifj 15 10 50 pokiB BUITaIKOBMM 9YMHOM
PO3IIOAIININ Ha TPY IPYIIM TIKYBaHHA, @ pe3y/IbTaT! OLIIHIOBAJIM 3a JOIIOMOT0I0 (Pi3MYHUX 00CTeXXeHb i OIMTyBaIbHUKIB.
3MiHHi, AKi OIiHIOBa/IM, BK/IIOYa/IM KiZIbKiCTh ypaskeHb, TSKKICTb akHe 3a gornoMoromo 6aniB GAGS, py6bui Ta TeKcTypy
IIKipy, a jaHi aHajIi3yBamu 3a gornoMoromo SPSS, napuux T-TecTiB Ta AucHepciiHOro aHali3y /A BU3HAYeHH: Hail6i1bI
edeKTUBHOTO NTiKyBaHHA. [JOCIiPKeHHA T0Ka3aJIo0, 0 IIepOKCIT, 6eH301Ty 3HaYHO IIOKPAIUB TEKCTYPY LIKipU Ta YyCYHYB
Ba)XKi 3amapHi mpouecy. PeTuHOImy npofeMOHCTpYBaIy HallbiIblle 3MEHIIEHHA He3alla/IbHMX | 3alla/IbHIUX ypasKeHb,
nmpu4oMy y 55 % y4YacHMKIB Mic/A JiKyBaHH:A CIIOCTepirammucsA juiie jerki ypakeHH:A. PeTmHOigM Tako)X 3MeHIIVIN
cepito3Hi pyOui Bix mpuimiB i mokpaupyumm TekcTypy wkipy. CajinmioBa KUCIOTa BUKIMKANA IIOMipHe MOMIIIIEHH,
3MEHIIYIOYY He3allaJIbHi ypaXKeHHS Ta IOKpallyl4u CTPYKTypy wikipu. Ilepekuc GeH3o0iny Ta peTMHOIfM 3Ha4HO
MOKpALVJIV CTPYKTYPY LIKipY, OFHAK IIepOKCH ] 6eH301Ty IPOeMOHCTPYBaB HeOHO3HAYH] pe3y/IbTaTH LI0J0 yTBOPEHHA
pyo6uis. T-TecTn mapHuX 3pa3KiB MiATBepAVIIN 3HAUHI IOKpAIleHHA TeKCTYpY LIKipyU Ta He3alla/IbHUX YpaXKeHb SK Jyid
TPYII IepOKCUAY OeH30iy, Tak i s peruHoiniB. OTpyMaHi gaHi okasamm, o PeTUHOIAM € 61bII e(PeKTUBHUMM JIs
He3alla/JIbHYX YpaXkeHb Bif BYrpiB, a MepoKCUf O€H3011y — I BaXXKUX 3alla/IbHMX BUIIAJKIB, IO JO3BOJLIE CKIaJaTH
inpuBinyanpHi mwiany nikysanHA. Lleit nigxin npononye ninny indopMmauito Ayid MOKpalleHHS pe3y/lIbTaTiB JiKyBaHHA
akHe. JIOCTiI>KeHHA MOXKe TOIIOMOITH iepMaToIoraM y BuOopi epeKTMBHIX MeTO/iB TiKyBaHHA aKHe Ha OCHOBI TUITY Ta
TSDKKOCTI ypaXKeHH s

Kntovosi cnoea: Acne Vulgaris; peTuHOin; 6eH301T IepOKCU; CaTiliMIOBa KMCIOTa; TEKCTYpa WKipy
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Abstract. Ashwagandha-based preparations are gaining increasing global popularity as effective natural therapeutic agents.
However, the lack of consensus regarding the scientific validity of this plants effects and the absence of comprehensive
biochemical studies highlight the need for a systematic analysis of its efficacy, particularly within the framework of
evidence-based medicine. The purpose of this study was to assess the effectiveness of ashwagandha-based preparations
through the analysis of experimental research. To achieve this, a systematic review and analysis of literature sources from
scientific databases were conducted using an analytical approach. A range of experimental studies demonstrate that the
application of the leaves and roots of two ashwagandha species, Withania somnifera and Withania coagulans, is the most
effective. Both aqueous extracts and alcohol-based extracts exhibit comparable therapeutic value. The most commonly
available formulations are in capsule or tablet form. Notably, a positive impact and improvements in cognitive functions,
psychological well-being, and physical performance have been observed among volunteers participating in experiments.
Improvements have also been reported in conditions such as depression, anxiety, hormonal imbalances, muscle weakness,
and sexual dysfunction. The antioxidant and anti-inflammatory properties of Withania somnifera contribute to slowing
down ageing processes, inhibiting tumour development, and supporting the proper functioning of the cardiovascular,
nervous, and muscular systems. Combined preparations containing ashwagandha demonstrate particularly high efficacy,
enhancing the studied health parameters. Furthermore, incorporating this herbal extract into primary medical treatments
has been shown to accelerate patient recovery. Importantly, ashwagandha is not contraindicated for older adults; on the
contrary, experimental evidence suggests that its consumption reduces muscle atrophy, improves overall well-being,
and regulates hormonal balance in elderly men. According to experimental findings, ashwagandha possesses a range
of therapeutic properties that can substantially improve human health indicators, particularly in men. Therefore, the
integration of this medicinal plant into contemporary medical practice may yield highly beneficial results
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Introduction

The rising prevalence of chronic diseases, heightened levels
of anxiety and stress, frequent depressive states, weakened
immunity, and muscle atrophy due to physical inactivity are
direct consequences of global and social factors. These in-
clude climate change, the modern pace of life, and environ-
mental issues, which have become particularly pronounced
in the 21* century. Consequently, researchers face the chal-
lenge of identifying new, commercially viable, natural ther-
apeutic agents with broad-spectrum effects that enhance
physical and mental well-being. Ashwagandha has been at-
tracting increasing attention from physicians and scientists
due to its adaptogenic properties and its alignment with
contemporary healthcare demands. Experimental studies
confirm the high biological activity of this medicinal plant,
demonstrating its positive effects on psycho-emotional
well-being, the nervous system, and physical endurance.
Its antioxidant properties contribute to cellular protection,
thereby reducing the risk of chronic diseases.

Ashwagandha, also known as Indian ginseng, has
been used in Indian medicine since ancient times as a
sedative, diuretic, immunostimulant, anti-stress agent, an-
thelmintic, and treatment for constipation, haemorrhoids,
and other ailments [1-3]. In recent years, an increasing
number of scientists have provided evidence supporting
the therapeutic potential of this plant in modern medicine.
Two species of ashwagandha are most commonly used for
medicinal purposes: Withania somnifera and Withania co-
agulans. The immunomodulatory effects of leaf and root
extracts from these species were experimentally analysed
by A. Tharakan [4] in healthy adult volunteers. Their find-
ings indicate that the positive immunomodulatory effects
extend not only to adaptive immunity but also to innate
immunity. As a result, the researchers recommend this
plant as a dietary supplement.

The efficacy of Withania somnifera in promoting men-
tal health was examined by W. Sobota et al. [5], who dis-
covered that this medicinal plant can reduce glucocorti-
coid levels, particularly cortisol. Participants demonstrated
improved results in stress, anxiety, and depression assess-
ments. According to the authors, ashwagandha is a safe and
efficacious means of stress management when prescribed
by a physician. Furthermore, numerous researchers high-
lighted the beneficial effects of ashwagandha on sleep reg-
ulation. Specifically, A. Deshpande et al. [6] conducted a
clinical evaluation of the impact of Withania somnifera root
extract on sleep in individuals suffering from insomnia and
healthy volunteers. Their findings indicated that the root
extract not only enhances sleep quality but also effectively
mitigates insomnia. Moreover, this medicinal preparation
was well tolerated by all participants.

Overall, ashwagandha has demonstrated a positive
impact on cognitive functions. American researchers
M. Leonard et al. [7] conducted clinical trials confirm-
ing improvements in short-term memory, reduced reac-
tion times, and enhanced attention and alertness in men
and women. According to their findings, the potential

applications of this medicinal plant are evident, necessitat-
ing further research into its nootropic effects.

In establishing the efficacy of a medicinal product, re-
searchers conduct experiments involving laboratory ani-
mals. For instance, a study by Z.F. Khattak et al. [8] tested a
crudemethanolicextract of Withania coagulansfruitonmice
to demonstrate the anticonvulsant effects of ashwagandha.
Their findings indicated a positive trend and a reduction
in seizure manifestations, supporting further research into
the development of a safe anticonvulsant treatment for hu-
mans. This approach allowed for a comprehensive evalua-
tion of the plant’s effectiveness, minimisation of adverse ef-
fects, and determination of the minimum therapeutic doses.

To assess the efficacy and safety of ashwagandha for
human consumption, clinical trials were conducted to
evaluate the tolerability of certain ashwagandha-containing
formulations. V.G. Vaidya et al. [9] conducted a four-week
study involving 500 volunteers who received 500 mg cap-
sules of Withania somnifera root extract twice daily. Accord-
ing to the researchers, no adverse effects were identified,
which represents the plant’s suitability for therapeutic use.

Given the growing body of research on ashwagand-
ha, there arises a need for the systematic organisation of
experimental data to provide a clearer perspective on the
plant’s medicinal potential. A key aspect that has received
limited attention is the identification of the most relevant
experimental studies related to contemporary human dis-
eases and dysfunctions. A rigorous analysis of well-selected
studies enables a deeper understanding of the prospects
and benefits associated with the use of this medicinal plant.

The purpose of this study was to determine the efficacy
of ashwagandha-based medicinal products through an anal-
ysis of experimental research, with a particular focus on cur-
rent health conditions. To achieve this, a systematic review
was conducted, employing a comprehensive and transparent
approach to the search, selection, evaluation, and synthesis
of scientific literature on the subject. The inclusion crite-
ria for analysis encompassed experimental studies on the
effects of ashwagandha-based preparations on the human
body, published in peer-reviewed scientific papers within
the last ten years, and available in English or Ukrainian.
Exclusion criteria included studies lacking methodological
transparency and those that did not align with the research
subject. The primary sources of information were scientif-
ic databases such as PubMed, Scopus, Google Scholar, and
Web of Science. A total of 41 papers were selected, of which
32 were experimental studies, while the remainder were re-
view publications. Each study underwent a critical quality
assessment using appropriate evaluation methodologies.

The impact of ashwagandha

on stress levels and depressive states

A thorough review and analysis of the experimental
evidence regarding ashwagandhas effects on the hu-
man body demonstrated that the majority of studies fo-
cused on its beneficial impact on physiological states and
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bodily systems. However, there was a notable scarcity of in-
formation concerning potential side effects or negative in-
fluences, and therefore, these aspects were not discussed in
detail in this review. The most relevant studies, along with
their findings, are elaborated on further.

In the contemporary world, stress levels and the preva-
lence of depressive conditions have increased. Consequent-
ly, researchers are actively developing and investigating a
range of ashwagandha-based formulations to address these
dysfunctions. For instance, to establish the efficacy and
safety of a novel standardised root extract of Withania som-
nifera, known as Witholytin, in adults experiencing high
levels of stress and fatigue, S.J. Smith et al. [10] conducted
a study involving 120 adult participants with these symp-
toms. The participants were randomly assigned to either an
experimental group, which received Witholytin at a daily
dose of 600 mg, or a placebo group. The study lasted for 12
weeks, and the efficacy of the intervention was assessed us-
ing various psychometric scales. The results demonstrated
statistically significant improvements in all evaluated pa-
rameters among those taking Witholytin compared to the
placebo group. Specifically, stress levels decreased by 34.2%
in the experimental group, compared to 12.1% in the pla-
cebo group; fatigue levels declined by 29.5% versus 8.7%
in the placebo group; and overall quality of life improved.
Witholytin was well tolerated, with minimal reported side
effects. These findings indicate that this novel standardised
ashwagandha root extract is an effective and safe means of
reducing stress and fatigue in adults.

A similar study examining ashwagandha in the form of
the Shoden supplement was conducted by D.N. Mishra &
M. Kumar [11] to evaluate its effects on stress and anxiety
levels in healthy adults experiencing frequent stress. The
experiment involved 100 healthy adults with high stress
levels, who were divided into an experimental group receiv-
ing Shoden and a placebo group. The study lasted for eight
weeks, with efficacy assessed using standardised question-
naires measuring stress and anxiety levels, as well as phys-
iological indicators such as blood pressure and heart rate.
The intake of Shoden over eight weeks resulted in a statisti-
cally significant reduction in stress and anxiety levels, and
an improvement in physiological parameters compared to
the placebo group. Specifically, anxiety levels decreased by
59% in the experimental group, while morning serum cor-
tisol levels were reduced by 66%, compared to only a 2.22%
reduction in the placebo group.

Further evidence supporting the positive effects of
Withania somnifera on individuals experiencing chronic
stress was provided by S. Pandit et al. [12]. This study inves-
tigated the impact of an aqueous extract of ashwagandha
root and leaves on adult participants reporting persistent
stress. A total of 131 adults were enrolled in the study and
were administered Sensoril, an aqueous extract of ashwa-
gandha root and leaves, in doses of 125 mg, 250 mg, or
500 mg. The study lasted for eight weeks and demonstrat-
ed that even the lowest administered dose exerted bene-
ficial effects. According to the researchers, participants

experienced a reduction in stress symptoms, improved
sleep parameters, and enhanced overall well-being. The
supplement was well tolerated, with no reported adverse
effects. The researchers thus recommend Sensoril as a safe
and effective intervention for alleviating mild to moderate
stress and improving general well-being.

A similar perspective is shared by S.M. Ross [13], who
argues that the broad spectrum of ashwagandha’s effects
has a positive impact on patients’ psychological well-being.
A B. Speers et al. [14] also investigated the neuropsychiatric
effects of Withania somnifera, specifically examining its in-
fluence on disorders such as stress, depression, anxiety, and
insomnia. The findings indicated that ashwagandha root
extract exhibited both anti-stress and anxiolytic properties.
The researchers suggest that these effects occur through
the modulation of the hypothalamic-pituitary system and
GABAergic pathways.

Depression and anxiety can cause chronic stress, which
can trigger certain inflammatory processes in the body. To
address such symptoms, A.V. Krishna Raju et al. [15] em-
ployed a slow release ashwagandha extract (AshwaSR) and
conducted both in vivo and in vitro experiments. The anti-
depressant and anxiolytic effects of AshwaSR were assessed
in vivo, where test animals subjected to chronic stress for 28
days were subsequently administered the extract. The effi-
cacy of the treatment was evaluated through behavioural
tests, including the open field test, elevated plus maze, forced
swimming test, and Morris water maze test. This formula-
tion improved behavioural outcomes in rats, manifesting as
areduction in symptoms of depression and anxiety. In the in
vitro phase, the anti-inflammatory activity of ashwagandha
extract was examined by assessing its inhibitory effects on
cytokine production in macrophage cell lines. The results
demonstrated that the extract exerted an inhibitory effect
on interleukin-6 (IL-6) and tumour necrosis factor-alpha
(TNF-a). These findings support the potential application
of ashwagandha as a natural remedy for maintaining men-
tal health and mitigating inflammation, which may be as-
sociated with the development of depression and anxiety.

The ability of ashwagandha to reduce stress levels was
also highlighted in a pharmacological review by A.S. Cho-
pra [16]. The author provides a detailed account of ashwa-
gandha’s pharmacological properties, including its capacity
to lower stress and anxiety levels, improve sleep quality,
support the immune system, and exhibit antioxidant and
anti-inflammatory effects. Similarly, systematic reviews
conducted by C. Akhgarjand et al. [17], P. Mikulska et
al. [18] and V. Arumugam et al. [19] confirmed the efficacy
of ashwagandha as a systemic treatment for stress and anx-
iety. Consequently, the use of this medicinal plant appears
highly appropriate for managing stress-related conditions
and depressive disorders.

Experimental studies on antioxidant

and anti-inflammatory properties

Numerous studies on the therapeutic potential of ashwa-
gandha focused on its antioxidant and anti-inflammatory
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properties. A research team led by I.M. Khalil [20] demon-
strated the protective effects of Withania somnifera leaf ex-
tract against oxidative stress and myocardial damage in rats
induced by isoproterenol. The extract was administered to
the rats for 28 days prior to isoproterenol induction. The
effects of the extract were assessed through the analysis of
biochemical markers of oxidative stress and myocardial
damage in blood serum and myocardial tissue and through
histopathological examination of cardiac tissue. These re-
sults support the potential of Withania somnifera as a nat-
ural antioxidant and a therapeutic agent for cardiovascular
diseases associated with oxidative stress. The authors also
emphasised the need for further research to investigate the
molecular mechanisms of action of this extract and assess
its efficacy and safety in clinical settings.

The antioxidant and neuroprotective properties of ash-
wagandha were also identified by J.N. Saykally et al. [21],
who conducted an experiment simulating traumatic brain
injury in mouse embryos. Following the injury, neurons
were treated with varying concentrations of ashwagandha
extract. The effects of the extract were evaluated through
analyses of neuronal survival, morphological changes, and
levels of inflammatory and oxidative stress markers. Based
on the collected data, the authors concluded that Witha-
nia somnifera extract exhibits protective effects on neurons
subjected to traumatic injury in vitro. These findings may
have important implications for the development of novel
therapeutic strategies for brain injuries and other neurode-
generative disorders.

In the study by P. Kumar et al. [22], evidence was pro-
vided that ashwagandha leaf extract exerts a glioprotective
effect against lead-induced toxicity in rats. This protective
action is attributed to the plants antioxidant and anti-in-
flammatory properties, which help mitigate oxidative stress
and neuroinflammation while safeguarding glial cells.
These findings suggest that ashwagandha may serve as a
potential therapeutic agent for alleviating the neurotoxic
effects of lead exposure and related neurological disorders.

To further investigate the anti-tumour and anti-in-
flammatory properties of ashwagandha, a team of Chinese
researchers led by S. Lee [23] conducted an experiment on
human skin fibroblast cell cultures. The cells were exposed
to TNF-a to induce an inflammatory response and cellular
damage, followed by treatment with varying concentra-
tions of the plant extract. The study demonstrated a reduc-
tion in oxidative stress and inflammatory cytokines, such
as interleukin-6 (IL-6) and interleukin-8 (IL-8), in dam-
aged skin fibroblasts. Furthermore, the extract enhanced
the activity of antioxidant enzymes, including superoxide
dismutase and catalase, and inhibited the activation of det-
rimental signalling pathways associated with inflammation
and oxidative stress.

S. Wankhede et al. [24] linked their successful trials to
the antioxidant, anti-inflammatory, and anabolic proper-
ties of Withania somnifera extract, investigating its effects
on muscle strength and post-exercise recovery in healthy
men. The study included 60 healthy male participants aged

between 18 and 50, who were randomly assigned to two
groups: an experimental group (n = 30), which received
ashwagandha extract at a dose of 500 mg twice daily for
eight weeks, and a placebo group (n =30), which received
a placebo under the same regimen. All participants simul-
taneously followed a standardised strength training pro-
gramme three times per week throughout the study period.
Muscle strength and recovery were assessed at baseline and
after four and eight weeks of training, using various tests,
including maximal weightlifting for squats and bench press
and measurements of creatine kinase levels as a marker of
muscle damage. The findings confirm that incorporating
Withania somnifera extract into a strength training regi-
men may enhance muscle strength and accelerate muscle
recovery in healthy men. These effects could be beneficial
for athletes, fitness enthusiasts, and individuals engaged in
intensive physical activity.

Further experimental research led by M. Sarbishe-
gi [25] demonstrated that Withania coagulans root extract
reduced prostate gland size in rats with benign prostatic
hyperplasia compared to the control group. In addition,
the extract was found to induce apoptosis in prostate cells
and inhibit the expression of cyclooxygenase-2, a key en-
zyme involved in inflammatory processes. Similar studies
by these researchers were described in another publica-
tion, where the efficacy of biologically active compounds
in Withania coagulans extract was demonstrated. These
compounds, including flavonoids, steroids, and alkaloids,
were shown to possess anti-cancer and antioxidant prop-
erties [26].

An experimental study conducted by A.A. Algham-
diet al. [27] focused on the anti-inflammatory and anti-an-
giogenic effects of Withania somnifera extract in mitigating
liver toxicity induced by silver nanoparticles (AgNPs). The
study was performed on male albino rats, which were di-
vided into four groups: a control group, a group receiving
injections of AgNPs, a group receiving oral administration
of Withania somnifera (WS), and a group receiving both
AgNPs and WS. The experiment lasted for 28 days. Follow-
ing the completion of the study, biochemical blood analy-
ses, histopathological examination of the liver, and meas-
urements of inflammatory cytokine levels and angiogenesis
markers were conducted. Exposure to silver nanoparticles
resulted in an increase in biochemical markers of liver
dysfunction, such as aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and lactate dehydroge-
nase (LDH), as well as histopathological alterations in the
liver, including oedema, fatty degeneration, and inflamma-
tion. Concurrent administration of ashwagandha extract
markedly reduced these indicators, restoring normal liver
structure and function. Furthermore, WS lowered levels
of pro-inflammatory cytokines, including interleukin-6
(IL-6) and tumour necrosis factor-alpha (TNF-a), as well as
angiogenesis markers such as vascular endothelial growth
factor (VEGF). The researchers concluded that Withania
somnifera extract exhibits anti-inflammatory and anti-an-
giogenic properties, enabling it to mitigate AgNP-induced
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liver toxicity in rats. Thus, a substantial body of research
demonstrated the beneficial effects of ashwagandha as an
antioxidant and anti-inflammatory agent.

Evidence of improved physiological
parameters and overall well-being with
ashwagandha supplementation

A series of experimental studies investigated the effects of
ashwagandha on physiological parameters in elderly indi-
viduals. Notably, A.L. Lopresti et al. [28] examined the im-
pact of Withania somnifera on hormonal status and vitality
in older men exhibiting signs of obesity. The study assessed
hormone levels (testosterone, cortisol), physical endur-
ance, and participants’ overall well-being. Ashwagandha
supplementation resulted in a statistically significant 17%
increase in free testosterone levels and a 28% reduction in
cortisol levels compared to the placebo group. Furthermore,
improvements were observed in physical endurance and
overall well-being among those receiving ashwagandha.
Adverse effects were minimal and comparable to those in
the placebo group. The study provides evidence supporting
the potential benefits of Withania somnifera in managing
age-related hormonal changes and enhancing quality of life.

Another research team from Korea, led by J.-S. Ko [29],
investigated the effects of an ethanolic extract of ashwa-
gandha on age-related muscle atrophy (sarcopenia). The
study aimed to evaluate the anti-inflammatory and an-
ti-atrophic effects of Withania somnifera extract on muscle
tissue. Over a 12-week period, 20-month-old mice were
administered ashwagandha extract at a dosage of 200 mg/
kg body weight per day. The results demonstrated an in-
crease in muscle mass and improved muscle fibre mor-
phology compared to the control group. Furthermore, the
extract reduced levels of pro-inflammatory cytokines such
as interleukin-6 (IL-6) and tumour necrosis factor-alpha
(TNF-a) and inhibited the expression of muscle atrophy
biomarkers. The authors suggest that these effects may be
linked to the activation of signalling pathways that support
muscle maintenance and function, as well as the reduction
of chronic inflammation commonly associated with ageing.
The findings highlight the potential of Withania somnifera
extract as a natural intervention for the prevention and
treatment of sarcopenia in elderly individuals.

The beneficial effects of combining multiple medicinal
plants with ashwagandha were observed by Z.A. Rizvi et
al. [30], who examined the synergistic effects of Withania
somnifera and Tinospora cordifolia (Guduchi). The study
demonstrated antiviral activity against SARS-CoV-2 in
vitro and revealed an immunomodulatory effect, stimu-
lating the differentiation of T-helper 1 (Th1) and T-regula-
tory (Treg) cells, both crucial for immune system balance.
Moreover, the extracts enhanced neutrophil function, in-
creasing their phagocytic and chemotactic capabilities.
These findings suggest that these plant extracts may con-
tribute to the development of novel therapeutic strategies
aimed at enhancing immune responses and antiviral de-
fence mechanisms.

A. Saiyed et al. [31] investigated the combined effects
of ashwagandha (Withania somnifera) and tribulus (Tribu-
lus terrestris) extracts on letrozole-induced polycystic ovary
syndrome (PCOS) in rats. The study demonstrated a statis-
tically significant improvement in ovarian structure, a re-
duction in androgen levels, and enhanced fertility outcomes
compared to the group receiving letrozole alone. While both
ashwagandha and tribulus individually exhibited benefi-
cial effects, their combination proved to be more effective.

A research team led by S. Chauhan [32] identified that
the root of ashwagandha exhibits potency-enhancing prop-
erties comparable to those of Chinese ginseng. A stand-
ardised extract of ashwagandha root was shown to have
a positive impact on sexual function, overall well-being,
and stress levels in adult men. These findings support the
standard use of ashwagandha and open new avenues for its
application in modern medicine for the treatment of sexual
dysfunctions and the enhancement of male quality of life.
Furthermore, participants who consumed ashwagandha
demonstrated improvements in overall well-being and re-
ductions in stress levels. Similar experimental results were
obtained by K. Sahin et al. [33], who conducted trials using
a polyherbal formulation containing ashwagandha root.

An intriguing study was conducted by D. Xing et
al. [34], which aimed to assess the effects of a single dose of
Withania somnifera extract on cognitive function in healthy
individuals. Thirty participants aged 18-35 were randomly
assigned to either an experimental group (receiving 300 mg
of standardised ashwagandha extract) or a control group
(receiving a placebo). Before supplementation and 60 min-
utes after administration, participants completed a series of
cognitive tests assessing various aspects of cognitive func-
tion, including attention, memory, information processing
speed, and executive function. The results demonstrated
that participants in the experimental group exhibited sta-
tistically significant improvements in most cognitive tests
compared to the placebo group. Specifically, enhancements
were observed in attention, short-term memory, informa-
tion processing speed, and executive functions. No serious
adverse effects were reported following the intake of the
extract. These findings suggest that even a single dose of
ashwagandha extract may have a beneficial impact on cog-
nitive function in adults.

K.G. Choudhary et al. [35] conducted a detailed anal-
ysis of ashwagandhass ability to stimulate appetite, improve
digestion, supply essential vitamins, and promote overall
recovery in children. Based on their analysis, the authors
concluded that due to its adaptogenic and nutritional prop-
erties, ashwagandha represents an effective and safe inter-
vention for children with poor dietary intake.

Several other experimental studies demonstrated
ashwagandha’s positive influence on human hormonal
balance, regulating the function of the thyroid, pancre-
as, adrenal glands, and reproductive system [36-38]. This
wide-ranging physiological activity can be attributed to the
abundance of biologically active compounds present in dif-
ferent parts of the plant.
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Researchers increasingly recognise the potent thera-
peutic properties of ashwagandha, highlighting its poten-
tial for medical applications. Experimental studies provide
valuable insights into the efficacy of this plant, underscor-
ing its relevance in modern medicine. The broad spec-
trum of therapeutic effects associated with Ashwagandha
positively influences multiple physiological systems and
organs. Notably, its role in regulating hormonal activi-
ty is particularly sought after in medical applications, a
perspective also supported by M. Wicinski et al. [39]. As
numerous studies demonstrated, Ashwagandha-based
formulations are widely used in the treatment of psycho-
somatic and psychiatric disorders. When combined with
other medicinal plants or pharmaceutical agents, its effects
appear to be further enhanced. A key advantage of Ashwa-
gandha is its minimal incidence of side effects, low toxicity,
and overall safety, even for paediatric use. This is support-
ed by several of the reviewed studies and the pharmaco-
logical assessment conducted by D.S. Mandlik et al. [40].
Furthermore, elderly individuals report improvements in
general well-being and muscle strength with regular intake
of Ashwagandha-based supplements, findings that align
with the study by S.B. Kelgane et al. [41]. However, some
experimental studies were conducted on animal models,
necessitating further evidence to confirm their efficacy in
human subjects. It is also noteworthy that much of the lit-
erature supporting the long-standing and effective use of
Withania somnifera and Withania coagulans was produced
by researchers from China and India. However, a review
of recent publications indicates a growing interest in Ash-
wagandha among scientists in Europe, Australia, and the
United States. This suggests that ongoing experimental re-
search holds considerable promise for the development of
effective medicinal products derived from ashwagandha.

The potential applications of ashwagandha extend be-
yond general well-being to the treatment of various serious
health conditions. Consequently, researchers from multiple
countries are actively engaged in experimental studies in-
vestigating different formulations of this plant. The major-
ity of studies report promising results in the treatment of
multiple concurrent diseases or disorders. Through the in-
tegration of experimental research, scientific theories, and
systematic analysis, it is possible to develop highly effective
therapeutic formulations based on ashwagandha.

Conclusions
The analysis of experimental studies investigating the

therapeutic properties of ashwagandha species Withania

References

somnifera and Withania coagulans provides compelling
evidence supporting the efficacy of plant-based formu-
lations in addressing contemporary health concerns. A
systematic review of the literature demonstrated that ash-
wagandha possesses a broad range of therapeutic proper-
ties, including anti-stress, antioxidant, anti-inflammatory,
immunomodulatory, and adaptogenic effects. These prop-
erties contribute to the overall improvement of numerous
physiological parameters in younger individuals and the
elderly. This study synthesised data on the effects of ash-
wagandha on various aspects of health, including physical
endurance, recovery following exercise, and hormonal reg-
ulation, particularly its role in increasing testosterone levels
and supporting reproductive health. Furthermore, findings
indicate its efficacy in reducing stress, anxiety, and depres-
sive symptoms while improving sleep quality and general
well-being, making it especially relevant in modern clinical
and preventative medicine. The antioxidant properties of
ashwagandha contribute to reducing oxidative stress, there-
by potentially preventing the development of cardiovascu-
lar diseases, oncological conditions, and neurodegenerative
disorders. In addition, ashwagandha-based formulations
demonstrated anti-inflammatory effects, which may be ben-
eficial in the treatment of chronic inflammatory diseases.

The results obtained confirm the substantial therapeutic
potential ofashwagandhain contemporarymedicine. Itsmul-
tifunctionality and safety profile suggest that this plant rep-
resents a promising candidate for integration into preventa-
tive and clinical practices. However, existing studies present
certain limitations, including an insufficient number of clin-
ical trials involving human participants, small sample sizes,
and a lack of long-term assessments of efficacy and safety.

Thus, ashwagandha emerges as a multifunctional ther-
apeutic agent with the potential for medical application.
Future research should focus on expanding the scope of
its therapeutic indications, investigating its combined use
with other pharmaceutical agents, and optimising dosage
regimens to maximise efficacy. Particular attention should
be given to evaluating the long-term effects of ashwagand-
ha consumption and its impact on specific patient popu-
lations, including the elderly and individuals with chronic
health conditions.
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AHoTauis. [Ipenapary Ha OCHOBI alIBaraHAy HabMpalTh Aefasti OiIbIIOI IOIYIAPHOCTI Y CBIiTi AK edeKTUBHI 3acobu
npupopHoi repamnii. OgHaK BifiCy THICTD €AMHOI TO3NLII III0/10 HAYKOBOI 00IPYHTOBAHOCT] Aii 1i€] pOC/IVHM Ta I'PYHTOBHMX
6ioXiMIYHMX IOCTiIPKEHD CTBOPIOE 3alUMT HA CHUCTEMATMYHUI aHaIi3 e(’peKTI/IBHOCTi BUKOPUCTaHHA allIBaraHpju,
0cOOMMBO B KOHTEKCTI [JOKa30BOI MemmuyHu. MeTon pobotu O6yn0 BCTaHOBUTYM e(EeKTUBHICTH BUKOPUCTAHHA
IpernapariB Ha OCHOBI JIIKapChKOI POC/IMHM AIIBATaH/M, LIAXOM aHajli3y eKCIIepMMEHTaIbHUX JOCiIKeHb HayKOBIIiB.
J1a nboro 6y/o 34iJiICHEHO CUCTEMAaTUYHNIT OIVLA/ Ta aHaJI3 JIiTepaTypHUX JpKepesl 3 HayKOBMX 0a3 3 BUKOPUCTAaHHAM
aHaJIiTUYHOTO METORY. PA/l eKcrieprMeHTaNbHUX JOCTiKEHD JOBOAATD, 1[0 3aCTOCYBaHH:A JINCTA Ta KOPEHiB IBOX BUMIB
amBaragyu Withania somnifera Ta Withania coagulans € Hait6inpn gieBuMu. BogHi BUTSDKKM Ta CIMPTOBI €KCTpakTu
MAIOTh OJJHAKOBY T€PANEBTUYHY LIIHHICTb. Hait6inpiu MOIIMPEHNMM € KAIICY/IbHi a60 TabeToBaHi (’popMI/{ npenaparis.
Big3HauaeTbcsA IMOSUTMBHUIL eeKT Ta AMHaMiKa IOKpalleHHS KOTHITMBHUX (PYHKIiV, IICUXONOTiYHUX Ta (isuyHMX
SIKOCTel! Y JOOPOBOJIBLIB, AKi Opaiy y4acTb B eKCIepUMeHTaX. TaKoXK CIOCTepiraeTbcs MOKpalleHHs TaKMX CTaHIB AK
Jerpecis, TPUBOXKHICTb, TOPMOHAIBHMII ucOaaHC, M'A30Ba CIAa0KICTh, CeKCyaabHa AUCHYHKLiA. AHTMOKCUIAHTHI
Ta IMpoTu3ananbHi Bractusocti Withania somnifera 3abesnedyioTb 3HIDKEHHS IPOLECiB CTapiHHA, PO3BUTKY IYX/IVH
Ta HOpPMaJ/IbHilI poOOTi cepleBO-CYAMHHOI Ta HEpPBOBOI CUCTeMM Ta M A3iB. Bucoki mokasHuku eeKTMBHOCTI MalOTh
KOMOiHOBaHi Ipenapary, sIKi B CBOEMY CK/Iafii MiCTATD alllBaraHAy, 10 NOMITHO IOKpaIlye HOCTiKYBaHi IOKa3HUKN.
Takoxx mofaBaHH:A JAHOTO POCIMHHOTO eKCTPAKTY 10 MeAVMYHIX ITpeNapaTiB OCHOBHOI i, CipysA€ IBUALIOMY Ofy>KaHHIO
nanieHTiB. BaxxmBo, 110 M0AM IIOXMIOTO BiKy He IPOTUIIOKAa3aHO NPUIIMaHHA JJaHOI TiKapChKOI POCIVMHM, HaBIIaKM,
eKCIIePMMEHTA/IbHO JJOBE,eHO, 10 BXXVIBAHHA allIBaTaH/V 3HIDKYE M A30BY aTpoilo, HOKpallye 3arajibHe CaMOIIOYYTT,
PeryIoYy TOpMOHA/IbHUI 0a/IaHC Y YOJIOBIiKiB IEeHCITHOTO BiKy. 3riflHO 3 pe3y/IbTaTaMy eKCIIepMMEHTIB, allBaraHja
€ POC/IMHOIO, 1[0 MAa€ PsiJ TEPANEBTUYHUX BAACTUBOCTEN, 3[aTHMUX CYTTEBO IOKPAIINUTH XKUTTEB] IIOKa3HUKM JIIOAVHY,
0cO06/IMBO YO/IOBIKIB, TOMY 3aCTOCYBaHHA L€l IiKapchKol POCIMHY B CYy4acHIl MeIMYHIl IPaKTULi MOXe MaTH JOCUTD
IieBi pesynbraTu

Kniouosi cnoea: 3axmcHi B/IACTMBOCTI; NMpOTH3alajbHA Ta MNPOTUIYXIMHHA [lid; aHTMOKCUJAHTHA aKTUBHICTb;
TOPMOHAaJIbHA PEry/Alisd; aHTUENPeCBHA Jlid
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