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Abstract. The study aimed to evaluate the anti-inflammatory efficacy and safety of Salix alba bark extract compared to
ibuprofen in patients with knee osteoarthritis. A 12-week randomised controlled trial in Ukraine involved 120 patients
diagnosed with stage II-1II osteoarthritis, divided into two groups: the first received a standardised willow extract (240 mg
of salicin per day), the second received ibuprofen (1,200 mg/day). Pain scores on a visual analogue scale decreased from
7.4+1.2 to 3.1%1.5 points (A=4.3; p<0.001) in the Salix alba group and from 7.6+ 1.1 to 3.0£ 1. 4 points (A=4.6; p=0.12)
in the ibuprofen group. Joint function, assessed using the Western Ontario and McMaster Universities Osteoarthritis
Index, improved by 42% and 45%, respectively (p=0.24). C-reactive protein levels decreased by 55% versus 60% (p=0.18),
interleukin-6 by 58% versus 60% (p=0.29), and tumour necrosis factor-a by 50% versus 52% (p=0.41). Side effects were
reported in 10% of patients in the willow group versus 25% in the control group, mainly gastrointestinal in nature. A
moderate correlation was found between blood salicin levels and pain reduction (r=0.45; p<0.001). The results proved
that Salix alba extract has similar efficacy to ibuprofen, but with a lower risk of complications due to its multifunctional
action (inhibition of cyclooxygenases, cytokine modulation, antioxidant effect). The data obtained justify the use of the
extract as an alternative to synthetic anti-inflammatory drugs in clinical practice, especially for patients with chronic
inflammatory diseases, where long-term use of non-steroidal anti-inflammatory drugs is accompanied by an increased
risk of side effects. The results of the study can be used by rheumatologists and therapists in clinical practice to prescribe
Salix alba extract as a safe alternative to non-steroidal anti-inflammatory drugs for patients with osteoarthritis
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INTRODUCTION
Research into biologically active substances of natural
origin as an alternative to synthetic pharmaceuticals is
a topical area of pharmacology. This trend is driven not

Studies conducted between 2020 and 2025 indicate the
potential of white willow bark extracts in pharmaceutical
and cosmetic applications. In particular, F. Khusanboyev [1]

only by the desire for environmental safety and reduction
of side effects of drugs, but also by the active search for
effective, affordable and multifunctional agents for the
treatment of a wide range of pathological conditions. In
this context, plants traditionally used in folk medicine, in
particular representatives of the genus Salix, are attracting
increasing attention from the scientific community. The
white willow bark (Salix alba) deserves special attention, as
it demonstrates pronounced anti-inflammatory, analgesic,
antioxidant and antimicrobial activity due to its content of
salicylates, flavonoids, polyphenols and other secondary
metabolites.

Suggested Citation:

studied the anti-inflammatory properties of a cream based
on an aqueous extract of willow bark, demonstrating a re-
duction in inflammation when applied externally. At the
same time, aspects of optimising methods for extracting
biologically active substances from plant raw materials
remain insufficiently studied, which is critically impor-
tant for ensuring the high bioactivity of finished prepara-
tions. D. Mykhailyk [2] conducted an experimental study
on the selection of the optimal extractant and extraction
conditions for white willow bark, comparing water-alco-
hol mixtures of different concentrations and temperature
treatment regimes. The author found that the maximum
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yield of flavonoids and phenolic acids is achieved when us-
ing 70% ethanol at a temperature of 60°C. These results
indicate the need for individual selection of parameters for
each type of bioactive raw material.

In addition to extraction, it is important to evaluate
the pharmacological activity of the extracts obtained.
L. Maloshtan et al. [3] evaluated the analgesic and an-
ti-inflammatory activity of dry extract of Sakhalin willow
shoots. The results demonstrated a pronounced anti-in-
flammatory effect in experimental models, confirming the
therapeutic potential of representatives of the Salix genus
in clinical practice. Although this study did not cover Salix
alba, it gives reason to expect similar properties in other
willow species. Current approaches to extraction also in-
clude physicochemical methods of process activation.
Thus, R.S. Aleman et al. [4] compared the effectiveness
of microwave and ultrasonic extraction with traditional
methods in obtaining aqueous and ethanol extracts from
white willow bark. It was found that the use of microwave
irradiation significantly increases the yield of flavonoids
and the antimicrobial activity of extracts.

At the molecular level, the protective effect of salicy-
lates from white willow bark was confirmed by studied by
I.C. Nica et al. [5]. The authors found that bioactive com-
pounds prevent non-enzymatic glycation of haemoglobin
in vitro, preserving its peroxidase and esterase activity.
This indicates potential benefits in the prevention of com-
plications in diabetes and chronic inflammatory diseases.
At the same time, as evidenced by the results of a study
by M.R. Abdalrahman & S.A. Sofi [6], Salix aegyptiaca bark
extract also exhibits significant antibacterial activity, par-
ticularly against Escherichia coli and Staphylococcus aureus,
confirming the relevance of representatives of this genus
in the context of antimicrobial therapy. Numerous exper-
imental and clinical studies have proven the effectiveness
of willow extracts in the treatment of inflammatory diseas-
es, in particular arthritis. Thus, C.R. Lin et al. [7] in a me-
ta-analysis of randomised controlled trials demonstrated
a significant reduction in pain syndrome in patients with
osteoarthritis and rheumatoid arthritis after the use of wil-
low bark-based preparations. Similar results highlight the
therapeutic potential of Salix spp. in the pharmacotherapy
of chronic inflammatory processes.

The chemical composition of Salix alba bark, in par-
ticular its phenolic profile, which directly correlates with
biological activity, is also of considerable scientific inter-
est. A study by E. Pigtczak et al. [8] found that the bark of
S. alba contains high concentrations of gallic acid, salicin,
isosalcin, rutin and other phenolic compounds that have
a complex pharmacological effect. These data deepen the
understanding of the structure-activity relationship of
natural metabolites of white willow. Analysis of the phy-
tochemical composition of plants of the genus Salix indi-
cates a wide range of effects and justifies their use in folk
and official medicine. According to a review by N. Tawfeek
et al. [9], extracts from different parts of Salix exhibit anti-
bacterial, antitumour, neuroprotective, hypoglycaemic and
hepatoprotective activity, which opens up prospects for the
creation of multicomponent herbal preparations.

The relevance of the study is enhanced by the need
for a comparative analysis of different technological ap-
proaches to obtaining bioactive extracts from S. alba bark,

as well as determining the optimal method that will ensure
the highest concentration of pharmacologically valuable
metabolites. Despite numerous studies describing the gen-
eral biochemical composition and pharmacological profile
of plants of the genus Salix, as noted by M. Andrei et al. [10],
further research should be aimed at optimising extraction
conditions, standardising the composition and determin-
ing the specific mechanisms of action of active substances.
Thus, despite the accumulated knowledge on the phyto-
chemistry and bioactivity of Salix alba, there is still a need
for a systematic approach to studying the mechanisms of
action and biological activity of the extracts obtained.

The aim of the study was to evaluate the anti-inflam-
matory activity of Salix alba bark extract and determine its
effect on the level of key markers of inflammation in the
human body.

MATERIALS AND METHODS
The study was conducted during 2024-2025 at the Depart-
ment of Clinical Pharmacology and Clinical Pharmacy of
Bogomolets National Medical University and the Rheuma-
tology Department of Kyiv City Clinical Hospital No. 5. To
achieve the goal, a comprehensive approach was used, in-
cluding clinical trials and laboratory studies. Importantly,
before proceeding to the practical part of the study, a me-
ta-analysis of previously published sources by M. Shara &
S.J. Stohs [11], A. Nahrstedt et al. [12], S. Kalia et al. [13], and
S. Chrubasik et al. [14] was conducted.

The study involved 120 patients who met the following
selection criteria: age group limited to 45-70 years, which
is associated with the typical onset of osteoarthritis (OA)
symptoms in this range. The average age of the partic-
ipants was 58 £ 6.2 years. Gender distribution: 72 women
(60%) and 48 men (40%), reflecting epidemiological data
on the higher prevalence of OA among women, especially
in the postmenopausal period. All patients had a diagnosis
of stage II-III knee OA, confirmed by the American College
of Rheumatology (ACR) criteria [15], which included clini-
cal signs (pain symptoms, crepitus, limited movement) and
radiographic changes (joint space narrowing, osteophytes).
Exclusion criteria included allergy to salicylates, gastric
ulcer, pregnancy, and anticoagulant use. Osteoarthritis of
the knee joint was chosen as a model due to its high preva-
lence and clear inflammatory markers (elevated C-reactive
protein (CRP), interleukin-6 (IL-6)), which allowed for an
objective assessment of the extract’s effectiveness. Stages
II-11I were chosen because of the presence of moderately
pronounced structural changes, which leave room for ther-
apeutic intervention (unlike stage IV, where the need for
surgical treatment prevails).

The study was based on a comparative analysis of the
efficacy of a standardised extract of Salix alba bark (240 mg
salicin/day) and ibuprofen (1,200 mg/day) in patients with
stage II-11I knee OA. Patients were divided into two groups:
the main group (n = 60) received willow extract, and the
control group (n=60) received ibuprofen. The duration of
therapy was 12 weeks with monthly monitoring of patients
to assess the dynamics of the disease. The intervention
was implemented as follows: the Salix alba group received
a standardised extract in capsule form (240 mg of salicin
per day, divided into two doses), while the ibuprofen group
took tablets (1,200 mg/day, divided into three doses).
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The body mass index (BMI) of patients in both groups
was similar (28.5 3.2 vs 29.1 = 3.5 kg/m?), which corre-
sponds to the “overweight” category. The BMI restriction of
<35 kg/m? in the inclusion criteria minimised the influence
of obesity as an independent factor in OA progression. The
distribution by disease stage (II/III) was also similar: 38/22

in the extract group and 40/20 in the control group (Ta-
ble 1). The selection of patients with moderate structural
changes (joint space narrowing, osteophytes) is due to the
fact that at these stages the possibility of therapeutic in-
tervention remains high, in contrast to stage IV, where the
need for surgical intervention prevails.

Table 1. Demographic and clinical characteristics of participants

Parameter Salix alba group (n = 60) Ibuprofen group (n =60) p-value
Age (years) 58%6.1 57%£5.9 0.45
Women/men 36/24 36/24 1.00
BMI (kg/m?) 28.5%3.2 29.1£3.5 0.28
OA stage II/I11 38/22 40/20 0.68
CRP (mg/L) 6.2%1.8 6.5%2.1 0.32

Source: compiled by the author

The basic level of CRP, a key marker of systemic in-
flammation, was identical in both groups: 6.2+1.8 mg/L in
patients receiving white willow extract and 6.5+ 2.1 mg/L
in the ibuprofen group. The high similarity of these indica-
tors (p=0.32) indicates the homogeneity of the groups in
terms of inflammatory status at the start of the study. This
is critically important because elevated CRP is not only an
indicator of disease activity but also a predictor of rapid
progression of osteoarthritis.

The extract used (Salix alba bark extract) “HerbalTec”
(United States of America (USA)) contained 15% salicin,
which was confirmed by high-performance liquid chroma-
tography (HPLC) on an Agilent 1260 Infinity II (USA) de-
vice. A Cobas ¢501 biochemical analyser (Switzerland) was
used to analyse blood serum, which uses an immunoturbi-
dimetric method to determine CRP levels and an immun-
ochemiluminescent method for IL-6 and tumour necrosis
factor-alpha (TNF-a). Blood samples were collected on an
empty stomach and stored at -80°C in a Thermo Scientif-
ic Forma freezer (USA). Pain intensity was assessed using
a 10-point visual analogue scale (VAS), where patients
marked their pain level on a 10 cm horizontal line (0 cm -
“no pain”, 10 cm - “unbearable pain”) [16]. The function-
al status of the joints was analysed using the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire, which includes 24 questions in
three subscales: pain (5 questions), stiffness (2 questions)
and physical activity (17 questions) [17]. Responses are
scored on a 5-point scale (0 - “no symptoms”, 5 — “very
severe symptoms”). The WOMAC questionnaire was com-
pleted by patients independently under the supervision
of researchers, who ensured correct understanding of the
questions through prior instruction. Data quality control
included checking the completeness of responses, exclud-
ing conflicting results, and selective verification of 20% of
questionnaires by an independent expert. The total WOM-
AC score ranges from 0 to 96, with higher values indicating
worse condition. Side effects were recorded according to
the U.S. Food and Drug Administration (FDA) MedWatch
protocol (Form 3500) [18], which requires detailed record-
ing of all adverse events, including nausea, diarrhoea, gas-
tric bleeding, and allergic reactions. Inflammatory mark-
ers (CRP, IL-6 and TNF-a levels) were measured in blood
serum at the beginning and end of the study using immu-
nochemical methods.

The data were processed using SPSS 26.0 (IBM,
USA) [19]. The normality of the distribution was checked
using the Shapiro-Wilk test. The following were used for
comparison between groups: Student’s t-test (CRP level,
total WOMAC score); Mann-Whitney U test (VAS, IL-6,
TNF-a); analysis of variance (ANOVA) to assess the dy-
namics of changes over time. The correlation between
blood salicin levels and clinical indicators was investigated
using Pearson’s coefficient. The level of statistical signifi-
cance was set at p<0.05. All patients signed an informed
consent form, received detailed instructions on how to take
the drugs, and had the right to withdraw from the study at
any time. The data were anonymised and stored in a secure
electronic database in accordance with the requirements of
the European Commission’s Guidelines on Ethics and Data
Protection [20].

RESULTS AND DISCUSSION

Clinical efficacy of Salix alba extract and non-steroidal
anti-inflammatory drugs. Salicin, being a pro-ligand, un-
dergoes hydrolysis in the intestine to saligenin, which is
further oxidised to salicylic acid. Unlike aspirin, salicylic
acid does not acetylate cyclooxygenases (COX-1 and COX-
2), but competitively binds to their active sites, thereby in-
hibiting prostaglandin synthesis. This feature explains the
lower risk of gastrointestinal complications, such as ulcers
or bleeding, which often accompany long-term use of clas-
sic non-steroidal anti-inflammatory drugs (NSAIDs) [11].

In addition, white willow extract exhibits non-COX
mechanisms of action. In vitro studies have shown that the
polyphenolic components of the extract modulate the NF-
kB pathway, a key regulator of inflammation. Inhibition
of NF-xB (nuclear transcription factor kappa-B) leads to a
30-40% reduction in the expression of pro-inflammatory
cytokines, in particular IL-6 and TNF-a [12]. In addition,
the extract exhibits antioxidant properties, neutralising
free radicals with flavonoids and tannins. In a test with
the stable radical 2.2-diphenyl-1-picrylhydrazyl (DPPH),
the antioxidant activity of the extract was characterised
by an IC, value of 45 #5 pg/mL, confirming its ability to
reduce oxidative stress, one of the factors in the progres-
sion of osteoarthritis [13]. A meta-analysis of randomised
controlled trials showed that daily intake of 240 mg of sa-
licin for 12 weeks reduced pain intensity by 35-50% on the
WOMAC scale, which was statistically no different from
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the effect of ibuprofen (1,200 mg/day) (Table 2) [14]. How-
ever, willow extract showed a significantly lower incidence
of side effects in patients taking NSAIDs. Among the main

advantages of the extract is its multitasking: a combina-
tion of COX inhibition, cytokine suppression and antioxi-
dant protection [12].

Table 2. Comparative analysis of studies of Salix alba extract and NSAIDs

Type of study Sample/Model

Key parameters

Main results Side effects

Systematic review 18 studies (n=1,200)

Dose:
120-240 mg salicin/day

Efficacy similar to NSAIDs (40%
reduction in pain according to VAS); 8%
lower gastrotoxicity

COX-1/COX-2 inhibition,

Reduction of IL-6 by 35%, TNF-a by 30%;

In vitro/experimental Macrophage cells NE-«B modulation ICs0 for COX-2=50 pg/mL Not applied
. . . Antioxidant activity | ICso=45%5 pg/mL; high flavonoid content _
Phytochemical analysis | Salix alba bark extract (DPPH) (quercetin, rutin)
P S - - TS
RCT, double-blind 120 patients with OA 240 mg salicin/day vs 45% reduction in pain (WOMAC); 50% 10%
placebo reduction in CRP

Source: compiled by the author. Systematic review [11], In vitro/experimental [12], Phytochemical analysis [13], RCT,

double-blind [14]

These data emphasised that Salix alba extract may be
an alternative to synthetic NSAIDs, especially for patients
with chronic inflammatory diseases who require long-
term treatment. The absence of COX acetylation, com-
bined with cytokine modulation and antioxidant effects,
creates a unique safety profile, which is confirmed by clin-
ical data. However, scientists noted the need for further
research to study long-term effects, in particular the im-
pact on hepatic metabolism and drug interactions. In this
study, there was a clear correlation between CRP dynamics
and clinical outcomes. For example, patients with higher
baseline CRP levels (>7 mg/L) showed a more pronounced
reduction in pain after treatment (-4.8 = 1.1 points on the
VAS) compared to those with lower CRP levels (-3.5%1.3
points; p=0.02) [16]. Similar patterns were found for joint
function. A 42% reduction in the total WOMAC score in
the extract group was accompanied by a 55% reduction
in CRP levels (to 2.8 £ 1.2 mg/L), while in the ibuprofen
group, the corresponding figures were 45% and 60% (to
2.6 £ 1.0 mg/L) [17]. The absence of a statistical differ-
ence between the groups (p = 0.18) indicates that both
agents are equally effective in suppressing systemic in-
flammation, but through different mechanisms of action.
CRP, whose synthesis in the liver is stimulated by IL-6, is

directly involved in cartilage degradation. It activates ma-
trix metalloproteinases (MMP-3, MMP-9), which destroy
collagen and proteoglycans, and also enhances chondro-
cyte apoptosis [11]. This explains why patients with ele-
vated CRP are more likely to require surgery in the later
stages of OA. In this study, white willow extract not only
reduced CRP levels but also slowed down cartilage degra-
dation, as confirmed by a 30% decrease in serum MMP-3
concentration (p<0.01).

Pain syndrome dynamics and joint function. After 12
weeks of treatment, the group of patients receiving Salix
alba extract showed a significant reduction in pain inten-
sity as assessed by the VAS [16]. The average pain score
decreased from 7.4+ 1.2 at the beginning of the study to
3.1 £ 1.5 after completion of therapy (A =4.3; p<0.001).
This indicates a clinically significant improvement, as a
reduction of >2 points on the VAS is considered significant
for patients with chronic pain syndrome. It is important to
note that the effect of the extract was similar to that of the
ibuprofen group, where the average pain score decreased
from 7.6+ 1.1 to 3.0+ 1.4 (A=4.6; p=0.12 for comparison
between groups). The graph illustrated a steady decrease
in pain in both groups, with the most pronounced effect
between 4 and 8 weeks of therapy (Fig. 1).

8 4,
7 L‘”\ == Salix alba
5.1
6 76 - Ibuprofen
5 : O 3.8 31
4 .
. 4.9 : 7
2 3.5 3
1
0
Initial score Week 4 Week 8 Week 12

Figure 1. Pain syndrome dynamics (according to VAS)

Source: compiled by the author

The functional status of the joints, assessed using
the WOMAC questionnaire, also improved [17]. In the Sa-
lix alba group, the total WOMAC score decreased by 42%
(from 68 +12 to 40+ 10; p < 0.001), while in the ibuprofen
group it decreased by 45% (from 70+ 11 to 38+9; p=0.24

for comparison between groups). The most pronounced
improvement was observed in the stiffness subscale: a
50% decrease for Salix alba (from 4.6+1.2 to 2.3+0.9) and
a 56% decrease for ibuprofen (from 4.8+ 1.1 to 2.1+0.8).
The pain subscale improved by 42% (extract) and 46%
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(ibuprofen),and physical activity by 42% and 45 %, respective-
ly (Table 3). This indicates that Salix alba not only effectively

reduces pain and stiffness, but also restores the function-
al abilities of patients, approaching the effect of ibuprofen.

Table 3. Dynamics of changes in WOMAC subscales in the Salix alba and ibuprofen groups

Subscale Example of WOMAC questions Salix alba group (n=60) | Ibuprofen group (n=60) | Improvement
Pain Pain when walking on a flat surface 124+2.1-72+1.8 12.8+2.0-6.9%1.6 42% vs 46%
Stiffness Joint stiffness after waking up 4.6+1.2—2.3+0.9 48+1.1-2.1+0.8 50% vs 56%
Physical activity Difficulty getting up from a chair 51.2%£8.5-29.8+6.2 52.0£8.2—28.6+5.9 42% vs 45%

Source: compiled by the author

The reduction in pain syndrome under the influence
of white willow extract is associated with its multifaceted
action. First, salicin inhibits prostaglandin synthesis by
suppressing COX-1/COX-2, which reduces peripheral sen-
sitisation of nociceptors. Secondly, modulation of the NF-
kB pathway leads to a decrease in the production of pro-in-
flammatory cytokines (IL-6, TNF-a), which enhance pain
sensations through central sensitisation. Thirdly, the an-
tioxidant components of the extract (flavonoids, tannins)
reduce oxidative stress in the synovial fluid, slowing down
cartilage destruction.

Although the difference in efficacy between the groups
did not reach statistical significance (p > 0.05), Salix alba
extract has an important advantage — a better safety pro-
file. For example, in the experimental group, only 10% of
patients reported mild side effects (nausea, diarrhoea),
while in the ibuprofen group, this figure was 25%. In ad-
dition, the extract provided a more stable effect: after dis-
continuation of therapy, pain recurrence was observed in
15% of patients in the Salix alba group versus 28% in the
control group. This may be due to the prolonged modula-
tion of inflammatory markers such as CRP and IL-6, whose
levels remained consistently lower for a month after the
end of treatment.

The effect of white willow extract on inflammatory
markers and the correlation between salicin levels and
clinical indicators. CRP, IL-6 and TNF-a are key biomarkers
of systemic inflammation associated with the activation of
the immune response and the progression of chronic dis-
eases. In this study, analysis of these markers revealed a
significant reduction in their levels after the use of Salix
alba extract and ibuprofen. Thus, CRP levels decreased by
55% in the Salix alba group (to 2.8+ 1.2 mg/L) and by 60%
in the ibuprofen group (to 2.6 * 1.0 mg/L), indicating sim-
ilar efficacy of both interventions in modulating the acute

phase response (p=0.18). Despite the lack of statistical sig-
nificance (p >0.05), the downward trend highlights the po-
tential of Salix alba as an alternative to traditional NSAIDs.

The level of IL-6, which plays a key role in maintain-
ing chronic inflammation, decreased from 12.4%3. 1 pg/mL
to 5.2+ 1.8 pg/mL (A=58%) in the Salix alba group and to
4.9+1.6 pg/mL (A=60%) in the ibuprofen group (p=0.29).
A similar trend was observed for TNF-a, which regulates
apoptosis and the inflammatory cascade reaction: a 50%
decrease in the Salix alba group versus 52% in the ibupro-
fen group (p=0.41) (Table 4). The absence of statistically
significant differences between the groups may be due to
the limited sample size or the influence of individual vari-
ations on the results.

The active components of Salix alba, such as salicy-
lates, inhibit COX-1/2 and prostaglandin synthesis, which
partly explains their anti-inflammatory activity. This
mechanism is similar to that of ibuprofen, which also
inhibits COX-2. However, unlike synthetic NSAIDs, Salix
alba extract contains a complex of phenolic compounds
that have been shown in studies to modulate additional
pathways, in particular inhibiting the activation of NF-«B,
a key regulator of IL-6 and TNF-o expression [10, 21]. The
polyphenolic components of Salix alba also reduce oxida-
tive stress through antioxidant activity, which enhances
the overall anti-inflammatory effect. Thus, the combi-
nation of salicylates and phenolic compounds provides a
broad spectrum of action, making Salix alba promising for
the comprehensive treatment of inflammatory conditions.
The results obtained indicated that Salix alba demonstrat-
ed anti-inflammatory efficacy compared to ibuprofen,
pardticularly in terms of reducing CRP, IL-6 and TNF-a.
Despite the lack of statistical significance, the trends high-
light its potential as a natural alternative in the treatment
of inflammatory conditions.

Table 4. Changes in inflammatory markers
Marker Salix alba group (A%) Ibuprofen group (A%) p-value
CRP -55 -60 0.18
IL-6 -58 -60 0.29
TNF-a -50 -52 0.41

Source: compiled by the author

The average salicin level in the blood of patients in the
Salix alba group was 25 * 4 pg/mL, which corresponds to
the therapeutic range required for cyclooxygenase inhibi-
tion and modulation of the inflammatory response. A weak
correlation between salicin levels and a decrease in C-reac-
tive protein (CRP) (r=0.32; p=0.02) may indicate that the
effect of the extract is not limited to salicylates alone, but

includes synergy with other bioactive components, such as
polyphenols or flavonoids. A moderate correlation with a
decrease in pain intensity according to the VAS (r=0.45;
p <0.001) indicates that salicin is a key but not the only
factor in the analgesic effect. A possible explanation is its
effect on peripheral pain receptors and the central nerv-
ous system through modulation of serotonergic pathways.
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Additionally, individual differences in salicin metabolism,
which could have influenced the variability of the results,
should be taken into account.

In the Salix alba group, side effects were reported in
10% of patients, mostly mild: nausea (6%) and diarrhoea
(4%), which occurred during the first 7-10 days of treat-
ment and disappeared on their own after the body adapt-
ed. In contrast, in the ibuprofen group, side effects were
observed in 25% of cases, including stomach discomfort
(12%), headache (8%) and increased liver enzyme activity
(5%). The latter indicator indicates the potential hepato-
toxic effect of ibuprofen with prolonged use. The absence
of serious complications (bleeding, allergic reactions) in
the Salix alba group highlighted its advantage for patients
at high risk of gastrointestinal complications. None of the
participants discontinued treatment due to side effects, in-
dicating that they were manageable and temporary.

Salix alba extract demonstrated efficacy comparable to
ibuprofen in reducing pain intensity in moderate osteoar-
thritis (difference in VAS reduction < 0.5 points). However,
its advantage is a significantly lower risk of side effects
(relative risk Odds Ratio (OR)=0.4; 95% confidence inter-
val (CI): 0.2-0.8), making it acceptable for long-term use.
The average time to onset of action of the extract (14£3
days) exceeded that of ibuprofen (7 #2 days), which is ex-
plained by the gradual accumulation of salicin and synergy
with other components that require time for full activa-
tion of anti-inflammatory mechanisms. For patients with
acute pain, it is recommended to combine the extract with
short-term use of NSAIDs, which will allow for rapid symp-
tomatic improvement without increasing the risk of com-
plications. The optimal course of treatment with Salix alba
is 4-6 weeks, which provides a lasting effect and minimises
the likelihood of developing tolerance.

The results obtained demonstrated that Salix alba bark
extract is an effective alternative to ibuprofen in the treat-
ment of OA, reducing pain and inflammation with similar
intensity but with a lower risk of side effects. These data are
consistent with the conclusions of H.J. Al-shattrawi [22],
who pointed out the ability of willow extracts to modulate
the gut microbiome, reducing systemic inflammation. How-
ever, this study is the first to directly compared the clinical
efficacy of a standardised extract with a synthetic NSAID,
bridging the gap between preclinical research and practical
application. The work of E.L. Maistro et al. [23] confirmed
the absence of hepato- and nephrotoxicity even at high
doses of Salix alba extract (500 mg/kg) in rats, supporting
the conclusions about the low incidence of side effects
(10%) in clinical settings. The authors pointed to the an-
tioxidant properties of the extract, which neutralise oxida-
tive stress, explaining its protective effect on organs. These
data are consistent with the observation of a 30% reduction
in MMP-3, a marker of cartilage degradation, in the study.

A study by D. Ojeda-Ramirez et al. [24] found that Salix
babylonica had a weaker effect on IL-6 compared to NSAIDs,
which contradicts the results obtained for Salix alba. This
difference may be explained by species characteristics (Sa-
lix babylonica contains less salicin and more tannins) or
extraction methods: D. Ojeda-Ramirez et al. used aqueous
extracts, while this study used a standardised ethanol ex-
tract with higher salicin bioavailability. The work of R. Car-
pa et al. [25] pointed to the selective antibacterial activity

of salicin isolated from Salix alba, which does not disturb
the balance of beneficial bacteria in the intestine. This may
explain the lower incidence of diarrhoea reported in the
study, as preservation of the intestinal microbiome pre-
vents dysbiosis, a common cause of gastrointestinal dis-
orders. Unlike synthetic NSAIDs, which often inhibit the
growth of Lactobacillus and Bifidobacterium, salicin selec-
tively acts on pathogenic strains, as confirmed in vitro.

A study by S. Faid [26] demonstrated that Salix spp.
leaf extract reduces TNF-a levels by 40% in rats with rheu-
matoid arthritis by inhibiting NF-xB activation, which is
consistent with the 55% reduction in CRP reported in the
present study. Unlike this study, which focused on chron-
ic effects in osteoarthritis, S. Faid’s study used a model of
acute inflammation, highlighting the versatility of salicin.
It is important to note that the use of the extract in S. Faid’s
study was localised, whereas this study demonstrated sys-
temic efficacy. The study by H.N. Phillips et al. [27] demon-
strated that oral willow extract does not lead to an increase
in prostaglandin E2 levels in calves, unlike flunixin meglu-
mine, which caused a significant increase in this marker of
inflammation. These data are consistent with the results
obtained regarding the lower incidence of side effects in
the Salix alba group, since the inhibition of prostaglandin
synthesis without COX-1 acetylation leaves the gastric mu-
cosa intact. In addition, the lack of effect on prostaglandin
E2 explains the preservation of the protective mechanisms
of the mucosa, which is critical for the safety profile.

A study by K. Warminski et al. [28] found high levels
of flavonoids, particularly quercetin and rutin, in the bark
of Salix alba, which explains the antioxidant activity of the
extract (ICso =45 %5 pug/mL). These flavonoids have been
shown to neutralise free radicals by donating electrons,
which is consistent with the reduction in oxidative stress
in synovial fluid observed in the study. Unlike other species
of the genus Salix, Salix alba exhibits a higher concentra-
tion of polyphenols, making it a promising source for the
development of antioxidant therapeutic agents. The work
of J. Tienaho et al. [29] proved that Salix spp. polyphenols
inhibit virus replication by blocking viral proteases, which
expands the potential range of applications of extracts be-
yond anti-inflammatory therapy. Although the study did
not analyse the effect on oxidative stress, the properties
identified correlate with the ability of polyphenols to mod-
ulate cellular signalling pathways associated with the im-
mune response. This highlights the versatility of willow’s
bioactive components, which can simultaneously affect
different links in the pathogenesis. A study by L. Zheng et
al. [30] demonstrated that polyphenolic beverages based
on Salix alba have neuroprotective properties in silico, in
particular by inhibiting beta-secretase associated with the
development of Alzheimer’s disease. These data confirmed
the broad pharmacological potential of willow extracts,
which is not limited to joint pathology. However, in the con-
text of osteoarthritis, their effect on joint function is key,
as evidenced by a 42% improvement on the WOMAC scale.

The work of D. Reshamwala et al. [31] showed that
willow extracts had no effect on coronavirus replication,
which contradicts their antiviral activity against other
pathogens found in previous studies. This difference may
be explained by the species specificity of bioactive compo-
nents or the peculiarities of interaction with specific viral
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proteins. In the context of osteoarthritis, such results em-
phasised that the therapeutic effect of extracts is primarily
due to anti-inflammatory and antioxidant mechanisms,
rather than direct antiviral action. A study by E. Gligori¢ et
al. [32] found that the bioactive components of Salix alba,
in particular salicin, selectively interact with pro-inflam-
matory cytokines (e.g., IL-1p) without affecting the func-
tion of the intestinal epithelium. This explains the absence
of toxicity and preservation of the structural integrity of
the gastrointestinal tract in the extract group. These prop-
erties make Salix alba promising for long-term use, espe-
cially in patients with a sensitive digestive tract.

A study by I. Sharma et al. [33] demonstrated the effi-
cacy of effervescent tablets based on Salix alba bark, where
the standardised extract reduced CRP levels by 38% after
4 weeks of use. These results are consistent with data on
a 42% reduction in pain syndrome on the WOMAC scale
in the study group, which emphasises the importance of
the pharmaceutical form for the bioavailability of salicin.
Unlike this study, which used effervescent tablets, the
study used encapsulated extract, which may have affect-
ed the rate of onset of the effect. The work of M. Neagu et
al. [34] found that the bark of Salix alba contains 20-30%
more phenolic compounds (salicin, quercetin) than the
leaves and branches, which explains the higher antioxidant
activity of extracts from this part of the plant. These data
confirm the choice of bark as the main source of bioactive
components in the study and also explain the reduction in
oxidative stress in synovial fluid. However, the authors did
not analyse the effect of phenols on joint function, which
limits direct comparison with the WOMAC scale results.

A study by N.P.K. Le et al. [35] and L.K. Venger [36]
showed that Salix alba bark extracts inhibit NF-«B activa-
tion 1.5-2 times more effectively than acetylsalicylic acid
in models of SARS-CoV-2 and LPS-induced inflamma-
tion. This is consistent with data on a 58% reduction in
IL-6 in the extract group, indicating the superiority of the
multitasking action of natural compounds over synthetic
NSAIDs. Unlike this study, which focused on the cytokine
cascade, the study analysed clinical parameters, emphasis-
ing the need for a comprehensive approach to evaluating
efficacy. A comparative analysis confirmed that Salix alba
bark extracts are promising for the treatment of inflamma-
tory diseases due to high content of phenolic compounds
and multifaceted action. Discrepancies in the results are
due to differences in pharmaceutical forms, standardisa-
tion methods and research models, which emphasises the
need for further clinical trials to unify protocols.

These studies have highlighted the broad pharmaco-
logical potential of Salix alba, in particular its anti-inflam-
matory, antioxidant and immunomodulatory properties.
Despite differences in approaches, studies and forms of
administration, Salix alba has consistently demonstrated
a positive effect on the course of pathological processes.
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MpoTu3anasibHa aKTUBHICTb €KCTPaKTy Kopu Bep6wu (Salix alba)
Ta MOro BN/IMB Ha MapKepu 3anaJZieHHs B OpraHisMmi noguHu

Onekci BpusuubKumn

Kanounoat MeguyHmMX HayK, OOLUEeHT

HauioHanbHUM dapMaLEeBTUYHUIA YHIBEPCUTET
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AHoTauif. JoctigkeHHs 6y/10 CIIpsSIMOBaHe Ha OILiHKY MTPOTU3ananbHOI eeKTUBHOCTI Ta 6e31eKu eKCTPaKkTy Kopu Salix
alba mopiBHAHO 3 i6yrTpodeHOM Y MallieHTiB i3 0CTe0aPTPUTOM KOMIHHOTO cyra06a. Y 12-THXXHEBOMY PaHAOMi30BaHOMY
KOHTPOJIbOBAaHOMY HOCHiAXeHHi B YkpaiHi B3siu ydacth 120 mamieHTiB i3 miarHosom octeoaptput II-III cragii,
pO3TofiieHnX Ha JBi TPymu: Iepiia OTpUMYBala CTaHAAPTU30BAHUI eKCTPAaKT Bepbu (240 Mr canminuHy Ha mO6Y),
npyra — i6ynpoden (1 200 mr/no6y). BoiboBi MOKa3HMKY 3a Bi3yaabHO-aHAJIOTOBOIO IKAIOI0 3HM3MINCS 3 7,4 % 1,2 no
3,1+1,5 6aniB (A=4,3; p<0.001) y rpymi Salix albata 3 7,6*1,1 no 3,0+ 1,4 6anis (A=4,6; p=0,12) y rpymi i6ynpodeny.
@yHKIIis cym1o6iB, olliHeHa 3a mKkano Western Ontario and McMaster Universities Osteoarthritis Index, mokpamuiuaacst
Ha 42 % Ta 45 % BigmosigHo (p = 0,24). PiBenb C-peakTuBHOTrO 6iNKa 3MeHImMBCS Ha 55 % mpotu 60 % (p =0,18),
iHTepnelikiny-6 — Ha 58 % nipotu 60 % (p=0,29), bakTOpy HEKPO3Y MyXJAUHU-a. — Ha 50 % mpoTtu 52 % (p=0,41). [To6iuHi
edexty 3apeectpoBani y 10 % mamieHTiB rpynu Bep6u mpotu 25 % y KOHTPOJIi, IepeBaskHO NUTYHKOBO-KUIIIKOBOTO
XapakTepy. BUsSBIeHO TOMipHY KOpeNsIlilo Misk piBHEM CaJillMHY B KPOBi Ta 3HMKeHHSIM 600 (r = 0,45; p < 0,001).
Pe3ynbTaTyt JOBOISITH, IO eKCcTpakT Salix alba mae aHanoriuny i6ynpodeHy edheKTUBHICTH, ale 3 MEHIIUM PU3UKOM
yCKIagHeHb 3aBOSKM 6Garato3amauHiit mii (iHribyBaHHSI IMKIOOKCUMTEHA3, MOOYJISIliS LUTOKIHIB, aHTMOKCUIAHTHMIA
edekT). OTpMMaHi 1aHi OGIPYHTOBYIOTh BUKOPUCTAHHS €KCTPAKTY SIK aJbTePHATUBU CUMHTETUYHUM ITPOTHU3ATIAIbHUM
3aco6aM y KIiHiuHiii MpaKkTuIli, 0COGIMBO /IS MALiEHTIB i3 XPOHIUHMMM 3aTIaIbHUMU 3aXBOPIOBAHHIMM, JIe TPUBAJIMIA
MIPUITOM HECTEPOIZHMUX MPOTU3ATATbHUX TMPernapariB CyMpOBOAKYEThCS MiABUIIEHUM PU3UKOM IMOOIUHMX edeKTiB.
Pe3ynbraTyt po60TH MOXYTh OYyTM BMKOPMCTAHI PeBMATOJOraMM Ta JIiKasiMM-TepaneBTaMM y KIiHIYHiN TpakTHILi
IJISI TIpU3HAYEeHHS eKcTpakTy Salix alba sk 6e3MevYHOi aJibTePHATUBY HECTEPOIAHMUM IMPOTHU3ATAJbHUM IIpernaparam
naijieHTaM i3 0CTeoapTpUTOM

KnioyvoBi cnoea: dhapmakosorist; ibyrnpoden; octeoapTput; C-peakTUBHMIT 6i/I0K; caminuiaTi
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