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	 This study investigates the chemical composition and pharmacological properties of 
Vitis L. seed extracts, highlighting their potential as natural therapeutic agents. High-performance 
liquid chromatography (HPLC) revealed that the extracts contain essential amino acids (proline, 
phenylalanine, threonine), simple carbohydrates (fructose, glucose), and several water-soluble 
vitamins (C, B1, B6, B9, B12). Spectroscopic analyses (FTIR and UV-Vis) confirmed the presence 
of hydroxyl, carbonyl, and aromatic groups characteristic of polyphenols, with UV absorption 
bands suggesting resveratrol and related flavonoids. In vivo acute toxicity testing demonstrated 
that the extracts are safe at doses up to 2000 mg/kg, with no mortality or notable physiological 
disturbances, classifying them as practically non-toxic. Anti-inflammatory activity was 
evaluated using the carrageenan-induced paw edema model, where the seed extract produced a 
dose-dependent inhibition of inflammation. The 200 mg/kg dose showed an anti-inflammatory 
effect comparable to indomethacin. The findings indicate that Vitis L. seed extracts possess a 
favorable safety profile and notable anti-inflammatory potential. These characteristics support 
their prospective use in nutraceutical and pharmaceutical formulations aimed at managing 
oxidative stress and inflammation-related conditions.
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	 Natural compounds in plants play 
essential roles in metabolic regulation, protection 
against environmental stress, and enhancement 
of sensory qualities. These biological effects are 
largely attributed to secondary metabolites such 

as polyphenols, flavonoids, tannins, terpenoids, 
alkaloids, and vitamins. Plant-derived compounds 
remain fundamental to modern herbal medicine, 
forming the basis of extracts, decoctions, and 
infusions used for therapeutic purposes.
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	 Within this context, Vitis L. (grapevine) 
species are of particular scientific interest due to 
their rich phytochemical profile. All plant parts—
leaves, fruits, stems, and especially seeds—contain 
diverse bioactive molecules, including amino 
acids, carbohydrates, polyphenols, resveratrol, 
tocopherols, and water-soluble vitamins. 
These compounds exhibit antioxidant, anti-
inflammatory, cardioprotective, hepatoprotective, 
and immunomodulatory activities. Resveratrol, 
a major grape seed constituent, has been widely 
studied for its ability to modulate oxidative stress 
and inflammatory signaling pathways.
	 Although grape pomace has been 
investigated extensively as a sustainable source 
of bioactive compounds, limited data are available 
on the comprehensive chemical composition and 
in vivo pharmacological activity of seeds from 
specific local cultivars such as the Toyipi variety. 
The correlation between the phytochemical profile 
and biological effects of these seeds also remains 
insufficiently explored.
	 Therefore, the present study aims to 
characterize the chemical constituents of Vitis L. 
(Toyipi variety) seed extract using chromatographic 
and spectroscopic techniques (HPLC, FTIR, 
UV–Vis), and to evaluate its safety and anti-
inflammatory properties in vivo. This research 
contributes to the development of natural, safe, 
and effective plant-based therapeutic formulations 
targeting inflammation and oxidative stress–related 
disorders.

Materials and Methods

Determination of Water-Soluble Vitamins by 
High-Performance Liquid Chromatography 
(HPLC)
	 Water-soluble vitamins in grape seed 
samples were quantified using high-performance 
liquid chromatography (HPLC). Approximately 
5–10 g of the ground sample was weighed on an 
analytical balance and transferred to a 300 mL flat-
bottom flask. A volume of 50 mL of 40% ethanol 
was added, and the mixture was heated under 
reflux with a magnetic stirrer and condenser for 
1 hour, followed by stirring at room temperature 
for 2 hours. The extract was then filtered. The 
residue was re-extracted twice with 25 mL of 40% 
ethanol. All filtrates were combined and brought to 

a final volume of 100 mL using 40% ethanol. The 
resulting solution was centrifuged at 7000 rpm for 
10 minutes, and the clear supernatant was used for 
analysis.11-12

	 Standard working solutions of water-
soluble vitamins (1 mg/mL) were prepared by 
dissolving 50.0 mg of each vitamin standard in 50 
mL of 40% ethanol. Based on the literature, both 
phosphate and acetate buffer systems, along with 
acetonitrile, are commonly used as eluents for 
HPLC detection of water-soluble vitamins. In this 
study, an acetate buffer and acetonitrile system was 
selected.13

	 The chromatographic separation was 
carried out using an Agilent 1200 high-performance 
liquid chromatography (HPLC) system equipped 
with an autosampler. Separation was achieved on 
an Eclipse XDB C18 reversed-phase column (5 µm 
particle size, 4.6 × 250 mm dimensions). Detection 
was performed using a diode-array detector (DAD) 
set at a wavelength of 250 nm. The mobile phase 
consisted of a gradient mixture of acetate buffer and 
acetonitrile, applied as follows: 96:4 (v/v) from 0 to 
5 minutes, 90:10 from 6 to 8 minutes, 80:20 from 
9 to 15 minutes, and returning to 96:4 from 15 to 
17 minutes. The flow rate was maintained at 0.8 
mL/min, the column temperature was set to 25°C, 
and the injection volume was 5 µL.
Analysis of Free Amino Acids in Grape Seed 
Extracts
	 Free amino acids were isolated from the 
aqueous extract of grape seeds by precipitating 
proteins and peptides using trichloroacetic acid 
(TCA). Specifically, 1 mL of the test sample was 
mixed with 1 mL of 20% TCA in a centrifuge tube. 
After 10 minutes, the mixture was centrifuged at 
8000 rpm for 15 minutes. A 0.1 mL aliquot of the 
supernatant was collected and freeze-dried. The 
dry residue was dissolved in a triethylamine–
acetonitrile–water mixture (1:7:1) and evaporated 
again. This operation was repeated to neutralize 
the acidity.14

	 The derivatization of amino acids was 
carried out using phenylisothiocyanate (PITC), 
yielding phenylthiocarbamyl (PTC) derivatives 
according to the method described by Steven A. 
Cohen and Koen Devel.15 The analysis of amino 
acid derivatives was conducted using an Agilent 
Technologies 1200 HPLC system equipped with 
a diode-array detector (DAD). Chromatographic 
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separation was achieved on a Discovery HS C18 
column (75 × 4.6 mm). The mobile phase consisted 
of solvent A (0.14 M sodium acetate containing 
0.05% triethylamine, pH 6.4) and solvent B 
(acetonitrile). The flow rate was maintained 
at 1.2 mL/min, and detection was performed 
at a wavelength of 269 nm. A gradient elution 
program was applied as follows: 1–6% B from 0 
to 2.5 minutes, 6–30% B from 2.51 to 40 minutes, 
30–60% B from 40.1 to 45 minutes, maintained at 
60% B until 50 minutes, and then returned to 0% 
B from 50.1 to 55 minutes.16

Quantification of Carbohydrates in Grape Seeds 
by HPLC
	 Given the traditional therapeutic value of 
Vitis L. fruits, the chemical composition of their 
seeds was also investigated for carbohydrate content 
using high-performance liquid chromatography 
(HPLC). The presence of carbohydrates in grape 
seeds was confirmed through this analytical 
technique.17-18 The analysis was conducted using 
an Agilent 1200 HPLC system equipped with a 
degasser (G1379A), quaternary pump (QuatPump 
G1311A), autosampler (ALS G1313A), column 
thermostat (Colcom G1316A), and a refractive 
index detector (RID G1362A). Chromatographic 
separation was carried out on a Supelcosil LC-
NH‚  column (5 µm, 4.6 × 250 mm; Supelco, 
USA). High-purity carbohydrate standards—
including fructose, glucose, sucrose, and maltose 
monohydrate—were obtained from Sigma-Aldrich 
(USA). Additional laboratory equipment included 
an analytical balance (AnD GR-202, Japan), 
deionized water purification system (Millipore, 
France), ultrasonic bath (Elmasonic S 30 H, 
Germany), micropipettes (VWR, Poland), and 
nylon membrane filters (0.45 µm pore size).
Acute Oral Toxicity Assessment
	 The acute toxicity of grape seed, grape 
seed oil, and ethanolic grape seed extract was 
assessed according to OECD Guideline No. 420 
– Fixed Dose Procedure.1-2 The substances were 
administered orally at a single dose of 2000 mg/
kg body weight to groups of outbred male mice 
(n = 5 per group, 22 ± 2.0 g). A total of 20 mice 
were used.19-20 All animals underwent a 10–14 
day quarantine and were provided with food and 
water ad libitum. In phase I of the test, two mice 
per group received the test substances, and no 
mortality was observed over 48–72 hours. In 

phase II, the remaining three mice per group 
received the same dose. A control group received 
distilled water in equivalent volume (0.5 mL). 
Animals were monitored hourly on day one and 
daily thereafter for 14 days for signs of toxicity 
including behavioral changes, tremors, mortality, 
skin and fur appearance, respiratory rate, urinary 
output, and body weight changes.21-22

Evaluation of Anti-Inflammatory Activity Using 
the Carrageenan-Induced Paw Edema Model
	 The anti-inflammatory effect of grape 
seed samples was assessed in Wistar rats using the 
carrageenan-induced paw edema model.23-24 Rats 
were divided into 14 groups (n = 6 per group). 
Inflammation was induced by subplantar injection 
of 0.1 mL of 1% sodium carrageenan solution into 
the right hind paw.25-26 The test compounds were 
administered orally 1 hour prior to carrageenan 
injection at doses of 100 and 200 mg/kg. A control 
group received 5 mL/kg saline, while a positive 
control group received indomethacin (25 mg/kg).
	 Paw volume was measured using a digital 
caliper (Insize, Model 7140, China) at 1, 2, 3, 4, 
5, and 24 hours post-injection. The percentage 
inhibition of edema was calculated using the 
following formula:

Edema inhibition (%) = [(PVt - PV) control - 
(PVt - PV) treated] / (PVt - PV) control × 100

	 where PVt is paw volume after carrageenan 
injection, and PV is baseline paw volume.
Animal ethics
	 The protocols were specifically authorized 
by the Animal Ethics Committee of the Institute 
of Bioorganic Chemistry, AS RUz (Protocol 
Number: 133/1a/h, dated August 4, 2014). 
Surgical procedures were carried out under 
sodium pentobarbital anesthesia, with steps taken 
to minimize animal discomfort. Male white rats 
weighing between 200 and 250 g were used in the 
study.27

Statistics
	 Statistical analysis and graphical 
representations were performed using Origin 
Pro 9 software (Microsoft, USA). A paired t-test 
was used for analyzing combined data, while an 
unpaired t-test was employed for comparisons 
between individual groups. Statistical significance 
was set at two levels: p < 0.05.



3090Azimova et al., Biomed. & Pharmacol. J,  Vol. 18(4), 3087-3101 (2025)

Results

FT-IR Spectroscopic Analysis of Grape Seed 
Extract
	 The FT-IR spectrum of Vitis L. seed extract 
revealed characteristic absorption bands indicating 
the presence of various functional groups (Figure 
1). A broad peak around 3271 cm{ ¹ corresponds 
to hydroxyl (–OH) groups, characteristic of 
polyphenols, flavonoids, and tannins, suggesting 
the presence of hydroxylated natural antioxidants. 
A peak at 3008 cm{ ¹ is attributed to the aromatic 
=C–H stretching vibrations, indicating the presence 
of aromatic ring-containing compounds.28-29

	 Absorptions at 2923 and 2853 cm{ ¹ 
correspond to C–H stretching vibrations in CH‚  
and CHƒ  groups, indicative of aliphatic fatty 
acids or lipid components. A strong band at 1743 
cm{ ¹ corresponds to C=O stretching in carbonyl 
groups, suggesting the presence of esters, fatty 
acids, or organic acids. Peaks at 1605 and 1519 
cm{ ¹ match C=C stretching in aromatic rings, 
further confirming the aromatic nature of phenolic 
compounds.30-31

	 Additional peaks at 1442 and 1375 cm{ ¹ 
are assigned to CH‚  and CHƒ  bending vibrations, 
which may help assess the relative content of 
aliphatic constituents. Signals at 1318, 1279, 
and 1237 cm{ ¹ correspond to C–O, C–C, and 
C–O–H stretching or bending modes, indicating 
carbohydrates and glycoside structures. Bands at 
1155, 1096, and 1033 cm{ ¹ are related to C–O 
stretching typical of polysaccharides, alcohols, 
and oxygenated organic compounds. Peaks at 917, 
865, 818, 764, and 720 cm{ ¹ represent out-of-plane 
bending of aromatic C–H bonds, suggesting the 
presence of condensed aromatic rings. Lastly, low-
frequency signals at 669, 499, 457, and 426 cm{ 
¹ suggest deformation vibrations associated with 
heavier atoms in complex organic molecules.32-33

UV-Vis Spectral Characterization
	 The UV–Vis absorption spectrum of the 
ethanolic extract of Vitis L. seed was recorded in the 
range of 200–500 nm, and the results are presented 
in Figure 2. The extract exhibited two notable 
absorbance peaks—one strong peak in the lower 
UV region and another distinct shoulder peak at 
approximately 286 nm with an absorbance value of 

Fig. 1. FTIR spectrum of the ethanolic extract of Vitis L. seed powder showing key absorption bands 
corresponding to hydroxyl groups (~3271 cm{ ¹), aliphatic CH‚ /CHƒ  (2923–2853 cm{ ¹), carbonyl (~1743 cm{ 

¹), aromatic C=C (1605–1519 cm{ ¹), and carbohydrate-related C–O/C–C stretches (1237–1033 cm{ ¹). These 
signals confirm the presence of polyphenols, flavonoids, lipids, and glycosides in the extract.



3091 Azimova et al., Biomed. & Pharmacol. J,  Vol. 18(4), 3087-3101 (2025)

Fig. 2. UV–Vis absorption spectrum of ethanolic extract of Vitis L. seed in the 200–500 nm range. A 
characteristic absorption peak is observed at 286 nm (absorbance = 0.2196), indicating the presence of 

polyphenolic compounds, particularly proanthocyanidins.

Fig. 3. HPLC chromatogram of carbohydrates in Vitis L. seed extract obtained using refractive index detection. 
Identified peaks correspond to fructose (4.77 min), glucose (5.47 min), sucrose (6.70 min), and maltose (7.25 

min), indicating a diverse carbohydrate profile dominated by monosaccharides.

0.2196. This absorption maximum is characteristic 
of aromatic compounds with conjugated ð-electron 
systems, such as polyphenols and flavonoids, which 
are known to absorb in this region due to ð–ð* 
electronic transitions.34-35

	 The presence of absorbance in the 270–
290 nm range specifically suggests the existence 
of proanthocyanidins, a subclass of flavonoids 
known for their strong antioxidant properties. The 
overall spectral pattern indicates a rich composition 
of phenolic antioxidants in the seed extract. The 
steady decline in absorbance beyond 300 nm 
further supports that the dominant chromophores 
are phenolic in nature and not deeply conjugated 
to extend absorbance into the visible region.36

	 These spectroscopic features not only 
confirm the phytochemical richness of the Vitis seed 
extract but also support its potential application in 

nutraceutical and pharmaceutical formulations, 
particularly for oxidative stress-related conditions. 
UV–Vis data provide a reliable preliminary tool for 
polyphenol profiling and can be integrated with 
chromatographic results for compound validation.
HPLC Analysis of Water-Soluble Vitamins
	 High-performance liquid chromatography 
(HPLC) with a refractive index detector (RID) was 
employed to identify and quantify low-molecular-
weight carbohydrates present in the ethanolic 
extract of Vitis L. seeds. The chromatographic 
separation was achieved using a Supelcosil 
LC-NH‚  column, and the analysis conditions 
were optimized to detect common mono- and 
disaccharides. The resulting chromatogram is 
shown in Figure 3.
	 The retention times of peaks in the 
sample were compared to those of standard sugars, 
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Fig. 4. HPLC chromatograms of water-soluble vitamins in Vitis L. seed extract. (A) Chromatogram of standard 
solution containing reference water-soluble vitamins including vitamin C, B1, B3, B6, B9, and B12. (B) 

Chromatogram of Vitis L. seed extract showing corresponding retention times and peak patterns, confirming the 
presence of multiple B-group vitamins and vitamin C. Analyses were performed at 250 nm using an Agilent 1200 

system equipped with a DAD detector and Eclipse XDB C18 column.

confirming the presence of fructose, glucose, 
sucrose, and maltose. The most intense peak was 
observed at a retention time of approximately 4.77 
minutes, corresponding to fructose, with a peak 
area of 8522.4 nRIU. The second prominent peak 
appeared at 5.47 minutes, attributed to glucose, 
with an area of 4714.2 nRIU, indicating that 
these two monosaccharides are the predominant 
carbohydrate components in the extract.
	 The disaccharide sucrose was eluted at 
6.70 minutes, followed by maltose at 7.25 minutes, 
both with lower intensity signals compared to the 
monosaccharides. These results suggest that the 

carbohydrate composition of Vitis L. seed extract 
is primarily composed of simple reducing sugars, 
especially fructose and glucose, which are known 
to play roles in plant osmotic balance and serve as 
energy sources during seed germination.
	 The detection of multiple sugars confirms 
the nutritional value of grape seeds and highlights 
their potential as a source of natural sweetening 
agents and bioavailable energy substrates in food 
and nutraceutical formulations.
Quantification of Amino Acids
	 The amino acid composition of Vitis L. 
seed extract was analyzed using high-performance 
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Fig. 5. Bar graph illustrating the concentration (mg/g) of amino acids in Vitis L. seed extract. Quantification 
was performed using HPLC after PITC derivatization. Among the identified amino acids, proline (7.085 mg/g), 
phenylalanine (3.537 mg/g), and threonine (2.044 mg/g) were the most abundant, followed by glutamic acid, 
alanine, histidine, and others. Both essential and non-essential amino acids were detected, highlighting the 

nutritional and functional significance of the extract.

liquid chromatography (HPLC) after derivatization 
with phenylisothiocyanate (PITC). The resulting 
phenylthiocarbamyl (PTC) derivatives were 
successfully separated and quantified by DAD 
detection at 269 nm, as shown in the HPLC 
chromatogram (Figure 4A). The retention times 
and peak intensities confirmed the presence of 
multiple amino acids, representing both essential 
and non-essential types.
	 The chromatographic profile demonstrated 
a rich variety of amino acids, among which proline 
(7.085 mg/g), phenylalanine (3.537 mg/g), and 
threonine (2.044 mg/g) were the most abundant. 
Other notable components included glutamic 
acid (1.631 mg/g), alanine (1.627 mg/g), histidine 
(1.288 mg/g), and asparagine (1.129 mg/g). The 
total amino acid concentration was calculated to 
be 4.16657 mg/g of dry seed extract, indicating 
a substantial presence of nitrogen-containing 
compounds that contribute to the nutritional and 
functional value of the grape seeds (Figure 4B).

	 The detailed concentration data of 20 
amino acids are provided in figure 5. Essential 
amino acids such as valine, isoleucine, leucine, 
methionine, tryptophan, lysine, and phenylalanine 
were all detected in measurable amounts, confirming 
the nutritional completeness of the extract.
	 These findings support the role of Vitis 
L. seed extract not only as a polyphenol-rich 
antioxidant source but also as a potential nutritional 
supplement, particularly for its amino acid content 
relevant to metabolic, immune, and neurological 
functions.
Pharmacokinetic and ADMET Profile of 
Resveratrol
	 Resveratrol (3,5,4'-trihydroxy-trans-
stilbene) is one of the most abundant and 
pharmacologically active polyphenolic compounds 
found in Vitis L. species, particularly concentrated 
in the seeds and skin. To assess its drug-likeness 
and therapeutic viability, a comprehensive in silico 
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Fig. 6. Predicted ADMET and pharmacokinetic profile of resveratrol, a major bioactive compound in Vitis L. seed 
extract. The compound exhibits favorable drug-likeness properties, including compliance with Lipinski’s rule, 
acceptable QED (0.692), and no PAINS or structural alerts. Resveratrol shows moderate oral absorption, high 

plasma protein binding (88.6%), and a low risk of major toxicological liabilities. It is a strong CYP1A2 inhibitor 
and not predicted to cross the blood–brain barrier. These characteristics support its potential use in nutraceutical 

and pharmaceutical applications.

analysis of resveratrol’s ADMET properties was 
conducted (Figure 6).
Absorption
	 Resveratrol displayed moderate-to-low 
predicted Caco-2 cell permeability (–4.917), 
indicating limited passive diffusion across 
intestinal epithelium. However, the predicted oral 
bioavailability was acceptable, as reflected in 
the F20% and F50% indicators being positive (+ 
and +++), suggesting that a fraction of the orally 
administered dose is likely to reach systemic 
circulation. The compound is not a substrate or 
inhibitor of P-glycoprotein, reducing concerns 
about efflux transport and multidrug resistance 
mechanisms.
Distribution
	 The predicted plasma protein binding 
(PPB) rate of 88.6% suggests strong binding to 
serum albumin, which may prolong the plasma 

half-life but reduce the free drug fraction. The 
volume of distribution (VDss = 1.262 L/kg) 
implies moderate tissue distribution. Importantly, 
resveratrol is not predicted to cross the blood–
brain barrier, which limits CNS-related exposure 
and side effects. The fraction unbound (Fu) was 
estimated at 14.0%, indicating that a meaningful 
portion remains pharmacologically active. It may 
act as an inhibitor of OATP1B1 and OATP1B3 
hepatic transporters, which could influence hepatic 
clearance.
Metabolism
	 Resveratrol is predicted to be a strong 
CYP1A2 inhibitor (+++), indicating potential 
for interaction with drugs metabolized by this 
isoenzyme. It is not a major substrate or inhibitor of 
key cytochrome P450 enzymes such as CYP2C19, 
CYP2C9, or CYP2D6, suggesting limited risk of 
metabolic drug–drug interactions through these 
pathways.
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Table 1. Acute oral toxicity data for Vitis L. seed formulations in male mice (n = 5, M ± m)

Groups	 Dose 	 Mortality	 Day 1 	 Day 7 	 Day 14 	 LD50
	 (mg/kg)		  Weight (g)	 Weight (g)	 Weight (g)

Control	 0.5 mL	 0/5	 22.0 ± 0.3	 22.8 ± 0.4	 23.4 ± 0.8	 —
Vitis L. seed	 2000	 0/5	 21.1 ± 0.2	 21.8 ± 0.3	 22.9 ± 0.4	 >2000 mg/kg
Vitis L. seed oil	 2000	 0/5	 20.8 ± 0.2	 21.6 ± 0.3	 22.6 ± 0.4	 >2000 mg/kg
Vitis L. ethanolic extract	 300	 0/5	 21.0 ± 0.2	 21.9 ± 0.3	 22.6 ± 0.4	 >300 mg/kg

Fig. 7. Changes in body weight during the 14-day acute toxicity study in mice administered with Vitis L. seed 
products. (A) Control group, (B) Vitis L. seed (2000 mg/kg), (C) Vitis L. seed oil (2000 mg/kg), and (D) Vitis L. 

ethanolic extract (300 mg/kg). Data are presented as mean ± SD (n = 6)

Toxicity
	 Resveratrol shows an overall favorable 
toxicity profile. It is non-mutagenic (AMES test 
negative) and exhibits low risk for carcinogenicity 
(0.437), hepatotoxicity (0.664), and nephrotoxicity 
(0.074). Acute oral toxicity predictions (e.g., 
LC50FM: 4.449) indicate low likelihood of lethal 
dose effects in mammals. However, potential 
risks for skin sensitization (0.94) and genotoxicity 
(0.929) were detected, which may warrant 

confirmation via in vivo models. Notably, it was 
flagged by one Alarm_NMR rule, suggesting a 
structural alert that could be optimized in future 
analog design.
Medicinal Chemistry and Drug-Likeness
	 Resveratrol meets several medicinal 
chemistry filters, including Lipinski’s Rule, Pfizer, 
and GSK rules, confirming its oral drug-likeness. 
The quantitative estimate of drug-likeness (QED) 
score was 0.692, and the NPscore (natural product-
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Table 2. Effect of Vitis L. seed extract on carrageenan-induced paw edema in rats (3-
hour peak swelling and anti-exudative activity, n = 5)

Treatment Group	 Swelling after 3 h (%)	 Anti-exudative Effect (%)

Control	 121 ± 8.0	 —
Vitis seed, 100 mg/kg	 59.0 ± 3.5	 51.2%
Vitis seed, 200 mg/kg	 40.4 ± 3.1	 66.7%
Indomethacin, 25 mg/kg	 40.4 ± 5.8	 39.3%

note: p<0.05

Fig. 8. Anti-inflammatory activity of Vitis L. seed products in carrageenan-induced paw edema in mice. (A) 
Control group, (B) Vitis L. seed (100 mg/kg), and (C) Vitis L. seed (200 mg/kg). Inhibition (%) of paw edema 

was measured at different time intervals over 24 hours. Data are expressed as mean ± SD (n = 6).

likeness) was 0.754, supporting its potential 
as a lead compound. The compound shows no 
PAINS alerts, no reactive groups, and has a low 
synthetic complexity, making it suitable for further 
development and chemical modification.
Acute Oral Toxicity of Vitis L. Seed Extracts 
in Mice
	 The acute oral toxicity of Vitis L. 
seed powder, seed oil, and ethanolic extract 

was evaluated in male mice using a fixed-dose 
procedure at a maximum single dose of 2000 
mg/kg (for powder and oil) and 300 mg/kg (for 
ethanolic extract). Following oral administration, 
mice were observed continuously for the first few 
hours and then daily for 14 days. Within the first 5 
minutes, some behavioral signs such as increased 
respiratory rate, clustering, and eyelid narrowing 
were noted in the treatment groups. These signs 
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Table 3. Time-course of paw swelling inhibition (%) in rats treated with Vitis L. seed extract (M ± m, n=5)

Group	 1 h	 2 h	 3 h	 4 h	 5 h	 24 h

Control	 40 ± 2.7	 67 ± 4.5	 121 ± 8.0	 80 ± 5.4	 67 ± 4.5	 44 ± 3.1
Vitis, 100 mg/kg	 23.6 ± 1.4	 35.4 ± 2.1	 59.0 ± 3.5	 47.2 ± 3.2	 41.5 ± 2.6	 23.4 ± 1.4
Vitis, 200 mg/kg	 15.7 ± 1.6	 25.8 ± 2.2	 40.4 ± 3.1	 35.9 ± 2.5	 28.1 ± 2.1	 19.8 ± 1.1

note: p<0.05; p<0.01

gradually subsided within 15–20 minutes, and all 
animals returned to normal physiological states 
shortly thereafter (Table 1).
	 No mortality or severe toxicity symptoms 
were observed in any of the groups throughout the 
14-day monitoring period, confirming a lack of 
acute lethal effects at the administered doses. The 
average body weights of animals remained stable 
and showed no statistically significant reduction 
compared to the control group (p > 0.05), indicating 
good tolerability (Figure 7).
	 The estimated oral median lethal dose 
(LD… € ) for all tested formulations of Vitis L. was 
found to be greater than 2000 mg/kg for the seed 
powder and seed oil, and greater than 300 mg/kg for 
the ethanolic extract. These results suggest that the 
tested compounds fall under Category 5 (practically 
non-toxic) according to OECD guidelines.
Anti-Inflammatory Activity in the Carrageenan-
Induced Paw Edema Model
	 The anti-inflammatory potential of Vitis 
vinifera L. seed extracts was assessed in vivo 
using the carrageenan-induced paw edema model 
in Wistar rats (Figure 8). Animals were divided 
into four groups: a negative control group, two 
test groups receiving the extract at 100 and 200 
mg/kg doses, and a reference group treated with 
indomethacin (25 mg/kg). Paw volumes were 
recorded at multiple time intervals (1, 2, 3, 4, 5, 
and 24 hours) following carrageenan injection, 
and edema inhibition was calculated relative to the 
control group (Table 2).
	 At the 3-hour peak inflammation time 
point, the control group exhibited a maximal paw 
swelling of 121 ± 8.0%. In contrast, rats treated 
with Vitis seed extract at 100 mg/kg showed a 
reduced edema of 59.0 ± 3.5%, corresponding to 
51.2% inhibition (Table 3). The 200 mg/kg group 
demonstrated a significantly higher anti-exudative 
effect with only 40.4 ± 3.1% swelling, equivalent 

to 66.7% inhibition, which was even greater than 
the standard anti-inflammatory drug indomethacin 
(66.7% vs 39.3% inhibition).
	 This dose-dependent reduction in paw 
swelling highlights the extract’s efficacy in 
attenuating acute inflammation. The results suggest 
that the active constituents of Vitis L. seed, likely 
including resveratrol and flavonoids, exert a potent 
anti-inflammatory effect by modulating vascular 
and cellular inflammatory mediators.

Discussion

	 The present study provides comprehensive 
insights into the phytochemical composition and 
pharmacological properties of Vitis L. seed extracts. 
Analytical profiling using HPLC confirmed the 
presence of various water-soluble vitamins, 
including vitamin C, B1, B3, B6, B9, and B12. 
These micronutrients are well-known for their roles 
in antioxidant defense, nervous system regulation, 
and cellular metabolism. The chromatogram of 
the standard mixture showed well-resolved peaks, 
and subsequent comparison with the extract 
chromatogram revealed the presence of analogous 
compounds, indicating that Vitis seed extracts are 
rich in biologically active hydrophilic vitamins.
	 Moreover, HPLC analysis of carbohydrates 
highlighted the dominance of fructose and glucose, 
along with trace amounts of sucrose and maltose. 
The high levels of simple sugars may contribute to 
the energetic potential of the extract but also warrant 
consideration in diabetic models. Amino acid 
quantification revealed a rich spectrum of essential 
and non-essential amino acids, with proline (7.085 
mg/g), phenylalanine (3.537 mg/g), and threonine 
(2.044 mg/g) being the most abundant. These 
amino acids, especially proline and threonine, 
may synergistically enhance the cytoprotective 
and anti-inflammatory potential of the extract due 
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to their involvement in osmoprotection, collagen 
synthesis, and redox balance.
	 Spectroscopic analyses further validated 
the phytochemical complexity of the extracts. 
FTIR spectra displayed characteristic functional 
groups corresponding to hydroxyl (-OH), carbonyl 
(C=O), and aromatic C=C stretches, supporting the 
presence of polyphenols and flavonoids. The UV-
Vis spectra also demonstrated absorption maxima 
typical for phenolic structures, consistent with the 
presence of resveratrol—a key stilbenoid widely 
reported in grape seed and skin extracts for its 
potent antioxidant and anti-inflammatory effects.
	 T h e  a c u t e  t o x i c i t y  a s s e s s m e n t 
demonstrated a high safety margin for all Vitis 
L. seed-derived samples, with LD… €  values 
exceeding 2000 mg/kg in rodents. Although 
transient signs of distress such as reduced motility, 
shallow breathing, and eyelid contraction were 
observed within 15–20 minutes of administration, 
these effects were reversible, and no mortality 
occurred across experimental groups. Body weight 
measurements over 14 days remained stable, 
indicating the absence of systemic toxicity.
	 The anti-inflammatory efficacy of the 
extracts was assessed using the carrageenan-
induced paw edema model. Notably, the extract 
at 200 mg/kg demonstrated a 66.7% inhibition of 
paw swelling at 3 hours post-induction, which was 
comparable to the reference drug indomethacin 
(66.7% vs. 40.4%, respectively). This substantial 
inhibition suggests the presence of active anti-
exudative constituents, potentially including 
resveratrol, phenylalanine, and threonine, which 
may interfere with prostaglandin synthesis or 
inflammatory signaling cascades. The dose-
dependent reduction in paw edema across 
multiple time points supports the sustained anti-
inflammatory action of the extract.
	 Collectively, the results suggest that Vitis 
L. seed extracts possess a well-balanced profile of 
bioactive nutrients, amino acids, and polyphenolic 
compounds that contribute to their pharmacological 
safety and efficacy. The presence of water-
soluble vitamins and essential amino acids may 
enhance cellular recovery and repair mechanisms, 
while phenolic compounds such as resveratrol 
likely mediate the observed anti-inflammatory 
effects. These findings provide a strong basis for 
considering Vitis L. seed extracts as a natural source 

of functional ingredients for the development of 
anti-inflammatory or nutraceutical formulations.

Conclusion

	 The present study highlights the rich 
chemical and pharmacological profile of Vitis 
L. seed extracts. Chromatographic (HPLC) 
and spectroscopic (FTIR, UV-Vis) analyses 
confirmed the presence of essential amino acids, 
water-soluble vitamins (such as C, B1, B6, B9, 
B12), simple carbohydrates (fructose, glucose), 
and polyphenolic compounds—most notably 
resveratrol. These bioactive constituents likely 
contribute to the observed biological effects. The 
acute toxicity evaluation in rodents demonstrated 
that both crude and fractionated extracts of Vitis L. 
seeds are safe at high doses, with LD… €  values 
exceeding 2000 mg/kg. Furthermore, the extracts 
exhibited significant anti-inflammatory activity in 
a carrageenan-induced paw edema model, with the 
200 mg/kg dose producing comparable efficacy to 
indomethacin in reducing edema volume. Together, 
these findings support the potential application 
of Vitis L. seed extracts as safe and effective 
candidates for nutraceutical or phytotherapeutic 
development. Future studies should focus on the 
isolation of specific active compounds, mechanistic 
elucidation of anti-inflammatory pathways, and 
long-term safety assessments to advance clinical 
translation.
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