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Abstract

Mixed extracts of Achillea filipendulina Lam. and Salvia sclarea L. prepared at ratios of 1:1,
3:1, and 1:3 were evaluated for activity using the DPPH assay. The study examined effects of
extraction solvent and plant ratio on antiradical activity. The mixtures were extracted with 96 %
ethanol, 70 % ethanol, and water. One gram of plant material was extracted with 25 mL of solvent
in an ultrasonic bath for 20 min, filtered through a 0.45 pm syringe filter, and diluted tenfold.
Activity was determined spectrophotometrically at 517 nm for 30 min. At 100 pL, the highest
activity was observed for the 1:3 mixture extracted with 70 % ethanol, reaching 42.64 %. Values for
the 3:1 and 1:1 mixtures were 37.92 % and 34.55 %, respectively. The calculated IC50 value of the
most active sample was 119.2 pL. Results demonstrate dependence on solvent composition and
plant ratio, with the 1:3 mixture in 70 % ethanol showing the effect.

AHHOTaLUA

[TpoBefieHa cpaBHUTEeNbHAs OLleHKa aHTUpaJUKaabHONM aKTUBHOCTH CMeIIaHHBIX KCTPaKTOB
Achillea filipendulina Lam. u Salvia sclarea L. B cootHomenusix 1:1, 3:1 u 1:3 metomom DPPH.
Llenb wccnenoBaHUs 3ak/rouanach B OMNpeJe/ieHWH BAWSHUS SKCTpareHTa YW COOTHOLLEHUs
pacTUTebHBIX KOMIIOHEHTOB Ha aHTHUPAJMKA/IbHYH aKTMBHOCTb. [l SKCTPaKLMKA MCIO/b30BaIN
96 %-Hbiii 3TaHon, 70 %-Hbli 3TaHon W BoAy. OAWH TpaMM pacCTUTeNbHOTO MaTepuasa
9KCTparupoBaiu 25 M/ pacTBOpPUTENS B yIbTPa3BYKOBOUW BaHHe B TeueHue 20 MUH, (UIBTPOBAIU
yepe3 mrpuiieBoit ¢punstp 0,45 MKM U pa30aB/isiid B 1eCATh pa3. AHTUPAJUKa/IbHYH aKTUBHOCTb
orpeziesisimi crieKTpodoroMeTpruecku nipyd 517 HM B Teuenue 30 muH. I[Ipu o6beme obpasma 100
MKJ1 MaKCHMaJibHasi aKTUBHOCTb ycTaHoB/eHa [ijisi 70 %-HOro 3TaHOJBHOTO 3KCTpakTa cMecH 1:3 u
cocraBunia 42,64 %. Jnsi cmecei 3:1 1 1:1 3HaueHUs1 COCTaBU/IM COOTBeTCTBeHHO 37,92 u 34,55 %.
PacuetHoe 3HaueHue IC50 Hanbo/ee akTUBHOTO 0Opasija COCTaBHIO OKO/Io 119,2 MK/, Pe3ynbraThl
MOKa3bIBAlOT 3aBUCUMMOCTb aKTHBHOCTH OT TPHUPO/bI 3KCTpareHTa U COOTHOLLIEHUS] KOMIIOHEHTOB.
Haunbonee 3hdeKTUBHBIM CpeJu HMCC/Ie[0BaHHBIX BapHAHTOB OKa3zancs 70 %-Hblii 3TaHOMBHBIN
9KCTPaKT CMeCH PacTeHuH B COOTHOIIeHnH 1:3.

Keywords: Achillea filipendulina, Salvia sclarea, DPPH, antioxidant activity, antiradical
activity, ethanol extraction, IC50.

KmioueBbie cioBa: Achillea filipendulina, Salvia sclarea, DPPH, aHTHOKCHaHTHas
aKTUBHOCTh, aHTUPAJUKa/IbHasi aKTUBHOCTb, 3TaHOJIbHBIN 3KCTpakT, IC50.
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Introduction

Oxidative processes are closely associated with the formation of reactive species, and plant
phenolics are widely investigated as natural radical scavengers. The DPPH assay remains one of the
most frequently used spectrophotometric approaches for screening hydrogen- or electron-donating
capacity because the reduction of the stable violet DPPH radical can be monitored as a decrease in
absorbance [1-3]. Methodological variables, including solvent, reaction time and sample
concentration, can substantially influence the measured antioxidant response [3].

Achillea filipendulina L. is a medicinal species rich in phenolic acids, flavonoids and other
bioactive metabolites. Recent phytochemical studies confirm substantial variation in its antioxidant
activity depending on plant part, morphotype and extraction conditions [4-8]. Salvia sclarea L. also
contains antioxidant constituents; recent studies have demonstrated that its biological activity
depends strongly on extraction procedure and solvent system [9-11]. These findings make solvent
selection particularly important when plant mixtures rather than single species are evaluated.

The objective of the present work was to compare the DPPH radical-scavenging activity of
Achillea filipendulina—Salvia sclarea mixtures at 1:1, 3:1 and 1:3 ratios after extraction with water,
70 % ethanol and 96 % ethanol, and to identify the combination showing the most favorable
antiradical response under the experimental conditions.

Materials and Methods

A DPPH working solution (7.92 mM) was prepared in ethanol in a 100 mL volumetric flask,
protected from light with aluminum foil and kept for 30 min at room temperature. Mixed Achillea
filipendulina and Salvia sclarea samples were prepared at 1:1, 3:1 and 1:3 ratios. For each
extraction, 1 g of plant sample was treated with 25 mL of 96 % ethanol, 70 % ethanol or water in an
ultrasonic bath for 20 min. The extracts were passed through 0.45 pm syringe filters and diluted
tenfold before analysis.

For the blank, 3.0 mL. DPPH solution and 100 pL ethanol were placed in a 4 mL quartz
cuvette. Absorbance was measured at 517 nm with a K7000 spectrophotometer (YOKE, China)
every 5 min for 30 min. For test samples, 25, 50, 75 or 100 pL extract was mixed with 3.0 mL
DPPH solution, and ethanol was added to a total volume of 3.1 mL. Antiradical activity (ARF, %)
was calculated as ARF = [(AO — As)/A0] x 100, where AOQ is the blank absorbance and As is the
sample absorbance.

Apparent IC50 values were estimated from the linear relationship between extract volume and
ARF measured at 30 min. For a regression y = mx + b, the extract volume corresponding to 50 %
inhibition was calculated as IC50 = (50 — b)/m. Because the tested range did not reach 50 %
inhibition, these IC50 values are extrapolated estimates and should be interpreted as comparative
indicators rather than directly observed endpoints.
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Results and Discussion

All tested extracts reduced DPPH absorbance over the 30 min reaction period, and the
magnitude of the response generally increased with extract volume. This concentration- and time-
dependent behavior is consistent with the established DPPH mechanism, in which antioxidant
molecules donate hydrogen atoms or electrons to the stable radical [1-3]. The clearest separation
among the samples was observed at 100 pL after 30 min.

Table 1. DPPH antiradical activity and apparent IC50 of the mixed extracts

Solvent A. filipendulina:S. sclarea | ARF at 100 pL, 30 min Apparent IC50 (pL)
(%)
96% EtOH 1:1 28.01 174.7
96% EtOH 3:1 20.50 2441
96% EtOH 1:3 26.47 188.5
70% EtOH 1:1 34.55 143.8
70% EtOH 3:1 37.92 127.6
70% EtOH 1:3 42.64 119.2
Water 1:1 26.56 185.0
Water 3:1 24.06 206.5
Water 1:3 33.21 147.5

The 70 % ethanolic series was the most active group. At 100 pL, ARF reached 34.55 % for
the 1:1 mixture, 37.92 % for 3:1 and 42.64 % for 1:3. In comparison, the corresponding 96 %
ethanolic extracts produced 28.01, 20.50 and 26.47 %, while the aqueous extracts produced 26.56,
24.06 and 33.21 %, respectively. Thus, the 1:3 mixture in 70 % ethanol exceeded the corresponding
96 % ethanol and water extracts by 16.17 and 9.43 percentage points, respectively.

The regression-derived apparent IC50 values supported the same ranking. The lowest value
was obtained for the 1:3 mixture in 70 % ethanol (119.2 pL), followed by the 3:1 70 % ethanolic
extract (127.6 pL) and the 1:1 70 % ethanolic extract (143.8 pL). The 3:1 mixture extracted with
96 % ethanol showed the highest estimated IC50 (244.1 pL), indicating the weakest response in this
comparison. Importantly, none of the measured samples reached 50 % inhibition within the tested
25-100 pL range; consequently, the IC50 values are extrapolations from highly linear regressions
and should be verified experimentally at higher sample volumes or concentrations.

The superior performance of 70 % ethanol is chemically plausible because aqueous ethanol
provides intermediate polarity and can extract a broader spectrum of phenolic constituents than
highly concentrated ethanol or water alone. A recent solvent-comparison study reported maximal
flavonoid recovery and strong DPPH activity around 70 % ethanol in plant matrices [12]. Studies
on A. filipendulina likewise show that antioxidant performance varies with solvent and phenolic
composition [4-8]. For S. sclarea, different extraction techniques and solvent systems also produce
marked differences in DPPH activity and phenolic yield [9-11]. Therefore, the present solvent-
dependent pattern is consistent with current international evidence, although direct chemical
profiling of the mixed extracts would be required to identify the compounds responsible.
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The influence of plant ratio was also solvent-dependent. Within the 70 % ethanol and water
series, enrichment with S. sclarea (1:3) produced the highest ARF. However, the 96 % ethanol series
did not show the same monotonic ratio effect, indicating that mixture composition and solvent
polarity interact. The data therefore do not by themselves prove synergism between the two plants;
demonstration of synergy would require comparison with extracts of each individual species at
matched concentrations and an appropriate combination-effect model. The present results instead
support a narrower conclusion: among the tested mixed systems, the 1:3 mixture extracted with
70 % ethanol showed the strongest DPPH-scavenging response.

Conclusion

Mixed extracts of Achillea filipendulina and Salvia sclarea displayed measurable DPPH
radical-scavenging activity that depended on both extraction solvent and plant ratio. The best result
within the tested conditions was obtained with the 1:3 mixture extracted with 70 % ethanol, which
reached 42.64 % ARF at 100 pL after 30 min and gave the lowest extrapolated IC50 (approximately
119.2 pL). The 70 % ethanolic extracts were consistently more active than the corresponding 96 %
ethanolic extracts and, for the most active 1:3 ratio, also outperformed the aqueous extract. These
findings identify 70 % ethanol as the most promising of the tested solvents for this herbal
combination. Future work should directly measure IC50 within an expanded concentration range
and determine total phenolic/flavonoid contents and chromatographic profiles to clarify the
chemical basis of the observed activity.
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