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Abstract: This study aimed at the investigation of in vitro biological activities 

(antioxidant and enzyme inhibition) and phytochemical composition of various 

extracts (ethanol maceration, aqueous infusion, and aqueous decoction) obtained 

from leaf organs of Helichrysum pallasii, which has been traditionally used as 

herbal tea and medicine in Eastern Anatolia. 

Experimental analysis showed that ethanol-based extract had higher total phenolic 

content (TPC: 103 mg GAE/gE) and showed superior antioxidant potentials 

(FRAP: 2205 μmol Fe2+/gE; ORAC: 2540 μmol Trolox Eq./gE; DPPH: IC50=0.58 

mg/ml; CUPRAC: IC50=0.37 mg/ml; Phosphomolybdenum: IC50=1.34 mg/ml ve 

metal chelation: IC50=1.42 mg/ml) and enzyme inhibition (Acetylcholinesterase: 

IC50=1.49 mg/ml; Butyrylcholinesterase: IC50=1.98 mg/ml; Tyrosinase: 

IC50=0.68 mg/ml; Alpha-amylase: IC50=2.09 mg/ml; Alpha-glucosidase: 

IC50=0.51 mg/ml; and Pancreatic lipase: IC50=42.5 μg/ml) and contained higher 

amounts of phenolic (chlorogenic acid isomers and rutin) and fatty acid (palmitic, 

linoleic, and linolenic acids) compounds than traditional preparations (infusion and 

decoction).  

The current study's findings indicate that the leaves of the Helichrysum pallasii are 

a source of phytochemicals with strong antioxidant and enzyme inhibitory 

properties, implying that it could be a candidate for biotherapeutic agent research 

and development. 
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1. INTRODUCTION 

The ethnobotanical knowledge in the Anatolian area consists of the blending of the 

ethnobotanical knowledge of the native and immigrant peoples due to the rich vegetation, the 

high rate of endemic plants, and the migration of various tribes and nations from other lands to 

Anatolia, along with their knowledge and usage patterns. Especially the Eastern Anatolia 
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Region is home to a vibrant culture in terms of ethnobotany (Altundag and Ozturk, 2011; Dalar 

et al., 2018). 

This study chose Helichrysum pallasii (Asteraceae) (Figure 1), which has been used in 

traditional medical treatment for a long time in the Eastern Anatolia Region. In Eastern 

Anatolia, Helichrysum pallasii is called as Ölmez çiçek, Altın çiçek, Altın otu, Herdemtaze, 

and Herdemcan. It is commonly used as folk medicine to treat diabetes, epilepsy, colds, and 

respiratory disorders. Taxa of the Helichrysum genus in Anatolia are used internally, primarily 

by preparing herbal tea by infusion or decoction (Baytop, 1999; Mükemre et al., 2015; Dalar et 

al., 2018, Dalar and Mükemre, 2020).  

Herbal teas have been widely used in the daily lives of various cultures for their health-

promoting activities. They are among the primary sources of dietary antioxidants in the diet of 

many cultures due to the presence of phenolics, vitamins, and carotenoids (Piljac-Žegarac et 

al., 2013). Herbal tea process is among the oldest and simplest forms of drug administration 

known in herbal therapy. The plants used as herbal tea are collected during the vegetation 

period, dried in the dark and stored for later use (Altundag and Ozturk, 2011; Dalar et al., 2018; 

Dalar and Mükemre, 2020). Bioactive components can interact more effectively with organic 

solvents. These solvents are thought to deform the cell wall and vacuole membrane more 

effectively, enabling the release of compounds in the plant sap. Dai and Mumper (2010) 

propounded that ethanol solvent is highly effective in extracting plant bioactive components.  

Despite extensive utilization as infusion and decoction, there is only limited data regarding 

the chemical composition and biological activities of organic solvent-based extracts obtained 

from the Helichrysum genus in the literature (Carini et al., 2001; Süzgeç et al., 2005; Albayrak 

et al., 2008; Kolaylı et al., 2010; Albayrak et al., 2010; Jahromi et al., 2017). Therefore, this 

study aimed to (i) identify phytochemical composition by using HPLC-MS/MS and GC-MS 

and (ii) measure total phenolic levels and antioxidant capacities by using complementary 

methods (FRAP, ORAC, DPPH, Metal chelation, CUPRAC, and Phosphomolybdenum) of 

traditional preparation methods (infusion and decoction) and ethanol-based extracts obtained 

from Helichrysum pallasii leaves comparatively.  

2. MATERIAL and METHODS 

2.1. Plant materials  

Leaf samples of Helichrysum pallasii (Figure 1a) were collected from the rocky slope, steppe 

habitats in the hamlet of Batkan (Tanriverdi), the village of Konalga, Çatak, Van, Türkiye on 

June 24th, 2019 (Global Positioning System (GPS) coordinates 37° 50' 080'' N, 43° 12' 412'' E, 

2163 m) and transferred to the laboratory. Botanical identification of the plant samples was 

carried out at Van Pharmaceutical Herbarium (VPH), Faculty of Pharmacy, Van Yuzuncu Yil 

University, Turkey, and the voucher specimens were stored at VPH (Herbarium code: VPH-

548, Collector Code: DM-345) (Figure 1b). Plant materials were divided, adequately cleaned 

of dust and contaminants, and left at room temperature in the dark until dry (Figure 1c). 

Subsequently, the samples were ground into a fine powder using a grinding mill (Isolab 

laboratuar mill 602, Interlab, İstanbul, Turkey) and stored at -20°C for a maximum of 4 weeks 

until analysis. 
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Figure 1. Helichrysum pallasii (Sprengel) Ledeb. a. General view of the plant; b. Herbarium specimen; 

c. Dried leaf samples. 

   
a b c 

 

2.2. Chemicals  

Unless otherwise stated, all chemicals were obtained from Sigma-Aldrich, Inc. (St Louis, MO, 

USA) and were of analytical or HPLC grade. 

2.3. Preparation of Extracts 

2.3.1. Ethanol extract 

The ethanol-based lyophilized extract was prepared as described previously (Dalar and 

Konczak, 2013). Briefly, the ground plant material was mixed with a 10-fold volume of 

acidified ethanol (80% ethanol and 1% HCl (v/v) in water) shaken for 2 h at room temperature 

(22°C), and centrifuged at 15,320 x g (10000 rpm in a Beckman JA14 (137 mm) rotor, Sorvall 

RC-5B centrifuge, Wilmington, DE, USA) at 4°C for 20 min, after which the supernatant was 

collected. Subsequently, the supernatant was individually evaporated using reduced pressure at 

37°C and a rotary evaporator (Rotavapor R-205, Buchi, Flawil, Switzerland). The concentrated 

fraction was freeze-dried using a lyophilizator (Alpha 1-2 LDplus, Christ, Osterode am Harz, 

Germany) under a vacuum at -51°C to fine lyophilized powder stored at -20°C for a maximum 

of 4 weeks until being analyzed. 

2.3.2. Herbal infusion extract 

The herbal infusion was prepared according to Baytop (1999). Briefly, plant materials (leaf) 

were mixed with a 10-fold volume (g/ml) of preboiled distilled water and incubated for 10 min. 

The mixture was filtered using cotton and vacuum filtering (45 µm). The filtrates were 

evaporated and freeze-dried as previously described. 

2.3.3. Herbal decoction extract  

The decoction was prepared according to Baytop (1999). Briefly, the leaf powder was mixed 

with a 10-fold volume (g/ml) of cold distilled water and heated to boiling. The mixture 

simmered for 3 min, then was placed aside to cool over the next 10 min and processed like the 

herbal infusion. 

2.4. Total Phenolic Content  

The extracts' phenolic content was measured using the Folin-Ciocalteu method, as described 

previously by Ainsworth and Gillespie (2007). It was expressed as mg gallic acid equivalents 

per gram of dry weight of the lyophilized extracts, based on the gallic acid standard curve and 

against a blank control. The analyses were conducted in triplicate. 
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2.5. Antioxidant Capacity 

Ferric reducing antioxidant power (namely total reducing; FRAP) assay was conducted 

according to Benzie and Strain (1996), and total reducing capacities of the extracts were 

expressed as µmol of iron (Fe2+) per gram of dry weight of lyophilized extracts based on an 

iron sulphate standard (Fe2SO₄) curve against a blank control. The extracts' oxygen radical 

scavenging (ORAC) capacities were measured as described previously by Dalar & Konczak 

(2013). Based on a Trolox standard curve, the results were expressed as mol Trolox equivalent 

per gram of dry weight of the lyophilized extract.  

The total antioxidant (TAC; phosphomolybdenum method), DPPH radical scavenging, 

ABTS radical cation scavenging, cupric ion reducing (CUPRAC), and metal chelating activities 

of the extracts were determined as previously described by Uysal et al. (2017) and the results 

were expressed as IC50-half maximal inhibitory concentration (mg extract/ml).  

2.6. Enzyme Inhibitory Activities 

Cholinesterase (ChE), α-amylase, α-glucosidase, and tyrosinase inhibitory activities of the 

extracts were determined according to Zengin (2016) and expressed as IC50-half maximal 

inhibitory concentration (mg extract/ml). The pancreatic lipase activity was assayed as 

described previously (Dalar and Konczak, 2013) using 4-methylumbelliferyl oleate (0.1 mmol) 

as a substrate, and the results were expressed as IC50-half maximal inhibitory concentration (mg 

extract/ml). All inhibitory enzyme analyses were conducted in triplicate. 

2.7. Chemical Composition 

2.7.1. HPLC-MS/MS analysis 

Identification and quantification of phenolic compounds by high-performance liquid 

chromatography-diode array detector (HPLC-DAD) and liquid chromatography-photo-diode 

array–mass spectrometry (LC-PDA–MS/MS) (Thermo Fisher Scientific, Waltham, MA, USA) 

analysis were conducted as described previously (Dalar and Konczak, 2013). The composition 

of phenolic compounds was characterized based on their UV spectrum, retention time, co-

chromatography with commercial standards, when available, and MS/MS fragmentation 

patterns. MS experiments in the full scan (parent and product-specific) and the selected reaction 

monitoring (SRM) mode were conducted. All analyses were conducted in triplicate.  

2.7.2. GC-MS Analysis  

Volatile compounds and fatty acids were analyzed by gas chromatography-mass spectrometry 

(GC/MS) (3800 Varian GC, Agilent Technologies) using a headspace solid-phase 

microextraction and identified by the fragment ions and relative retention indices of their peaks 

with those of the MS library standards as described previously (Uzun et al., 2017). All analyses 

were conducted in triplicate. 

2.8. Data Analysis 

The mean values were calculated based on at least three determinations (n=3). One-way 

ANOVA followed by the Bonferroni posthoc test was performed to assess differences between 

the samples at p<0.05 through Graphpad Prism 5 (Graphpad Software, CA, USA).  

3. RESULTS and DISCUSSION 

3.1. Phytochemical Composition 

The highest extraction yield was determined in infusion (24.4%) and decoction (26.2%) 

extracts, and the lowest yield in ethanol extract (16.2%); however, when the results of 

antioxidant and enzyme inhibition activities were examined, it was observed that the highest 

values were in ethanol extracts. The phytochemical composition of the extracts was analyzed 
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to detect significant contributors to antioxidant and enzyme inhibition activities. The fatty acid 

compositions of the extracts were determined using GC-MS, and the phenolic compound 

compositions were determined using HPLC-MS/MS. As presented in Table 1 and Figure 2, the 

fatty acid compositions of the extracts consist of three main components, namely palmitic, 

linoleic, and linolenic acids in the ethanol extract; and two fatty acid compounds, palmitic and 

linolenic acids were detected in infusion and decoction extracts. Palmitic and linolenic acids 

were determined as the most dominant fatty acids in the extracts. These findings are consistent 

with previous chromatographic results of Helichrysum species (Albayrak et al., 2008). This 

finding showed that Helichrysum species are among the well-tolerated plant species to 

environmental stress factors such as UV and soil. Although the levels of fatty acid compounds 

were detected at low levels in the extracts, they may contribute to biological activities such as 

reducing the risk of hypertension and cancer and lowering levels of serum cholesterol, 

triglycerides, and LDL cholesterol (Kim et al., 2014; Shen et al., 2012) as reported previously. 

Table 1. GC-MS profile of Helichrysum pallasii leaves. 

 Retention time Compound 
Relative concentration (%) 

Ethanol Infusion Decoction 

1 36.77 Palmitic acid 21.1±0.2c 76.3±2.6a 65.8±1.1b 

2 42.47 Linoleic acid 14.9±0.2a - - 

3 43.77 Linolenic acid 53.8±1.4a 19.8±0.5c 34.1±0.8b 

Means with different letters in the same column were significantly different at p < 0.05; all data were determined as a result of 

at least three independent experiments.  

Figure 2. GC-MS profile of Helichrysum pallasii leaves 
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The identities of phenolic compounds were obtained using HPLC-PDA-MS/MS, and results 

are presented in Table 2 and Figure 3. As a result of the analysis, four compounds were 

determined. According to co-chromatography, UV spectrum properties, molecular weights, 

fragment ions, neutral loss, selective reaction imaging, and esterification reaction studies, the 

predominant compounds in the extracts were chlorogenic acid isomers (3-caffeoylquinic, 4-

caffeoylquinic, and 5-caffeoylquinic acids) and the rutin.  

Table 2. HPLC-MS/MS profile of Helichrysum pallasii leaf. 

Individual phenolic 

compounds 

MS/MS Concentration (µg/mg extract) 

-/[M-1]- Fragments (m/z) (+/-) Ethanol Infusion Decoction 

3-Caffeoylquinic acid -/353 -/191, 179 14.9±0.2a 9.1±0.1b 7.5±0.1c 

4-Caffeoylquinic acid -/353 -/191, 179, 173 9.2±0.1a 5.2±0.1b 4.7±0.1c 

5-Caffeoylquinic acid -/353 -/191 42.5±1.2a 25.8±0.9b 19.9±1.0c 

Rutin -/609 303/301 22.1±3.2a 6.9±0.4b 6.1±0.3c 

Means with different letters in the same raw were significantly different at the level (p< 0.05); n=3. 

Figure 3. HPLC profile of Helichrysum pallasii leaf. 

 
 

Various studies have been carried out on the beneficial effects of chlorogenic acid isomers 

and rutin until now. The most abundant form of chlorogenic acid in nature is 5-caffeoylquinic 

acid (Olthof et al., 2001). Chlorogenic acid isomers (3-caffeoylquinic, 4-caffeoylquinic, and 5-

caffeoylquinic acids) show many biological activities such as antibacterial, antioxidant, 

anticarcinogenic, hypoglycaemic, hypolipidemic, hepatoprotective, antihistamine 

antimutagenic, anti-obesity, antidiabetic, antiviral, anti-Alzheimer, neuroprotective (Clifford et 

al., 2017; Hamed et al., 2020; Matthews et al., 2020; Torres et al., 2021). Rutin is a flavonoid 

found in many plants, also considered a non-toxic chemical that may be useful in biomedical 

applications and showing biological activities such as anti-inflammatory, anticarcinogenic, 
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antioxidant, neuroprotective, cytoprotective, vasoprotective, cardioprotective, and 

hepatoprotective (Ghorbani, 2017; Shahi et al., 2019). 

The findings agree with the phytochemical composition results in species belonging to the 

Helichrysum genus. For example, Albayrak et al. (2008) reported the presence of p-

hydroxybenzoic acid, chlorogenic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic 

acid, hesperidin, apigenin-7-glucoside, naringenin, and apigenin compounds in the methanol 

extract prepared from the aerial part of H. pallasii. In other studies, significant compounds have 

been reported as chlorogenic acid, naringenin glucosides, quercetin, and apigenin glycosides in 

H. stoechas capitulum (Carini et al., 2001); apigenin, apigenin-7-glucoside, luteolin, naringenin 

and quercetin in H. compactum (Süzgeç et al., 2005); chlorogenic acid, caffeic acid, ferulic 

acid, p-coumaric acid, p-hydroxybenzoic acid, syringic acid, apigenin, apigenin-7-glucoside, 

epicatechin, hesperidin, luteolin, naringenin and resveratrol in H. arenarium subsp. 

erzincanicum, H. arenarium subsp. rubicundum, H. armenium subsp. araxinum, and H. 

plicatum subsp. pseudoplicatum (Albayrak et al., 2010); p-hydroxybenzoic, caffeic acid, 

chlorogenic acid, 5,7-dihydroxy-3,6,8-trimethoxyflavone, isoquercitrin, quersetagetin-7-O 

glucopyranoside in the methanol extract of Helichrysum stoechas Moench plant (Les et al., 

2017). The solvent structure of ethanol can explain the high levels of the phenolic compounds 

detected in the ethanol extract and its ability to extract rutin and chlorogenic acid compounds 

more effectively than other polar solvents (Naczk and Shahidi, 2006). 

3.2. Biological Activities 

3.2.1. Antioxidant potential 

Oxidative stress can damage lipids, structural proteins, carbohydrates and the DNA chain, 

which occurs when the balance between free radicals and antioxidants is disrupted. Oxidative 

stress also constitutes the molecular basis for the occurrence of many degenerative disorders 

such as cancer, arterial diseases, neurodegeneration, diabetes, autoimmune disorders, 

rheumatoid arthritis, and kidney disease (Di Meo et al., 2016). Antioxidants play a significant 

role in the prevention of damage that may occur as a result of oxidative stress when the 

endogenous defence system in the organism is interrupted, or free radicals are produced in 

excessive amounts for various reasons, exceeding the capacity of the defence system (Andries 

et al., 2020; Pisoschi et al., 2021). 

In this study, the antioxidant results were determined by Ferric reducing power (FRAP), 

Oxygen radical absorbance capacity (ORAC), DPPH radical scavenging activity, ABTS radical 

cation scavenging, Cupric ion reducing activity (CUPRAC), Phosphomolybdate total 

antioxidant capacity, and Metal chelation activity methods. Antioxidant capacity results and 

total phenolic contents of the extracts prepared in the leaf part of Helichrysum pallasii are 

presented in Table 3.  
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Table 3. Total phenolic contents and antioxidant activities of Helichrysum pallasii leaf. 

7 Helichrysum pallasii leaf  Positive control (Synthetic antioxidants) 

 Ethanol Infusion Decoction  
Ascorbic 

acid 

Butylated 

hydroxyanisol

e 

Trolox 
Ethylenediamine 

tetraacetic acid 

Total phenolics 1 103.0±5.1b 68.5±5.0c 51.8±1.8d  384±9a - - - 

A
n
ti

o
x
id

an
t 

ac
ti

v
it

y
 

Ferric reducing antioxidant 

power 2 

2205.6±16.2b 1660.6±29.5c 1289.7±4.8d  5049±15a - - - 

Oxygen radical absorbance 

capacity 3 

2540.5±42.5b 1800.7±42.2c 1278.9±6.9d  - 5991±74a - - 

DPPH radical scavenging 

activity 4 

0.58±0.01b 0.75±0.02c 0.87±0.19d  - - 0.06±0.01a - 

ABTS radical scavenging 

activity 4 

0.85±0.02b 1.14±0.03c 1.30±0.01d  - - 0.18±0.02a - 

Cupric ion reducing 

antioxidant capacity 4 

0.37±0.01b 0.56±0.01c 0.65±0.01d  - - 0.11±0.01a - 

Phosphomolybdenum total 

antioxidant capacity 4 

1.34±0.03b 1.61±0.02c 1.73±0.05d  - - 0.55±0.1a - 

Metal chelation activity 4 1.42±0.02b 1.51±0.02c 1.72±0.07d  - - - 0.03±0.0a 

Means with different letters in the same row were significantly different at the level (p< 0.05). All data represent the mean ± standard deviation of at least three independent experiments (n=3). 1 

mg Gallic acid Equivalent/g extract, 2 µ mol Fe 2+ /g extract, 3 µ mol Trolox Equivalent/g extract, 4 IC50-half maximal inhibitory concentration (mg extract /ml). 
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Considering the obtained results, ethanol > infusion > decoction ranking was revealed in 

terms of antioxidative potential. Although the ethanol, infusion, and decoction extracts were 

found as effective antioxidant sources capable of both single electron and hydrogen atom 

transfer, as well as metal binding mechanisms. They showed weaker antioxidant activities than 

synthetic antioxidant agents such as gallic acid, butylated hydroxyanisole, trolox, and 

ethylenediamine tetraacetic acid, which were used as positive controls in the present study 

(Table 3).  

It was determined that the total phenolic values of the extracts of Helichrysum pallasii leaves 

ranged between 51.8-103 mg Gallic acid/g extract. Albayrak et al. (2008) reported 94.1 mg 

GAE/g extract in methanol extract prepared from the aerial part of the H. pallasii plant. In 

another study, Albayrak et al. (2010) reported the total phenolic contents of methanol extracts 

prepared in the aerial parts of H. arenarium subsp. erzincanicum, H. arenarium subsp. 

rubicundum, H. armenium subsp. Araxinum, and H. plicatum subsp. pseudoplicatum plants at 

a range of 71.8-144.5 mg GAE/g extract. Also, a very similar total phenolic content (108.33 mg 

GAE/g extract) compatible with our finding was found by Özkan et al. (2004) in the methanolic 

extract of H. chasmolycicum.  

The FRAP values of the extracts were determined in the range of 2205.6-1289.7 µmol 

Fe2+/g extract, and the highest FRAP value was found in the ethanol extract (Table 3). FRAP 

values of the Helichrysum genus used for treatment have been reported in various studies. For 

example, Zengin et al. (2020) the FRAP value of 80% above-ground methanol extract of 

Helichrysum stoechas plant as 662.87mg TE/g; Kolaylı et al. (2010) the FRAP value of the 

extract prepared in the leaf part of H. plicatum plant as 336.25 Trolox/ 100 g DW; Bojilov et 

al. (2019) the FRAP value of the ethanol extract of the aerial part of H. italicum as 106.92 mM 

TE/g DW were reported. Like FRAP results, ethanol extract had superior ORAC, DPPH, 

ABTS, CUPRAC, Phosphomolybdate total antioxidant, and metal chelation activities. The 

literature search (Albayrak et al., 2008; Albayrak et al., 2010; Kolaylı et al., 2010; Jahromi et 

al., 2017; Bojilov et al., 2019; Zengin et al., 2020) revealed similar DPPH (IC50 =26.23 μg/ml 

for H.pallasii; IC50 =23-39 μg/ml for H. arenarium subsp. erzincanicum, H. arenarium subsp. 

rubicundum, H. armenium subsp. araxinum and H. plicatum subsp. pseudoplicatum; IC50 =58 

μg/ml for H. plicatum and IC50 =61 μg/ml for H. leucocephalum), ABTS (107.51 mM TE/g 

DW for H. italicum), CUPRAC (06.86 mM TE/g DW for H. italicum and 927.39 mM TE/g 

DW for H. stoechas), and phosphomolybdate (118.99 mg AAE/g extract for H. pallasii) results 

which are in agreement with our findings.  

Considering all data obtained, ethanol solvent and low-temperature usage might provide 

higher levels of antioxidant phenolic compounds from plant matrix. Chlorogenic acid was one 

of the most capable antioxidant compounds among phenolics regarding hydrogen atom transfer 

mechanism (Ou et al., 2001), confirmed in vitro and in vivo (Liang and Kitts, 2016). 

Caffeoylquinic acid derivatives prevent many diseases with their protective roles against 

oxidative stress in the human body (Yoshimoto et al., 2002). The major phenolic compounds 

of Helichrysum pallasii identified within the present study, chlorogenic acid isomers and rutin, 

were reported as effective antioxidant agents. 

3.2.2. Enzyme inhibitory abilities 

Molecules that can partially or entirely bind to the target enzyme, slowing down or inhibiting 

its action, are called 'Enzyme Inhibitors'. Phytochemical compounds are efficient inhibitors as 

they are widely used to treat metabolic diseases. Active research areas of enzyme inhibitors are 

pharmaceutical chemistry, pharmacology, biochemistry and biotechnology, whose main goals 

are the design, discovery, and development of enzyme inhibitors (Bhagavan et al., 2015; 

Gonçalves and Romano, 2017; Patadiya et al., 2021). 
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Enzyme inhibitory findings showed a similar pattern of activity (Table 4) which reveals ethanol 

solvent for the extraction of phenolic compounds that can bind enzyme protein. Scientific 

literature reports the superior inhibitory activity of ethanol extracts obtained from several 

Helichrysum species compared to water-based extracts (Orhan et al., 2016; Gonçalves et al., 

2017). Water-based preparations (infusion and decoction) were found active only in pancreatic 

lipase inhibition. Total phenolic and individual phenolic concentration results positively 

correlate with suppressive enzyme activities.  

Table 4. Enzyme inhibitory activities of Helichrysum pallasii leaf. 

  Ethanol Infusion Decoction 

E
n

zy
m

e 
in

h
ib

it
o

ry
 a

ct
iv

it
y

 

Acetylcholinesterase 
IC50 (mg/ml) 1.49±0.10 NA NA 

Galanthamine Equivalent 

(mg/g extract) * 

1.98±0.11 NA NA 

Butyrylcholinesterase 
IC50 (mg/ml) 1.66±0.26 NA NA 

Galanthamine Equivalent 

(mg/g extract) * 

1.86±0.46 NA NA 

Tyrosinase 
IC50 (mg/ml) 0.68±0.01 ≥3 ≥3 

Kojic acid Equivalent 

(mg/g extract) * 

123.99±0.24 12.45±2.78 12.09±2.32 

Alpha-Amylase IC50 (mg/ml) 2.09±0.24 ≥3 ≥3 

Acarbose Equivalent 

(mmol/g extract) * 

0.51±0.07 0.07±0.01 0.08±0.01 

Alpha-glucosidase 
IC50 (mg/ml) 0.51±0.01 ≥3 ≥3 

Acarbose Equivalent 

(mmol/g extract) * 

11.7±0.06 1.33±0.05 1.11±0.23 

Pancreatic Lipase 
IC50 (µg/ml) 42.5±4.2 56.8±3.9 62.1±3.4 

Orlistat Equivalent 

(µmol/g extract) * 

88.6±5.1 67.2±2.1 59.1±2.1 

Means with different letters in the same row were significantly different at the level (p< 0.05); All data represent the mean ± 

standard deviation of at least three independent experiments (n=3). NA: not active (no inhibition was observed). *The 

equivalent of commercial standards calculated based on a standard curve and against control. 

Ethanol extract containing a high amount of antioxidant phenolic compounds may be a 

candidate for biotherapeutic agents that can be used for antidiabetic purposes due to its low 

alpha-amylase and high alpha-glucosidase activities, which can minimize the accumulation of 

undigested carbohydrates in the large intestine (Exteberria et al., 2012). Obesity is a disease 

that occurs with the accumulation of abnormal or excessive fat in the body in a way that impairs 

health and negatively affects the quality of life, which is associated with diabetes, 

cardiovascular diseases, gastrointestinal system diseases and some types of cancer (Weiss et 

al., 2013). Phenolic-rich herbal extracts were reported as promising candidates for anti-obesity 

agents whose mechanism is based on inhibitory of pancreatic lipase in vitro and in vivo (Cho et 

al., 2010; Karthikesan et al., 2010; Dalar et al., 2014; Zhang et al., 2015).  

The dominant phenolic compounds of the Helichrysum pallasii extracts were chlorogenic 

acid isomers which were previously reported as potent antidiabetic agents in vitro (𝛼-

glucosidase; IC50: 9.1 μg/ml and α-amylase; IC50: 9.2 μg/ml) (Oboh et al., 2015) and in vivo 

(Jung et al., 2006; Kamalakkannan and Prince, 2006; Ong et al., 2012; Torres et al., 2021).  

The primary mode of inhibition determined for the digestive enzymes of polyphenolic 

compounds is the non-competitive mode. The structure of proteins plays an essential role in 

protein-phenolic compound interaction. Therefore, the formation of protein-phenolic 

compound complexes that inhibit enzyme activity depends on the molecular structure of a 
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phenolic compound and on the amino acids that make up the protein structure. For instance, 

pancreatic lipase mainly comprises four pancreatic lipase amino acids binding sites such as 

Phe78, Tyr115, His152 and Phe216, for binding polyphenolic compounds (Cho et al., 2010; 

Martinez-Gonzalez et al., 2017). Hu et al. (2015) reported that caffeoylquinic acid isomers 

could effectively bind the sites of His263, Asp176 and Ser15, which indicate the high lipase 

inhibitory activities of H. pallasii extracts.   

4. CONCLUSION 

The phytochemical composition and biological activities of traditional preparation methods 

(infusion and decoction) and ethanol-based extract prepared from H. pallasii leaves were 

assessed. The ethanol-based extract had higher phenolic fatty acid content and antioxidant and 

enzyme suppressive activities. The phenolic composition comprised chlorogenic acid isomers 

(3-caffeoylquinic, 4-caffeoylquinic, and 5-caffeoylquinic acids) and the rutin. The lipophilic 

composition consisted of fatty acids, including palmitic, linoleic, and linolenic acids. These 

findings contribute to the scientific literature on developing and investigating biotherapeutic 

agents that can be used in pharmaceutical and therapeutic industries.  
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