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Abstract: 
This study included the volatile composition and antioxidant potential of 
an Algerian Auresian Anacyclus clavatus. Anacyclus clavatus essential 
oil (ACEO) and crude methanol extract (ACME) were obtained by steam 
distillation and maceration, respectively. Phenols and flavonoids were found 
in moderate amounts in ACME. ACEO exhibited moderate antioxidant 
capacity using β-carotene bleaching assays (40.09±3.7% and 78.1±5.28%, 
respectively). The main volatile constituents of ACEO were octadecanol 
(33.08%), caryophyllene oxide (5.10%), cis-thujone (4.81%), tetracosane 
(4.36%), nonanal (4.05%), and phytone (3.66%), respectively, with nonanal 
and phytone as key compounds in ACEO for the first time. These results will 
certainly enrich our knowledge of the currently limited information on the 
chemical composition of ACEO and suggest that this species is a viable source 
of bioactive compounds with potential uses in medicines and nutraceuticals.
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Apstrakt: 
Hemijski sastav i antioksidativna aktivnost etarskog ulja Anacyclus 
clavatus iz Alžira
Ovo istraživanje obuhvata ispitivanje isparljivih jedinjenja i antioksidativnog 
potencijala Anacyclus clavatus poreklom iz oblasti Aures u Alžiru. Etarsko 
ulje Anacyclus clavatus (ACEO) i sirovi metanolni ekstrakt (ACME) dobijeni 
su postupkom destilacije vodenom parom, odnosno maceracijom. Fenoli i 
flavonoidi su utvrđeni u umerenim količinama u ACME. ACEO je pokazalo 
umerenu antioksidativnu sposobnost primenom testa izbjeljivanja β-karotena 
(40,09±3,7% i 78,1±5,28%). Glavne isparljive komponente ACEO bile 
su oktadekanol (33,08%), kariofilen oksid (5,10%), cis-tujon (4,81%), 
tetrakozan (4,36%), nonanal (4,05%) i fiton (3,66%), pri čemu su nonanal i 
fiton po prvi put identifikovani kao ključna jedinjenja u ACEO. Ovi rezultati 
svakako doprinose proširenju postojećih, ograničenih podataka o hemijskom 
sastavu ACEO i ukazuju na to da ova vrsta može predstavljati značajan izvor 
bioaktivnih jedinjenja sa potencijalnom primenom u medicini i nutraceutici.

Ključne reči: 
Anacyclus clavatus, etarsko ulje, GC–MS, sadržaj fenola, sadržaj flavonoida, 
antioksidativna aktivnost

Introduction
People have traditionally valued aromatic and 
therapeutic herbs because they recognize their 
importance in preserving health and averting illness 
(Mahato et al., 2025). Despite the development 
of synthetic medicines, these natural resources 
remain essential in both traditional and modern 
medicine, providing a wide range of medicinal 

compounds (Buragohain et al., 2025). Aromatic 
and therapeutic species contain a wide range of 
secondary metabolites, including polyphenols and 
flavonoids, which are widely used in the culinary, 
cosmetics, and pharmaceutical sectors (Dimitrijević 
et al., 2025; Šovljanski et al., 2025).

The Asteraceae is one of the largest families, 
comprising 250,000 species and approximately 
1,600 genera (Paksoy et al., 2016). It is known 

© 2025 Fadel et al. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and build upon your work 
non-commercially under the same license as the original.



for its wide range of uses, not only in medicine 
but also in the cultivation of ornamental plants 
and the production of natural rubber, colorants, 
insecticides, and spices (Mechergui et al., 2017). 
Asteraceae plants have been distinguished by their 
capitula, which include closely arranged flowers on 
a receptacle encircled by bracts. Asteraceae plants 
are distributed worldwide, including in subtropical, 
arid, and semi-arid climates, and most species have 
been used traditionally in conventional medicine 
due to their phytochemicals, including polyphenols, 
flavonoids, and volatile compounds (Chroho et al., 
2022). The Asteraceae family includes a wide range 
of herbaceous plants, shrubs, and trees, many of 
which are economically and medicinally important 
(Heywood et al., 2007).

Anacyclus, a species of Asteraceae, is found in 
the Mediterranean basin, including Algerian regions, 
and is known for its adaptability to challenging, dry 
environments. The genus Anacyclus (Quezel & 
Santa, 1963a) is distributed across the Mediterranean 
basin, including Algerian zones, and is known for its 
adaptability to challenging, dry environments (Vitales 
et al., 2018). Anacyclus species, encompassing both 
annual and perennial varieties, have historically 
been used to treat various ailments, including sore 
throat, toothache, and rhinitis (Baslam et al., 2023). 
They have various biological capacities, including 
antimicrobial, anticonvulsant, anxiolytic, anabolic, 
aphrodisiac, immunostimulating, and antioxidant 
properties (Sissi et al., 2024).

Anacyclus clavatus (Desf.) Pers., also known 
as “white Anacyclus” (Quezel & Santa, 1963b), is 
an annual herb found in Mediterranean countries 
(Mifsud, 2002). Its flowering season starts in March 
and extends to May (Chroho et al., 2022). The plant 
grows in fields, on roads, and in wastelands. Its 
disc achenes are winged and have large capitula. 
The plant is used for skin, nervous system, 
digestive, reproductive, and renal issues. The 
aerial parts are used for fever, digestive problems, 
and stomach pain (Mechergui et al., 2017). Roots 
are used for rheumatism, respiratory problems, 
diabetes, toothaches, and paralysis (Manouze et 
al., 2017). Powdered roots are also used for kidney 
diseases, skin problems, reproductive issues, and 
allergies (Ouasti et al., 2024).

In Algeria, limited research has examined the 
volatile content of A. clavatus, with the main volatile 
chemicals being germacrene D, δ-elemene, α- and 
β-thujone, and artemisia ketone (Aliboudhar et al., 
2013; Aliboudhar & Tigrine-Kordjani, 2014). Thus, 
the current study aimed to enrich knowledge on the 
Algerian A. clavatus from the Aures area regarding 
its essential oil composition by using GC-MS, and to 
evaluate its antioxidant capacity. 

Materials and Methods
Chemicals
Methanol (95%) was purchased from Sigma-Aldrich 
(Deisenhofen, Germany); DPPH (Sigma, St. Louis, 
USA); H2O2 was obtained from Sigma-Aldrich, 
USA; and the analytical standards of ascorbic 
acid, gallic acid, Folin-Ciocalteu, Na2CO3, and 
α-tocopherol were obtained from Sigma-Aldrich, 
USA (purity ≥ 98%). 

Plant material
The leaves, stems, and flowers of A. clavatus were 
collected in April 2023 from the Algerian region of 
Aures (Timgad, 35 km east of Batna, 35° 29′ 05′′ 
north, 6° 28′ 07′′ east, altitude: 1072 m). A voucher 
specimen (AC/118/VAR/04-23) was verified and 
placed in the VARENBIOMOL Research Unit’s 
Herbarium at the University of Constantine 1.

Extraction and preparation of samples
The powdered, air-dried aerial part of A. clavatus 
(100 g) was extracted with 80% aqueous methanol 
for 72 hours at room temperature. Following 
filtration through cotton, the crude methanolic 
extract ACME was concentrated to dryness under 
reduced pressure (20.2 g, yield = 20.2%, w/w). The 
steam distillation method (Yazıcı & Sevgili, 2024) 
was used to extract the volatile components from 
the fresh plant material (240 g), which was broken 
into small pieces and processed for three hours. 
The obtained ACEO was weighed (32.0 mg; yield 
= 0.01%, w/w) and stored at 4 °C until analysis. 
The ACEO and ACME yields were calculated in 
proportion to the plant weight using the following 
formula: Yield (%) = (W1 × 100) / W2; where W1: 
weight of the obtained sample; W2: initial weight of 
the plant materials.

GC-MS and GC-FD analyses of ACEO
The ACEO was analyzed using a SHIMADZU 
GCMS-QP2010 chromatograph with an RXI-5MS 
capillary column (30 m × 0.25 mm, film thickness 
0.25 μm). The flow rate of the carrier gas, helium, 
was 1.44 mL/min. After 10 minutes at 45 °C, the 
oven was heated to 180 °C at a rate of 3 °C per 
minute and held there for 5 minutes. Following that, 
it was heated to 280 °C at a rate of 5 °C per minute 
and held for 5 minutes. Finally, it was heated to 330 
°C at a rate of 10 °C/min for 2 minutes. The injector 
and detector (FID) temperatures were set at 330 °C. 
In split/splitless mode, 1 μL of diluted sample (in 
dichloromethane) was injected at a 30:1 split. For 
GC-MS detection, an electron ionization apparatus 
with an ionization energy of 70 eV was used. The 
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capillary column components were identified by 
comparing their mass spectra fragmentation patterns 
and calculated retention indices (RI) with those 
available in commercial databases (Adams, 2017; 
Babushok et al., 2011) and literature. 

DPPH radical scavenging assay
A methanolic solution of DPPH was prepared at a 
concentration of 0.04 mg/mL. The samples ranged in 
different concentrations. 50 µL of each sample was 
combined with 3 mL of the prepared DPPH solution 
under the same conditions. A spectrophotometer 
was used to measure absorbance at 517 nm after a 
30-minute incubation at room temperature. Under the 
same circumstances, the ascorbic acid was used as 
a positive standard. All measurements were carried 
out in duplicate (n = 2), and the following formula 
was used to determine the anti-radical capacity: 
IP (%) = [(Abscontrol – Abssample) / Abscontrol] × 100, 
where IP (%) is the inhibition percentage, Abssample is 
the absorbance of the sample, and Abs control is the 
absorbance of the negative control. The obtained 
values were expressed as IC50  (inhibitory  concentration 
required to inhibit 50% of DPPH) from linear 
regression in Microsoft Excel (Nadji et al., 2024).

β-Carotene bleaching assay
0.5 mg of β-carotene was dissolved in 2 mL of 
chloroform with 25 μL of linoleic acid and 200 mg 
of Tween 40 to prepare a β-carotene/linoleic acid 
solution. After the chloroform evaporated, 100 mL 
of oxygenated water was added, and the mixture was 
vigorously stirred until an emulsion formed. Next, 
0.5 mL of each aliquot was mixed with 3.5 mL of the 
previously prepared emulsion. The same conditions 
were used to test the α-tocopherol standard as a 
positive control. The decay of β-carotene can be 
rationalized in the presence of an excess of linoleic 
acid and O2 by assuming that a small amount of 
peroxyl radical generated readily reacts with both 
β-carotene and antioxidant (Takada et al., 2006). 
The bleaching of β-carotene was monitored at 490 
nm at regular intervals for 120 minutes at 50 °C 
(Mahdavi et al., 2017). All determinations have been 
carried out in duplicate. The antioxidant activity 
was determined using the following formula: 
Inhibition = [Abssample t=2h / Abssample t=0h] x 100, where: 
Abssample t = 2h is the absorbance of the emulsion containing 
the sample after 2 hours. Abssample t = 0h is the initial 
absorbance of the emulsion containing the sample.

Determination of total phenolic content
The polyphenol content in ACME was evaluated 
using the colorimetric technique published by 
Singleton et al. (1999), with minor modifications. 

250 μL of sample (1 mg/mL) was mixed with 500 μL 
of Folin-Ciocalteu (1 N) reagent. After 4 minutes of 
incubation at 25 °C, 20 μL of 20% sodium carbonate 
(Na2CO3) solution was added to the mixture, 
bringing the total volume to 770 μL. The resulting 
mixture was incubated in a dark environment for 
120 minutes before being measured at 760 nm. 
Gallic acid at varied amounts was used as the 
standard. All measurements have been carried out 
in duplicate. The total phenol content was estimated 
in μg GAE/mg by extrapolating from a calibration 
curve of varied gallic acid concentrations.

Determination of total flavonoid content
Flavonoids were quantified using a procedure that 
involves the formation of a very stable combination 
between aluminum chloride and the oxygen atoms 
present on flavonoids’ carbon structures (Kim et 
al., 2003). ACME was prepared at a concentration 
of 1 mg/mL in methanol. 1 mL of the sample was 
then mixed with 1 mL of aluminum trichloride 
solution (AlCl3, 2%), to obtain a total volume of 2 
mL. Following one hour of incubation, absorbance 
was measured at 420 nm. This experiment was 
performed in duplicate. The absorbance of a 
quercetin standard solution was measured under the 
same circumstances. The results were expressed as 
the calibration curve for quercetin in μg QE/mg.

Statistical analysis
For the antioxidant evaluation, results are 
represented as mean values ± standard deviation 
(SD). A one-way analysis of variance (ANOVA, 
p<0.05) was performed to compare group means. 
Statistical analyses were performed using Microsoft 
Excel 2007 (Microsoft, Redmond, WA, USA).

Results and Discussion
GC-MS analysis
ACEO was isolated by steam distillation and then 
analyzed by GC-FID and GC-MS. Thirty-seven 
volatile chemicals were found in the acquired data 
(Tab. 1, Fig. 1), accounting for 95.78% of the total 
detected oil composition. Among these, 35.59% 
were fatty alcohols, 19.86% were sesquiterpenoids, 
14.03% were monoterpenoids, and 9.43% were 
hydrocarbons. The main abundant compounds 
were octadecanol (33.08%), caryophyllene 
oxide (5.10%), cis-thujone (4.81%), tetracosane 
(4.36%), nonanal (4.05%), and phytone (3.66%), 
respectively. Nonanal and phytone, the two main 
ingredients, have not been described before in the 
ACEO, according to the literature. Some Anacyclus 
species, including A. maroccanus, A. radiatus, 
A. cyrtolepidioides, and A. pyrethrum, have been 
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Peak N° RT KICalc KI theo Component Area %
1 22.992 1017 1042 Artemisia ketone 1.98
2 25.476 1062 1062 cis-Thujone 4.81
3 25.559 1064 1069 Nonanal 4.05
4 26.137 1074 1112 trans-Thujone 0.54
5 29.575 1141 1177 4-Terpineol 0.97
6 30.554 1160 1194 Myrtenal 0.9
7 30.656 1162 1195 Myrtenol 0.66
8 34.01 1232 1233 Chrysanthenyl acetate 2.55
9 39.025 1345 1365 Neryl acetate 1.64
10 39.525 1357 1374 α-Copaene 0.89
11 39.952 1374 1388 β-Elemene 0.58
12 40.114 1404 1408 Caryophyllene Z 1.04
13 43.152 1444 1452 β-E-Farnesene 2.44
14 44.268 1472 1485 β-Copaene 2.7
15 46.068 1519 1523 δ-Cadinene 0.61
16 48.382 1580 1578 Spathulenol 3.39
17 48.499 1583 1582 Neryl isovalerate, butanoic acid 1.96
18 48.606 1585 1587 Caryophyllene oxide 5.1
19 49.036 1597 1595 Salvial-4(14)-en-1-one 1.28
20 49.654 1614 1616 1,3,12-Hexadecatriene 1.02
21 50.891 1648 1641 α-epi-Muurolol 1.47
22 51.294 1660 1649 β-Eudesmol 0.51
23 51.449 1664 1654 α-Cadinol 1.13
24 53.584 1724 1701 Pentadecanal 0.89
25 58.918 1864 1841 Phytone 3.66
26 60.667 1906 1884 Hexadecanol 0.87
27 64.266 2001 1977 Hexadecanoic acid 3.32
28 66.048 2062 1999 Octadecanal 0.75
29 67.989 2134 2081 Octadecanol 33.08
30 68.349 2149 2102 Heneicosane 0.53
31 68.763 2166 2106 Phytol 1.43
32 72.85 2360 2365 Heneicosanol 1.64
33 73.076 2371 2400 Tetracosane 4.36
34 73.695 2404 2412 Methyl-20-heneicosonoate 0.47
35 76.894 2596 2600 Hexacosane 2.27
36 80.22 2822 2800 Octacosane 1.35
37 83.882 3048 3000 Triacontane 0.92
Oil yield 0.01
Total identified 95.78
Fatty alcohols 35.59
Sesquiterpenoids 19.86
Monoterpenoids 14.03
Hydrocarbons 9.43
Others 16.87

Table 1. Chemical composition of ACEO using GC-MS analysis
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Major compounds

Percentage (%)
Algeria Tunisia

Batna Boumerdes Boumerdes Boumerdes  Sousse
(Aliboudhar 
et al., 2013)

(Aliboudhar & Tigrine-
Kordjani, 2014)

(Aliboudhar et al., 
2015)

(Hammami 
et al., 2013)

Octadecanol 33.08 0.06 - 0.1±0.0 to 0.2±0.1 0.8

Caryophyllene oxide 5.1 1.28 1.3±0.3 to 2.5±0.6 0.2±0.2 to 0.3±0.1 -

cis-Thujone 4.81 - - 0.9±0.4 to 1.3±0.5 9.8

Tetracosane 4.36 tr - - 0.5

Nonanal 4.05 - - - -

Phytone 3.66 - - - -

Germacrene D - 16.84 - 12.3±1.6 to 16.1±1.4 2

β-Thujone - 11.16% - - -

Artemisia ketone 1.98 0.53 6.5±0.5 to 10.0±0.8 0.4±0.3 0.4

α-Thujone - 0.3 10.6±1.0 to 11.9±1.1 - -

δ-Elemene - 0.17 0.4±0.0 to 4.0±0.7 9.1±1.1 to 10.4±1.3 -

trans-Chrysanthenyl acetate - - 0.5±0.1 to 3.6±0.8 - 12.3

Chrysanthenone - 0.1 - 0.1±0.1 8.2

Table 2. Major compounds of ACEO from different regions

Fig 1. GC-FID Chromatogram of ACEO

shown to contain tetracosane and caryophyllene 
oxide in their essential oils (El Baz et al., 2024; Sissi 
et al., 2024; Zardi-Bergaoui et al., 2008).

Tab. 2 shows the presence of the main 
components of our sample in the ACEO collected 
from different regions of the world. We can note 
variability in the volatile chemical composition 

of our ACEO species compared to that studied in 
other regions. Only a few published studies have 
reported the chemical composition of ACEO in 
the Algerian and Tunisian regions (Aliboudhar et 
al., 2013; Aliboudhar & Tigrine-Kordjani, 2014; 
Aliboudhar et al., 2015; Hammami et al., 2013). By 
comparing the data (Tab. 2), a significant difference 



Aliboudhar & Tigrine-Kordjani; Aliboudhar et al., 
2015; Hammami et al., 2013), were absent in our 
sample, except for artemisia ketone compounds. 
This chemical composition variation could be 
linked to several factors, including geographical 
and environmental factors (Lahmar et al., 2025; 
Sarmah & Bora, 2025; Burczyk et al., 2024), time 
of collection (Hazrati et al., 2024; Boaventura et 
al., 2025), extraction technique (Acosta-Vega et 
al., 2025; Suttiarporn et al., 2025; Ferraz & Silva, 
2024), and genetic background (Jakovljević, 2025; 
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Samples Yield
(%)

Total phenolic 
content

µg GAE/mg

Total flavonoid 
content 

µg QE/mg

DPPH radical
scavenging 

IC50 (mg/mL)
β-carotene 

(%)

ACME 20.2 19.28±4.93 6.53±0.70 6.96±0.06 40.09±3.79
ACEO 0.01 78.1±5.28
Ascorbic acid 0.22±0.02
α-Tocopherol 61.42±3.64

Table 3. Antioxidant activity, total phenol and flavonoid contents of ACEO and ACME (Mean values ± SD, n = 2)

Fig. 2. Gallic acid calibration curve for TPC

Fig. 3. Quercetin calibration graph for TFC

in chemical composition was observed, where 
the main compounds in our sample, octadecanol, 
caryophyllene oxide, cis-thujone, and tetracosane, 
were absent or present at low concentrations in 
the previously mentioned samples. As for the 
two compounds, nonanal and phytone, they were 
completely absent in the previously published 
samples. In contrast, germacrene D, β-thujone, 
α-thujone, δ-elemene, trans-chrysanthenyl acetate, 
and chrysanthenone, which were predominant in 
all published samples (Aliboudhar et al., 2013; 

Ganić et al., 2025; Solgi et al., 2025; 
Mustafa et al., 2024). Moreover, the 
high concentration of octadecanol 
in ACEO, a fatty alcohol known as a 
vaginal drug-delivery vehicle (Yuan 
et al., 2010), and caryophyllene 
oxide, a potent antioxidant, anti-
inflammatory (Kumar et al., 2025), 
and antiparasitic (López-López et al., 
2025) sesquiterpenoid, suggests this 
particular chemotype may exhibit an 
enhanced transethosomal system for 
enhanced transdermal delivery and 
therapeutic biological effects.
Antioxidant capacity 
The percentage yields (Tab. 3) of ACEO 
and ACME were calculated based on 
the initial mass of the plant material 
as follows: Yield (%) = m1×100 / m2, 
where m1 is the final obtained mass 
of the oil/extract, and m2 is the initial 
mass of the species. The equation 
y = 0.018x + 0.236 was used to determine 
phenol concentrations at 765 nm 
(Fig. 2), with a correlation coefficient 
(R2) of 0.997. Gallic acid was used as 
the standard for the linear curve. The 
obtained results (Tab. 3) showed that 
the ACME had a moderate amount 
of phenols with a TPC of 19.28±4.93 
µg GAE/mg. The flavonoid amount 
was measured using the calibration 
curve equation y = 0.0337x + 0.054 
at 420 nm (Fig. 3), with a correlation 



coefficient (R2) of 0.997. Quercetin 
was used as the standard for the 
linear curve. The results showed that 
the ACME had moderate flavonoid 
content (6.53±0.70 µg QE/mg). 
Regarding the antioxidant evaluation 
of ACME using the DPPH assay, 
ascorbic acid was used as a reference, 
and the results were expressed as IC50 
values (Tab. 3). The linear curve 
equation y =7.208x–0.136 (R2 = 
0.993) was used to determine the IC50 
(Fig. 4), and the linear curve equation 
y=240.8x+0.145 (R2=0.999) was used 
to determine the IC50 of the ascorbic 
acid (Fig. 5 and Fig. 6). The values 
indicate a weak antioxidant capacity 
for ACME compared to ascorbic 
acid (IC50 = 6.96±0.06 and 0.22±0.02 
mg/ml, respectively), whereas, the 
β-carotene assay (Fig. 7), revealed 
a moderate antioxidant capacity 
(40.09±3.7%) and a high antioxidant 
capacity of ACEO (78.1±5.28%) 
compared to the α-tocopherol 
standard with 61.42±3.64% (ACEO 
˃ α-tocopherol ˃ ACME). This could 
be explained by the difference in 
antioxidant mechanisms (Famutimi 
et al., 2025). Several published 
works reported the antioxidant 
capacities of A. clavatus extracts and 
essential oils (Chroho et al., 2022; 
Bouriche et al., 2016; Aliboudhar et 
al., 2013). Furthermore, A. clavatus 
extracts and essential oils have 
been shown, according to many 
studies, to possess various biological 
activities, including anticancer, 
anti-inflammatory, antibacterial, 
antifungal, and antioxidant capacity 
(Adiba et al., 2019; Hammami et al., 
2013; Hasan et al., 2025). A number 
of published works demonstrated 
the direct relationship between the 
phenols and biological potentials, 
such as antioxidant capacity (Vlocskó 
et al., 2025; Hazarika et al., 2025), 
including the primary constituents of 
ACEO, caryophyllene oxide (Shabana 
et al., 2023), phytone (Gao et al., 
2025), and compounds that follow 
(Tab. 1), such as spathulenol (do Nascimento et al., 
2018), hexadecanoic acid (Ganesan et al., 2024), and 
chrysanthenyl acetate (Di Napoli et al., 2020).
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Fig. 4. Linear curve of ACME

Fig. 5. Linear curve of ascorbic acid standard

Fig. 6. Antioxidant activity by DPPH assay of ACME and ascorbic acid

Conclusion
This study’s aim was to enrich knowledge of 
the volatile composition of Anacyclus clavatus, 
a member of the Asteraceae family collected in 
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Fig. 7. Antioxidant activity by β-carotene test of ACME and ACEO

Algeria’s Aures zone, and to assess 
its crude methanol extract for total 
phenol and flavonoid contents. Using 
GC-MS and GC-FID, the primary 
constituents of ACEO were identified 
as octadecanol, caryophyllene 
oxide, thujone, tetracosane, nonanal, 
and phytone. The notably high 
antioxidant activity of ACEO and 
moderate amounts of flavonoids and 
phenols found in ACME imply that 
this species could be a useful natural 
resource for medicinal and nutritional 
uses. Future phytochemical and in 
vivo biological studies should be 
focused on the isolation of major 
compounds, particularly octadecanol 
and caryophyllene oxide, to confirm their individual 
contributions to the observed strong antioxidant 
activity and to test for other potential bioactivities, 
such as anti-inflammatory, antiparasitic, and vaginal 
drug-delivery vehicle activities.
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