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ABSTRACT

Astragalus tmoleus Boiss. var. bounacanthus (Boiss.) Chamberlain is a
member of the Prerophorus Bunge section of the Fabaceae family and
consists of the spiny cushion-forming shrub. In this study, morphological,
anatomical and pollen properties of the plant, an endemic species for
Turkey, have been investigated in detail. Morphological characters such
as the shape of paripinnate leaves, stipules and bracts, the flower number
in the inflorescence, the stenonychioid type of standard and the reniform
type of seed can be helpful to distinguish A. tmoleus var. bounacanthus.
The stem, leaf and rachis characteristics of the plant were examined in
anatomical studies. There is a secondary growth in stem anatomy. The
number of vascular bundles is 15-18 in a circle. The shape of the transversal
section of the rachis is polygonal or almost orbicular. The sclerenchyma
tissue is located on the vascular bundles in the rachis. 4. tmoleus var.
bounacanthus has equifasial leaves. The stomata type is anomocytic and
occurs on both leaflet epidermises. The pollen grains of A. tmoleus var.
bounacanthus have tricolpate aperture and they are subprolate-shaped.
While the pollen exine sculpturing is microreticulate, the seed surface
sculpturing is a prominent undulate-ridged pattern formed by irregular
cells. Scanning electron microscopy (SEM) is used to determine pollen

and seed morphology.

Keywords:

Anatomy,

Astragalus  tmoleus var. bounacanthus,

Morphology, Pollen, Seed

1. INTRODUCTION

The genus Astragalus L. (Fabaceae) which is
one of the largest genera of vascular plants in the
world, is distributed in semi-arid steppe regions.
It is represented by c. 3000 species and more than
250 sections. Turkey is one of the most important
centers of distribution of the genus Astragalus and
it is represented by 476 taxa, 64 sections. It has
high endemism rates, with a value of 51% in
Turkey [1-4].

Astragalus species are economically important
because most of them produce the wvaluable
tragacanth gum and selenium. Tragacanth gum

European Journal of Life Sciences = August 2022

is recorded Tragacantha or Gummi Tragacantha
in the name codex and pharmacopoeias [5]. The
genus Astragalus 1is also ecologically important
because most of the provide pillows and play a
very important role in the prevention of erosion.
However, they are consumed in mountainous and
rural areas as firewood and animal feed [6]. The
roots of some Astragalus species represent very old
and well-known drugs in traditional medicine for the
treatment of nephritis, diabetes, and uterine cancer
and as antiperspirant, diuretic, and tonic. In Turkish
folk medicine, the aqueous extracts of various
Astragalus species are used to treat leukemia as well
as for wound healing [7].
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A. tmoleus Boiss. is an element of the Mediterranean
phytogeographical mainly distributed on stony
slopes of the southwest and central Anatolia region. It
is a member of the section Pterophorus and it grows
on stone slopes of central and south-west Anatolia
in 800-2000 m [1]. A. tmoleus is represented by
two varieties (var. tmoleus and var. bounacanthus
(Boiss.) Chamberlain in the Flora of Turkey. Both of
varieties are used by chewing the resin for toothache,
abdominal pain in cattle and small ruminants [8]. A
previous study by Pirdal et al. (1991) reported the
morphology, anatomy and ecology of A. tmoleus var.
tmoleus [9].

In this study,
palynological and seed surface properties of endemic
A. tmoleus var. bounacanthus were investigated in
detail for the first time.

morphological, anatomical,

2. MATERIALS AND METHODS

2.1. Plant Material

A. tmoleus var. bounacanthus was collected during
the flowering and fruiting periods (July-September,
2011) from Eskisehir (Karacasehir-Esenkara koyii,
39° 42’ 42K ve 30° 25° 40°D) province of Turkey.
Voucher specimens are deposited in the Herbarium

Eur J Life Sci 2022, 1(2): 35-45

of the Faculty of Pharmacy of Anadolu University in
Eskisehir (ESSE 14578), Turkey.

2.2. Microscope Studies

Macromorphological observations (20 samples)
were carried out under a binocular stereomicroscope,
Olympus SZX12 with a drawing tube. Live material
was stored in 70% ethanol for anatomical studies.
All sections were made manually and taken from the
middle regions of the plant. All sections (60 sections)
were embedded in glycerin-gelatine and mounted on
microscope slides with Canadian Balsam. Olympus
BXS51 binocular light microscope and camera were
used. Photographs were taken. For the SEM study,
the pollen (more than 50 pollen grains) and seed
specimens (10 specimens) were mounted onto SEM
stubs using double-sided adhesive tape and coated
with gold. Photographs were taken with the electron
microscope (Zeiss EVO 50).

3. RESULTS

3.1. Morphology

Astragalus tmoleus var. bounacanthus is a lax
cushion-forming shrub, 10-32 cm. Leaf rachis is 1.9-
5 cm, spiny, straight or slightly incurved and haired
in lower parts. Leaflets are in (3-) 4-6 (-7) pairs,

Figure 1. A. tmoleus Boiss. var. bounacanthus (Boiss.) Chamberlain in natural

36

European Journal of Life Sciences = August 2022



Morpho-anatomical and palynological properties of endemic Astragalus tmoleus var.

Eur J Life Sci 2022; 1(2): 35-45

5-13 x 2.5-5 mm, elliptic, spine-tipped, densely
adpressed simple pilose-tomentolleus, cuneate in the
base. Stipules are 9-14 x 4-7 mm, + ovate-lanceolate,
tomentellous. Flowers are sessile and they are found
in 2-3 per leaf axil. The inflorescence is globose to

bounacanthus (Fabaceae)

cylindrical, 2.3-3 cm in diameter and 20-40 flowered.
Bracts are ovate-lanceolate, orbicular, bilobed and
8-12 x 5-8 mm and tomentellous. Bracteoles are
7-12 x 1.5-3(-4) mm, linear, densely white pilose,
resembling the calyx lobes. The calyx is 10-15 mm,

Figure 2. A. tmoleus var. bounacanthus a. plant b. stipul, c. leaflet, d. bract, e. bracteol

European Journal of Life Sciences = August 2022
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densely white pilose to villous. The lobes of calyx
are divided to the base by apparently forming a
2-4 mm tube. Corolla is rosa-pink. The standard is
stenonychioid type, 12-18.5 mm, spathulate, obtuse-
rotundate in the apex. The wings are 12-18 mm,
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oblong-triangular in the above and obtuse in the
apex. The keels are 12-17 mm, falcate and lobed.
The stamen is 11-18 mm, diadelphous. The ovary is
4-6 x 1.8-2.5 mm, = elliptic, densely long and white-
haired. Legumens are 5-7 x 2-5 mm, ovate, densely

Figure 3. A. tmoleus var. bounacanthus a. flower, b. standard c. wings d. keel e. diadelphous stamens f. ovarium g. fruit

38

European Journal of Life Sciences = August 2022



Morpho-anatomical and palynological properties of endemic Astragalus tmoleus var.

Eur J Life Sci 2022; 1(2): 35-45

EHT =15.00 kv
WO =14.1 mm

Signel A= SE2
Proto No. = 8491

Date :4 Nov 2011
Time :11:66:48

EHT = 15.00 kv
WD =158mm

Signal A = SE2
Photo No. = 8488

Date :4 Nov 2011
Time :11:50:08

C

bounacanthus (Fabaceae)

EHT = 15.00 kV
WD = 14.7 mm

Signal A = SE2
Photo No. = 8492

Date :4 Nov 2011
Time :11:59:67

3
Signal A = SE2 Date 4 Nov 2011
Photo No. = 8489 Time :11:51:49
N BTG %

Figure 4. a-b Leaflet upper surface view; c-d Seed and seed surface of 4. tmoleus var. bounacanthus at SEM

long and white-haired. The seeds are (2-) 2.5-3.8 x
1.5-2.5 mm, yellowish-brown and reniforme shaped.
The seed surface has a prominent undulate-ridged
pattern formed by irregular cells (Figures 1-4).

3.2. Pollen Morphology

The pollen grains are radially symmetrical, isopolar,
and have a tricolporate aperture. Polar axis 23.8-34
pum, equatorial axis 17.7-29.3 um. P/E: 1.16-1.34
pum. The shape of pollen grains is subprolate. Colpi is
narrow and long. Clg (13.4-) 18.5-25 um, Clt (0.2-)
0.4- 0.6 (-1) um. Exine sculpturing is microreticulate
(Figure 5).

3.3. Anatomy

3.3.1. Stem

Transverse sections taken from the middle part of the
stem were observed as follows.

European Journal of Life Sciences = August 2022

The epidermis is composed of a single layer of almost
small, square arranged cells. The upper surface is
covered with a thick cuticle. Covering trichomes
consists of the non-glandular type which is simple,
dense and long. The collenchyma tissue is located
under the epidermis and occurs from 6-8 layered.
The primary cortex is composed of parenchyma
cells, 7-15 layered in between the collenchyma and
vascular bundle. The shape of these cells is oval-
rectangular and they include starch. The secondary
cortex is composed of sclerenchyma cells, which are
located on the phloem tissue of vascular bundles.
The number of vascular bundles is 15-18 in a circle.
However, 3-4 vascular bundles are also present in
between parenchyma and collenchyma cells. A group
of 2-3 stone cells is located in between sclerenchyma
and phloem. The shape of phloem cells is irregular-
polygonal. The cambium is 4-7-layered, with
flattened cells and thin walls. There are secondary
xylem under the cambium and primary xylem faces

39
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Figure 5. SEM of pollen. a. general view b. ornamentation

Figure 6. Transverse section of stem. a-general view b-vascular bundle c-d pith; cu-cutikula, co-collenchyma ph-phloem
ca-cambium xy-xylem p-parenchyma pi-pith r-ray sc-sclerenchyma h-hair
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a

Figure 7. Transverse section of rachis. a-general view b-vascular bundle; co-collenchyma sc-scleranchyma p- parenchyma

ph-phloem vb-vascular bundle xy-xylem

toward the pith. Rays are 3-6 (10) layered. The
pith consists of large parenchyma cells including
abundant starch. After a few layered parenchyma
cells, they are rented in the middle stems and large
tragacanth spaces in the pith section are occurred
(Figure 6).

3.3.2. Rachis

The shape of the transversal section of the rachis
is polygonal or almost orbicular. The uppermost
of the rachis is a thick cuticle layer and there is
an epidermis with one-layered cells under the
cuticle. The collenchyma tissue is located under
the epidermis and it consists of 3-5-layered and
transversally oval-rectangular-shaped cells. The
vascular bundles are located one big and 8-14 small
at the top and lateral ways of the section after the
collenchyma. The vascular bundles are surrounded
by broadly and multilayers scleranchymatic cells on
the phloem while the sclerenchyma cells are several
layers under the xylem. They are polygonal shaped.
The vascular bundles are arranged as phloem on
the outside and xylem on the inside. The vascular
bundles with together sclerenchyma tissue are almost
rounded shaped. Pith is composed of parenchymatic
cells with a thick wall and it covers a narrow area
(Figure 7).

European Journal of Life Sciences = August 2022

3.3.3. Leaflet

The upper and lower epidermises consist of
uniseriate oval and rectangular cells in the transverse
section. The upper walls are thicker than the lower
and lateral walls. Both epidermises are covered with
a thick cuticle and included covering long trichomes.
The stomata type is anomocytic and occurs on both
leaflet epidermises. The leaflets are the equifacial
type which consists of 2 layers palisade parenchyma
cells, on the adaxial and abaxial surfaces of the
leaflets. The spongy tissue with a row of flattened
cells or often indistinct. The midrib region is
protruding and bigger than the others. There is also
an 8-12 small vascular bundle in lateral regions.
The vascular bundles are of the collateral type and
surrounded by a parenchymatic bundle sheath. A
group of scleranchymatic cells is found below the
phloem and they are thick-walled and polygonal
shaped. The xylem occupies a narrow area and it
faces toward the adaxial epidermis and is surrounded
by the phloem. The phloem is between sclerenchyma
tissue and xylem and it faces towards the abaxial
epidermis. The collenchyma cells are located in
between the lower epidermis and bundle sheath
while the palisade parenchyma is located in between
the upper epidermis and bundle sheath (Figure 8).
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Figure 8. Transverse section of leaflet. a-general view b-upper surface c-lower surface d-mesophyll, e-midrib, bs-bundle
sheat h-hair co-collenchyma s-stomata ue-upper epidermis le-lower epidermis pp-palsade parenchyma m-mesophyll ph-
phloem sc- sclerenchyma xy-xylem.
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4. DISCUSSION

A. tmoleus is a member section of Pterophorus and it
is represented by two endemic varieties (var. tmoleus
and var. bounacanthus) in the Flora of Turkey [1].
According to Flora, varieties separate from the
shape of bracts. The shape of bracts is linear in var.
tmoleus while it is ovate-lanceolate to orbicular
shaped and bilobed in var. bounacanthus. In this
study, morphological, anatomical and palynological
properties of Astragalus tmoleus var. bounacanthus
have been investigated in detail. Morphological
results have been compared to the Flora of Turkey
in Table 1 and some differences were observed. For
example, the lengths of the leaflet and stipule are
more than Flora of Turkey. Also, the length of the
bracts, wing, keel, stamen, ovary, legume and seed
characteristics were described for the first time in
this study. All morphological images were drawn
and the deficiencies in the Flora were completed.

A study is present about A. tmoleus var. tmoleus
[9]. When the morphological part of this study is
examined, it is seen that it is a literal translation

Table 1. Morphological characters of Astragalus tmoleus
var. bounacanthus based on the present study and Flora of
Turkey

Astragalus tmoleus var. Flora of
bounacanthus Turkey
Leaf rachis 1.9-5 cm 2-5cm
(3-) 4-6 (-7) cift 3-6 (-7) ¢ift
Leaflets
5-13 x 2.5-5 mm 4-8 mm
Stipul 9-14 x 4-7 mm 10 mm
:L‘;‘leerr 20-40 20-40
Bract 8-12 x 5-8§ mm -
Bracteol 7-12 x 1.5-3 (-4) mm 8-12 mm
Calyx 10-15 mm 10-15 mm
Corolla Rose-pink Rose-pink
Standart 12-18,5 mm 15-18 mm
Wings 12-18 mm -
Keels 12-17 mm -
Stamen 11-18 mm -
Ovary 4-6 x 1,8-2,5 mm -
Legumen 5-7x2-5 mm -
Seed (2-)2,5-3,8 x 1,5-2,5 mm -

European Journal of Life Sciences = August 2022

bounacanthus (Fabaceae)

of the plant definition in the Flora of Turkey. In
conclusion, I have not formed a positive opinion
about the reliability of Pirdal et al.’s study [9].

A. tmoleus in Flora of Turkey is defined as a species
close to A. trojanus. However, the differences of
inflorescence and the shape of bracts in species are
reported. Furthermore, the leaflets of 4. tmoleus are
pilose-tomentolleus while the leaflets 4. trojanus are
pilose or glabrous. The seeds of some Astragalus
species such as A. tmoleus var. bounacanthus are
generally reniforme shaped and seed surface is
rugulate or undulate-ridges [4,10-13].

The pollen grains in the Fabaceae family are simple
or united. Generally, they are tricolpate, sometimes
2, 4 or 6 aperture and variable shape from peroblate
to prolate. In Turkey, pollen grains of Astragalus
species are generally stenolapynous and radial
symmetry, isopolar, tricolpate and they show
microreticulate ornamentation [3,11,13-18]. Our
pollen findings are similar to the above evidences.

Astragalus species are xeromorphic plants that grow
on stone slopes. The presence of a thick cuticula in
the leaflet, dense trichomes and the lack of stomata
or located at epidermis level stomata and fewness
of sponge parenchymatic cells in leaflets, cushing-
forming shrubs are characteristic for 4. tmoleus
var. bounacanthus. These features are the peculiar
properties of the xeromorph plants [19]. As a result of
the anatomic studies, A. tmoleus var. bounacanthus
shows the characteristics of the xeromorph plants.
Anomocytic types of stomata are characteristics for
the Fabaceae family and this type is observed in this
study [20].

Some anatomical (stem, rachis and leaflets) studies
have been reported on various Astragalus species [9-
10,21-23]. Pirdal et al. [9] are reported anatomical
properties of root, stem, rachis and leaflets in
endemic A. tmoleus var. tmoleus. In another study,
Uysal [10] investigated stem, rachis and leaflets
anatomy properties of endemic A. trojanus. The
primary cortex structure, sclerenchyma tissue on the
phloem and the presence of amylum in the piths of
A. tmoleus var. tmoleus and A trojanus are consistent
with our results.
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The rachis anatomy features in an earlier studies [9-
10,21-23] are similar to our findings as the shape
of rachis, collenchyma tissue under the epidermis,
small-big vascular bundles, bundles
surrounded by scleranchymatic cells, pith in a
narrow area.

vascular

Leaflet anatomical properties of Pirdal et al. [9]
and Uysal [10] are also supported by our leaflet
anatomical results as mentioned in equifacial leaflets,
anamocytic stomata, the structure of vascular
bundles and the lackness of sponge parenchyma.
Metcalfe and Chalk [20] recorded equifacial type in
Astragalus species. A. tmoleus var. bounacanthus’s
leaves have the same mesophyll structure.

Pirani et al. [21] had been studied the petiole
anatomy of 35 Astragalus species in Rhacophorus
section while Mehrabian et al. [23] had been
investigated the petiole anatomy of 24 Astragalus
species in the Incani section. Researchers in both
studies reported two petiole types. The first type of
petioles has a narrow pith area that consists of thick-
walled parenchyma cells and vascular bundles are
surrounded by broadly a sclerenchyma cell group.
The second type has a large pith area which consists
of thin-walled parenchyma cells and vascular
bundles are surrounded by narrowly a sclerenchyma
cell group. Our samples are similar to the first type.

5. CONCLUSION

In the present study, morphological, anatomical and
pollen characteristics of endemic A. tmoleus var.
bounacanthus have been investigated for the first
time in this study. In morphological studies, in detail
description of the plant was given were supported
by drawings. Morphological characters such as the
shape of paripinnate leaves, stipules and bracts, the
flower number in the inflorescence, the stenonychioid
type of standard and the reniform type of seed can be
helpful to distinguish 4. tmoleus var. bounacanthus.
While the stem, leaf and rachis characteristics of
the plant were examined in anatomical studies,
the pollen structure of the plant was determined in
palynological studies. The data obtained at this stage
enrich the information about the these features of the
members of the Fabaceae family and can be used in
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comparative studies, both between the species of the
genus Astragalus and also with molecularly related
genera.
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ABSTRACT

Capsaicin is the main component of many hot peppers, exerts anticancer
effects on various cancer cells by inducing apoptotic pathways. In
addition, the ineffectiveness of this apoptotic effect of capsaicin on
healthy cells provides a wide-ranging use of capsaicin. In recent years,
many studies have been carried out to determine the safety of capsaicin
use in lung cancer, which is a common cancer type worldwide with high
mortality rates. In the present study anticancer effects of capsaicin were
studied on A549 human lung adenocarcinoma cell line. Also, citotoxicity
of this compound was studied on L929 mouse embryonic fibroblast cell
line. Various concentration of capsaicin (3.90625-500 uM) effectively
decreased cell viability in A549 cell line in a dose-dependent manner.
Also, this antiproliferative effect of capsaicin was selective compared to
L929 cell line. On the other hand, apoptosis inducing effects of capsaicin
were studied by Annexin V-FITC and Caspase 3 assays by using IC,;
and IC_ , concentrations on A549 cell by flow cytometric methods. Our
results revealed that the anticancer effects induced by capsaicin on A549
cell line involved apoptosis by inducing Caspase 3 pathway.
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1. INTRODUCTION

Lung cancer is the most common type of cancer in
the globe. The impact of environmental variables is
especially essential in the etiology of lung cancer,
with cigarette smoke being the single most important
causative agent. Other relevant concerns include
radiation exposure and a variety of occupational-
related hazards, the most well-known of which
being asbestos. Lung cancer is classified into several
histological categories, the most common of which
are adenocarcinoma and squamous cell carcinoma
(25-40 percent each), followed by small cell lung
cancer (20-25 percent), and large cell carcinoma
(20-25 percent). A succession of genetic mutations
are necessary for the formation of a malignant
lung carcinoma, as is the case for the majority of
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human cancers. K-ras mutations are thought to
be particularly responsible for adenocarcinomas.
Small cell lung cancer is linked to the oncogene
myc, and several lung malignancies have been
linked to mutations in the tumor suppressor gene
p53 [1]. Various medications for molecular targeted
treatment and immunotherapy have been developed
and authorized for clinical use up to this point.
Despite the advancement of these treatments,
lung cancer remains the greatest cause of cancer-
related mortality, accounting for an anticipated 1.8
million deaths in 2020. New treatment approaches
are urgently required because the majority of these
fatalities ultimately result from medication resistance
and poor sensitivity. Recently, it has become clear
that controlling the metabolism of cancer offers
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great potential for combating treatment resistance
and boosting medication effectiveness. The primary
barriers to successful treatment include a lack of
early diagnosis, a poor prognosis, the development
of resistance to chemotherapeutic medicines, and
a five-year survival rate of fewer than 15% of the
cancer population. [2,3].

8-methyl-N-vanilyl-trans-6-nonenamide, which
we know as capsaicin and is a homovalinic acid
derivative is the active ingredient of Capsicum
annum chili peppers. Although it is known as a
spice around the world, it is used as a medicine
with its anti-inflammatory, anti-analgesic, analgesic
and anti-obesity effects, and it has a wide place
in the literature. Cluster headaches, rheumatoid
arthritis, post-mastectomy pain syndrome, diabetic
neuropathy, and herpes zoster are just a few of the
conditions that capsaicin has been used to treat [4].
Particularly lung cancer, have been the subject of
in-depth research on the action of capsaicin, which
may have anticancer and antiproliferative properties
[3-5]. Most often, capsaicin-mediated cytotoxicity is
linked to cancer cell apoptosis through the activation
of a number of processes, such as the production of
reactive oxygen species (ROS), the beginning of
endoplasmic reticulum (ER) stress, and changes in
protein kinases [6,7].

Both apoptosis and autophagy are tightly controlled
processes involved in several crucial cellular
activities, however apoptosis often serves as a
mechanism for self-destruction as opposed to
autophagy’s cytoprotective function. Binding to
death receptors starts the extrinsic pathway of
apoptosis, which then activates initiator caspase-8
and effector caspases [6]. In the intrinsic pathway,
the BCL-2 family proteins (Bax and Bak) assemble
into oligomers in the mitochondria’s
membrane, causing cytochrome ¢ to leak out into
the intermembrane space. When cytochrome c
is released, apoptosomes are formed, containing
Apaf-1 and caspase-9. Caspase-9 then activates
downstream caspases, such caspase-3, by proteolytic
cleavage [8].

outer

In the light of the reported data we have planned
to study anticancer activity of capsaicin on A549
cell line. Capsaicin was screened to determine it’s
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A549 cell line

cytotoxic effects on A549 and 1929 cell lines. Also
apoptotic properties of it was studied on A549 human
lung adenocarcinoma cell lines.

2. MATERIALS AND METHODS

2.1. Materials

The A549 cells were purchased from American
Type Culture Collection (ATCC, USA). Cisplatin
and capsaicin were from Sigma-Aldrich (USA),
Dulbecco’s Modified Eagle Medium (DMEM) was
from Gibco (Brasil), fetal bovine serum (FBS) and
penicillin streptomycin were from Gibco (South
America, USA), Dulbecco’s phosphate-buffered
saline concentrate (10X) was from Biological
Industries (Isracl), MTT was from Alfa Aesar
(Germany), and dimethylsulfoxide (DMSO)
was from Sigma-Aldrich. The Annexin-V FITC/
propidium iodide (PI) apoptosis detection Kkit,
caspase-3 kit were purchased from BD Biosciences
(USA). The Annexin-V FITC were purchased from
Santa Cruz Biotechnology (USA).

2.2. Methods

2.2.1. Cell Line Model

A549, human
maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM) and was supplemented with 10% fetal
bovine serum (FBS) and antibiotics (100 pg/

lung adenocarcima cells were

ml streptomycin and 100 U/ml penicillin G) in a
incubator at 37°C (5% CO, and 95% air).

2.2.2. MTT Assay for Cytotoxicity

This colorimetric analysis is based on the reduction
of yellow tetrazolium salt (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide or MTT)
to pink formazan crystals by metabolically active
cells. MTT is one of the most widely used methods
work to determine for cell viability, cytotoxicity, and
proliferation [9]. The A549 cells were cultured at a
density of 5x10° cells per well in flat bottomed 96-
well plates with various concentrations (500, 125,
62.50, 31.25, 15.625, 7.813, 3.906 uM) of capsaicin
and cisplatin for 24h at 37°C in a humidified
atmosphere containing 5% CO, in air.
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Various concentrations (500, 125, 62.50, 31.25,
15.625, 7.813, 3.906 uM) of capsaicin were applied
to L929 cells inoculated with 5x10° cells in each
well in a 96-well plate, and the same incubation
conditions as A549 cells were provided. At the end
of incubation, MTT powder (5 mg/mL) dissolved in
phosphate-buffered saline (PBS) for each well (20
pL). The cells were again incubated for 2-4 h at 37-C.
At the end of the waiting period, the media in the
wells was removed and 100 pl of DMSO was added
to each well. The cells were read at 540 nm using
a microplate reader (Bio-Tek). Every concentration
was repeated in three wells and cell viability was
calculated as a percent ratio relative to control
cells. According to the calculation results, the IC,
concentration, which provides the inhibition of 50%
of the cell population, and the IC, ,, which provides
half of the 50% inhibition, were determined.

2.2.3. Flow cytometric analysis

Early evaluation of tumor response in intensively
applied chemotherapy is important in terms of
quality of life. Induction of apoptosis is the primary
mechanism in the death of tumor cells. Annexin-V
and caspase-3 assays, which have high affinity for
apoptotic cells, have been frequently used imaging
methods in the detection of apoptosis [10].

2.2.3.1. Annexin-V for early/late apoptosis

A549 cells were seeded in a 6-well plate at 10° cells/
mL per well. It was incubated for 24 hours at 37°C
in a humidified atmosphere containing 5% CO,
in air. Then, determined with MTT IC,, and IC,,
doses of cisplatin and capsaicin were applied to the
cells and incubated again for 24 hours. At the end
of this period, the cells on the plate were removed
and placed in flow tubes, centrifuged at 1200 rpm
for 4 minutes. After centrifugation, the supernatant
was carefully discarded, washed with 1 ml of cold
1X PBS, centrifuged again, and this was done twice.
After centrifugation, the supernatant was removed
and 100 pl of the assay buffer prepared as 1X was
poured into each flow tube and pipetted slowly.
Then 5 pl Annexin-V and 5 pl of PI dyes were added
and incubated in the dark for 15 min. At the end of
this period, 400 pl of assay buffer was added and
analyzed. After centrifugation, the supernatant was
discarded and 100 pl of the assay buffer prepared
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as 1X was poured into each flow tube and pipetted
slowly. Then, 5 pl of Annexin-V and 5 pl of PI dyes
were added and left in the dark for 15 minutes. At
the end of this period, 400 pl of assay buffer was
added and analyzed by flow cytometry (CytoFLEX
Beckman Coulter) using FACS Diva Version 6.1.1.
Software.

2.2.3.2. Analyses for Caspase-3

A549 cells were seeded in a 6-well plate at 10° cells/
mL per well. It was incubated for 24 hours at 37°C
in a humidified atmosphere containing 5% CO, in
air. Cells were treated with calculated IC,  and IC, ,
doses of cisplatin and capsaicin for 24 hours. Then,
the cells on the plate were removed and placed in
flow tubes and centrifuged at 1200 rpm for 4 minutes.
After centrifugation, the supernatant was carefully
removed and washed with 1 ml of cold 1X PBS,
centrifuged again, this procedure was done twice.
After centrifugation, the supernatant was discarded
and 500 pl of Cytofix/Cytoperm solution was added
to each tube and the tubes were kept on ice for 20
min. At the end of this period, it was centrifuged
again. The supernatant was discarded, 500 pl of
Permwash solution was added to each tube and
centrifuged again, this process was repeated twice.
The solution prepared by adding 20 pl of antibody
into 100 pl of 1X Perm/Wash solution was added to
the tubes and the cells were incubated for 30 minutes
at room temperature. At the end of this period, it was
centrifuged, the supernatant was discarded and 1 ml
of Permwash solution was added and centrifuged
again. Finally, 0.5 ml of Permwash was added and
analyzed by flow cytometry (CytoFLEX Beckman
Coulter) using FACS Diva Version 6.1.1. Software.

3. RESULTS AND DISCUSSION

3.1. MTT assay for cytotoxicity

In our study, the cytotoxic and apoptotic effects of
capsaicin on A549 lung adenocarcinoma cells were
investigated using in vitro MTT, Annexin V-FITC,
and Caspase-3 assays. Cytotoxicity and IC,, values
for cisplatin and capsaicin in A459 and 1929 cells
were determined by MTT analysis. (Tables 1 and
2). The dose and percent viability values used in
the analysis are as shown in the Figures 1 and 2.
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Table 1. IC,; and IC
cisplatin for A549 cells

s, dose chart for capsaicin and

ICso (rM) ICSO/Z (M)
Cisplatin 59,233 + 29,617 =
Capsaicin 183,268 + 91,634 +

Table 2. IC, table of capsaicin for L929 and A549 cells
L1929 cells A549 cells
245.569 + 183.268 +

IC,, (1M)

These cell lines were treated with a wide range of
concentrations of capsaicin and cisplatin (500, 250,
125, 62.50,31.25, 15.625,7.8125, 3.9063 uM) for 24
h (Table 1). Capcaicin inhibited A549 cell viabilities
in a dose and time dependent manner (Figure 1). IC,
values of capsaicin and cisplatin were determined in
A549 cells as 183,268 uM and 59,233 uM for 24h
respectively (Table 1). Also, IC, | value of capcaicin
was determined in 1929 cells as 245.569 uM for
24h (Table 2). The viability of cells was decreased
when the dose of capsaicin was increased (Figures
1 and 2). In the previous studies with different cell
lines have obtained results supporting our findings.
Liu and his colleagues (2022) discovered that IC,;
value of capsaicin was 200 uM in A549 cells for
48 h. whereas the need was 100 uM for NCI-H23
cells for obtaining IC,  value [9]. The value was
established to be approximately 200uM for 24 h for

A549 cell line

A549 cell lines by Lewinska and her co-workers
similar as in our study [10]. Through the MTT assay,
we found IC, value of capsaicin as 183,268 uM
in A549 cells for 24 h. On the other hand different
cancer cell lines exhibit differential sensitivity to
capsaicin, suggesting that the capcaisin effects vary
based on the cell type. For example, the IC, of
capsaicin in human leukemia H60 cell was found to
be 100uM for 24 hours [11], while the IC, value of
capsaicin was found to be 200uM for 24 hours in
human glioblastoma cells [12], while the IC, value
of capsaicin in breast cancer cell was found to be
200puM for 72 hours [13]. On the other hand, we used
L929 cells to examine selectivity of capsaicin. The
IC,, value of capsaicin was 245.569 pM for 24 h.
in L929 cell line (Table 2 and Figure 2). This result
shows that capsaicin had selective antiproliferative
activity against A549 cell line.

3.2. Flow cytometric analyses by annexinV-FITC

After the A549 cells were incubated with capsaicin
and cisplatin at IC,; and IC, , doses for 24 hours,
reading was performed on the flow cytometry device
(Beckman Coulter) using Cytoflex Software by
applying the kit procedure (BD, Pharmingen). After
this MTT result we examined mechanism of action
of cell death on A549 cells caused by capsaicin. IC,;
and IC

5o, Values of capsaicin were used to determine
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Figure 1. Dose-dependent percent viability graph of capsaicin and cisplatin on A549 cells. Cytotoxic effects of cisplatin
and capsaicin on A549 cells are adenocarcinomic human alveolar basal epithelial cells after 24 hours incubation. The dose-
percentage viability graph according to the effects of capsaicin and cispilatin was determined by calculating with MTT

analysis.
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Figure 2. (A) After MTT analysis % viability ratio of capsaicin on A549 cell line after 48 hours of incubation, B) %
viability rate of cisplatin on A549 cell line after 48 hours of incubation. (data recorded as mean + SD). **p < 0.0045,

*#*%p<0.0001 significantly different from control.
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Figure 3. Dose-dependent percent viability graph of capsaicin on L929 and A549 cells. Capsaicin was also used on L.929
murine fibroblast cells and compared with A459 cells to establish a control group while determining the reliable IC50 dose.

data were obtained as a result of MTT analysis.

apoptotic effects of capsaicin (Figure 3, Table 3).
Annexin-V binding capacity was examined by flow
cytometry by applying capsaicin on the A549 cell
line. After incubation of AS549 cells with different
concentrations of capsaicin (91.634 ve 183.268 uM),
early apoptotic cell percentages were determined as
6.87 and 9.74 (Figure 3, Table 3). In addition, the
percentages of late apoptotic cells were detected
as %1.27 and %2.58 in incubations with different
concentrations of capsaicin (Figure 3, Table 3).
These results indicate that increasing capkaicin
concentrations on AS549 cells induce apoptosis,
which includes morphological and biochemical
changes. Thus, Capsaicin is identified as an effective

50

Table 3. Percents of typical quadrant analysis of annexin
V-FITC/propidium iodide flow cytometry of A549 cells
treated with the capsaicin and cisplatin

Groups % Early % Late % Viable
Control (untreated) 4.39 1.22 94.39
Capsaicin ICy,, 6.87 127 91.84
dose treated cells

Capsaicin IC,, 9.74 2.58 84.0
dose treated cells

Cisplatin IC, 2852 2531 46.15
dose treated cells

Cispaltin IC,, 5030 3524 14.43

dose treated cells
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apoptosis-inducing agent in different cell lines. But,
its mechanism of action varies depending on cell line
types. Also, doses of capsaicin used for increasing
apoptosis percentages varies in different studies. In
human nasopharyngeal carcinoma cells, apoptosis
percentages were measured as 60% at 150uM
concentration of capsaicin for 24 h [14]. In another
study carried out by Leea et al. (2000) the apoptotic
cell range of human glioblastoma cells were 57.2%
at 200 uM of capsaicin for 24 h [12]. Also, Chou et
all. (2009) showed that 200 uM of capsaicin caused
59.2% apoptotic cell percentage rate in MCF-7 cells
for 24 hours [15].

3.3. Flow cytometric analyses
activation

of caspase-3

The cells that were seeded in 6-plate plates were
incubated for 24 hours by applying the active
ingredients at the IC, and IC, , doses we determined.
After the incubation period, readings were made
with flow cytometer Beckman Coulter using
Cytoflex Software by applying the kit procedure
(BD, Pharmingen). Successful administration with
chemotherapeutic agents is largely dependent on
their ability to trigger cell death in tumor cells, and
the inducing of apoptosis is mostly involved in the
caspase dependent pathway [16]. It was observed that
capsaicin had a dose-dependent effect on the A549
cell line, reducing caspase-3 activity (Table 4, Figure
4). Caspases regulates different biochemical pathways

5] [ 2]
Il []

Relative Optic Density
n
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A549 cell line

and morphological structures such as cell cycle
regulation signaling pathways DNA condensation,
fragmentation and membrane blebbing [17,18] and
Caspase-3 activation was observed by capsaicin on
different cell types in A549 cells [19], colon carcinoma
cells [20], human renal carcinoma [21].

3.4. Statistical analysis

Percent inhibition and IC50 dosing were calculated
based on the control group. All calculated data were
expressed as the meantstandart error of mean (SEM)
from 3 times repetition within the experiments. Data
were calculated on Microsoft Excel software using a
sigmoidal dose-response hill curve.

Table 4. Percent of quadrant analysis of active Caspase-3
staining by flow cytometry of A549 cells treated with the

compounds
Caspase 3 Caspase 3
Groups positive % negative %
(+) cells (-) cells

Control (untreated) 98.55 1.45
Capsaicin IC, , dose 98.31 1,69
treated cells
Capsaicin IC, 95.98 401
dose treated cells
Cisplatin ICy,, 77.22 22.75
dose treated cells
Cisplatin IC, 72.18 2775
dose treated cells
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Figure 4. A) After MTT analysis % viability ratio of capsaicin on A549 cell line after 48 hours of incubation, B) % viability
rate of capsaicin on L929 cell line after 48 hours of incubation. (data recorded as mean + SD). **p < 0.0045, ***p<0.0005,

**A%p<0.0001 significantly different from control.
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Figure 5. Flow cytometric analysis of A549 cells treated with IC50 and IC50/2 concentrations of the capsaicin and cisplatin.
A549 cells were cultured for 24 hours in medium with 183.263 and 91.634 uM of capsaicin and 59.233 and 29.617 uM for
cisplatin. At least 10.000 cells were analyzed per sample, and quadrant analysis was performed. Q1-LR: Early apoptotic cell
percantages, Q1-UR: late apoptotic cell percentages, Q1-UL: Necrotic cell percentages, Q1-LL: viable cell percentages. A)
Master gate selected from the cell population, B) Control group, C) Apoptotic effect of capsaicin IC50 dose, D) Apoptotic
effect of capsaicin IC50/2 dose, E) Apoptotic effect of cisplatin IC50 dose, F) Apoptotic effect of cisplatin IC50/2 dose.
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Figure 6. Flow cytometric analysis of caspase-3 activity of A549 cancer cells treated with IC50 and IC50/2 concentrations
of the capsaicin and cisplatin. A549 cells were cultured for 24 hours in medium with 183.263 and 91.634 uM values of
capsaicin and 59.233 and 29.617 uM for cisplatin. At least 10.000 cells were analyzed per sample, and quadrant analysis
was performed. The portion (%) of cell number is shown in each quadrant. P5 shows Caspase 3 negative (-) cell percentages.
P6 shows Caspase 3 positive (+) cell percentages. Controls: untreated control cells. A) Caspase-3 activity at IC50 dose of
capsaicin, B) Caspase-3 activity at IC50/2 dose of capsaicin, C) Caspase-3 activity at IC50 dose of cisplatin, D) Caspase-3
activity at IC50 dose of cisplatin, E) Control Group.

52

European Journal of Life Sciences = August 2022



Capsaicin inhibits proliferation and induces apoptosis in human lung adenocarcinoma

Eur J Life Sci 2022; 1(2): 46-54

4. CONCLUSION

According to our results, capsaicin has a high
antiproliferative effect on the A549 cell line. These
effects were found to be dose dependent. Also,
capsaicin caused apoptotic cell death in A549
cells. It was determined that this effect was shown
in the caspase-3 pathway, which plays an active
role on the apoptotic mechanism. With this study,
it is thought that capsaicin may be effective on the
tumor. Although we have determined that capsaicin
is effective on apoptosis in the light of the data we
have obtained, more studies are needed to reveal and
interact with other mechanisms.
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ABSTRACT

This study was carried out to determine the content of the essential oils of
Salvia absconditiflora Greuter & Burdet populations which are naturally
found in Mediterranean, Iran-Turan and Euro-Sibirya phytogeographical
regions. S. absconditiflora plant samples were collected from eight
different provinces (Aksaray, Kahramanmaras, Karaman, Kayseri,
Konya, Nigde, Nevsehir and Yozgat) of Turkey. Essential oils of plant
samples were isolated by the hydro-distillation method using a Clevenger-
type apparatus and the components were determined by GC-FID and GC-
MS analysis. Although the major components of S. absconditiflora were
found as a-pinene, camphene, 1,8-cineole, camphor, and borneol in almost
all samples PB-pinene, B-caryophyllene, bornyl acetate, caryophyllene
oxide, f-eudesmol and valeranone were recorded as the other important
components in some samples.
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1. INTRODUCTION

The genus Salvia L. (sage) is a member of
Lamiaceae family, is a widespread group consisting
of 900 species in the world and 96 species and 4
subspecies in Flora of Turkey, 51 % of which are
endemic. Salvia members produce many secondary
metabolites including terpenes and phenolics
[1,2]. Many species of the genus are used the
pharmaceutical and cosmetics industry and drink as
herbal tea in many countries. They have important
medicinal uses including treatment for colds, aches,
microbial infections, malaria, cancer, Alzheimer’s,
and cardiovascular disease all over the World. They
are generally known under the name “adacayi” and
are widely used as herbal tea. Also, they are used
against wounds, inflammation and skin diseases in
folk medicine [1,3,4].

European Journal of Life Sciences = August 2022

Salvia absconditiflora Greuter & Burdet (Synonym:
S. cryptantha Montbret & Aucher ex Bentham) is an
aromatic, endemic and perennial herbaceous plant.
S. absconditiflora, known locally name “karagalba”
in Turkey, is characterized by branched to dendroid
hairs and sessile glands [5]. The tea prepared with
the aerial parts of S. absconditiflora is used for
stomach disorders and the plant is also utilized as a
colorant [1]. It is reported that S. absconditiflora has
antitumoral potential against breast cancer [6].

There are some reports in the literature about the
chemical composition of S. absconditiflora essential
oil [4,7-12]. Here, we present our findings on the
chemical constituents of the essential oils obtained
from S. absconditiflora grown in eight different
provinces of Anatolia.
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2. MATERIALS AND METHODS

2.1. Plant Material

The samples were collected from the following
regions of Turkey by Siileyman Dogu. The voucher
specimens (S.D.) are deposited at the Herbarium
of the Department of Biology, Necmettin Erbakan
University, Konya, Turkey. Detailed information
was given in Table 1.

2.2. Isolation of essential oil

The samples were isolated by hydro-distillation
for 3 hours, using a Clevenger-type apparatus. The
obtained oil was dried over anhydrous sodium sulfate
and stored at +4°C in the dark until analyzed and
tested. The essential oils were analyzed by GC-FID
and GC-MS systems, simultaneously. All processes
were performed with reference to Kaya et al. [13].

2.3. Identification of the Components

Wiley GC/MS Library, MassFinder 4 Library and in-
house “Baser Library of Essential Oil Constituents”
built up by genuine compounds and components of
known oils were used for the identification [14,15].

3. RESULTS AND DISCUSSION

The essential oils were obtained by hydro-distillation
from air-dried aerial parts of S. absconditiflora
collected from eight different regions in Turkey.
The essential oils were subsequently analyzed by
GC-FID and GC-MS and the individual identified
components and their relative percentages are given
in Table 2.

Table 1. Information on S. absconditiflora samples

Eur J Life Sci 2022; 1(2): 55-62

Sixty-eight compounds were identified from the
oil of Nigde representing 97.0% of the total oil,
forty compounds were identified from the oil of
Aksaray representing 97.9% of the total oil, sixty-
four compounds were identified from the oil of
Kahramamaras representing 96.5% of the total oil,
forty-nine compounds were identified from the oil of
Yozgat representing 95.3% of the total oil, sixty-nine
compounds were described from the oil of Nevsehir
representing 94.4% of the total oil, fifty-three
compounds were identified from the oil of Konya
representing 99.8% of the total oil, ninety-four
compounds were identified from the oil of Karaman
representing 96.2% of the total oil, and seventy-five
compounds were identified from the oil of Kayseri
representing 97.9% of the total oil.

a-Pinene (7.9-26.7%) and camphene (5.1-14.3%)
were found as major components in all samples.
Other main compounds were 1,8-cineole (6.1-
36.4%) (except Kahramanmaras, Yozgat, and
Nevsechir samples) camphor (5.0-19.4%), (except
Aksaray and Yozgat samples) and borneol (5.5-
20.9%) (except Aksaray, Yozgat, and Nevsehir
samples). However, B-pinene (5.5% and 15.9%)
for Nevsehir and Aksaray samples, bornyl acetate
(5.6%) for Yozgat sample, B-caryophyllene (6.1%)
for Kahramanmaras sample, caryophyllene oxide
(8.2%) for Nevsehir sample, valeranone (6.0-7.8%)
for Nevsehir and Yozgat samples, and B-eudesmol
(5.4%) for Kahramanmaras sample were found as
the other important components.

In an earlier study, Bayrak and Akgiil (1987)
reported that twenty-two constituents of the oil of
S. crypthantha contained borneol (24.8%), camphor
(17.5%), 1,8-cineole (10.4%) and a-pinene (5.8%) as
main components [7].

Cities Collection place Altitude Coll. date Coll. number
Nigde Ulukisla 1400 m 22.05.2018 S.D. 3025
Aksaray Nevsehir 23. km 1053 m 20.05.2018 S.D. 3020
Kahramanmaras Goksun 27. km 850 m 22.05.2018 S.D. 3024
Yozgat Cayrralan-Candir 3. km 1450 m 20.05.2018 S.D. 3023
Nevsehir Avanos 1100 m 20.05.2018 S.D. 3021
Konya Konya-Beysehir 10. km 1100 m 17.05.2018 S.D. 3018
Karaman Ermenek Balkusan vadisi 1300 m 18.05.2018 S.D. 3019
Kayseri Ozvatan-Cayiralan 8 .km 1300 m 20.05.2018 S.D. 3022
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Table 2. The composition of the essential oils of S. absconditiflora

RRI Compound 1 2 3 4 5 6 7 8 IM
1014  Tricyclene 0.2 0.3 0.7 0.5 0.7 0.4 0.5 0.5 MS
1032 g-Pinene 15.3 24.8 14.5 16.9 26.7 11.5 20.3 79  RRIL,MS
1035  a-Thujene 0.1 0.5 0.1 0.3 0.4 0.1 0.2 0.1  RRIL,MS
1072 a-Fenchene 0.2 - 0.1 0.1 - - 0.1 0.1 RRI, MS
1076  Camphene 6.2 5.1 12.6 12.7 14.3 85 9.3 10.5 RRI,MS
1093 Hexanal - - - - - - tr - RRI, MS
1118  S-Pinene 1.1 15.9 2.6 3.4 5.5 32 3.1 1.6 RRI,MS
1132 Sabinene 0.1 - 0.1 0.2 0.6 0.1 0.1 0.1 RRI, MS
1135  Thuja-2,4(10)-diene - - tr - - - tr - MS
1174  Myrcene 0.2 22 0.6 0.6 1.1 1.7 1.5 0.5 MS
1176  o-Phellandrene 0.1 - 0.1 0.1 0.1 0.1 0.1 0.1 RRI, MS
1188  a-Terpinene 0.1 0.3 0.2 0.3 0.2 0.3 0.2 0.2  RRL,MS
1194 Heptanal - - - - - - tr - RRI, MS
1203  Limonene 0.9 3.8 1.3 2.5 2.3 1.2 3.6 0.8 RRI,MS
1213 1,8-Cineole 12.9 6.1 4.7 2.3 2.0 36.4 6.8 13.2 RRI,MS
1244 2-Pentyl furan tr 0.2 tr 0.1 0.1 - 0.1 - MS
1246  (Z)-p-Ocimene 0.1 - 0.4 0.3 1.0 0.3 0.3 0.1 MS
1255  y-Terpinene 0.2 0.4 0.3 0.5 0.3 0.4 0.3 0.3  RRLMS
1266  (E)-f-Ocimene tr - 0.1 tr 0.2 tr tr tr MS
1280 p-Cymene 0.5 1.9 0.6 0.9 0.1 0.6 0.5 0.5 RRI,MS
1290  Terpinolene 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.1  RRIL,MS
1304  1-Octen-3-one - - - - - - tr - MS
1353  Hexyl isobutyrate - - 0.1 - 0.2 - 0.1 0.1 MS
1360 1-Hexanol - - - - - - - 0.3 MS
1386  1-Octenyl acetate - - - - - - tr - MS
1393 3-Octanol - - - - - - tr - MS
1400 Nonanal - - 0.1 - 0.1 - tr - MS
1424  Hexyl butyrate - - 0.1 - 0.2 - - - MS
1438  Hexyl 2-methyl butyrate - - 0.1 - 0.3 - 0.1 0.2 MSMS
1452 a,p-Dimethylstyrene tr - - - - - tr - MS
1452 1-Octen-3-ol 0.1 - tr 0.1 - 0.1 0.3 0.1 MS
1466  a-Cubebene - - 0.1 - 0.1 0.1 0.1 - MS
1474  trans-Sabinene hydrate - - 0.1 - - 0.1 0.1 0.1 MS
1483  Octyl acetate - - tr - 0.1 - tr - RRI, MS
1493  a-Ylangene - - 0.1 - - 0.1 0.1 - MS
1496  2-Ethyl hexanol - - - - - - - 0.2 MS
1497 a-Copaene 0.1 4.4 1.9 1.1 0.5 0.3 1.1 0.8  RRI,MS
1519 Hexyl valerate - - - - - - - 0.1 MS
1528 a-Bourbonone - - - - - - 0.1 - MS
1532 Camphor 11.5 1.6 9.0 4.6 5.0 16.5 15.8 19.4 RRI,MS
1544  a-Gurjunene 0.1 - - - - - 0.1 - MS
1547  Octyl isobutyrate - - - - - - - 0.1 MS
1553  Linalool 0.5 - 0.2 - - 0.2 0.1 0.1 RRI, MS
1556  cis-Sabinene hydrate - - - - - 0.1 0.1 0.1 MS
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Table 2. Continued

RRI Compound 1 2 3 4 5 6 7 8 IM
1559  fp-Maaliene 0.1 - - - - - - - MS
1562  Isopinocamphone tr - - - - - 0.1 - RRI, MS
1562  Octanol 0.1 - 0.1 - 0.2 0.1 0.1 09 RRI,MS
1571  trans-p-Mentha-2-en-1-o0l - - - - - - 0.2 - MS
1586 Pinocarvone 0.1 - - - - - - - RRI, MS
1588 Bornyl formate - - - - - - 0.1 - MS
1589  Aristolene 0.1 - - - - - - - MS
1589  p-Ylangene - - 0.1 - - - - - MS
1590 Bornyl acetate 2.2 1.1 1.7 5.6 0.8 1.7 2.5 1. RRI,MS
1597 p-Copaene - - 0.2 - 0.1 0.1 0.2 - MS
1600 fS-Elemene - - - - tr - - - RRI, MS
1610 Calarene 0.1 - - - - - 0.3 - MS
1611  Terpinen-4-ol 1.0 - 0.3 - 0.1 0.7 0.3 0.7  RRI,MS
1612 p-Caryophyllene 33 43 6.1 4.9 3.1 0.3 0.8 47 RRI,MS
1620  Selina-5,11-diene 0.3 - - - - 0.1 - - MS
1623  Octyl butyrate - - 0.1 - 0.2 - - - MS
1628 Aromadendrene 2.8 1.0 - 0.2 - 0.4 - 0.8 MS
1634  Octyl 2-methyl butyrate - - - - 0.1 - - 0.1 MS
1638  cis-p-Mentha-2-en-1-ol - - - - - - 0.1 - MS
1648 Myrtenal - - - - - - 0.1 0.1 MS
1650 y-Elemene - - - - 0.1 - - - MS
1651 Bornyl isobutyrate 0.1 - - - - - 0.2 - MS
1659  y-Gurjunene 0.1 - - - - - 0.2 - MS
1661  Alloaromadendrene 0.2 - - - - - 0.1 0.1 MS
1670  trans-Pinocarveol 0.2 - - - - - 0.3 0.1 RRI, MS
1682  o-Terpineol - - 0.1 - - 0.1 - - MS
1683  trans-Verbenol 0.1 - - - - - - - RRI, MS
1687 oa-Humulene 0.2 1.0 0.3 0.3 0.2 0.2 tr 0.5 RRI,MS
1688  Selina-4,11-diene - - tr - - - - 0.1 MS
1698 Myrtenyl acetate 0.1 - - - - - - - MS
1704  y-Muurolene - 0.8 1.0 1.0 0.3 0.4 0.9 - MS
1706  a-Terpineol - - 0.2 - - 0.1 - 04  RRI,MS
1708 Ledene 1.0 - - - - 0.2 0.3 tr MS
1709  a-Terpinyl acetate - - - - 0.3 - - - RRI, MS
1718  4,6-Guaiadiene - - - - - - - 0.1 MS
1719 Borneol 20.9 0.6 5.5 3.5 1.0 6.1 9.8 9.1 RRI, MS
1726 ~ Germacrene D - 0.6 - - 1.5 - - - MS
1740  a-Muurolene - tr - 0.2 0.1 0.1 - - MS
1742 p-Selinene 0.6 - 1.7 1.0 0.2 0.2 0.9 0.9 MS
1744  o-Selinene 0.5 - 0.8 0.5 0.1 0.1 0.6 0.4 MS
1751 Carvone - - - - - - - - RRI, MS
1755 Bicyclogermacrene 0.2 1.1 - - - - 0.6 - MS
1755  p-Curcumene - - - - - - - 0.2 MS
1758  cis-Piperitol - - - - - - 0.1 - RRI, MS
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Table 2. Continued

RRI Compound 1 2 3 4 5 6 7 8 M
1770  Isobornyl isovalerate 0.1 - - - - - 0.3 - MS
1773  6-Cadinene 0.1 1.5 1.2 1.6 0.5 0.5 1.3 0.4 MS
1776  y-Cadinene - 1.4 0.4 0.5 0.1 0.1 0.4 0.2 MS
1786  ar-Curcumene - - - - - - - 0.7 MS
1796  Selina-3,7(11)-diene - - 0.8 - - 0.5 1.0 1.4 MS
1799 Cadina-1,4-diene - - 0.1 - - - 0.1 - MS
1804 Myrtenol 1.8 - - - - 0.2 0.9 0.6 MS
1805 a-Campholene alcohol 0.1 - 0.3 - - 0.2 0.5 0.7 MS
1849  Calamenene - 1.5 0.4 0.3 0.4 0.1 0.3 0.2 MS
1868 (E)-Geranyl acetone - - 0.1 - 0.1 - - - MS
1900  epi-Cubebol - - 0.1 - - - 0.1 - MS
1941 a-Calacorene - - 0.2 - - 0.1 0.1 - MS
1957 Cubebol - 0.6 0.2 - 0.2 - tr 0.1 MS
1958  (E)-f-lonone 0.1 - - - - - - - MS
2001 Isocaryophyllene oxide - - - - 0.1 - - - MS
2008 Caryophyllene oxide 1.0 2.9 2.4 1.8 8.2 0.1 0.3 0.8  RRI,MS
2012  Maaliol 0.2 - - - - - - - MS
2033  epi-Globulol 0.2 - - - - - - - MS
2037 Salvial-4(14)-en-1-one - - - - 0.3 - - - MS
2045 Humulen epoxide-I tr - - - - - - - MS
2050 (E)-Nerolidol - 0.8 - - - - 0.1 - MS
2057 Ledol - - - - - - tr 0.1 MS
2071  Humulen epoxide-II - 1.3 0.2 - 0.2 0.1 - 0.2 MS
2073  p-Caryophyllene alchool - - 0.1 - 0.1 - - 0.1 MS
2088  1-epi-Cubenol - tr 0.1 0.2 - - 0.1 - MS
2096  cis-Sesquisabinene hydrate - - - - - - - 0.3 MS
2098  Globulol 0.8 - - - - - - - MS
2104  Viridifrolol 0.2 - - 0.9 0.8 2.7 - 2.5 MS
2130 Salviadienol - - - - 0.6 - 0.1 - MS
2131 Hexahydrofarnesyl acetone - tr - 0.3 0.3 - 0.2 - MS
2144  Rosifoliol 0.3 - - - - - tr 0.1 MS
2144  Spathulanol 0.8 23 - - - - 1.2 - MS
2145  Valeranone 1.1 2.5 3.6 7.8 6.0 1.3 - 2.8 MS
2161 Muurola-4,10(14)dien-1-ol - - 0.3 - - - 0.1 - MS
2170  f-Bisabolol - - - - - - - 1.8  RRI, MS
2178  T-Cadinol - 1.1 0.2 - - - - - MS
2185  y-Eudesmol - - - - - - 0.4 - MS
2186 Eugenol - - - - - - 0.1 - RRI, MS
2187  T-Cadinol - - - - - - - 0.1 MS
2204 Eremoligenol - - - - - - 0.2 - MS
2209  T-Muurolol - - 0.1 - 0.1 - 0.1 - MS
2210 Copaborneol - - - - - - - 0.2 MS
2210 Hinesol - - - - - - 0.2 - MS
2211  Clovenol 0.3 - 0.3 - - - - 0.1 MS
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RRI Compound 1 2 3 4 5 6 7 8 IM
2250 a-Eudesmol 0.7 tr 1.7 1.0 0.5 0.2 1.5 0.8  RRI,MS
2256 Cadalene - - - - - - 0.1 0.1 MS
2257  f-Eudesmol 2.0 1.7 5.4 3.8 - 0.4 1.8 2.6 RRI,MS
2269 Guaia-6,10(14)dien-4/-ol - - - 0.7 0.1 - - - MS
2273  Porosadienol - - 0.6 - 0.1 - 0.3 0.7 MS
2278  Torilenol - - - - 0.6 - - - MS
2206 (Z)-a-trans-Bergamotol ) 14 ) i i ) ) ) RRI MS
acetate
2316 Caryophylladienol I 0.5 - 0.1 0.5 0.3 - - - MS
2324  Caryophylladienol IT - - 1.0 - 0.3 - - 0.4 MS
2369 Eudesma-4(15)7-dien-1-$-ol - - - - 1.2 - - - MS
2389  Caryophyllenol I 1.3 - 1.9 1.4 0.2 - 0.1 0.8 MS
2392 Caryophyllenol 11 0.5 - 1.1 0.9 0.7 - - 0.5 MS
2500 Pentacosane - - - 0.2 - - - - RRI, MS
2512 Benzophenone - - - - - - - 0.1 RRI, MS
2622  Phytol - - - 1.0 0.2 - 0.1 - MS
2679 Manool - - 4.0 4.0 1.0 - - - RRI, MS
2700 Heptacosane - - - 1.1 - - - - RRI, MS
2931 Hexadecanoic acid tr 0.8 0.5 2.4 0.5 - 0.1 - RRI, MS
Total 97.0 97.9 96.5 95.3 94.4 99.8 96.2 97.9

RRI: Relative retention indices calculated against n-alkanes; %: calculated from FID data; tr: Trace (< 0.1 %); IM: Identification
method based on the relative retention indices (RRI) of authentic compounds on the HP Innowax column; MS, identified on the basis of
computer matching of the mass spectra with those of the Wiley and MassFinder libraries and comparison with literature data; 1-Nigde,
2-Aksaray, 3-Kahramanmaras, 4-Yozgat, 5-Nevsehir, 6-Konya, 7-Karaman, 8-Kayseri.

Bager et al. (1995) reported that there were sixty
constituents in S. crypthantha oil gathered from
Ankara and Eskisehir. The main components were
1,8-cineole (15.7-37.1%), camphor (5.95.0-13.04%),
a-pinene (1.0-11.9%) and camphene (0.9-7.7%) [8].

Akgtl et al. (1999) published that the essential oil
of S. crypthantha collected from Karaman was
characterized by camphor (18.1%), 1,8-cineole
(17.8%), bornyl acetate (11.4%) and borneol (5.8%)
as main components [9]. These results are similar to
our Karaman samples except bornyl acetate.

Tepe et al. (2004) published the essential constituents
of the oil of S. crypthantha samples collected from
Sivas. Fifty-three constituents were identified
representing 90.9% of the total oil and a-pinene
(18.1 %), eucalyptol (15.3%), camphor (7.7%),
camphene (6.4%) and borneol (4.8%) were found as
main compounds in S. crypthantha oil [10].

60

Saadia et al. (2010) reported that sixteen constituents
were described representing 98.5% of the oil of
S. crypthantha at the flowering stage collected
from Derbent, Konya. This oil is characterised by
the monoterpene hydrocarbons and oxygenated
monoterpenes, and camphor (25.6 %), 1,8-cineole
(20.3 %), B-pinene (12.8 %), n-hexane (10.6 %),
heptane (8.9 %), borneol (5.1 %) and a-pinene
(4.1 %) were detected as main constituents [11].
B-pinene, n-hexane and heptane were not recorded
as main constituents in our Konya samples.

Ipek et al. (2012) studied essential oils of Salvia
cryptantha and they reported nine components of
the Ereyli, Konya sample were detected representing
94.75% of the oil. Valencene (31.80%), eucalyptol
(23.61%), and B-pinene (15.63%) were found to be
the major compounds [12]. When we compare our
findings with this study, only eucalyptol as the main
compound shows similarity with our Konya results.

European Journal of Life Sciences = August 2022



Geographical impact on essential oil composition of endemic Salvia absconditiflora

Eur J Life Sci 2022; 1(2): 55-62

Dogan et al. (2017) published that the essential oil of
S. crypthantha was collected from Darende, Sivas.
Sixty-three constituents were described representing
98.7% of the oil and 1.8-cineole (21%), camphor
(19.1%), a-pinene (12.5%), and camphene (8.7%)
were found as the main compounds [4].

Comparing our results on S. absconditiflora essential
oil with those previously reported, we can see that
they are almost notably the same. However, there are
still some differences. These variations may be due
to geographical, edaphic and climatological factors,
the time of flowering, drying conditions, and made
of distillation. These factors also play a role in the
composition of the oil. Moreover, due to the frequent
occurrence of chemotypes in Lamiaceae species, it is
possible to see different compositions in oils of the
same plant species [11,13].

4. CONCLUSION

Hydro-distilled eight S. absconditiflora oils were
analyzed by using GC-FID and GC-MS systems,
simultaneously. A total of 68, 40, 64, 49, 69, 53, 94
and 75 components were identified from the essential
oils of S. absconditiflora respectively, which
represented 97, 97.9, 96.5, 95.3, 94.4, 99.8, 96.2
and 97.9% of the oils. Borneol, a-pinene, camphene,
camphor, and 1,8-cineole were described as the
main compounds for the oil of almost all samples.
However -pinene, f-caryophyllene, bornyl acetate,
caryophyllene oxide, B-eudesmol and valeranone
are the other important components in some other
samples.
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ABSTRACT

Sideritis L. (Lamiaceae) is represented by 45 species in Flora of Turkey.
Sideritis lanata L. (Hairy ironwort) is located in the north-west, west,
south-west and central Anatolia. Mountain tea (Sideritis plants) is used as
a traditional remedy against common cold and gastrointestinal disorders.
Its beneficial properties are attributed to its rich bioactive constituents.
In this study, the antioxidant activities of the extracts of Sideritis lanata
prepared using different solvents (n-hexane, ethyl acetate, and 70%
ethanol) from the aerial parts were determined by DPPH- scavenging
effect assay. Also; determined of the antimicrobial activity of S. lanata
extracts against 4 bacteria and 5 Candida species. Dried aerial parts of
Sideritis were subjected to hydrodistillation and the oil obtained was
analyzed by using GC and GC/MS. S. lanata extracts prepared with
70% ethanol was found to have a higher DPPH- scavenging activity
(IC,;= 0.241 mg/mL) than extracts prepared with other solvents. All
extracts showed generally weak inhibitory effects (500-8000 pg/mL,
MIC) against bacterial strains. Inhibitory doses against the tested Candida
species were determined between 125-4000 pg/mL. The 70% ethanol
extract of S. lanata inhibited Candida tropicalis (ATCC 750) (MIC: 125

Keywords: Antimicrobial Activity, Antioxidant activity, Essential oil,
GC-GC/MS, Sideritis lanata
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ug/mL).
1. INTRODUCTION

There are 45 species (60 taxa) of Sideritis in Turkey,
andtheendemismrateis quite high withapproximately
80% [1]. Sideritis species has been used in traditional
medicine for cough, cold, gastrointestinal disorders,
antiseptic, anti-inflammatory, antirheumatic,
antimicrobial and insecticidal [2]. Sideritis genus
contains chemical components such as flavonoids,
terpenes, coumarins, essential oils, lignans, iridoids,
and sterols. Diterpenes, flavonoids, and essential oils
are found in almost every species of Sideritis and
are the main compounds responsible for in vivo and
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invitro pharmacological activities [3]. Sideritis lanata
L. (Lamiaceae) is a species that spreads mainly in the
Mediterranean region. The plant is locally known as
“Ipek cay1” in Turkey [4]. The chemical composition
of S. lanata has been extensively studied in 2000.
The major components of S. lanata were found
as hexadecanoic acid (10.67%) and spathulenol
(9.45%) [5]. With spectroscopic methods; 7-O-B-
D-glucopyranosylchrysoeriol, 7-O-[(6"'-O-acetyl)-
B-D-allopyranosyl (1-2)-B-D-glucopyranosyl]
hypolaetin , 7-O-[( 6"'-O-acetyl)-B-D-allo pyranosyl
(1—2)-B-D-glucopyranosyl]  hypolaetin-3'-methyl
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ether and 7-O-[(6"'-O-acetyl)-p-D-allopyranosyl
(1—2)-B-D-glucopyranosyl] isoscutellarein
and a new iridoid diglucoside 10-0-(E)-p
coumaroylmelittoside and a new flavone glucoside
and a new flavone glucoside 7-O- (6"-O-Acetyl-)-
B-glucopyranosylchrysoeriol have been identified
by Alipieva et al. [6]. The antimicrobial activity
of S. lanata essential oil was studied by the disc
diffusion method. The essential oil has been shown
to have a strong antimicrobial effect against Gram-
positive bacteria, especially methicillin-resistant
Staphylococcus aureus (MRSA) and oxacillin-
resistant coagulase-negative Staphylococcus
epidermidis. Bacillus cereus, Bacillus subtilis, and
Micrococcus luteus were found sensitive bacteria to
the essential oil of S. lanata [7]. As far as we know
when the literature was reviewed, the antioxidant
effect of S. lanata has not been reported before. Our
study, S. lanata with DPPH" scavenging activity
method, can be considered the first report in terms
of antioxidant activity. In addition, in our study, the
antibacterial effect was studied by selecting different
strains from other antimicrobial activity experiments.

2. MATERIALS AND METHODS

2.1. The Plant Material

S. lanata was collected from Kutlu, Bolvadin/
Afyonkarahisar in Turkey on June 2021. The voucher
specimen has been deposited at the Herbarium in
the Anadolu University, Eskisehir, Turkey (Voucher
specimen no: ESSE 15820). The plant material was
identified by Prof. Dr. Yavuz Bulent KOSE.

2.2. Isolation of Essential Oil

Essential oil of the aerial parts was extracted by
hydrodistillation Clevenger apparatus method.

2.3. GC Analysis

GC analyses were performed using an Agilent
6890N GC system. FID temperature was set to
300°C and the same operational conditions were
applied to a triplicate of the same column used in
GC/MS analyses. Simultaneous auto-injection was
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employed to obtain equivalent retention times.
Relative percentages of the separated compounds
were calculated from integration of the peak areas in
the GC-FID chromatograms.

2.4. GC/MS Analysis

The GC/MS analysis was carried out with an
Agilent 5975 GC-MSD system (Agilent, USA;
SEM Ltd., Istanbul, Turkey). Innowax FSC column
(60m x 0.25mm, 0.25pum film thickness) was used
with helium as carrier gas (0.8 mL/min.). GC
oven temperature was kept at 60°C for 10 min and
programmed to 220°C at a rate of 4°C/min, and kept
constant at 220°C for 10 min and then programmed
to 240°C at arate of 1°C/min. Split ratio was adjusted
40:1. The injector temperature was at 250°C. The
interphase temperature was at 280°C. MS were taken
at 70 eV. Mass range was from m/z 35 to 450.

2.5. Identification of Compounds

The components of essential oils were identified by
comparison of their mass spectra with those in the
in-house Baser Library of Essential Oil Constituents,
Adams Library [8], MassFinder Library [9], Wiley
GC/MS Library [10], and confirmed by comparison
of their retention indices. These identifications were
accomplished by comparison of retention times with
authentic samples or by comparison of their relative
retention index (RRI) to a series of n-alkanes. Alkanes
were used as reference points in the calculation
of relative retention indices (RRI) [11]. Relative
percentage amounts of the separated compounds
were calculated from FID chromatograms.

2.6. Extract Preparation

Three extracts of the species with 70% ethanol,
n-hexane, and ethyl acetate were prepared. The
aerial parts of the plant were cut into small pieces.
A weight of 18 grams was taken from the sample
and 200 mL of solvent was added. Samples were
left to maceration in a shaker (Orbital) at 150 rpm at
room temperature for 48 hours. After the macerated
were filtered through filter paper, their solvents were
removed with a rotavapor under reduced pressure.
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70% ethanolic extract was obtained by lyophilizer.
The extracts, freed from their solvents, were stored
in the refrigerator at +4 °C until use.

2.7. Antioxidant activity

The antioxidant activities of the extracts of S. lanata
prepared using different solvents (n-hexane, ethyl
acetate and 70% ethanol) from the aerial parts were
determined by DPPH' radical scavenging effect
assay. The methods of Kumarasamy et al. were used
for the determination of DPPH: scavenging effect
[12].

2.8. Determination of Total Phenolic Content
Using the Folin-Ciocalteu Reagent (FCR)

The extract’s total amount of phenol was determined
as equivalent to mg Gallic Acid using the Folin-
Ciocalteu reagent method. The method based on the
Folin-Ciocalteu reagent (FCR), known as the total
phenolic reagent, determines the reducing capacity
of the sample. Gallic acid is usually used as the
standard compound and results are given as gallic
acid equivalent (mg/mL). Different solutions of
gallic acid were prepared in the concentration range
of 1-0.03 mg/mL, absorbance values were recorded at
760 nm, and the calibration equation was determined
by drawing the concentration absorbance graph of
gallic acid. Samples absorbance measurements at
760 nm were taken and compared with the gallic
acid calibration curve. TFC (Total Phenolic Content)
was calculated as gallic acid equivalents (GAE) in
mg/g dry weight of plant material. A reagent mixture
without extract and solvent was used as a control.
Three parallel experiments were performed and the
results were given as mean values [13,14].

2.9. Antimicrobial activity

Determination of the antimicrobial activity of S.
lanata extracts against 4 bacteria (Staphylococcus
aureus (ATCC 6538), Pseudomonas aeruginosa
(ATCC 27853), Serratia marcescens (NRRL
B-2544), Klebsiella pneumoniae (NCTC 9633) and
5 Candida species (Candida utilis (NRRL Y- 900),
Candida albicans (ATCC 90028), Candida tropicalis
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(ATCC 750), Candida parapsilosis (ATCC 22019),
Candida krusei (ATCC 6258). The minimum
inhibitory (MIC) concentrations of the extracts were
determined using standard protocols (CLSI M7-A7
and M27-A2).

3. RESULTS AND DISCUSSION

3.1. Chemical composition of the essential oil

The yield of essential oil obtained from the aerial
parts of the plant was found to be 1.05%. The
essential oil was analyzed by GC and GC/MS. 27
compounds representing 89.1% of the essential
oil was characterized with unknown (29.7%),
Phytol (15.7%), 9-geranyl-p-cymene (7.5%) and
B-caryophyllene (6.1%) as major constituents. The
chemical components of S. lanata essential oil
analyzed by GC-GC/MS are shown in Table 1. In
a study on Sideritis in Greece, it was observed that
the essential oil was quite dense (46.3%) in terms
of sesquiterpenes. It has fewer components in terms
of monoterpenes (3.5%) and diterpenes (10.9%).
The major components were spathulenol (12.7%),
B-phellandrene (3.5%), and ent-20 hydroxy-8(14),5-
pimaradiene (9.7%), respectively [15]. In a study
on some Sideritis species (S. scardica, S. raeseri,
S. syriaca, S. taurica and S. lanata) in the Balkan
Peninsula the most abundant hydroxycinnamic acid
derivative in Sideritis was 5-caffeoylquinic acid. In
most samples, including S. /anata, 5-caffeoylquinic
acid was the only hydroxycinnamic acid detected
[16]. The aerial parts of S. albiflora Hub.-Mor.
essential oil were analyzed simultaneously by GC-
FID and GC-MS. 88 compounds representing 88.2%
of the essential oil were characterized by germacrene
D (23.5%), B-caryophyllene (13.6%), caryophyllene
oxide (8.0%), and hexadecanoic acid (3.8%) as
major constituents [17].

3.2. Antimicrobial activity

All extracts showed generally weak inhibitory
effects (500-8000 pg/mL, MIC) against bacterial
strains (Table 2). Inhibitory doses against the
tested Candida species were determined between
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125-4000 pg/mL. A 70% ethanol extract of S. lanata
inhibited Candida tropicalis (ATCC 750) at a dose of
125 pg/mL (MIC) (Table 3).

In a study done in 2005, the essential oil of S. lanata
(5 pl) had no effect on Gram-negative bacteria,

Eur J Life Sci 2022; 1(2): 63-69

whereas it was observed to have an inhibitory effect
on all Gram-negative organisms at 25 uL. 10 and 25
ul essential oils of S. lanata were observed to have a
significant effect on all Gram-positive bacteria used
in the study [7].

Table 1. The chemical components of Sideritis lanata essential oil

RRI Compounds Sideritis % Grup IM
1400 Nonanal 0.5 D MS
1452 1-Octen-3-ol 0.5 D t,, MS
1495 Bicycloelemene 1.0 ST MS
1541 Benzaldehyde 2.0 D MS
1589 B-Ylangene 0.5 ST MS
1612 B-Caryophyllene 6.1 ST te, MS
1722 2-Undecanol 0.2 D MS
1726 Germacrene D 1.3 ST MS
1755 Bicyclogermacrene 3.0 ST te, MS
1800 Octadecane 0.4 D te, MS
1958 (E)-p-lonone 1.4 D MS
2096 Elemol 32 OST MS
2131 Hexahydrofarnesyl acetone 1.5 D MS
2144 Spathulenol 0.8 OST te, MS
2227 Unknown* 29.7 DT MS
2239 Carvacrol tr OMT te, MS
2255 a-Cadinol 0.7 OST te, MS
2300 Tricosane 0.3 D te, MS
2312 9-Geranyl-p-cymene 7.5 D MS
2384 Farnesyl acetone 0.6 D MS
2486 8-a-Acetoxyelemol 1.4 D MS
2500 Pentacosane 0.8 D t,, MS
2622 Phytol 15.7 ODT MS
2700 Heptacosane 34 D te, MS
2781 Geranyl geraniol 43 OST MS
2931 Hexadecanoic acid 2.9 D MS
3000 Tricontane 0.8 D MS

OST Oxygenated sesquiterpenes 9.94

OMT Oxygenated monoterpenes tr

DT Diterpene 32.82

ODT Oxygenated diterpene 17.35

D-Others 26.74

ST Sesquiterpene hydrocarbons 13.15

Total % 90.5

RRI: Relative retention indices calculated against n-alkanes; %: calculated from the FID chromatograms; tr: Trace (<0.1 %).
Identification method (IM): tr, identification based on the retention times of genuine compounds on the HP Innowax column; MS,
identified on the basis of computer matching of the mass spectra with those of the in-house Baser Library of Essential Oil Constituents,
Adams, MassFinder and Wiley libraries and comparison with literature data.

* m/z: 272 [M+] (18 ), 188 (47), 187 (26), 159 (25), 132 (48), 133 (22), 121 (69), 119 (100), 107 (24), 105(49), 93 (43), 91 (36), 81 (22),

79 (22), 69 (67), 41 (26).
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Table 2. Anticandidal effect of Sideritis lanata extracts (ug/mL)

H EtOAc EtOH AMP-B Keto
ﬁ;ﬁdgggs 250 500 500 1 0.5
Candida albi
A?’é é 9“0% N éw"s 2000 2000 4000 1 0.5
i?’édéd;’stgol’ icalis 250 250 125 2 0.25
i?’é‘iédng)?g“p silosis 2000 2000 4000 2 0.125

dida krusei

f;'écl gzsrg uset 500 1000 2000 1 1

AMP-B: Amphotericin B, Keto: Ketoconazole, H: Sideritis lanata n-hexane extract, EtOAc: Extract with ethyl acetate, EtOH: Extract

with ethanol 70%.

Table 3. Antibacterial effect of Sideritis lanata extracts (ug/mL)

n-Hexane Ethyl acetate Ethanol %70 Ampicillin ~ Chloramphenicol
ifgléf(l:ylgvsc ;’ SC:“S aureus 500 2000 >8000 1 4
iSTe('j’g(’z”;;”S’;s aeruginosa 4000 4000 >8000 >64 8
ﬁ;ﬁﬁ‘;i’;‘;ﬁf“’” 4000 4000 >8000 >64 4
gﬁ?éi?ﬁ”eﬂmonme 4000 4000 8000 >16 2

=y
Eo
o0
£
0
5]

Figure 1. The ability of extract in scavenging DPPH-
scavenging activity.
SA: 70% ethanol extract of S. lanata, SH: n-Hexane extract of

S.lanata, SEA: Ethyl acetate extract of S. lanata, GA: Gallic
acid.

3.3. Antioxidant activity

S. lanata extracts prepared with 70% ethanol was
found to have a higher DPPH- radical scavenging
activity (0.241 mg/mL) than extracts prepared with
other solvents (Table 4). To the best of our knowledge,

there is no study on the antioxidant activity of Sideritis

European Journal of Life Sciences = August 2022

Table 4. DPPH- scavenging activity of S. lanata

Extracts DPPH- test IC,, (mg/mL)
Ethanol %70 0.241 +0.115
n-Hexane 1.164 £0.197
Ethyl acetate 0.908 £0.165
Gallic acid 0.002 +£0.001

mg GAE/g extract: Total phenols expressed as gallic acid equivs
milligrams of gallic acid per gram (dry weight) of extract

lanata. S. syriaca, S. scardica, and S. montana
were extracted with different solvents in Bulgaria.
Their antioxidant activities were determined by
the 2,2-diphenyl 1-picrylhydrazyl (DPPH) radical
scavenging method. The most effective extracts
were found to be methanol, butanol and ethyl acetate
extracts [18]. In the other study, antioxidant activity
tests were carried out by lipid oxidation of liposomes
using the TBA (Thiobarbituric acid test) method.
TLC was used as a screening method to evaluate
the antioxidant activities of freeze-dried extracts of
Sideritis species with the DPPH: test. Antioxidant
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activities of lyophilized extracts obtained from the
aerial parts of 17 species (18 taxa) of which 15
taxa of Sideritis are endemic were compared. The
highest activity in TBA method was observed in S.
brevibracteata extract (IC, mg/ml=0.16). However,
in general, the antioxidant values of the species were
low. In the study, it was decided that teas made with
these species did not have much antioxidant activity
[19].

3.4. Folin-Ciocalteu reagent (FCR) and the total
phenolic method (Total Phenol Quantification)
Results

The total amount of phenol contained in the extracts
obtained from the aerial parts of the plants was
determined by a spectrophotometric method using the
Folin-Ciocalteu reagent. The total phenol amounts
of the extracts are given in Table 5 as equivalent to
Gallic acid. The calibration curve and curve equation
of the gallic acid used in the calculations are shown
in Figure 2. According to the findings, the highest
total phenol content (61.1+0.03 mg GAE/g extract)
was determined in the ethanolic extract in S. lanata
samples. Extracts with n-hexane were found to

Table 5. The total amount of phenol equivalent to Gallic
acid contained in S. lanata extracts

SA 61.1+0.03mg GAE/g ekstre
SH 12.25+0.04 mg GAE/g ekstre
SEA 20.82+0.02 mg GAE/g ekstre

GAE: phenol amount equivalent to mg GAE/g extracted Gallic
acid, SA: 70% ethanol extract of S. lanata, SH: n-hexane extract
of S.lanata, SEA: Ethyl acetate extract of S. lanata.

13
4, y=0,786x +0,1718
R? = 0,9949

0,8

0,6

0,4

0,2

0
0 0,2 0,4 0,6 0,8 1 1,2

Figure 2. Gallic acid calibration curve
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be weak in terms of phenolic compounds. It was
determined that the total amount of phenol was also
high in the ethanol extract of S. lanata, which has the
highest antioxidant activity. These results revealed
that there is a correlation between total phenol
content and antioxidant activity.

4. CONCLUSION

As far as we know when the literature was reviewed,
the antioxidant effect of S. /anata has not been
reported before. Our study, S. lanata with DPPH-
scavenging activity method, can be considered the
first report in terms of antioxidant activity. S. lanata
extracts prepared with 70% ethanol were found to
have higher DPPH- radical scavenging activity
(0.241 mg/mL) than extracts prepared with other
solvents, and according to the total phenolic method
results, it was determined that the highest total
phenol content was in the ethanolic (61.1+0.03 mg
GAE/g) extract. The results confirmed a correlation
between total phenol amount and antioxidant
activity, as stated in many studies. In addition, in
our study, the antibacterial effect was studied by
selecting different strains from other antimicrobial
activity experiments. It is very important to show the
biological capacities of extracts. Therefore, in this
study, S. lanata extracts were investigated for their
advantages using various in vitro methods. With the
successful demonstration of in vivo activity in future
studies, a pharmaceutical product obtained from S.
lanata will be safely functionalized.
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ABSTRACT

Three-dimensional printing (3DP) is one of the most extensively researched
methods for producing nano/micro scale biomaterials. This method is
typically applied layer by layer. The 3DP method has many advantages
over traditional manufacturing methods and ensures that personalized
drug design is feasible. Individual dose adjustment provides significant
benefits, particularly in some disadvantaged patient groups. Individual
release characteristics may be required in these patient groups in addition
to dose adjustment. 3DP technology also allows for the adjustment of
release kinetics. All of these factors were also increasing interest in 3DP
technology in the pharmaceutical industry. The goal of this review is to
understand the pharmacological significance of 3DP technology as well
as the parameters influencing the release profiles in tablets produced by
using technique, and to establish a correlation between them. Within the
scope of this review, 79 literature research studies were examined, and
it was determined that there is limited data to determine whether there
is a correlation between release kinetics and 3DP techniques. When the
release profiles obtained by considering the polymer type used in these
techniques are evaluated, immediate and rapid release was obtained in
studies using PVA + PLA polymers and studies using PVP polymer,
immediate release in studies using Kollidon® and Kollicoat® derivatives,
and controlled, extended and sustained release was observed in studies
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1. INTRODUCTION

Depending on many factors, the therapeutic efficacy
of medications varies. These considerations include
drug release profiles, delivery mechanisms, and
drug interactions within the body with the external
environment. The release profile of drugs can be
modified by the use of nano-and micro-size drug
carriers in the formulation, such as biodegradable

70

polymers, hydrogels, lipids, and even biological
materials (eg, RNA and DNA) [1].

Alot of research has been published in recent years on
the controlled release of important therapeutic drugs
[2-5]. Researchers have developed many different
methods to achieve the desired release of drugs and
transport activity inside the body. Some of these
methods include modifying the surface properties

European Journal of Life Sciences = August 2022


https://orcid.org/0000-0002-0746-7055
https://orcid.org/0000-0002-4143-568X
https://orcid.org/0000-0003-2917-2407
mailto:msk%40anadolu.edu.tr?subject=
https://doi.org/10.55971/EJLS.1181158

Eur J Life Sci 2022; 1(2): 70-88

of drug particles [6], attaching functional groups
to the drug molecule to improve the interactions of
drug particles with targeted cells or tissues [7], and
extending the half-life of the drug in the body to trick
the immune system by coating the drug with special
polymers (e.g. polyethylene glycol or PEG). It
remains an expensive and difficult method to change
these drug molecules (i.e. size, shape, and surface
characteristics) [1].

Three-dimensional (3D) printing consists of
combining suitable materials to create a 3D object
using a series of processes. Generally, this method
is done layer by layer [8,9]. In another definition,
3D printing (3DP) refers to any process in which, by
fusing layers on top of the material, 3D objects are
created in a two-dimensional environment. In this
process, a computer is required because 3DP is based
on a “Computer-Aided Design” [10-12]. 3DP is also
known as ‘Additive Manufacturing’ (AM). The ISO/
ASTM standards describe the process of combining
materials produced by layering using 3D model
data in contrast to the formative and subtractive

production methods [13,14].

The common point of all 3DP techniques called
AM is their step-by-step or sequential processing.
Compared to previous conventional methods, the
manufacturing process based on 3DP techniques
has significant

advantages and disadvantages.

Release kinetics of 3D printed oral solid dosage forms: An overview

In comparison to traditional methods, Table 1
discusses some of the advantages and disadvantages
of 3DP [8].

The purpose of this review is to understand the
pharmacological significance of 3DP technology and
one of the most common oral dosage forms obtained
using these techniques, the parameters affecting
release profiles in tablets.

2. 3D PRINTING TECHNOLOGY

3DP is one of the most studied methods of nano/
microscale biomaterial processing. 3DP helps to make
a lot of changes to the application scale. Although
3DP technology has shown considerable interest in
tissue engineering, implants, and prosthetics, it is
also very useful in the micro-manufacturing of drug
particles. In addition to minimizing processing time,
reducing costs, and being readily available, 3DP
often provides high resolution at the stage of drug
design [1,15].

New materials are evolving with the use of new
applications, and 3DP methods are changing daily.
With 3DP, it is possible to significantly minimize or
fully eradicate the usage of various machines and
facilities. In addition, it only allows custom designs by
modifying the 3D model in the program, which during
the prototyping process reduces the expense [8].

Table 1. Some advantages and disadvantages of 3DP vs Conventional Manufacturing

Advantages Disadvantages Ref.
There is no need for costly machinery for metal smelting The capacity to generate at low num-bers and speeds [90]
plants and for milling pro-cesses

The ability to create components in a short time with Lower surface gloss, accuracy and strength [91]
complicated and personalized unconventional structures

The less eco-friendly waste generation and recycling The comparatively few materials that can be processed [92]
process is and reflect the kind of production products

Cost-effective for low volume and small batch production The broad restriction on structural di-mensions [93]
European Journal of Life Sciences * August 2022 71



Kaval, et al.

Traditional tablet manufacturing process; current
technologies require a variety of unit operations, such
as mixing, milling, granulation, drying, compression.
In addition, it is necessary to have some costly
equipment/tools that require experienced personnel,
take a long time and require invest money. All of
these make commercially available oral dosage
formulations to be costly for the consumer [16].
Apart from these, amid all of these investments,
there are so many deficiencies in the production of
customized medicines with technologies currently
available [17,18].

By allowing individual drugs to be precisely designed,
3DP technology will fill this void. Previous research
experiments have shown that to personalize drugs,
3DP can be used [19].

With 3DP technology, which is one of the
pharmaceutical technologies through which specific
changes can be made, it is unavoidable that doses
of the medication’s active ingredients should be
prepared individually. Dose personalization is not
needed for a lot of drugs. But in some other patient
groups, in children and particularly in therapies
where medications with high toxicity and a limited
therapeutic window are used, the individual dose
adjustments can offer significant benefits [20]. In
addition, the dosage requirements for neonatal,
pediatric, and geriatric patients differ considerably
from adult dose [21]. In addition, patients with organ
dysfunction can need a dosage change to prevent
drug toxicity. Although the techniques available in
pharmaceutical manufacturing are useful for mass
production, 3DP allows for customized, small-
scale production. The dosage quantity, geometry,
and even the drug release profile can be easily met
after customization using 3DP, in line with all these
needs. It will also play a vital role in the practice of
precision medicine [20,21].
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With the approval of Spritam® (levetiracetam),
developed using 3DP technology in 2015, by
the FDA (U.S. Food and Drug Administration),
the use of this technology in the pharmaceutical
industry was officially approved for the first time.
Spritam®, an anti-epileptic drug developed by
Aprecia Pharmaceuticals, is dispersed in the mouth
with a very small amount of water in less than 10
seconds, making it very easy to use in the population
of disadvantaged patients (eg. pediatric patients,
elderly patients) [19-22].

3.3D PRINTING TECHNIQUES

Inside 3DP technology, there are different
approaches. It is possible to group the 3DP methods

under five major headings. These include:

* Vat Polymerization,

* Powder Bed Fusion,

e Material Extrusion,

* Material Jetting,

* Direct Energy Deposition.

There are various techniques under each heading.
The materials used are different and limited due to
the various processes used in 3DP technology used
for various purposes. Therefore, only some of them
can be utilized in pharmaceutical production [21-
23]. In this title, only the techniques that can be used
in pharmaceutical applications will be mentioned
and detailed.

3.1. Vat Polymerization

The final product of the vat polymerization technique;
is obtained by initiating chain reactions in the
starting product through various means (UV-light,
radiation, electron beam, etc.). Stereolithography
(SLA), Digital Light Processing (DLP), 2-Photon
Polymerization (2-PP), and Continuous Liquid
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Interface Production (CLIP) techniques will be
discussed in this section, which comes under the
category of vat polymerization and can be used for
drug production [21-23].

3.1.1. Stereolithography (SLA)

One of 3DP’s key methods, developed in 1986, is
SLA [12,24]. In this procedure, by sending UV-light
(or electron beams) to a resin layer or a monomer
solution, a chain reaction is initiated. By transforming
UV-light into a radical form, the monomers used
(mainly epoxy-based or acrylic-based) become
active. These activated monomers are converted
into polymers instantly [8,25]. The resin that is
treated with UV light solidifies after polymerization.
The remaining component is extracted from the
environment using several processes when the
printing process is completed [26].

3.1.2. Digital Light Processing (DLP)

This technique is carried out using a photopolymer
such as SLA. The difference between these two
methods is that the sources of radiation used
are distinct. It is a quicker method than the SLA
technology [8,27].

3.1.3. 2-Photon Polymerization (2-PP)

2-PPisalsoreferred toas Multiphoton Polymerization.
Higher resolution than the SLA system. It is a process
that works by polymerizing photo-sensitive material
due to the absorption of photons at or above 780-820
nm wavelength and enables micro-and nano-sized
printing [8,10,28].

3.1.4. Continuous Liquid Interface Production
(CLIP)

It was developed as a new technology for 3DP in
2015. 3D printed models constructed in 2-dimensions
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are made possible by sending UV-light to liquid resin
in the transparent window region. This method based
on the photopolymerization process has allowed
printing speed and resolution to be improved [29].

3.2. Powder Bed Fusion

The product is obtained after operations on the
powder mass, which consists of solid-micro-sized
particles on a plane, in the Powder Bed Fusion
technique. This section will go over the Selective
Laser Sintering (SLS) technique, which is part of
the Powder bed fusion technique and can be used for
drug production [21,23].

3.2.1. Selective Laser Sintering (SLS)

The most widely used industrial 3DP method is SLS
[30,31]. When putting together micro-sized particles
in a powder bed to create the finished product, SLS
is applied using laser light. In this method [32-
35], several different materials, including metals
and different thermoplastic materials, are used. In
particular, the method enables products with complex
geometries to be created [30].

3.3. Material Extrusion

The starting product in the Material Extrusion
technique can be semi-solid or solid. This starting
product is extruded to produce the final product. This
section will go over Fused Deposition Modeling
(FDM) and the Pneumatic Extraction / Syringe
Extrusion (PE / SE) technique, which can also be
used for Material drug production [21,23].

3.3.1. Fused Deposition Modelling (FDM)

The FDM process is based on the thermoplastic
polymer’s layer-by-layer fusion and solidification
by heating to make it semi-solid [12,36,37]. Some
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of the advantages are the speed, low cost, and easy
processing required by the system [38].

3.3.2. Pneumatic Extrusion / Syringe Extrusion
(PE /SE)

For the printing of different semi-solid formulations,
such as hydrogels and pastes, the PE / SE method has
been developed. A temperature control unit on the
syringe system may also control the temperature of
the printing material. The temperature regulation of
the printing material helps to regulate the material’s
viscosity and to maintain the material in a semi-solid
state that enables the material to be 3D printed [39].

3.4. Material Jetting

In the material jetting technique, it is obtained after
the starting product is cured after spraying directly
on the surface or after the bonding agent is sprayed
on the starting product. Under the main heading of
Material Jetting technique, this section will discuss
the Material Jetting (MJ) and Binder Jetting (BJ)
techniques [21,23].

3.4.1. Material Jetting (MJ)

Among 3DP technologies, MJ allows hard and
soft polymer products to be processed in a single
process in different colors, with different materials
[40]. The material jet allows the modification of
the material properties [41]. The photosensitive
polymer resin coating is sprayed on the surface by
the material jet printer, which releases UV-light into
the environment, resulting in the final product [42].

3.4.2. Binder Jetting (BJ)

BJ, one of the 3DP techniques, is based on the concept
of spraying a binder solution onto a powder bed [43-
45]. The binder solution used in this process must
have certain properties. As the average molecular
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weight and polymer concentration of the solution
increase, the viscosity of the binding solution
increases, and the substance cannot be printed [46].

4. RELEASE KINETICS AND INFLUENCING
PARAMETERS

There are a lot of parameters that affect the kinetics
of release. Changing the shape of the particles of the
drug first impacts the particles’ surface area, causing
many changes in their properties [47,48]. If the
particle’s surface area increases, the particles’ size
decreases. Reducing the size of the particle increases
the particle’s surface area and solubility, respectively.
It can also be used to improve drug solubility as a
safe method [48-51]. Considering the effect on the
solubility of the change in particle size, it can be
predicted that the change in particle surface area will
also have a significant impact on solubility [1].

The drug release profile can also be affected by
modifying the 3D shape/structure of the drug
particle. A change in the shape of the particle, as
mentioned earlier, may cause a change in the surface
area that changes the solubility of the drug and as a
consequence, changes the kinetics of the release of
the drug [52]. As a consequence, a major factor that
affects the surface area, drug release kinetics, and
therefore its interaction with tissue and cell, is the
shift in the particle shape/structure of drugs [1].

Kinetic models used in drug release research have
an important role to play in assessing drug release
mechanisms. A variety of clinical models have
been adopted to specifically define and address the
mechanism for the release of drugs for various drugs
[53-55]. These clinical models and equations are
shown in Table 2.

European Journal of Life Sciences = August 2022



Eur J Life Sci 2022; 1(2): 70-88

Table 2. Kinetic release model equations.

Release kinetics of 3D printed oral solid dosage forms: An overview

oo

Model Equation Parameters
Zero order Q = Qo + Kot K, —zero order release constant
First-order ac - _K,C K, —first-order relfzase constant
dt C—drug concentration
Higuchi Q = Kyt®® Ky—Higuchi constant
Q. Kyp —constant with structural and geometric
Korsmeyer-Peppas Q_ = Kip- t" information

n-indicative release mechanism

Peppas-Sahlin Q = Kp.t™ + K. t*™

K, —constant indicating Fickian diffusion
contribution

K, —constant indicating case II transport
contribution

m —purely Fickian diffusion exponent

log [— In <1 —QQ—;)] = f.logt —loga

a —scale parameter

Weibull B —shape parameter

Ky g —erosion rate constant
0 Kyp. t1" Co —%n%ti.al dmg concentration in matrix

Hopfenberg 0w 1-11- Co- a0 ay —initial radius of the form
n —geometry dependent exponent (n=2 for
cylindrical forms)

1/3 1/3 Ky —constant dependent on the surface-
Hixson-Crowell 0/ - t/ = Kyt He P

volume relation

Q, —initial amount of drug in dosage form, Q, —amount of drug dissolved in time, Q. —total dissolved drug amount when dosage form

exhausted, Qt/ ) —fraction drug dissolved [54, 55, 72].

5. RELEASE KINETICS ON 3D PRINTED
ORAL DOSAGE FORMS

In the studies
3DP technologies have been used to produce

performed, many different
pharmaceutical dosage forms [56-60]. Using these
3DP methods, parameters such as size, geometry,
and surface area of the dosage form may be altered
[61-63]. These interventions have made it easy
to improve the release properties of the drug.
In addition, studies have increased the solubility of
active pharmaceutical ingredients with low solubility
properties using 3DP technology [64-66]. Interest
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in the use of 3DP techniques in the pharmaceutical
industry is increasing every day due to their unique
capabilities [67,68].

Because tablets, which are the most commonly used
solid dosage type in the pharmaceutical industry,
are easy to use by the consumer, patient compliance
is high and their production is cheaper than other
dosage forms, it is observed that the studies were
mainly based on tablets [19,69,70].

The comparison of oral dosage forms obtained
using 3DP technology for various parameters in this
compilation analysis is shown in Table 3.
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Table 3. Comparison in terms of various parameters of oral dosage forms developed using 3DP Technologies

Active Pharmaceutical Release Release Kinetic
D F 3DP Techni Pol Ref.
Ingredient osage torm Profile Model eclmique o ymer €
4-Aminosalicylic acid 1 diat Kollidon® 12 PF
i Tablet mmediate N/A FDM : [80]
Ramipril release Kollidon® VA 64
4-Aminosalicylic acid Modified
mosaeyTe 8 Tablet oditie N/A FDM PVA filament [94]
5-Aminosalicylic acid release
Prolonged
release PLGA
5-Fluorouracil Patch S — N/A Syringe extrusion [95]
Controlled
release PCL
I diat
Amitriptyline HCI Tablet fmmediate N/A Binder jetting PVP [19]
release
Controlled Poly(ethyl lycol
Ascorbic acid Hydrogel ontrotie N/A SLA ° y?e ylene glycol) [96]
Release dimethacrylate
Aspirin Sustained PCL
P Tablet usame N/A SLA [97]
Paracetamol Release PEGDA
Aspirin J
1 iat
Atenolol fmmediate
— release ) )
Hydrochlorothiazide Tablet N/A Syringe extrusion HPMC [58]
Pravastatin Sustained
Ramipril release
Combined Kollicoat® IR
release
. PLA
I diat
Bicalutamide Tablet rl“me ate N/A FDM [81]
release and PLA filament
Controlled
release) PVA filament
Controlled
. release
Budesonide Tablet _ N/A FDM PVA filament [98]
Modified
release
Caffeine Tablet N/A Higuchi Binder jetting HPC [20]
Delayed
Caffeine Canlet erZZsee
apet TR N/A FDM PVA filament [15]
(DuoCaplet)  Controlled
Paracetamol
release
Calcein Controlled PVA
: Tablet ontrotie N/A FDM , [99]
Fluorescein release PLA Filament
Rapidl
Captopril Tablet . ap! .y N/A Binder jetting Mannitol [87]
dispersing
Captopril First-order Cellulose acetate
- Sustained . .
Glipizide Tablet Syringe extrusion [71]
— release  Korsmeyer—Pappas HPMC
Nifedipin
Sustained
Carbamazepine Scaffold ustaine Zero order FDM ABS filament [100]
release
. . o PEGDA
Carvedilol Tablet Rapid release N/A Material jetting = [78]
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Table 3. Continued

Release kinetics of 3D printed oral solid dosage forms: An overview

Active Pharmaceutical Release Release Kinetic
D F DP Techni Pol Ref.
Ingredient osage torm Profile Model 3 eclmique o ymer €
Affinisol™ HPMC HME
Hopfenberg ISLV
Ext Eudragit® E PO
Carvedilol Tablet xtended FDM [72]
release HPC
Korsmeyer-Peppas
_ HPMC
Peppas-Sahlin Kollidon® SR
Muco-
Controlled
Catechin Adhesive Oral ontrofie N/A Syringe extrusion HPMC [101]
. release
Films
Sustained PCL
Cefazolin Scaffold ustaine N/A FDM : [82]
release Gelatin methacrylate
Modifi
Cidofovir — °ld‘ fed PEG-PCL
release
i N/A Binder jetting (83]
i film Controlled
Paclitaxel PCL
release
Ciprofloxacin HCI Tablet N/A Zero order FDM PVA [75]
Copper sulphate (II) d
Woun
pentahydrate Controlled
—— dressings (nose o 0C N/A FDM PCL [84]
Silver nitrate release
and ear)
Zinc oxide
Controlled
Curcumin Tablet ontrotie N/A FDM PVA filament [102]
release
) d PCL
P
Deflazacort Tablet ZZIZZ;&: N/A FDM Eudragit® RL 100 [103]
Eudragit® RS 100
Controlled PCL
Dexamethasone Scaffold ontrofie N/A FDM - - [104]
release Poloxamine (Tetronic®)
PLGA
D th: -21- Prol d
exame as.o ne. Scaffold rolonge N/A Syringe extrusion [105]
phosphate disodium salt release PVA
N Sustained . .
Dipyridamole Tablet N/A Syringe extrusion HPMC [106]
release
Domperidone PVA filament
Suppository N/A N/A FDM PEG 400 [107]
Ibuprofen
PEG 6000
troll PEG
Dronedarone HC1 Tablet Controlled Hixson-Crowell FDM [73]
release PVA filament
Efavirenz
Emtricitabi Controlled Hyd thylcellul
fnerabine Tablet ontrofie N/A Syringe extrusion ydroxyety cefiulose [108]
Tenofovir disoproxil release ethoxylate
fumarate
Controlled
release . )
Fenofibrate Tablet N/A Syringe extrusion Beeswax [109]
Tuneable
release
Sustained
Fibroblast growth factor-2 Scaffold r;:;rsl: N/A FDM Calcium Silicate/PCL [110]
Fluorescein Tablet N/A N/A FDM PVA filament [111]
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Table 3. Continued
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Active Pharmaceutical Release Release Kinetic
D F 3DP Techni Pol Ref.
Ingredient osage torm Profile Model eclmique o ymer €
Gentamicin sulfate E 1 tai
ndovascular ~ Sustained N/A FDM PLA [112]
Methotrexate catheter release
Controlled
Ginkgolide Tablet ontrotie N/A Syringe extrusion HPMC [113]
release
Glimepiride Sustained PVA
P Tablet ustane N/A FDM : [114]
Metformin release Eudragit® RL
Controlled
Glipizide Tablet ontrofie Korsmeyer—Peppas FDM PVA filament [76]
release
Sustained HPMC
Guaifenesin Tablet ustaine N/A Syringe extrusion — [68]
release Poly(acrylic acid)
Kollidon® VA 64
I diat Kollicoat® IR
Haloperidol Tablet n;:;:aslz ¢ N/A FDM Affinisol™MHPMC HME  [61]
15 cP
HPMCAS
I diat
Hydrochlorothiazide Tablet fmediate N/A FDM Eudragit® E [63]
release
Ibuprofen Delayed PEGDA
uproTer Tablet claye N/A SLA [115]
Riboflavin release PEG 300
Ibuprof: Fast-dissolving ~ Extended oRo [116]
uprofen .
p ast-dissolving  Extende N/A FDM VA
oral films release
Paracetamol PEG
. PEG
Indomethacin Tablet N/A N/A FDM [117]
HPMCAS
Controlled
Indomethacin Implant ontrotie N/A FDM PCL [118]
release
Indomethacin Implant N/A Higuchi FDM Ethylene vinyl acetate [119]
Mannitol
. X . SLA -
Insulin Microneedle Rapid release N/A Xylitol [88]
Binder jetting Resin
Isoniazid ded PLA Filament
soniazi Ext
Implant xiende N/A FDM PEO [120]
release
Rifampicin B PVA filament
L Delayed
Lamivudine Capsule N/A FDM PVA [121]
release
) Burst release . o
Levofloxacin Implant ————— N/A Binder jetting PLA [122]
Pulsed release
Prol. d
Levofloxacin rolonge )
release ) . Gelatin-Glutaraldehyde
- - Scaffold - N/A Syringe extrusion [123]
Rifampin Sustained
Vancomycin release PVA
Metformin HCI Tablet N/A N/A FDM PVA filament [124]
Tunabl PLA Filament
Metformin HCI Capsule unable N/A FDM [125]
release PVA filament
Metronidazole Tablet N/A Zero order FDM PVA [126]
Controlled
Nitrofurantoin Implant ontrofie N/A FDM PLA [127]
release
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Table 3. Continued

Release kinetics of 3D printed oral solid dosage forms: An overview

Active Pharmaceutical Release Release Kinetic
D F DP Techni Pol Ref.
Ingredient osage torm Profile Model 3 eclmique o ymer €
Dicalcium phosphate
Ofloxacin anhydrous (monetite,
Sustained CaHPO4)
t
Tetracycline Implant usl ame N/A Binder jetting Hydroxyapatite [128]
release
Dicalcium phosphate
Vancomycin dihydrate (brushite,
CaHPO4-2H20)),
PEG 6000
Kollidon® VA 64
d Kollicoat® IR
I iats
Pantoprazole sodium Tablet fmediate N/A FDM PEO 100,000 [79]
release
PVP
Poloxamer 407
PEG 20000
Controlled Zero order
Paracetamol Tablet ontrotie - FDM HPC [74]
release First-order
Controlled
Paracetamol Tablet ontrotie N/A FDM PVA filament [62]
release
Controlled
Paracetamol Tablet ontrotie N/A FDM HPMC [129]
release
EC
c led Eudragit® L 100
tr
Paracetamol Tablet ontrofie N/A FDM HPC [130]
release
HPMC
Soluplus®
Controlled
Paracetamol Tablet ontrofie N/A FDM HPMCAS [131]
release
Immediate Kollicoat® IR
release Eudragit® L 100
Paracetamol Tablet — N/A SLS b [132]
Modified
EC
release
Extended
Prednisolone Tablet xende N/A FDM PVA filament [17]
release
Controlled
Prednisolone Implant (r);lle;)see N/A Syringe extrusion Polydimethylsiloxane [133]
Biodegradable Extended
Progesterone fodegracable Bxiende N/A FDM PLA [134]
projectile release
Controlled PCL
Progesterone Implant Onrotie N/A FDM [85]
release PLA
Orodispersible .
. Immediate . s
Propranolol HCI drug delivery release N/A Binder jetting HPC [135]
systems
P ol HC c led Cellulose acetate
tr
Topranc’o Tablet ontrotie N/A FDM D-Mannitol [89]
(Indicardin®, 40 mg) release
PEG 6000
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Table 3. Continued
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Active Pharmaceutical Release Release Kinetic
D F 3DP Techni Pol Ref.
Ingredient osage torm Profile Model eclmique o ymer ¢
Orodi ibl
ro ;SII:I:SI e - ] HPMC
Rasagiline mesylate ——  omee N/A Binder jetting [136]
Transparency release ]
Crospovidone
films
Controlled
rhBMP2 (recombined release
human bone Scaffold Non- N/A Syringe extrusion Chitosan [137]
morphogenetic protein-2) controlled
release
c led PLA Filament
t
Riboflavin Tablet ontrotie N/A FDM PVA [138]
release
PCL
Hydrogel Controlled Alginic acid sodium salt
Rodhamine B yaroge ontrofie N/A Syringe extrusion £ [139]
Patches release Starch
Ropinirole HCI Tablet N/A Korsmeyer-Peppas ~ Material jetting PEGDA [59]
PLA filament
Patch oM PCL Fil t
t . ilamen
Salicylic acid atches (nose- | N/A [86]
shape) PEGDA
SLA
PEG
Eudragit® FS 30 D
. Sustained
Theophylline Tablet release Korsmeyer-Peppas FDM HPMC [77]
PLA filament
Extended
Theophylline Tablet xiende N/A Syringe extrusion HPMC [140]
release
Thiamine HCI Tablet Rapid release N/A Binder jetting PVP [56]
Vancomycin Bone graft N/A N/A Syringe extrusion Sodium alginate [141]
I diat
Warfarin Tablet “;:::aslz ¢ N/A FDM Eudragit® E PO [142]

*N/A: Not Available

** ABS: Acrylonitrile butadiene styrene, EC: Ethylcellulose, HPC: Hydroxypropyl cellulose, HPMC: Hydroxypropyl methylcellulose,
HPMCAS: Hydroxypropyl methylcellulose acetate succinate, PCL: Poly-e-caprolactone, PEG: Polyethylene glycol, PEGDA:
Poly(ethylene glycol) diacrylate, PEO: Poly(ethylene oxide), PLA: Polylactic acid, PVA: Polyvinyl alcohol, PVP: Polyvinyl pyrrolidone

6. RESULTS

This review research examined 79 publications
in total. When the studies using the release kinetic
models in Table 4 were examined, there was no
correlation between the polymer type or print
technique and the release kinetic model. Only
15.19% of the 79 studies included release kinetics
studies. The kinetics of the active substance’s release
from the dosage form was not determined in the
studies under review, which is believed to be one of
the reasons why no correlation could be found.

80

When the results of the investigations are considered
together, no conclusion can be drawn that single
release kinetics was obtained in studies using
Eudragit® derivatives, PEG, PEGDA, or Cellulose-
derived polymers [20,71-74]. However, in research
studies PVA and PLA polymers, immediate or rapid
release was obtained [73,75-77]. In studies involving
PVP polymer, it was found that immediate and rapid
release was obtained [19,56,78,79]. Other than
Kollidon® SR, the immediate release was observed
in studies using Kollidon® and Kollicoat® derivatives
[61,72,79-81]. PCL polymer, which provides longer
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Table 4. Release kinetic models calculated in studies

Release kinetics of 3D printed oral solid dosage forms: An overview

3DP Technique Release Kinetic Model Polymer Ref.
Binder jetting Higuchi HPC [20]
Zero order ABS filament [100]
Affinisol™ HPMC HME 15LV
Hopfenberg -
Eudragit® E PO
X P HPC [72]
orsmeyer-Peppas
yerrepp HPMC
Peppas-Sahlin Kollidon® SR
Zero order PVA [75]
. PEG
Hixson-Crowell [73]
FDM PVA filament
Korsmeyer-Peppas PVA filament [76]
Higuchi Ethylene vinyl acetate [119]
Zero order PVA [126]
Zero order
- HPC [74]
First-order
Eudragit® FS 30 D
Korsmeyer-Peppas HPMC [77]
PLA filament
Material jetting Korsmeyer-Peppas PEGDA [59]
. . First-order Cellulose acetate
Syringe extrusion [71]
Korsmeyer-Pappas HPMC

*ABS: Acrylonitrile butadiene styrene, HPC: Hydroxypropyl cellulose, HPMC: Hydroxypropyl methylcellulose, PEG: Polyethylene
glycol, PEGDA: Poly(ethylene glycol) diacrylate, PVA: Polyvinyl alcohol.

drug release, has been used to achieve prolonged
release, controlled release, and sustained release
[82-86]. Except for one study, the rapid release was
obtained in mannitol studies [87,88]. Mannitol was
used in combination with cellulose acetate and PEG
in the study, which resulted in controlled release
rather than a rapid release [89].

7. CONCLUSION

This study demonstrates the methods, active
pharmaceutical agents, polymers, pharmaceutical
dosage formulations, and release kinetics used in
79 studies and trials. This research, which we have
done, illustrates clearly the benefits of using 3DP
techniques in the pharmaceutical industry. It would

be very convenient to use it in the development

European Journal of Life Sciences = August 2022

of personalized drugs in the future, considering
the advantages of 3DP technologies, such as the
ability to modify the dose, to alter the geometry of
the dosage shape, to adjust the surface area, to be
cheaper and simpler than traditional methods. This
is a very convenient technology, especially for
vulnerable patients, such as the elderly and children,
for the production of drugs at sensitive doses. The
parameters needed for production will be better
understood and more controllable as the research
performed with 3DP technologies increases. Future
studies should also establish and define GMP (Good
Manufacturing Practice) and QbD (Quality by
Design) procedures. The predicted outcome in the
future would be that 3DP technology will be used by
the pharmaceutical industry and that more approved
products will be developed on the market using 3DP
technology.
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