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Abstract
Background

Dianthus must be well investigated for its phytochemical content and biological and medicinal activities,
including Dianthus orientalis Adams.

Objectives

To assess the phytochemical composition and determine the toxicity of Dianthus orientalis Adams in an
animal model.

Materials and Methods

The whole plant materials were collected from July to August 2021 from Penjween district, Sulaimaniyah,
Kurdistan of Iraq and then identified, authenticated, shadow-dried, and extracted using ethyl acetate and
pure methanol to collect the crude extract of leaves and flowers separately. The GC-MS was run to
determine the chemical composition and phytochemical content. Subsequently, the methanolic extract of
the leaves was selected to be tested further for its toxicity in the male Sprague Dawley rat model using
various techniques.

Results

The GC-MS results of the methanolic extract of Dianthus orientalis Adam'’s leaves and flowers present the
higher phytocomponents (no.=34). Some medicinal compounds have been identified in leaves and
flowers with various concentrations. The animal toxicity study revealed body weight gain, no clinical
signs of toxicity, and no mortality, with non-significant changes in treated animals' haematological,
biochemical and histopathological profiles.

Conclusions

Various huge compounds have been identified in the studied plant parts corresponding to their safe use
in an animal model.

Introduction

Herbs and medicinal plants have been used for centuries as promising sources of therapeutic agents as
they have played significant roles in the development of modern drugs '. Approximately 25% of medical
drugs are produced from herbal ingredients and their derivatives in developed countries 2. Also, the plant's
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crude material or pure compounds have been used to treat various diseases by generations of
conventional therapists 3. According to the World Health Organization (WHO), 80% of people in
developing countries rely on traditional medicine for therapy “.

Medicinal plants produce small bioactive molecules called secondary metabolites. Their roles remain
unknown in primary metabolic processes such as growth, photosynthesis and reproduction, while they
increase the ability of plants to survive and overcome their local challenges > . In addition, secondary
metabolites can be used to manage various diseases such as anticancer, antioxidant, antimicrobial, anti-

inflammatory, and anti-ulcer activities /~°. These bioactive compounds can be extracted from different
parts of plants and classified as terpenoids, alkaloids, nitrogen-containing compounds, organosulfur

compounds, and phenolic compounds °.

Dianthus (carnations and pinks) genus belongs to the Caryophyllaceae family, which has over 300
species 0. The major bioactive compounds plants in this family are polyphenols, flavonoids, saponins,
phytoecdysteroids, lignans, peptides, anthraquinones, phenylpropanoids, phytoecdysteroids, amides,
essential oils, N-containing substances such as alkaloids, vitamins, and cyclic peptides, which

contributes to their pharmacological properties 11713,

Plants belonging to the genus Dianthus were used in traditional medicine to treat stomach aches,
toothache, throat and gum infections, wounds, cardiovascular ailments, and alexiteric and vermifugal
diseases. Traditionally, they were also used to cure injuries and gastrointestinal conditions in China,
Japan and Korea. In addition, its essential oil was also applied to improve memory and restore forces,

heal wounds, relieve dizziness and lift appetite 4. The main centre of Dianthus genus diversity is the
Mediterranean area, including France, Mainland Spain, Italy (including Sicily and Sardinia), South/East of

Turkey, Greece, and the Kurdistan regions of Iraq and Iran 177,

Dianthus orientalis A. (Georgian pink or called mexaka kewi in the Kurdish language) is a perennial wild
species belonging to the Dianthus genus that is found in Iraq '8, Turkey, Iran, Tibet, China, Russia,

Pakistan, Himalaya, and Assam ' 20_ It is mainly seen in rocky areas, cliffs and lime-free rocks, which
have the structure of a schist or gneiss. It is particularly blooming in autumn when there are few pink-

coloured flowers (Fig. 1) 2".

Several published papers provided information about different medicinal plants of the family
Caryophyllaceae and their biological, biochemical, pharmacological, and ethnomedicinal properties 14 22.
Still, only a few of them focused on Dianthus orientalis A. However, it is reported that this species had

antibacterial 23, antispasmodic, and anti-toothache activities 2*.

Thus, Dianthus orientalis A. are not well investigated for its phytochemical content and biological and
medicinal activities; therefore, this study aimed to collect the profound Dianthus species in the Kurdistan
region of Iraq, assess its phytochemical composition, and its toxicity in an animal model (Fig. 2).
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Materials and Methods

Dianthus orientalis A. collection and identification

The plant material (leaves and flowers) of Dianthus orientalis A. were collected from July to August 2021
from Penjween district, Sulaimaniyah, Kurdistan of Iraq. A certified taxonomist made proper identification
and authentication at the Herbarium Department, Kurdistan Botanical Foundation, American University of
Iraq Sulaimani (AUIS). A herbarium voucher with reference number (No. 265-12-02-2021-AUIS) was
already deposited at the AUIS campus herbarium.

Dianthus orientalis A. extraction

The harvested plant (leaves and flowers) were dried in a shaded area for two weeks and powdered
separately at the Biochemistry Laboratory, College of Medicine, University of Sulaimani, Iraq. Then, 50 gm
of each of the dried powder material was macerated with different solvents (methanol and ethyl acetate)
(1:10; w:v) for 72 hours at room temperature (25° C) with constant shaking. The extracts were filtered
using Whatman No. 1 filter paper. The filtrates were concentrated by evaporating the solvents and were
used to prepare the samples for further analysis. The yield product of the crude extracts was calculated
as the weight of natural extract/weight of fresh plant) x 100%. All sections were stored at 4° C until
needed.

GC-MS analysis of Dianthus orientalis A. extract

At the Biochemistry Laboratory, College of Agricultural Sciences, University of Basrah, Iraq, the crude
extracts were subjected to chromatography—mass spectrometry (GC-MS) separation and eluted stepwise
with various ratios of hexane, hexane/ethyl acetate, ethyl acetate, ethyl acetate/methanol and methanol
to give the fractions.

Saponins test

About 50 mg of crude plant extract was added to 5.0 mL distilled water and shaken vigorously, then
checked for a layer of foam formation 2°.

Animals

Male Sprague Dawley rats, aged 6—8 weeks, weighing 100—150 gm, were provided by the Department of
Biology, College of Education, University of Sulaimani, Iraq. The rats were acclimatized on distilled water
and a standard rat chow for seven days and kept in a well-ventilated room with a 12 hours’ dark/light
cycle at 25 + 3° C before the study.

Sub-chronic toxicity study

A toxicity study was performed according to the Organization for Economic Cooperation and
Development (OECD) Guideline No. 407 for testing a chemical 2% 27, Animals were randomly divided into
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four groups (No.=6), including Group 1: Normal control rats received normal tap water (CN: Control
Negative); Group 2: Low dose Dianthus orientalis extract (DOE) (300 mg/kg body weight); Group 3:
Median dose DOE (600 mg/kg body weight); and Group 4: High dose DOE (900 mg/kg body weight). All
drenching processes were done using force-feeding for four consecutive weeks.

Clinical observations and body weight measurements

The animals were observed for clinical and behavioral abnormalities, toxicological symptoms, feed
consumption, and gross appearance twice each day throughout 28 day’s treatment. In addition, the body
weights of rats were recorded before treatment (zero-day) and on days 7, 14, 21, and 28.

Haematological study

At the end of the experiment (on day 29), all rats were sacrificed under deep anaesthesia using
chloroform inhalation. Blood samples (5.0 mL) were obtained from the caudal vena cava. Half of it was
collected into ethylene-diamine tetra-acetic acid (EDTA) vacuumed blood collection tubes, mixed well
immediately, and was analyzed directly to estimate total white blood cells (WBC), red blood cells (RBC),
hemoglobin (Hb), hematocrit (HCT) and platelets (PLT) using automatic hematology analyzer (Cell Dyn,
3700, Abbot, USA).

Biochemical parameters

Another 2.5 mL of the blood was used for serum collection by centrifugation (3500 rpm for 10 min) at
room temperature. The concentrations of serum total protein (TP), albumin (ALB), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), urea, and
creatinine (CREA) with sodium, potassium, chloride, calcium, and phosphate were determined using
standard diagnostic kits (Roche) in an automatic biochemistry analyzer (Hitachi 902, Japan).

Histopathological examination

After animal scarification, the liver and kidneys were removed and processed for histological examination
using previously established methods 2. Briefly, collected tissues were rinsed in phosphate buffer saline,
fixed and preserved in 10% neutral buffered formalin for at least two days, processed (using various
concentrations of ethanol), trimmed (using microtome), embedded in paraffin, sectioned to a thickness of
approximately 5.0 pm, stained with hematoxylin and eosin, mounted (using DPX), dried on a hot plate,
then examined under ordinary light microscope and photos were captured.

Statistical analysis

All data were expressed as means = SD. One-way analysis of variance (ANOVA; SPSS 25.0 for Windows;
SPSS Inc., Chicago, IL, USA) was used to test for differences between treatment concentrations.
Significant differences at P < 0.05 and highly significant differences at P < 0.001 were identified by the
Student-Newman-Keuls multiple-range tests.
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Results
GC-MS analysis

The GC-MS results of the methanolic extract of Dianthus orientalis Adam's leaves reflect 40 peaks which
present its 34 phytocomponents (Table 1, Supplementary 1). In comparison, the GC-MS profile of the
flowers reflects 38 peaks of biomolecules, which means the presence of about 34 phytocomponents
(Table 2, Supplementary 2). On the other hand, the GC-MS profile of the Dianthus orientalis Adams's
leaves extracted by ethyl acetate reflects 38 peaks of biomolecules that presents 31 phytocomponents
(Table 3, Supplementary 3), and the GC-MS profile of the flowers reflects 35 peaks of biomolecules that
stands for the 31 phytocomponents (Table 4, Supplementary 4).
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Table 1

List of phytochemicals identified in methanolic extract of Dianthus orientalis Adam's leaves.

No.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Phytochemical's name

3-Hydroxypyridine-N-oxide
Chloromethylmethyl sulfide

Cyclohexanone, 4-methyl-
Cyclohexene,1-(1,1-dimethylethoxy)-3-methyl-
2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one
2-Cyclohexen-1-one, 2-methyl-
3-cis-Methoxy-5-cis-methyl-1R-cyclohexanol
2H-Tetrazole, 2-(1,3-dioxolan-4-yImethyl)-
Tetrazole, 1-(1,3-dioxolan-4-yImethyl)-
4-Heptanone, 2,3:5,6-diepoxy-2,6-dimethyl-
Tricosane-2,4-dione

3-Methyl-2-butenoic acid, hexadecyl ester
1,6-Anhydro-2,4-dideoxy-.beta.-D-ribo-hexopyranose
Hexanoic acid, 3-hydroxy-5-methyl-, methyl ester
Z,7,7-1,4,6,9-Nonadecatetraene
2-Methoxy-4-vinylphenol

Phenol, 2-methoxy-4-(1-propenyl)-
2-Pentyne-1,4-diol, 1-(2-furanyl)-4-methyl-
3,7,11,15-Tetramethyl-2-hexadecen-1-ol
Methyl 8-methyl-nonanoate

Pentadecanoic acid

2-Hydroxyhexadecyl butanoate

7-Hexadecenoic acid, methyl ester, (2)-
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Molecular
Formula

CsHsNO,
C,HsCLS
C,H150
C11H200
CeHgOy4
CoH10
CgH1602
CgH13N503
CeH10N40>
CoH1403
C23H140;
C22H420,
CeH100
CgH1603
CioH3
CoH1002
C10H1202
CeH100
Ca0H400
C11H2209
C15H3002
C20H4003

Cq7H320,

Area
(%)

0.24
0.10
0.10
7.34
0.03
0.64
1.70
0.61
0.91
0.54
0.54
0.06
0.38
0.10
0.11
1.24
0.11
0.29
0.73
0.07
4.13
0.85

1.20

Retention
Time

3.166

3.200

3.560

5.063

5.940

6.488

6.784

6.867

7.058

7.121

7.190

7.415

8.379

8.780

9.886

10.777

11.327

14.494

17.521

18.560

19.763

20.599

20.900




No.

24

25

26

27

28

29

30

31

32

33

34

Phytochemical's name

17-Octadecynoic acid
1,E-11,Z-13-Octadecatriene
11,14-Eicosadienoic acid, methyl ester
6-Ethoxy-6-methyl-2-cyclohexenone
3-O-Methyl-d-glucose

Hexanoic acid, 4-hexadecyl ester

4-0-Methylmannose

Octadecanoic acid, 2,3-dihydroxypropy! ester

9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl

ester, (Z,2,2)-

1-Octacosanol

Vitamin E

Molecular
Formula

C1gH320,
CigH32
C21H3g0,
CgH160-
C7H140¢
C22H1405
C7H1406
C25H1606

C21H4004

CogH580

Ca9H500,

Area
(%)

6.73
3.60
4.08
2.32
6.43
6.84
44.42
0.65

1.06

0.66

0.82

Retention
Time

21.376

21.717

22.067

22.350

22.683

22.933

23.984

24.579

26.142

27.564

29.485
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Table 2

List of phytochemicals identified in methanolic extract of Dianthus orientalis Adam's flowers.

No.

10

11

12

13

14

15

16

17

18

19

20

21

22

Phytochemical's name

2,4-Hexadienoic acid, methyl ester, (E,E)-
Cyclohexene,1-(1,1-dimethylethoxy)-3-methyl-
2-Furancarboxaldehyde, 5-methyl-
2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one
2-Cyclohexene-1,4-dione #

Decanoic acid, 3-methyl-

2H-Tetrazole, 2-(1,3-dioxolan-4-yImethyl)-

Bicyclo[2.2.1]heptane-2-carboxylic acid isobutyl-
amide

Pyrimidine-4,6-diol, 5-methyl-

Silane, ethenyldiethylmethyl-
5-Methyl-2-ethylamino-2-thiazoline
2-Furancarboxaldehyde, 5-(hydroxymethyl)-
3,7,11,15-Tetramethyl-2-hexadecen-1-ol
n-Hexadecanoic acid

7-Hexadecenoic acid, methyl ester, (Z)-
2-Hydroxyhexadecyl butanoate
Hexadecanoic acid, 15-methyl-, methyl ester
6-Ethoxy-6-methyl-2-cyclohexenone

[1,1"-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, methyl
ester

Octadecanoic acid
2-Cyclopentene-1-undecanoic acid, (+)-

2-Hexadecenoic acid, methyl ester, (E)-
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Molecular
Formula

C7H100,
Cq1H200
CeHeO2
CeHgOs
CeHeO2
C11H220,
CgH13Ns03

Cq2H21NO

C<HeN,O,
C,Hy(Si
CeHyoN,S
CeHeO5

C20H400
C16H3202
Cq7H320,
C20H1003
C1gH3602
CoH140,
CogH350>
CHy(CH,);COOH

Ci16H280,

C17H3202

Area
(%)

0.10
1.11
0.36
0.19
0.09
0.71
0.26

0.15

1.87
0.13
0.27
12.15
0.16
2.02
0.64
0.33
0.71
1.70

13.79

3.91
7.21

6.90

Retention
Time

3.164
4.305
5.642
5.867
6.359
6.665
6.877

7.085

7.773

8.517

8.611

10.647

17.486

19.424

20.398

20.533

20.673

20.875

21.254

21.431

21.639

21.825




No.

23

24

25

26

27

28

29

30

31

32

33

34

Phytochemical's name

1,E-11,Z-13-Octadecatriene
3-O-Methyl-d-glucose

Octadecanoic acid, 2,3-dihydroxypropyl ester
Sulfurous acid, 2-propyl tetradecyl ester
1,2-15,16-Diepoxyhexadecane

Cyclohexane, 1-(1-tetradecylpentadecyl)-
Fumaric acid, 2,2,2-trichloroethyl tridecyl| ester
26-Hydroxycholesterol
Ergost-4,7,22-trien-3.alpha.-ol

2,3,4,5,6,7-Hexahydro-3,6-dicyclohexyl-10,11-
diphenyl-bis-1, 3{-oxazino[6,5-f

Vitamin E

1-Octacosanol

Molecular
Formula

C1gH32
C7H1406
C21H4204
C17H3603S
C16H3002
CssH7o
C16H26C1204
Co7H4602
CogH440

C36H44N40,

Ca9H500,

CogHsg0

Area
(%)

6.97
30.03
0.37
0.43
0.32
0.29
2.05
0.33
1.96

1.88

0.42

0.12

Retention
Time

21.997

22.493

24.490

25.855

26.855

27.210

27.512

28.195

28.388

28.828

29.013

29.142
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Table 3
List of phytochemicals identified in ethyl acetate extract of Dianthus orientalis Adam's leaves.

No.

10

11

12

13

14

15

16

17

18

19

20

21

22

Phytochemical's name

5-Chloro-5-methylnonane
2-Hexen-1-ol, (E)-

5-Dodecene, (E)-

2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-

trimethyl-

Tridecanoic acid

2-Pentadecanone, 6,10,14-trimethyl-
3,7,11,15-Tetramethyl-2-hexadecen-1-ol
n-Hexadecanoic acid
9,12-Octadecadienoic acid, methyl ester
7-Hexadecenoic acid, methyl ester, (Z)-
3-Tetradecyn-1-ol

Octadecanoic acid
4,8,12,16-Tetramethylheptadecan-4-olide
Tritetracontane

2- Bromopropionic acid, pentadecyl ester
Ethanol, 2-(octadecyloxy)-
Cholesta-22,24-dien-5-0l, 4,4-dimethyl-
1-Heneicosanol

Cyclohexadecanone

1-Heptadecanol, acetate

Pentadecanal-

Triacontyl pentafluoropropionate
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Molecular
Formula

CqoHa1CL
CioHo4

C11H1602

C13H260>
C1gH360
Ca0Hs00
C16H3207
C19H3407
Cy7H320,
C14H260>
C18H3602
C21H4002
Ca3Hsgs
CqgH35BrO
C20H120>
CogHsg0
C21H440
C16H300
C19H350>
C15H300

C33Hg1F50,

Area
(%)

3.84
3.056

0.15

0.16

0.19
0.4

7.09
4.79
0.22
0.16
8.48
0.92
0.92
0.95
0.36
0.63
1.09
412
1.32
1.08
8.41

2.99

Retention
Time

3.099
3.498
8.356

13.778

17.062

17.576

17.975

19.422

20.304

20.378

21.230

21.388

22.867

24.156

24.457

24.999

25.683

25.891

25.996

26.755

27.014

27.128




No.

23

24

25

26

27

28

29

30

31

Phytochemical's name

1-Octadecanesulphonyl chloride

1-Octacosanol

Disulfide, didodecyl

Lanost-7-en-3-one, (9.beta.,13.alpha.,14.beta., 17.alpha.)-
Hexacosyl acetate

3,4-Seco-5.alpha.-cholestan-3-oic acid, 4-hydroxy-4-
methyl-, .epsilon.-lactone, (4R)-

Octadecane, 1-chloro-

2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetramethyl-2-
(4,8,12-trimethyltridecyl)-, acetate, [2R]

Cholestan-3-one, cyclic 1,2-ethanediyl acetal, (5.alpha.)-

Molecular
Formula

C1gHa7ClO,S
CagHsg0
C24H50S2
C30H500
CogHs60-

CogH450;

CygH37CL

C31Hy603

CooH500,

Area

1.37

20.47

2.53

1.72

3.94

0.87

0.34

16.56

0.56

Retention
Time

27.420
27.552
27.842
28.200
28.321

28.683

29.017

29.498

29.596

Page 12/28




Table 4
List of phytochemicals identified in ethy| acetate extract of Dianthus orientalis Adam's flowers.

No.

10

11

13

14

15

16

17

18

19

20

21

22

23

Phytochemical's name

5-Chloro-5-methylnonane

o-Xylene

2-Hexen-1-ol, (E)-

2-Hexen-1-ol, (Z)-

Hexanoic acid
3,7,11,15-Tetramethyl-2-hexadecen-1-ol
n-Hexadecanoic acid

9-Tetradecenal, (2)-

Octadecanoic acid

trans-2-undecenoic acid
10-Heneicosene (c,t)

2- Bromopropionic acid, pentadecyl ester

Acetic acid, 3,7,11,15-tetramethyl-hexadecyl
ester

Octadecane, 1-chloro-

Tritetracontane

5-Ethyl-1-nonene

Hexacosane, 13-dodecyl-

Sulfurous acid, 2-propyl tridecyl ester
1-Heptadecanol, acetate

Hexacosane, 9-octyl-

Cyclohexane, 1-(1-tetradecylpentadecyl)-

Heptadecane, 9-octyl-
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Molecular
Formula

C10H2Cl
CgH1o
CgHq,0
CgH100
CgH120,
C20Ha00
C16H3207
C14H260
C1gH360>
C11H2007

)

C1gH35BrO,

Co2H440,

C1gH37Cl
Ca3Hsgs
Cq1Hao
CagH7s
C16H3403S
C19H350,
C34H70
C3sH70

CosHsy

Area
(%)

1.19
0.13
1.75
0.21
1.60
0.15
6.33
10.97
1.45
1.35
0.95
0.29

0.23

0.48
23.61
2.63
0.36
0.77
0.44
0.74
2.15

3.71

Retention
Time

3.080

3.296

3.519

3.567

7.028

17.469

19.530

21.332

21.495

23.757

23.917

24.464

24779

25.537

25.978

26.283

26.442

26.647

26.767

27.143

27.238

27.452




No. Phytochemical's name Molecular Area Retention

Formula (%) Time
24  2-Pentacosanone Cy5H500 0.80 27.608
25  Octacosyl heptafluorobutyrate Cy3Hs57F70, 0.65 27.977
26 Oleyl Alcohol CqgH360 1.47 28.611
27  Thiophene, 3-methyl-5-(2-methyldecyl)-2- CogHs54S 26.21 28.971
tridecyl-
28  Eicosane, 10-methyl- Cy1Haa 3.50 29.132
29 1-Octacosanol CygH550 1.14 29.225
30 VitaminE Cy9H500, 2.19 29.458
31 Triacontyl pentafluoropropionate C33Hg1F50, 0.85 29.797

Some of the identified compounds has biomedical activities such as 4-0-Methylmannose (44.42%;
Table 1) reported to had antibacterial activity 2% 3°, 17-octadecynoic acid (6.73%; Table 1) has been
reported to possess antihypertensive properties 3, 3-0-Methyl-d-glucose (30.03%; Table 2) has
preservative activity 32, 1-Octacosanol (20%; Table 3) has insecticidal activity and increased mortality of
the Spodoptera frugiperda in the larval stage, including the pupal stage. Also, this compound caused a
decrease in the body weight of S. frugiperda pupae 33. Moreover, stable form of vitamin E; 2H-1-
Benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)- acetate, [2R-] (16%; Table 3)
was identified and reported to has antioxidant properties that can be used in cosmetic formulations for
skin care benefits 34, n-hexadecanoic acid (palmitic acid) (6.33%, Table 4) has antioxidant, anticancer and
antibacterial activities 3°, Thiophene, 3-methyl-5-(2-methyldecyl)-2-tridecyl (26.21%; Table 4) has
antimicrobial activity 36,

Saponins determination

A layer of foam formation indicated the presence of saponins after vigorously shaking a crude extract
with distilled water.

Clinical features and body weight measurements

Daily oral administration of the methanolic extract of Dianthus orientalis Adam's leaves at doses of 300,
600, and 900 mg/kg for 28 consecutive days did not significantly change the overall behavior of treated
rats compared to controls. No animals died from either group, which indicates that the LDy (The lowest
dose that kills more than 50% of treated animals) was higher than 900 mg/kg body weight. Significant
differences (p < 0.05) in body weight gain were observed in control negative and all treated groups for all
timelines (Table 5).
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Table 5

The mean body weight of studied animals before and after treatments with various doses of Dianthus
orientalis Adam's methanolic leaf extract.

Animal Group Body Weight (gm) P-
value
(Mean £ SD)
Day 0 Day 7 Day 14 Day 21 Day 28
Control 105.75+ 116.75+ 126.0+294 133.75+3.3 146.50+% <
Negative 4.53 3.09 2.08 0.05"
LowdoseDOE 103.38% 121.63 + 137.13 + 149.75+ 160.0 £ <
7.89 11.69 19.28 23.68 26.87 0.05*
Median dose 113.0+ 119.5+4.2 139.2.5+ 151.0+3.56 162.25% <
DOE 3.65 2.5 6.9 0.05*
Highdose DOE 1025+ 113.0+4.24 12525+ 133.5+6.16  150.5% <
4.43 411 5.33 0.05"
Values are mean = SD that have been analyzed using post hoc comparison test one-way ANOVA. *:
Significant difference Increasing of body weight after 28 days in all treated groups when compared to
that of 0.0 day. DOE: Dianthus orientalis Adams extract. Low dose (300 mg/kg), median dose (600
mg/kg) and high dose (900 mg/kg) were used.

Haematological analysis

The results showed that PLT was significantly decreased (p =0.016) in all DOE-treated groups compared
to the negative control group. Also, the HCT level was significantly (p = 0.031) decreased in low and
medium DOE dose groups compared to a control group. Meanwhile, the WBC, RBC, and Hb did not record
any significant (p < 0.05) changes compared to the control group (Table 6).
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Table 6

Hematological analysis of studied animals before and after treatments with various doses of Dianthus
orientalis Adam's methanolic leaf extract.

Hematological Parameter

(Mean £ SD)
Animal Group WBC RBC Hemoglobin  Hematocrit Platelet
(x103/pL) x10'2/L)  (9/L) (L/L) (x10"2/pL)

Control Negative 10.35+2.56 6.43+1.01 13.55+0.31 4042+1.15 736.25%+101.5
Low dose DOE 10.55+2.08 6.58+0.73 13.03+1.43 38.78+3.99 568.5+86.74
Median dose DOE  8.87+0.95 6.36+0.74 1210+2.03 36.3%3.15 586.67 + 51.19
High dose DOE 8.73+0.71 6.61+040 13.4320.66 414+30 543.25+32.23
P-value 0.4 0.96 0.44 0.031* 0.016*

DOE: Dianthus orientalis Adams extract, WBC: White Blood Cell, RBC: Red Blood Cell. Data have been
analyzed using Repeated Measurement ANOVA test, *: Significant difference using Independent

Samples T test. Low dose (300 mg/kg), median dose (600 mg/kg) and high dose (900 mg/kg) were
used.

Biochemical analysis

Regarding the ALT level, the mean values were significantly lowered (p = 0.009) in low and median DOE
treatments than in the control group. Similarly, AST levels were significantly decreased in treated rats with
all amounts of DOE. However, the mean value of ALP was significantly increased in median doses
(572.33 £ 138.48) compared to that of the control group (431.0 + 147.62) but significantly decreased in
low/high DOE dose treatment groups. Considering kidney function biomarkers, the mean urea level
significantly lowered (p = 0.012) in all DOE-treated groups compared to a control group, while the level of
creatinine was non-significantly (p = 0.557) increased in all treated groups. At the same time, the mean
value of TP and albumin were significantly increased in DOE low and high-dose groups (Table 7).
Regarding the electrolyte levels, there was a significant increase in calcium and a decrease in potassium
in the groups treated with low and high DOE than in the control group. On the other hand, the phosphate
level was decreased in the median dose treatment, and chloride levels were reduced in low/high DOE-
treated groups (Table 8).
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Table 7

Biochemical profile of male rats treated with different doses of Dianthus orientalis Adam’'s methanolic
leaf extract after 28 days.

Animal Biochemical Parameter
Group

(Mean £ SD)

ALT AST ALP TP Albumin  Urea Creatinine

(U/L) (/L) (U/L) (g/L) (g/L) (mmol/L) (umol/L)
Control 65.0+ 250 + 431.0+ 595+ 3.45+ 38.63 + 0.31%
Negative 12.95 70.53 147.62 0.44 0.13 3.37 0.03
Low dose 440+ 128.75+ 3915+ 6.42 + 3.55¢+ 30.93 + 0.35+
DOE 3.16 18.52 101.96 0.27 0.7 4.6 0.01
Median 5433 + 207.0+ 572.33+ 5.86 + 3.25+ 30.2+ 0.33+
dose DOE 777 125.73 138.48 0.4 0.93 4.43 0.04
High dose 68.25+ 135.25% 349.25+ 6.31% 3.95+ 26.73 + 0.35+
DOE 7.27 43.18 99.5 0.54 0.37 4.05 0.06
P-value 0.081 0.744 0.61 0.29 0.44 0.012* 0.557

DOE: Dianthus orientalis extract, ALT: Alanine transaminase, AST: Aspartate transaminase, ALP:
Alkaline phosphatase, TP: Total protein. Data have been analyzed using Repeated Measurement
ANOVA test, *: Significant difference using Independent Samples T test. Low dose (300 mg/kg),

median dose (600 mg/kg) and high dose (900 mg/kg) were used.

Table 8

Blood electrolytes of male rats treated with different doses of Dianthus orientalis Adam's methanolic leaf
extract after 28 days.

Animal Group Blood Electrolyte (mmol/L)
Mean £ SD
Sodium Potassium Chloride Calcium Phosphate

Control Negative 137.0+1.63 840+0.76 99.0+2.16 11.18+0.4 9.9+0.96
Low dose DOE 138.5+1.0 6.6311.21 96.5+2.52 13.23+0.49 9.6+0.32
Median dose DOE 138.33+0.85 7.33+0.55 99.67+2.08 12.8910.5 8.92+0.83
High dose DOE 137.0£2.94 6.8+1.19 95.75+2.22 13.77 £ 1.51 10.1+0.99
P-value 0.618 0.109 0.109 0.618 0.325
DOE: Dianthus orientalis Adams extract. Data have been analyzed using Repeated Measurement

ANOVA test. Low dose (300 mg/kg), median dose (600 mg/kg) and high dose (900 mg/kg) were
used.

Histopathological examination
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Regarding the liver sections of studied animals, the tissues of the negative control group reveal no
apparent pathological lesions, signified by typically arranged radiated hepatocytes around the mildly
congested central vein with distinctive sinusoidal capillaries and few scattered Kupffer cells attached to
the capillary wall. Low dose group demonstrates moderate vacuolar degeneration, some area of typically
radiated hepatocytes around the central vein and usually appeared sinusoidal capillaries. The medium
dose group elucidates the presence of average to severe fatty degeneration, hydropic degeneration, and
ordinarily radiated hepatocytes column around the typical central vein with some sinusoidal capillaries.
Finally, the high-dose group demonstrates severe vacuolar and hydropic degenerations, some necrotic
eosinophilic cells, and narrowing of some sinusoidal capillaries with disturbed morphological
arrangement around the central vein with no apparent vascular congestion (Fig. 3).

In the kidney sections, tissues of the control negative animal group reveal no prominent lesions, evident
by typical small glomeruli and regular Bowman's capsule. Renal tubules display no significant lesions
except for slight and non-significant cellular swelling. Whereas in the low dose group, the renal tubular
epithelia show non-significant and moderate vacuolar cellular swelling, many areas typically appeared
renal tubules together with renal glomeruli with no noticeable morphological changes. In the medium
dose group, moderate and significant hydropic degeneration within the renal tubular epithelium with mild
glomerular atrophy was evident by moderate flaring of Bowman's space. Finally, the high-dose group
reveals severe glomerular atrophy, collapse, and significant cellular swelling within the renal tubular
epithelia. At the same time, other areas of the given section typically show renal tubules and some regular
glomeruli (Fig. 4).

Discussion

The chemical constituents of the plant extracts are provided by phytochemical screening. The biological
properties of these phytochemicals may provide the basis for new compounds with potential bioactivities
37 GC-MS is an accurate and fast technique for detecting and identifying various combinations, including
alkaloids, nitro compounds, alcohols, long-chain hydrocarbons, organic acids, steroids, esters and amino
acids 38.

Hence, in the present study, the GC-MS technique was adopted for detecting and identifying
phytochemical compounds of Dianthus orientalis A. (leaves and flowers) crude extract. The results
indicated the presence of more than 100 various compounds in the tested extracts (methanolic and ethyl
acetate), mainly including fatty acid derivatives, nitrogenous compounds, vitamin E, organosulfur
compounds, alkaloids, flavonoids, and phenolic compounds. In this regard, another study in Iraq revealed
that this species contained high amounts of phenolic compounds, including vanillic acid, coumaric acid,
genistein, cinnamic acid, and oleuropein using TLC, HPLC, IRLC/Mass analyses 8. Moreover,
phytochemical analysis of D. caryophyllus showed that it contained fatty acid derivatives, benzenoids,
phenyl propanoids, isoprenoids, and nitrogenous compounds 3°~41. At the same time, GC and GC-MS
analyses of the flower's essential oil of Dianthus rupicola Biv from Sicily showed the presence of 66

components, including a high content of thymol and carvacrol derivatives, with a low amount of t-casino
Page 18/28



42 Other compounds isolated from the plants of the Caryophyllaceae family include fatty acid
derivatives, benzenoids, phenyl propanoids, isoprenoids, triterpenes, alkaloids, coumarins and cyanogenic
glycoside #%-43_ These variations in the phytochemical constituents between various species of Dianthus,
or even between the same species, might be related to different analyses technique, chemicals used,
plant chemistry, and even soil content, with environmental factors (temperature and rain).

Regarding the saponins content of Dianthus orientals, the result of this study is supported by other
studies' outcomes 12 18:44.45 Fuyrthermore, saponins have been shown to have significant medicinal
properties such as expectorant, estrogenic, antimicrobial, anti-inflammatory, anticancer, cytotoxic, and
hypocholesterolemic functions in humans or animals 6. Thus, various saponins, including
dianchinenoside (A and B), dianchinenoside (C and D), and aglycone saponin dianchinenoside-B (Dch-B),
have been identified 2. Consequently, further studies or analysis need to be done for Dianthus orientals A.
to determine its exact saponins content, type, and formula, as it will be supportive data for future
biomedical properties of this species.

The secondary metabolites are not entirely free of side effects. Therefore, the toxicity study of herbal
medicines is necessary when considering them as a drug #*#8. In the current study, the sub-chronic 28-
day oral toxicity study of the Dianthus orientals A. demonstrated no adverse clinical signs or negative
influences on behavior and mortality in the treatment groups. Meanwhile, a gradual and significant (p <
0.05) increase in the body weight of all treated DOE groups was observed compared with day 0.0. As the
body weight of laboratory animals is an indicator during /in vivo studies to assess the animals' overall
health 4, our outcomes confirmed that Dianthus orientals A. is safe to be used orally for human ailments
after more intensive investigations of its biological, chemical, and medicinal properties. These outcomes
also were reported for other plant species of genus dianthus that not produced toxicity after oral
treatment at various concentrations for a stipulated time, including Dianthus helenae Vvad. in Uzbekistan
(oral administration of 500-3000 mg/kg in mice and rats/14 days) '3 and Dianthus basuticus in South
Africa (oral administration of 100-3200 mg/kg in rats/14 days) °°. However, the latter study reported
anorexia after 28 days of treatment of animals with oral plant crude extract at doses of (200, 400, and
800 mg/kg).

Estimating some haematological parameters plays a vital role in assessing the toxic effects of test
substances °'. There was no significant difference (p=0.05) in WBC counts, RBC counts, and Hb
between the DOE-treated groups and the negative control group, indicating that the DSE did not affect the
circulating blood cells of the tested animals. Meanwhile, the HCT fluctuated significantly, and PLT
decreased significantly (p < 0.05) in all treated groups. In this respect, we could not find any species of
Dianthus in the literature to pose antiplatelet activities. Thus, we compared our outcomes to another plant
species. Subsequently, these findings agreed with that found in other studies for some plant species,
including Evodia rutaecarpa®?, Scolopendra subsidies mutilans °3, and Dactylicapnos torulosa®*. The
exact antiplatelet mechanisms are still unclear. However, different studies worldwide focus on medicinal
plants with antiplatelet activity, and the same bioactive molecules for a significant number of these
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investigations are unknown °°~°/_ Based on the literature, the alkaloids isolated from various sources
provoked antiplatelet activity, which is generally mediated through multiple mechanisms, different from
aspirin, a cyclooxygenase inhibitor 8.

The effect of the methanolic extract of Dianthus orientals A. on the kidneys was investigated by
measuring the serum level of urea and creatinine, which are specific indicators of kidney function. We
found that the mean urea level significantly lowered (p =0.012) in all DOE-treated groups, and the
creatinine level was non-significantly (p = 0.557) increased in all treated groups. In this regard, another
study in South Africa concluded that urea/creatinine was not altered after 14 days of oral treatment with

200-800 mg/kg of Dianthus basuticus®.

Liver function tests help determine the toxicity effects of plant extracts, as the liver is involved in the
excretion of foreign substances and detoxification °% 0. |n this study, ALT level was significantly lowered
(p=0.009) in low and median DOE treatments, while AST levels were significantly decreased in all doses.
However, ALP levels increased dramatically in median amounts but significantly reduced in low/high
doses. At the same time, the mean value of TP and albumin increased dramatically in DOE low and high-
dose groups.

Generally, ALT functions to convert alanine into pyruvate for cellular energy, AST functions on the
metabolism of amino acids, and ALP functions to break down proteins. Thus in this study, the
fluctuations in the concentrations of serums ALT, AST, and ALP are biologically irrelevant as there was no
dose-response relationship because rats in the highest dose group were not affected. These findings
agreed with another study for Dianthus basuticus in Wister rats °0. Regarding the electrolyte levels, there
was a fluctuation in serum calcium, potassium, phosphate, and chloride levels without significant
differences (p = 0.05).

The histopathological observations of the examined tissues confirmed the liver and kidney findings. At
high doses of DOE, severe liver (vacuolar and hydropic degenerations) and kidney (tubular atrophy)
injuries were observed, which indicates that Dianthus orientalis A. is not safe to be used at 900 mg/kg for
four consecutive weeks or more. Otherwise, all found histopathological alterations were mild and are not
considered an indication of toxicity of the crude methanolic extract of this plant species. These findings
agreed with that found in another study for Dianthus basuticus in Wister rats °°, which mentioned no
treatment-related microscopic changes were observed in the tested organs.

Conclusions

Many precious phytochemical compounds are available in Dianthus orientalis A. that might reflect this
plant's various biomedical, pharmacological, and biological properties. Also, multiple doses of the studied
plant have not produced adverse effects in the treated animals for a given period that contraindicate its
use in the future when planned to be a medical candidate to treat human ailments.

Page 20/28



Declarations

Ethics approval

The proposal and study protocol were revised and approved by the scientific and ethical committees of
the College of Medicine, University of Sulaimani, Iraq (No. 215/17/10/2021/UoS). All methods were
performed in accordance with guidelines of Directive 2010/63/EU in Europe. Measures were taken to
minimize pain and discomfort.

Consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and material

The datasets used and/or analyzed during the current study available from the corresponding author on
reasonable request

Competing interests
There is no conflict of interest related to this study.
Funding

The study is self-funded, and no grant or fund was obtained from national/international agencies,
organizations, or Universities.

Authors' contributions

VAA: Methodology, data collection, data analysis, prepared tables and figures, written the original
manuscript. HSR: Conceptualization, supervision, study registration, written the original manuscript.
MOM: Supervision, resources, study administration, edit, revise, and correct the original manuscript. All
authors agreed to submit the manuscript.

Acknowledgements

The authors would like to thank the authorities of the College of Medicine, University of Sulaimani, for
their support and assistance offered to this study.

References

Page 21/28



10.

11.
12.

13.

14.

15.
16.

. Dekebo A. Introductory Chapter: Plant Extracts. Plant Extracts: IntechOpen; 2019.
. Choudhury P, Talukdar A, Nath D, Saha P, Nath R. (2020). Traditional Folk Medicine and Drug

Discovery: prospects and outcome. Advances in Pharmaceutical Biotechnology: Recent Progress ana
Future Applications.3—13.

. Swamy MK, Akhtar MS. Natural Bio-Active Compounds: Volume 2: Chemistry, Pharmacology and

Health Care Practices. Springer; 2019.

. Ekor M. The growing use of herbal medicines: issues relating to adverse reactions and challenges in

monitoring safety. Front Pharmacol. 2014;4:177.

. Yolci Omeroglu P, Acoglu B, Ozdal T, Tamer C. E.& Copur O.U. Extraction techniques for plant-based

bio-active compounds. Natural bio-active compounds: Springer; 2019. pp. 465-92.

. Guerriero G, Berni R, Mufioz-Sanchez JA, Apone F, Abdel-Salam EM, Qahtan AA, Alatar AA, Cantini C,

Cai G, Hausman J-F. Production of plant secondary metabolites: Examples, tips and suggestions for
biotechnologists. Genes. 2018;9(6):309.

. Bendary E, Francis R, Ali H, Sarwat M, El Hady S. Antioxidant and structure—activity relationships

(SARs) of some phenolic and anilines compounds. Annals of Agricultural Sciences. 2013;58(2):173-
81.

. Chouna JR, Tamokou J-d-D, Nkeng-Efouet-Alango P, Lenta BN, Sewald N. (2015). Antimicrobial

triterpenes from the stem bark of Crossopteryx febrifuga CA journal of biosciences.

. Sidjui LS, Nganso YO, Toghueo RM, Wakeu BN, Dameue JT, Mkounga P, Adhikari A, Lateef M, Folefoc

GN, Ali MS. Kostchyienones A and B, new antiplasmodial and cytotoxicity of limonoids from the
roots of Pseudocedrela kotschyi (Schweinf.) Harms. Z fiir Naturforschung C. 2018;73(3-4):153-60.

Obmann A, Werner |, Presser A, Zehl M, Swoboda Z, Purevsuren S, Narantuya S, Kletter C, Glasl S.
Flavonoid C-and O-glycosides from the Mongolian medicinal plant Dianthus versicolor Fisch.
Carbohydr Res. 2011;346(13):1868-75.

Jakimiuk K, Wink M, Tomczyk M. (2021). Flavonoids of the Caryophyllaceae. Phytochem Rev.1-40.

Sreelekshmi R, Siril E. An efficient in vitro thin cell layer multiplication and enhanced saponin
production of Dianthus chinensis L.: A cultivated Chinese medicinal crop. Ind Crops Prod.
2023;193:116194.

Yusupova U, Usmanov D, Azamatov A, Ramazonov N, Rejepov J. Phytochemical constituents and
biological activities of Dianthus helenae Vved., growing in Uzbekistan. Nat Prod Res.
2022;36(13):3480-84.

Chandra S, Rawat D, Chandra D, Rastogi J. Nativity, phytochemistry, ethnobotany and pharmacology
of Dianthus caryophyllus. Res J Med Plant. 2016;10(1):1-9.

Kubitzki K, Rohwer J, Bittrich V. The families and genera of vascular plants: Springer; 1990.

Ahmad SA, Salih S. Qara Dagh Mountain Plant Field Guide. American University of Iraq, Sulaimani
(AUIS) Press; 2019.

Page 22/28



17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

Hazar D, Baktir |, editors. Effects of pre-sowing treatments and growing media on germination of
Dianthus orientalis Adams. Seeds. Xl International Symposium on Flower Bulbs and Herbaceous
Perennials 1002; 2012.

Atiyah K, Kadhum E. Isolation and Identification of Phenolic Compounds from Dianthus orientalis
Wildly Grown in Iraq. Iragi J Pharm Sci. 2021;30(2):122-34.

Life E. Dianthus orientalis Adams, Plants of the World Online. Kew: Board of Trustees of the Royal
Botanic Gardens; 2017.

https://plants.jstor.org/stable/10.5555/al.ap.specimen.k000725465.

Hazar D, Baktir i. Identification and Evaluation of Propagation Techniques of Dianthus orientalis
Adams. Anadolu Ege Tarimsal Arastirma Enstitlisii Dergisi. 2018;28(1):37-44.

Chandra S, Rawat D. Medicinal plants of the family Caryophyllaceae: a review of ethno-medicinal
uses and pharmacological properties. Integr Med Res. 2015;4(3):123-31.

Khaledi M, Asadi-Samani M, Mahmoodi-Kouhi A, Gholipour A. Antibacterial effect of the
hydroalcoholic extracts of four Iranian medicinal plants on Staphylococcus aureus and
Acinetobacter baumanii. Int J Pharm Phytopharmacological Res. 2017;7(2):10-4.

Nejad ASM, Bahmani M, Shah NA, Shah SA, Rafieian-Kopaei M. Beliefs of herbal therapies of the
community of the llam city of llam province, Iran. J Pharm Pharmacognosy Res. 2018;6(4):299-317.

Fiallos-Jurado J, Pollier J, Moses T, Arendt P, Barriga-Medina N, Morillo E, Arahana V, de Lourdes
Torres M, Goossens A, Leon-Reyes A. Saponin determination, expression analysis and functional
characterization of saponin biosynthetic genes in Chenopodium quinoa leaves. Plant Sci.
2016;250:188-97.

OECD. OECD Guidelines for the Testing of Chemicals Repeated Dose 28-day Oral Toxicity Study in
Rodents. OECD Paris, France; 1995.

Co-operation O.f.E.& Development. (2008). Repeated dose 28-day oral toxicity study in rodents. OECD
Guideline for the Testing of Chemicals Section 4: Health Effects.

Luna LG. Manual of histologic staining methods of the Armed. Forces Institute of Pathology; 1968.

Suman T, Chakkaravarthi K, Elangomathavan R. Phyto-chemical profiling of Cleistanthus collinus
leaf extracts using GC-MS analysis. Res J Pharm Technol. 2013;6(11):1173-77.

Rane Z, Anish-Kumar P, Bhaskar A. Phytochemical evaluation by GC-MS and in vitro antioxidant
activity of Punica granatum fruit rind extract. J Chem Pharm Res. 2012;4(6):2869-73.

Fadeyi O, Olatunji G, Ogundele V. Isolation and characterization of the chemical constituents of
Anacardium occidentale cracked bark. Nat Prod Chem Res. 2015;3(5):1000192.

Meher A, Behera B, Nanda BK. GC—MS investigation of phytocomponents present in ethanolic extract
of plant Ichnocarpus frutescens (L.) W. T. Aiton aerial part. Int J Pharm Sci Res. 2020;11:104-13.

Zavala-Sanchez M, Rodriguez-Chavez JL, Figueroa-Brito R, Quintana-Lépez CM, Bah MM, Campos-
Guillén J, Bustos-Martinez JA, Zamora-Avella D, Ramos-Lépez MA. Bioactivity of 1-octacosanol from

Page 23/28



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Senna crotalarioides (Fabaceae: Caesalpinioideae) to control Spodoptera frugiperda (Lepidoptera:
Noctuidae). Fla Entomol. 2020;102(4):731-37.

Kalaivanan M, Jesudoss LL, Ganthi AS, Subramanian MPS. GC-MS Analysis of the Ethanol Extract of
Tragia plukenetii R. Smith. J Pharmacognosy Phytochemistry. 2015;4(3):253-56.

Sangpairoj K, Settacomkul R, Siangcham T, Meemon K, Niamnont N, Sornkaew N, Tamtin M, Sobhon
P, Vivithanaporn P. Hexadecanoic acid-enriched extract of Halymenia durvillei induces apoptotic and
autophagic death of human triple-negative breast cancer cells by upregulating ER stress. Asian Pac J
Trop Biomed. 2022;12(3):132.

Priyanka S, N.&, Jha KK. Benzothiazole: the molecule of diverse biological activities. Int J Curr Pharm
Res. 2010;2(2):01-6.

Clemen-Pascual LM, Macahig RA, S.&, Rojas NRL. Comparative toxicity, phytochemistry, and use of
53 Philippine medicinal plants. Toxicol Rep. 2022;9:22-35.

Razack S, Hemanth Kumar K, Nallamuthu I, Naika M, Khanum F. Antioxidant, biomolecule oxidation
protective activities of Nardostachys jatamansi DC and its phytochemical analysis by RP-HPLC and
GC-MS. Antioxidants. 2015;4(1):185-203.

Jirgens A, Witt T, Gottsberger G. Flower scent composition in night-flowering Silene species
(Caryophyllaceae). Biochem Syst Ecol. 2002;30(5):383-97.

Jirgens A, Witt T, Gottsberger G. Flower scent composition in Dianthus and Saponaria species
(Caryophyllaceae) and its relevance for pollination biology and taxonomy. Biochem Syst Ecol.
2003;31(4):345-57.

Jiirgens A. Flower scent composition in diurnal Silene species (Caryophyllaceae): phylogenetic
constraints or adaption to flower visitors? Biochem Syst Ecol. 2004;32(10):841-59.

Casiglia S, Bruno M, Senatore F. Volatile constituents of Dianthus rupicola Biv. from Sicily: activity
against microorganisms affecting cellulosic objects. Nat Prod Res. 2014;28(20):1739-46.

Eltayeb R. Study of some chemical constituents of Dianthus caryophyllus and Elettaria
Cardamomum: Thesis, University of Khartoum; 2016.

Nafiu MO, Adewuyi Al, Abdulsalam TA, Ashafa AOT. (2021). Antimalarial activity and biochemical
effects of saponin-rich extract of Dianthus basuticus Burtt Davy in Plasmodium berghei-infected
mice. Adv Traditional Med.1-11.

Mohlakoana M, Moteetee A. Southern african soap plants and screening of selected phytochemicals
and quantitative analysis of saponin content. Resources. 2021;10(10):96.

El Aziz M, Ashour A, Melad AG. A review on saponins from medicinal plants: chemistry, isolation, and
determination. J Nanomed Res. 2019;8(1):282-88.

Toghueo RMK. Bioprospecting endophytic fungi from Fusarium genus as sources of bioactive
metabolites. Mycology. 2020;11(1):1-21.

Tchuente T. Acute and sub-chronic oral toxicity studies of the leaves aqueous extract of
Clerodendrum umbellatum Poir. on mice. Am J Physiol. 2018;7(2):75-85.

Page 24/28



49. Talbot SR, Biernot S, Bleich A, van Dijk RM, Ernst L, Hager C, Helgers SOA, Koegel B, Koska |, Kuhla A.
Defining body-weight reduction as a humane endpoint: a critical appraisal. Lab Anim.
2020;54(1):99-110.

50. Ashafa A, Kazeem M. (2015). Toxicopathological evaluation of hydroethanol extract of Dianthus
basuticus in Wistar rats. Evidence-Based Complementary and Alternative Medicine.2015.

51. Olson H, Betton G, Robinson D, Thomas K, Monro A, Kolaja G, Lilly B Sanders J, Sipes G, Bracken W.
Concordance of the toxicity of pharmaceuticals in humans and in animals. Regul Toxicol Pharmacol.
2000;32(1):56-67.

52. Son J-K, Chang HW, Jahng Y. Progress in studies on Rutaecarpine. Il.—Synthesis and structure-
biological activity relationships. Molecules. 2015;20(6):10800-21.

53. Lee W, Lee J, Kulkarni R, Kim M, Hwang JS, Na M, Bae J-S. Antithrombotic and antiplatelet activities
of small-molecule alkaloids from Scolopendra subspinipes mutilans. Sci Rep. 2016;6(1):1-12.

54. He Q, Li X, Wang X, Lou H, Fan P. Chemical Constituents of Dactylicapnos torulosa and Their
Antithrombotic Activities. Phytochem Lett. 2022;49:12-20.

55. Zhang QC, Zhao Y, Bian HM. Anti-Thrombotic Effect of a Novel Formula from Corni Fructus with
Malic Acid, Succinic Acid and Citric Acid. Phytother Res. 2014;28(5):722-27.

56. Ayatollahi H, Javan A, Khajedaluee M, Shahroodian M, Hosseinzadeh H. Effect of Crocus sativus L.
(saffron) on coagulation and anticoagulation systems in healthy volunteers. Phytother Res.
2014;28(4):539-43.

57. Yasin M, Hussain Janbaz K, Imran |, Gilani AuH, Bashir S. Pharmacological studies on the
antispasmodic, bronchodilator and anti-platelet activities of Abies webbiana. Phytother Res.
2014;28(8):1182-87.

58. Ain Q, Khan H, Mubarak M, Pervaiz A. Plant alkaloids as antiplatelet agent: Drugs of the future in the
light of recent developments. Front Pharmacol. 2016;7:292.

59. Paul S, Islam M, Tanvir E, Ahmed R, Das S, Rumpa N-E, Hossen M, Parvez M, Gan SH, Khalil M.
(2016). Satkara (Citrus macroptera) fruit protects against acetaminophen-induced hepatorenal
toxicity in rats. Evidence-Based Complementary and Alternative Medicine.2016.

60. Begriche K, Massart J, Robin M-A, Borgne-Sanchez A, Fromenty B. Drug-induced toxicity on

mitochondria and lipid metabolism: mechanistic diversity and deleterious consequences for the liver.
J Hepatol. 2011;54(4):773-94.

Figures

Page 25/28



Figure 1

Dianthus Orientalis Adams whole plant (A), flower (B), and leaves (C).
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Figure 2

Dianthus orientalis Adams extraction, analysis, and in vivo study.

Figure 3

Photomicrograph of liver from; G1: Control negative group received normal tap water, liver section reveals
no obvious pathological lesions, signified by typically arranged radiated hepatocytes (HP) around the
mildly congested central vein (CV) with distinctive sinusoidal capillaries (S) and few scattered Kupffer
cells attached to the capillary wall. G2: Low dose group treated with 300 mg/kg of Dianthus orientalis
Adams, demonstrates moderate vacuolar degeneration (VD), which distributed throughout the given
section. Moreover, the section reveals some area of typically radiated hepatocytes (yellow arrows) around
the CV together with normally appeared sinusoidal capillaries (S). G3: Medium dose group treated with
600 mg/kg of Dianthus orientalis Adams, elucidates the presence of moderate to severe fatty
degeneration (FD), together with hydropic degeneration (HD). On the other hand, the section shows
ordinarily radiated hepatocytes column (yellow arrows) around the typical CV with some sinusoidal
capillaries (SC). G4: High dose group treated with 900 mg/kg of Dianthus orientalisAdams, demonstrates
the severe vacuolar and hydropic degenerations (VD, HD), together with some necrotic eosinophilic cells
(NC). Narrowing of some sinusoidal capillaries (yellow arrows). Disturbed morphological arrangement
around the CV with no apparent vascular congestion. H&E staining, scale bar of 4.0 mm.
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Figure 4

Photomicrograph of kidney from groups; G1: Control negative group received normal tap water, reveals no
prominent lesions, evident by typical small glomeruli (yellow arrows) and normal Bowman's capsule (BC).
Renal tubules (RT) display no significant lesions except for slight and non-significant cellular swelling.
G2: Low dose group treated with 300 mg/kg of Dianthus orientalisAdams. Renal tubular epithelia show
non-significant and moderate vacuolar cellular swelling (yellow arrows). The section also reveals many
areas of typically appeared renal tubules (RT) together with renal glomeruli (GL) with no obvious
morphological changes. G3: Medium dose group treated with 600 mg/kg of Dianthus orientalis Adams,
shows moderate and significant hydropic degeneration (yellow arrows) within the renal tubular
epithelium. The section also reveals moderate glomerular atrophy (GA) evident by moderate flaring of BC.
G4: High dose group treated with 900 mg/kg of Dianthus orientalis Adams, reveals severe glomerular
atrophy (GA) and collapse. Together with the presence of significant cellular swelling within the renal
tubular epithelia (yellow arrows). Moreover, other areas of the given section, shows normally appeared RT
as well as some regular glomeruli (GL). H&E staining, scale bar of 4.0 mm.
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