Health and Education: Pharmacy. Chemistry / Bun. 2, 2026 ISSN (print) 2786-7919, ISSN (online) 2786-7927

UDC 582.542.11:581.4/.19:615.322 @ @ CTATTsI ONHPIOETECS HA YMOBAX Jii-
DOI https://doi.org/10.32782/health-2026.2.6 L_-;A uensii izxpurroro gocryrty CC BY 4.0

CHARACTERISTICS OF THE ANATOMICAL AND MORPHOLOGICAL
STRUCTURE OF HIEROCHLOE ODORATA (L.) P.BEAUV LEAVES
AND THE IDENTIFICATION OF THEIR SECONDARY METABOLITES

Fornoliak Daryna Mykolaivna,
Bogomolets National Medical University
ORCID: 0009-0006-3139-1894

Makhynia Larysa Mykolaivna,

Candidate of Biological Sciences,

Associate Professor at the Department of Pharmacognosy and Botany
Bogomolets National Medical University

ORCID: 0000-0002-8095-4255

Karpiuk Uliana Volodymyrivna,

Doctor of Pharmaceutical Sciences,

Professor at the Department of Pharmacognosy and Botany
Bogomolets National Medical University

ORCID: 0000-0002-8316-4910

Minarchenko Valentyna Mykolaivna,

Doctor of Biological Sciences,

Professor at the Department of Pharmacognosy and Botany
Bogomolets National Medical University

ORCID: 0000-0002-5049-7620

Hierochloé odorata (L.) P. Beauv — a plant of the genus Hierochloe, belonging to the family Poaceae, whose roots and
above-ground parts have a sweet scent. This rhizomatous perennial plant is native to the cool regions of North America and
Europe. It is found in wet meadows, marshes, shaded banks of streams and in mountain canyons, as well as along rivers
and lakes. In folk medicine, an infusion of sweet grass is used to stimulate the appetite and improve digestion in chronic
gastrointestinal disorders such as gastritis, peptic ulcer disease and colitis, to increase lactation in nursing mothers,
and in the treatment of pulmonary tuberculosis. It possesses antiseptic, bactericidal and anti-inflammatory properties;
however, its pharmacognostic potential remains underutilized. The study of the macro- and microscopic structure of the
leaves, as well as their phytochemical composition, allows for the development of scientifically sound approaches to the
standardization and quality control of medicinal plant raw materials. This article analyzes current literature data on the
chemical composition, pharmacological properties, and applications of H. odorata. The main microscopic and macroscopic
characteristics of the leaves were identified, and groups of biologically active compounds were determined using chemical
reactions, which are important for species identification. The morphological and anatomical diagnostic features of
H. odorata leaves were investigated, and it was established that the leaves possess paracytic-type stomatal apparatus
with gantheloid guard cells, silicate cells, beak-like trichomes along the margin of the leaf blade, and prismatic crystals
along the leaf veins. Beneath the upper epidermis are five large motor cells, which are the primary regulators of the
leaf's water balance and cause it to curl under adverse conditions. It was found that the leaves of H. odorata contain
biologically active substances such as coumarins, tannins, flavonoids, saponins, and polysaccharides. The obtained
results can be used to develop methods for quality control of plant raw materials, as well as to compile a monograph on
the raw materials of this species.
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Japuna ®opHoasik, Jlapuca Maxunsa, Yasna Kapmiok, Bajentuna MinapueHko. AHaTOMO-
Mopdonoriuna xapaktepuctuka Jucts Hierochloé odorata (L.) P. Beauv Ta inenTudikamnis ii BTopuHHIX

MeTa0oJIiTiB

Hierochloé odorata (L.) P. Beauv — pocauna pody Hierochloe, wo nanexcums 0o poounu Poaceae, kopinus ma Hao-
3EMHI YaCMUHU K0T MArombv conoOKuu apomam. L[5 kopenesuwna 6a2amopiuna pociuna noxooums i3 npoxoi00HUX peei-
onis Iligniunoi’ Amepuxu ma €gponu. 3ycmpivacmoca Ha 80102UX IYKAX, O0I0MAX, 3amiHeHUx Oepe2ax cmMpyMKie i 6
2IPCOKUX KAHLUOHAX, A MAKOIC Y30084C PINOK [ 03ep. V HapoOHil MeOuyuHi Hacmii coN00K0i mpasu 3acmocogyoms OJis
CMUMYTIO8AHHS Anemumy ma NONINULeHHsT MPAasieHHs. NPU XPOHIYHUX 3AXBOPIOBAHHAX ULTYHKOBO-KUUUKOBO2O MPAKNLY,
MaKux K 2acmpum, 8Upa3Ko8a X6opoba ma Koim, 0Jis Ni08ULeHHA TAKMayii y 200VI0YUX Mamepia, a maxoxc y NiKy68auHi
mybepKynbo3y ieeenis. Bona mae anmucenmuuni, 6akmepuyuoni ma npomu3ananvHi eracmusocmi, npome ii papmaxoe-
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HOCIMUYHUT NOMEHYIAN 3ANUUAEMbCA HEOOCMAMHBO BUKOPUCTNAHUM. [JOCTIONCeHHA MAKPO- Ma MIKpOCKONiuHOi 6y006u
JUCMS, A MAKONHC IXHbO20 PIMOXIMIYHO20 CKAAY 0AE 3MO2Y PO3POOUMU HAYKOBO OOTPYHMOBAHI NidXo0u 00 CmaHoap-
mu3zayii ma KOHMpOIo AKOCMI CUPOBUHU IKAPCLKUX POCIUH. Y yill cmammi npoananizoeano cyuacui 1imepamyphi Oamni
WoO0Oo XiMIUH020 CKAAdY, papmakonoiunux eracmueocmeli ma 3acmocysanus H. odorata. Busnaueno ocnoeHi mikpo-
CKONIYHI Ma MAKpPOCKONIYHI XApAKMepUCmuKY JUCMs, d MaKodxic 3ad 00NOMO20I0 XIMIUHUX peaKkyili 6CMAHOBNIEHO epynu
OI0N02IUHO AKMUBHUX CNOLYK, WO MAIOMb 8ANCAUSE 3HAUEHHS 01 I0enmuixayii 6udy. Jocaiodiceno mopghonoiuni ma
anamomiyni diaenocmuyuni o3naxu aucmsa H. odorata, écmanogneno, wo aucms mae npoouxosuti anapam napayumuo-
20 Muny 3 2aHMenI0iOHUMU OXOPOHHUMU KITMUHAMY, CUTIKAMHUMU KITMUHAMU, 036000100IOHUMU MPUXOMAMU 830084
Kparo 1ucmoegoi NIACmMuHKY ma RPUsMamuyHUMy KPUCMaiamu 630062ic dcuiok aucms. 11io eepxuim enioepmicom po3-
MAwo8aHo n’samo GeIUKUX MOMOPHUX KAIMUH, AKI € OCHOBHUMU Pe2YIAMOPamMu 600H020 OANAHCY TUCHKA | 3YMOSI0I0Mb
11020 CKpYUYBAHHS 30 HECRPUAMAUBUX YMO8. Becmanoesneno, wo aucmsa H. odorata micmame 6ionoziuno akmueHi pevosu-
HU, MaxKi AK Kymapunu, 0younbHi pewosutu, ¢ragonoiou, canoninu ma noaicaxapuou. Ompumani pe3yromamu Moxcyms
Oymu suxopucmani 015 po3pooKu Memooie KOHMPONIO AKOCMI POCTUHHOT CUPOBUHUL.
Knrouoei cnosa: epipna onis, mpasu, Kymaputu, cCanoHiu, c8imuo8a MiKPOCKONIs, MpPUXomu.

Introduction. H. odorata, or sweet grass, is well  isolated from the methanol-water extract were char-
known for its characteristic sweet aroma, which is due  acterized by significantly lower activity [4].
to its high content of coumarin compounds. Accord- Polish scientists investigated the effect of sweet
ing to the Global Biodiversity Information Facility,  grass on the physicochemical properties of liver cell
the plant is distributed primarily in the forest zone of = membranes in rats intoxicated with ethanol. It was
Ukraine [1]. It is most often found in pine and mixed  found that changes in liver cell membranes under the
forests, on sandy soils, in forest plantations, clearings,  influence of ethanol are largely associated with reac-
and glades. Harvesting is possible in regions such as  tive oxygen species, which cause oxidative stress.
Volyn, Rivne, Chernihiv, Zhytomyr, and Kyiv [1, 2].  The negative effects of free radicals can be reduced
Due to the presence of various groups of biologically by administering antioxidants. Administration of
active substances, H. odorata is used to increase lac-  sweet grass to ethanol-intoxicated rats significantly
tation, as a wound-healing and antiseptic agent, for  protects lipids and proteins from oxidative modifica-
lung inflammation, as well as to stimulate appetite and  tions. Thus, the use of H. odorata proved effective
improve digestion [2]. Sweet grass (H. odorata) is a  in minimizing harmful membrane changes caused by
useful plant for the restoration of wetlands and coastal ~ ethanol intoxication [5].
zones and therefore has potential for conservation use Japanese scientists investigated the volatile com-
in combating soil erosion [3]. ponents of ethanol extracts from the root and aerial

There is insufficient information in the literature  parts of H. odorata using gas chromatography—mass
regarding the pharmacological effects and chemical  spectrometry and high-performance liquid chroma-
composition of the bioactive compounds found in  tography (HPLC). A total of 169 volatile compounds
sweet grass. However, preliminary screening results ~ were identified. Coumarins predominated among the
of sweet grass have shown that extracts of this plant  volatile components, accounting for 10.3% in the root
slow down lipid oxidation [4]. The aim of the study = and 24.9% in the aerial parts of the plant. The content
by Lithuanian scientists was to identify the com-  of other compounds was also determined, including
pounds responsible for the radical-scavenging abil-  isovaleraldehyde — 38.47%, propyl alcohol — 0.51%,
ity of extracts from the aerial parts of sweet grass  isobutyl alcohol — 1.57%, 3-methylbutanol — 3.28%,
(H. odorata). As a result of multi-stage fractionation  furfural — 4.97%, and dodecanoic acid — 1.00%
of the extract, two new natural compounds with anti-  in the ethanol extract of the roots; ethylhexade-
oxidant activity were isolated. Their structures were  canoate — 15.70%, furanone — 4.83%, and benzalde-
determined using nuclear magnetic resonance and  hyde — 0.59% in the volatile fraction of the ethanol
mass spectrometry and identified as 5,8-dihydroxy-  extract of the aerial parts. The results of quantitative
benzopyranone and 5-hydroxy-8-O-f-D-glucopyra-  analysis using HPLC showed that the ethanol extract
nosyl-benzopyranone [4]. of the roots contains 3.57% coumarins, and the aerial

The activity of the isolated compounds was tested ~ parts contain 3.72%, indicating the plant’s value as a
using DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate)  source of volatile components [6].

and ABTS (2,2'-azino-bis (3-ethylbenzothiazo- Researchers from Lithuania studied the antioxi-
line-6-sulfonic acid)) free radical scavenging assays.  dant activity of sweet grass and sage (Salvia offici-
For comparison, known natural antioxidants — ros-  nalis L.) extracts in emulsions made from lard and

marinic acid and trolox — were used. The fraction rapeseed oil. Soy lecithin was used as an emulsifier,
obtained using tert-butyl methyl ether demonstrated  and copper acetate was added to catalyze the oxida-
the highest radical scavenging capacity. Its activity  tion process. The results showed that the antioxidant
was comparable to that of rosmarinic acid, which  potential of the extracts was approximately the same
showed a scavenging rate of 90%. Other fractions  in both substances. The use of sweet grass extracts,
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sage extracts, or a combination of both significantly
increased the resistance of fats to oxidation [7].

According to available literature data, H. odo-
rata is characterized by a rich and diverse chemical
composition. The following compounds have been
identified in this plant: coumarins: coumarin, umbel-
liferone, B-glucoside of coumarin; hydroxycinnamic
acids: p-coumaric, o-coumaric, ferulic, melilotic,
cinnamic, and shikimic acids; phytol, 2-methoxy-4-
vinylphenol, certain alkaloids (dynaxin is found in the
root and stem of the plant), ascorbic acid, bitter prin-
ciples, glycosides, fructans, essential oil (the flowers
contain hexahydrofarnesol), lauric and palmitic acids
(also in the flowers), as well as L-phenylalanine
[4, 5, 6, 8, 9]. At the same time, most studies focus on
the above-ground parts of the plant in general, while
the leaves — a promising part of the plant — remain
understudied.

Thus, H. odorata is a valuable aromatic and
medicinal plant with a wide range of pharmacolog-
ical properties. Its antiseptic, anti-inflammatory,
antioxidant, and hepatoprotective effects have been
confirmed by both traditional use and modern exper-
imental studies. Since H. odorata is not included in
the State Pharmacopoeia of Ukraine, the study of its
morphological and anatomical diagnostic features
and the phytochemical analysis of its leaves can serve
as a basis for developing quality control methods for
the plant material of this species.

Aim and objectives. To conduct a phytochemi-
cal analysis and investigate the main macroscopic
and microscopic characteristics of the leaves of Hier-
ochloé odorata (L.) P. Beauv growing in the Kyiv
region.

Research methods. Macroscopic and micro-
scopic studies were conducted in accordance with
generally accepted classical methods of pharmacog-
nostic analysis described in the literature [10-13].

The plants were collected in the Kyiv region at
50°27'41.6“N 30°02'27.8” E on May 27, 2025, during
the flowering phase. The material was collected from
10 survey plots within a single population associated
with a mixed herb-grass community covering a total
area of approximately 1.5 hectares. The samples were
identified at the National Herbarium of Ukraine at the
M. G. Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine: No 129813, KW
(Poltava region, Poltava district, between the vil-
lages of Umantsivka and Buhaivka); Ne 114739, KW
(Poltava region, Poltava district, village of Kopily);
Ne 041726 (Luhansk region, “Striletsky Steppe”
Nature Reserve); Ne 05668 (outside Kyiv).

Both fresh and dried raw material samples were
used to prepare temporary micro-preparations, which
were examined in aqueous and glycerin media. The

raw material was dried using the air-shade method
and stored under standard conditions in a dry, dark,
well-ventilated room. This approach allowed for a
comparative assessment of the anatomical and mor-
phological characteristics of freshly harvested and
dried medicinal plant material.

Microscopic examinations were performed using
a ULAB light microscope equipped with x40, x100,
x400, and x1000 magnification systems (the arti-
cle uses the two most informative images at x400
and x1000 magnification), as well as a Canon EOS
550 digital camera, which allowed for detailed visu-
alization of diagnostically significant structures. To
increase the reliability and statistical significance of
the results, each study was conducted in ten repli-
cates from ten different plants.

During microscopic examinations, histochemi-
cal reactions were performed for various groups of
biologically active substances: with methylene blue
solution (1:5000) for pectin substances; with diazo-
tized sulfanilic acid solution for coumarins; and iron
(IIT) chloride solution for phenolic compounds. To
extract biologically active substances for their sub-
sequent identification via chemical reactions, ethanol
of various concentrations and purified water were
used as solvents. Well-known color and precipitation
reactions were performed for the preliminary iden-
tification of various groups of metabolites [12, 13].

Research results. The leaves of H. odorata are
simple, glabrous, alternate, and clasping; they are
broadly linear in shape on vegetative shoots and lin-
ear-lanceolate on generative stems. The length of the
leaf blade ranges from 15 to 35 cm, with an aver-
age of 28,3+£3,1 cm, while the width ranges from 5 to
7 mm, with an average of 5,8 £ 0,8 mm.

The leaf blade is entire, green with a pointed apex
and a sheathing base. The sheath, as the lower part of the
leaf, has a tubular shape and tightly encloses the stem,
protecting the tender growth zones, particularly the
intercalary meristem. The leaf has clearly defined paral-
lel venation, which is clearly visible from the underside
and features a prominent central vein that rises above
the surface of the leaf blade and is one of the species’
characteristic diagnostic features. This venation system
ensures the efficient transport of water and minerals
along the entire length of the organ. The species-spe-
cific combination of morphometric parameters and leaf
shape is of great importance for the macroscopic identi-
fication of the plant material under study.

For a detailed analysis of medicinal plant mate-
rial, attention should also be paid to the microscopic
characteristics of H. odorata leaves, which will sub-
sequently make it possible to distinguish this species
from other similar ones. The leaf of H. odorata is iso-
lateral and amphistomatic (Fig. 1. A-B).
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Fig. 1. Cross-section of an H. odorata leaf:
A, B —x400: 1 — mesophyll, 2 — upper epidermis,
3 —lower epidermis, 4 — large motor cells, 5 — closed
collateral bundle, 6 — sclerenchyma

In a transverse section of the leaf blade, it is clearly
visible that between the single-layered upper (Fig. 1. A2)
and lower epidermis (Fig. 1. A 3), there are eight to
twelve evenly spaced layers of mesophyll (Fig. 1. B 1).
The mesophyll cells are living, parenchymatous, oval
or rectangular, and densely filled with chloroplasts.
Five large motor cells are located beneath the upper
epidermis (Fig. 1. A 4). In a cross-section, they appear
fan-shaped, with the central cell being the largest and
the lateral ones gradually decreasing in size.

Due to their location and large size, motor cells
(Fig. 1. A 4) are easily identifiable in a cross-section,
which is an important morphological feature in the
study of water and mineral transport in vegetative
organs, as well as for the diagnosis of raw materials.
Due to their ability to rapidly change volume, they
are the primary regulator of the leaf’s water regime,
ensuring its rolling up under adverse conditions. In
a cross-section through a leaf vein, we observe the
presence of closed collateral vascular-fibrous bundles
(Fig. 1. B 5), which are held in place at the top and
bottom by multilayered sclerenchyma (Fig. 1. B 6).

Upon examining the upper and lower epidermis, it
should be noted that they consist of rows of cells of var-
ious shapes. The majority of epidermal cells are large,
rhomboid, elongated cells (Fig. 2. A 1), interspersed with
rows of rectangular, thin, rather long cells that cover
the veins. Along the veins on the underside of the leaf
are prismatic crystals of calcium oxalate (Fig. 2. C 6).
On both sides of the cells covering the veins, there are
two rows of large, rectangular cells with rounded edges
(Fig.2.A7,C7,D 7). There are two rows of thombic cells
with paracytic stomatal apparatus (Fig. 2. A-D 2), which
extend in ordered rows along the entire length of the leaf
blade. The stomata have a distinctive feature: their guard
cells are dumbbell-shaped. At the base of individual lat-
eral cells are round silicate cells (Fig. 2. B 3, D 3). They
provide mechanical strength to the leaf and protection
against being eaten by animals, which is important for
maintaining the structure of the vegetative organs during
the transport of water and minerals.

The alternation of rhombic rows of cells with
rows of cells containing stomata (Fig. 2. A5, C 5) and
bands of thin cells covering the veins creates a dis-
tinct, ordered, systematic structure typical of mem-
bers of the class Monocotyledons.

Fig. 2. Epidermis of the leaf surface of H. odorata:
A, B — adaxial epidermis; C, D — abaxial epidermis.
A, C, D —x400, B-x1000: 1 — large rhombic cells,

2 — paracytic stomatal apparatus, 3 — silicate cells,

4 — very narrow elongated cells covering the veins,

5 — rectangular cells containing stomata at their base,
6 — prismatic crystals, 7 — rectangular cells with
rounded edges

Along the edge of the leaf blade are retort-shaped,
or beak-like, unicellular hairs with a pointed tip
(Fig. 3. A, B).

The trichomes point their pointed tips toward the apex
of the leaf blade, which requires some caution when har-
vesting the raw material. In addition to the leaf margin,
trichomes are located along the main large veins.

To identify biologically active substances, histochem-
ical reactions were performed on fresh raw material. The
presence of phenolic compounds in the raw material was
detected using iron (III) chloride reagent, which was
applied to the epidermis of the H. odorata leaf. The cells
along the vein turned blue-violet, indicating a localized
accumulation of phenolic compounds (Fig. 4. A 1).

Fig 3. Detail of the margin of a H. odorata leaf
blade: A — %400, B — x1000: 1 — unicellular beak-like
trichomes

Fig. 4. Results of the histochemical reaction in H. odorata
leaves: A — with iron (III) chloride, B — using methylene
blue solution (1:5000), C — with diazotized sulfanilic

acid solution: 1 — cells containing ghenohc compounds,
2 — paracytic stomatal apparatus, 3 — the result of pectin
substances coloration, 4 — closed collateral bundle,
5 — sclerenchyma stained with diazotized sulfanilic acid
solution
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Results of qualitative reactions

Table 1

Reaction name

Reagent

Observations

Reaction result

Foaming reaction

Vigorous shaking for one
minute

When the aqueous extract was shaken, a stable
foam formed that did not dissipate for 1 min,
indicating the presence of saponins (2)

Determination of
the chemical nature
of saponins

1-5 ml of 0.1 M sodium
hydroxide solution

2 —5ml 0.1 M hydrochloric

acid solution

In the test tube containing an acidic medium
(2), the foam column is taller than in the
test tube containing an alkaline medium

(1), indicating a predominance of triterpene
saponins

Reaction with a
10% solution of
lead acetate

4 drops of 10% lead acetate

solution

The formation of a precipitate (2) indicates the
presence of saponins, flavonoids, and tannins

Identification of
polysaccharides

5 ml of water extract, 25 ml

of ethanol

A precipitate was observed, indicating the
presence of polysaccharides

Lactone test

2-5 drops of a 10% alcohol

solution of potassium
hydroxide;

3-5 drops of a 20% sulfuric

acid solution

The initial color change and subsequent
formation of a precipitate (2) indicate the
presence of coumarins

Diazotized
sulfanilic acid
solution reaction

2-5 drops of a 10%
potassium hydroxide
solution;

3-5 drops of diazotized
sulfanilic acid

The solution turned brownish-red (2),
indicating the presence of coumarins

Cyanidin reaction

3 drops of hydrochloric
acid and a few grains of
magnesium shavings

The change in the extract's color to a deep
brownish-red shade (2) indicates the presence
of flavonoids in the test material.

Reaction with iron
(III) chloride

5 drops of a 3% iron (I1I)
chloride solution

The solution took on a greenish-brown shade
(2), indicating the presence of condensed
tannins.

Note:

1 — control; 2 — reaction result.
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To detect pectin substances in the cells of H. odo-
rata leaves, a reaction was performed with methylene
blue solution. Cell walls containing pectin substances
(Fig. 4. B 3) turned a deep blue color, clearly delineat-
ing the shape and thickness of the cells.

Since coumarins are among the main biologically
active compounds in the H. odorata herb, a test with
diazotized sulfanilic acid solution was conducted
to determine the location of these compounds. The
change in the color of the walls to light brown indicates
the localization of coumarins in the sclerenchyma sur-
rounding the vascular fiber bundles (Fig. 4. C 5).

The results of the chemical reactions are presented
in Table 1.

Conclusions

The morphological and anatomical diagnostic
features of H. odorata leaves were studied, and it was
found that they possess paracytic-type stomatal appa-
ratus with dumbbell-shaped guard cells, silicate cells,
beak-like trichomes along the leaf margin, and pris-
matic crystals along the leaf veins. The main biolog-
ically active compounds in H. odorata leaves were
identified by chemical reactions: coumarins, tannins,
flavonoids, saponins, and polysaccharides.
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