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Abstract
Xanthium strumarium and Xanthium spinosum are found in many parts of the world and they are used in traditional 
medicine in many countries. Several studies have shown some medicinal effects for X. strumarium parts (leaves–seed-
lings–flowers–roots–fruits), and of the leaves of X. spinosum to treat some diseases. This paper is designed to set standards 
in determining the quality of the powders of these two plants. The standards include microscopic examinations and 
preliminary tests, which can be considered as identification tests for the purity of the powders. Contamination can occur 
during the collection of the plant, such as the presence of fruit elements among the powder of the leaves. Additionally, 
toxic substances in the fruits of the plant could be present that need special treatment before using them. Furthermore, 
these species of Xanthium are invasive to fields, so microscopic examination revealed the contamination of other plant 
powders with parts of these Xanthium species. The microscopic examination of X. strumarium leaves showed a distinctive 
nonglandular trichomes different from the ones in X. spinosum leaves. Seedling powder gives more glandular trichomes 
than the leaf powder, and the flower powder can be distinguished by the presence of distinctive pollen grains. The root 
powder is characterized by the presence of stone cells, while the presence of fibers indicates the elements of stems or 
fruits, depending on the shape of the fibers. The preliminary tests showed that all parts of X. strumarium contain alkaloids, 
but not in the leaves of X. spinosum. The type of flavonoids was different between the leaves of Xanthium species. The 
two species did not contain anthraquinones or saponins, while the leaves of X. spinosum contained tannins.
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University, Damascus, Syria. 2Department of Plant Biology, Faculty of Science, Damascus University, Damascus, Syria.
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as X. strumarium, and so there are truly only two unique 
main species in Syria.

According to Al-Hakim et al. [1] the morphology of 
X. strumarium is an annual herb length of 30–100  cm 
(Fig. 11), with leaves that are simple, alternating, without 
spines, triangular in general shape. The edges of the leaves 
are irregularly toothed and lobed. Flowers are unisexual, 
some inflorescences carry only male flowers, while others 
carry female flowers on the same plant, meaning that the 
plant is unisexual and monoecious. Flowers occur in heads 
clustered in axils. Male heads are spherical, tubular flowers, 
and are located at the ends of branches. Female heads are 
positioned below male heads, and every head includes 
two florets. The floret contains only the pistil without 

1  Introduction

Xanthium belongs to the Asteraceae family (formerly 
Compositae). There are more than 20 species of Xanthium 
genus in North America that can be distinguished based 
on the morphological characteristics of the burs [18], but 
Love and Dansereau [10] distinguished the genus with two 
distinctly different species: Xanthium strumarium and Xan-
thium spinosum. The spinosum is relatively stable, while the 
strumarium changes greatly and is divided into subspecies. 
Mouterde [12] mentions in Syrian and Lebanese flora that 
there are three species of this genus in Syria: X. strumarium, 
X. echinatum, X. spinosum, but the website of The Plant List.
org has considered that X. echinatum is the same species 
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corolla and calyx, and the whole two florets enclosed 
within a spiny involucre. Fruit contains two achenes, sur-
rounded by hard involucre that ending in two hooked 
beaks, and covered with hooked spines.

According to Al-Hakim et al. [1] also, the morphology 
of X. spinosum is: Annual herb, length 30–60 cm (Fig. 12). 
Leaves: contains three irregular lobes, each of which has 
a clear main vein in the middle. The upper surface of the 
leaves is dark green, and the lower surface of the leaves is 
paler than the upper surface. Each leaf has three branches 
of yellow spines, length 0.7–2.5 cm. Fruits are similar to 
those of the first species, and this plant is distinguished 
from the other species by its relatively small in size fruits.

Although chemical methods of analysis, especially chro-
matography, are now accepted as standard techniques for 
the identification of many vegetal materials, microscopic 
structure has long been established as providing a most 
useful and reliable criterion [2].

This research aims to identify the microscopic elements 
of X. strumarium parts powders and X. spinosum leaf pow-
der, so that their quality and purity are set by these stand-
ards. Seedlings and flowers of X. strumarium have not been 
studied microscopically before. Lastly, to determine the 
type of chemical components by preliminary tests to help 
differentiate the powder of the two species.

2 � Materials and methods

2.1 � Plant samples and preparation of powders

The seedlings (Se) of X. strumarium were collected in 
August 2017 from the Al-Bahloulia area east of Lattakia, 
Syria. Then the mature plants were collected from the 
same region. Fruits were obtained in November of the 
same year. As for the flowers, they were collected in Sep-
tember 2018. The second species X. spinosum was col-
lected at the end of August 2017 from the Al-Husayn area, 
north of Tartous, and from the Wadi Al-Nadara area, west 
of Homs. The samples were dried in the shade for 14 days 
in a well-ventilated room.

The parts of X. strumarium were separated: leaves 
(Le)–stems (St)–roots (Ro)–fruits (Fr)–flower buds (Flo). X. 
spinosum leaves (Spi, the abbreviation of spinosum) were 
separated from the stem and spines. Plants samples were 
weighed after drying: Le: 500 g, St: 300 g, Ro: 175 g, Fr: 
600 g, Flo: 150 g, Spi: 100 g.

All parts were ground with an electric mill to obtain 
fine powders, which were then kept in tightly sealed glass 
containers, wrapped in dark bags so as not to be exposed 
to air and light, and stored away from sources of heat and 
moisture until the time of use.

2.2 � Microscopic examination

Two types of solution were used for microscopy:
Chloral hydrate and glycerin: Chloral hydrate dissolves 

starch, proteins, chlorophyll, resins, and volatile oils, and 
causes shrunken cells to expand. It does not dissolve cal-
cium oxalate and is therefore a good reagent for the detec-
tion of these crystals. Glycerin is useful for preparations 
that may be left for some time [7].

Phloroglucinol and hydrochloric acid: The powder was 
moistened with an alcoholic phloroglycinol solution and 
allowed for 2 min to dry, then a concentrated solution of 
hydrochloric acid was added. All lignified walls would stain 
pink or red [7].

With each solution; microscopic examination was done 
for three samples of each powder, and several photomicro-
graphs were taken for each element. The best and clear-
est photomicrographs were selected for the microscopic 
measurement.

2.3 � Microscopic measurement

It was accomplished by using an eyepiece micrometer and 
calibrating it with a precisely measured stage micrometer 
[17]. After the calibration, it was determined that one unit 
on the eyepiece micrometer equals approximately 9 μm 
on the stage micrometer with the objective 10x, and 
2.35 μm with the objective 40 ×.

2.4 � Preliminary tests

Preliminary tests were conducted for the powders. The 
following components were detected and categorized: 
alkaloids–flavonoids–anthraquinones–saponins–tannins 
by the procedures mentioned in the Munajjed and Agha 
[13] manual.

2.4.1 � Detection of alkaloids

By precipitation reactions:
A small amount of powder was boiled with a quantity of 

Hydrochloric acid 2N + Water, then was detected from the 
filtrate with Dragendorff, Mayer, Wagner reagents.

2.4.2 � Detection of flavonoids

Powder was extracted with methanol, and by adding the 
petroleum ether the unwanted matters were separated. 
The methanolic extract was used for detection in the fol-
lowing tests:
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Wilson Taubock test: Methanolic extract was mixed with 
boric acid and oxalic acid. Formation of a fluorescent solu-
tion indicates the presence of flavonoids.

Aluminum chloride test: Methanolic extract was mixed 
with aluminum chloride. Then a drop of the resulting 

solution is placed on a filter paper and a UV fluorescent 
was observed.

Fig. 1   Microscopic characteristics of X.strumarium leaves powder, a–c Non glandular trichomes. d Glandular trichomes. e Anomocytic 
stoma. f Mesophyll, 10 ×
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2.4.3 � Detection of tannins

The powder was extracted with ethanol and the tannin 
was detected with ferric chloride solution. Formation of 
blue or green color transforming quickly to black indicates 
the presence of tannins.

2.4.4 � Detection of anthraquinones

By boiling the powder with a quantity of Hydrochloric 
acid 7%, extracting by ether, separating the ethylic ether 
layer, and adding to the ethereal solution about one-third 
of its volume of Ammonia. After shaking a pink color for-
mation in the aqueous layer indicates the presence of 
Anthraquinones.

2.4.5 � Detection of saponins

Foam Test: the powder was shaken with hot water. Foam 
formation persisting for 10 min indicates the presence of 
saponins.

3 � Results

3.1 � Microscopic examination of X. strumariun parts 
powders

3.1.1 � Microscopic characteristics of the leaf powder

•	 Nonglandular trichomes with three types:

A.	 Multicellular, uniseriate, with a sharp, spiny end, 
and clear protuberances. The total length did not 
exceed 30 µm (Fig 1a).

B.	 Multicellular, uniseriate, with very sharp, spiny end, 
clear protuberances, and broader cells, approxi-
mately 15–20 µm in length (Fig. 1b). Sometimes 
these trichomes appear smaller 7–9 µm (only 2 
cells).

C.	 Multicellular, uniseriate, with a smooth wall 
(Fig 1c).

•	 Glandular trichomes: Asteraceae family pattern: mul-
ticellular, biseriate head, and unicellular base. They 
were found in large numbers positioned on the sur-
face of the epidermis that attached to mesophyll tissue 
(Fig 1d).

•	 Fragments of epidermis with Anomocytic stomata 
(Fig 1e).

•	 Fragments of mesophyll in surface view (Fig. 1f ).

3.1.2 � Microscopic characteristics of the seedling powder

The previous nonglandular trichomes of the mature leaves 
appear the same, in addition to the presence of:

Glandular trichomes (Asteraceae family pattern) appear 
free from epidermal tissue. This distinguishes seedling 
powder from mature leaf powder (Fig 2)

Fig. 2   Glandular trichomes of X.strumarium seedling powder

Fig. 3   Microscopic character-
istics of X.strumarium roots 
powder. a Pitted vessels. b 
Stone cells
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3.1.3 � Microscopic characteristics of the root powder

After staining with phloroglucinol and hydrochloric acid, 
the following can be observed:

•	 Large fragments of pitted vessels, (Fig. 3a).
•	 Fragments of cortex containing scattered quadrate 

stone cells (Fig 3b).

3.1.4 � Microscopic characteristics of the flower powder

•	 Spherical pollen grains, with a smooth exine, and some 
grains appear tricolporate, approximately 25–27 µm in 
diameter (Fig 4a).

•	 Fragments of endothecium of the anther (surface view) 
(Fig 4b).

•	 Fragments of the whole anther (Fig 4c).

•	 Epidermis of floret corolla showing cells with wavy 
walls (Fig 4d).

3.1.5 � Microscopic characteristics of the fruit powder

After staining with phloroglucinol and hydrochloric acid, 
the following can be observed:

•	 Fragments of the mesocarp attached to the endocarp 
(Fig. 5a, b).

•	 Fusiform fibers, approximately 35–45 µm in length 
(Fig. 5c, d).

3.1.6 � Microscopic characteristics of stem powder

After staining with phloroglucinol and hydrochloric acid, 
the following can be observed:

Fig. 4   Microscopic character-
istics of X.strumarium flowers 
powder. a Pollen grains. b 
Endothecium. c Anther,10 ×, 
40 ×. d Epidermis of corolla
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•	 Fibers, which have a dentate wall, and marked with pits 
lumen (Fig. 6a).

•	 Vessels with two types: pitted and spiral (Fig. 6b).
•	 Parenchyma cell contains rosette crystals (Fig. 6c).
•	 Fragments of polygonal cells contain purple pigment. 

These pigments are spots that appear on the surface of 
the stem (Fig. 6d)

3.2 � Microscopic characteristics of X. spinosum leaf 
powders

•	 Fragments of mesophyll attached with epidermis, and 
numerous trichomes positioned on its surface (Fig. 7a).

•	 Nonglandular, multicellular, uniseriate trichomes. Their 
surface is smooth, approximately 30–40 µm in length, 
and some trichomes appear 15-20 µm (Fig. 7b).

•	 Glandular trichomes (Asteraceae family pattern).
•	 Fibers indicate the presence of ground spiny with 

leaves (Fig. 7c).

3.3 � Microscopic distinction between X. strumariun 
leaf powder and X. spinosum leaf powder

It can be distinguished by nonglandular trichomes, as in 
Table 1.

3.4 � Results of the preliminary tests

•	 Alkaloids detection reactions: The following results 
were shown in Table 2.

•	 Flavonoids detection reactions: The following results 
were shown the intensity of UV fluorescence of Wilson 
Taubock tests, and the color of UV fluorescence of alu-
minum chloride test (Table 3, Fig. 8).

•	 Anthraquinones and saponins detection results were 
negative in all the plant parts, but tannins detection 
results were positive only with fruits and the leaves of 
X. spinosum (Table 4).

Fig. 5   Microscopic characteristics of X.strumarium fruits powder. a Endocarp, 10 ×. b Endocarp, 40 ×. c Fiber, with staining. d Fiber, without 
staining



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2020) 2:1600 | https://doi.org/10.1007/s42452-020-03390-x

Table 1   Distinguish between the nonglandular trichomes of the two species

X. strumarium X. spinosum

Clear protuberances on the surface Smooth surface
The lower cells are wider than the upper ones
          

All cells have the same width
              

Table 2   Detection of alkaloids

(+) indicates precipitation

(−) indicates no precipitation

Reagent
Plant part

Dragendorff Mayer Wagner

Le + − +
Se + − +
Fr + + −
Ro − − +
Spi − − −

Table 3   Detection of Flavonoids

(++) indicates strong fluorescence

(+) indicates moderate fluorescence

(−) indicates no fluorescence

Plant part Le Se Fr Ro Spi

Wilson Taubock tests ++ + − − ++
Aluminum chloride test Brown Brown Green − Green

4 � Discussion

In traditional medicine, the leaves, fruits, and roots are the 
parts that were used from the first species X. strumarium 
[9]. Many effectiveness studies were conducted on these 

parts, as well as for the leaves of the second species X. 
spinosum. Therefore, it is necessary to set standards to 
control the quality of the powders of these parts, and this 
research is a complement to previous research conducted 
on them. The microscopic examination of each part of X. 
strumarium, and X. spinosum leaves and the preliminary 
tests conducted in this study are useful in determining 
the following standards: the stage at which the plant was 
collected, detecting powder contamination during plant 
collection or grinding, determining of Xanthium species, 
and the type of chemical components contained in the 
two species.

X. strumarium leaves are the most used for medicinal 
purposes, and the microscopic characteristics were three 
types of multicellular nonglandular trichomes (Fig. 1a-c). 
Bhogaonkar and Ahmad [3], who provided illustrations—
without photomicrography—for the trichomes, indicated 
to the presence of a fourth type: nonglandular multicellu-
lar with multicellular base, but Fig. 9 shows that this type 
is the same one in Fig. 1, whereas the base of the trichome 
may appear and may not. Bhogaonkar and Ahmad [3] 
also indicated that there was a second type of glandular 
trichome, which was a scales type, but this type did not 
appear in our study. A possible proposed explanation 
for their observations is that it was a broken part of the 
nonglandular trichome or basal region of a trichome on a 
leaf, as seen in Fig. 10. Sravani and Lakshmi [15] mentioned 
that the type of stomata was anomocytic and sometimes 
anisocytic may appear as well as Bhogaonkar and Ahmad 
[3] observed. While Reeta et al. [14] findings the stomata 
were anisocytic. However, only the anomocytic type was 
noticed in our study (Figs. 1e, 11, 12).    
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Fig. 6   Microscopic characteristics of X.strumarium stem powder. a Fibers. b Vessels, pitted, spiral. c Parenchyma cell contains rosette crystals. 
d Purple pigment

Fig. 7   Microscopic charac-
teristics of X.spinosum leaves 
powder. a Mesophyll, 10 ×. 
b Non-glandular trichome. c 
Fibers
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Mature leaves of X. strumarium can be collected before 
flowering or upon flowering time, so a microscopic exami-
nation shows the time when the plant was collected. The 
flower powder was characterized by fragments of anther 
endothecium in a large amount, in addition to the distinct 
pollen grains in their spherical shape or the tricolporate 
shape. These grains appear freely in large quantities and 
within the stamens fragment (Fig. 4).

Fig. 8   The color of UV fluorescence of aluminum chloride test

Table 4   Detection of Anthraquinones, Saponins, Tannins

(+) indicates positive detection

(−) indicates negative detection

Plant part Le Se Fr Ro Spi

Anthraquinones − − − − −
Saponins − − − − −
Tannins − − + − +

Fig. 9   Presence of the base of the trichome

Fig. 10   Broken part of trichome

Fig. 11   a X. strumarium,whole plant. b Fruit of X. strumarium 

Fig. 12   X. spinosum 
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The stems of X. strumarium are less important medi-
cally, and it is preferable to separate them from the leaves. 
Microscopic examination can reveal if stem separation 
took place during collection or if the leaves were ground 
with the stem. The appearance of fibers -with dentate wall- 
and polygonal cells contained purple pigments in the ele-
ments of the leaf powder indicates that they were ground 
with stems (Fig. 6).

The roots of X. strumarium were traditionally used as 
a bitter tonic and febrifuge [9], so it can be used alone 
without the leaves, and when the plants were collected in 
this study, the roots were completely separated from the 
aerial parts. Therefore, the leaf powder was pure from the 
elements of roots. The microscopic examination of pow-
dered roots was characterized by the appearance of stone 
cells scattered within the cortical tissue, in addition to the 
presence of large pitted vessels (Fig. 3).

The seedling powder can be distinguished by the pres-
ence of free and clear separated glandular trichomes 
within the microscopic examination (Fig. 2) because the 
number of glandular trichomes is more during this stage 
of growth and in young leaves [4].

Dharmananda [6] mentioned that the fruits are used 
in Chinese traditional medicine, but they contain in 
their spines a toxic substance called a carboxyatractylo-
side (CAT), and the best way to use fruits safely is to be 
processed by stir-frying, then the spines are sifted and 
removed. Only washing or boiling (decocting) the fruits or 
even frying them without removing the spines is not con-
sidered sufficient to get rid of the toxicity. Fruits are used 
in a dose of 3–10 g, with a safety margin 10-fold compared 
to the dose causing a significant human reaction (100 g). 
Microscopic examination of the fruit powder has shown 
the presence of fusiform fibers and fragments of the meso-
carp attached to the endocarp of the fruit (Fig. 5). The col-
lection of the aerial parts of X. strumarium at the fruiting 
time is not an appropriate time to obtain the leaves. If a 
microscopic examination shows the presence of fruit ele-
ments with the leaf elements, this indicates a poor quality 
of the powder, because the plant was not collected in time 
and the leaves were mixed with the fruits whose spines 
should be removed before grinding.

Microscopic examination shows clear differences 
between the nonglandular trichomes of the powdered 
leaves of X. strumarium and X. spinosum (Table 1). Clear 
protuberances were visible on the surface of the trichomes 
in X. strumarium and the basal cells were wider than the 

apex cells, while nonglandular trichomes of X. spinosum 
were characterized by their smooth surface and all cells 
were approximately uniform in dimensions.

The morphology of X. spinosum is characterized by the 
presence of spines, and these spines do not have a medical 
benefit, therefore it is preferable to separate them from 
the leaves. The microscopy gives a clear indication of the 
purity of the leaf powder from the spines, as it reveals if 
the leaves were ground with the spines.

Table 2 shows that the leaves, seedlings, and fruits of 
X.strumarium contain alkaloids because there are two posi-
tive results and this corresponds to Kamboj and Saluja [9] 
report that the aerial parts contain a mixture of unidenti-
fied alkaloids. Farooq et al. [8], Devkota and Das [5], and 
Malpani et al. [11] also mentioned that the leaves contain 
alkaloids, while Reeta et al. [14] and Sravani and Lakshmi 
[15] concluded that the leaves do not contain alkaloids. It 
appears from the previous table that the leaves of X. spi-
nosum do not contain alkaloids.

Table 3 shows that flavonoids are present in the leaves 
of the two species, but their type is different due to their 
different fluorescence.

Anthraquinones and saponins detection results were 
negative, which indicates that all the parts do not contain 
them, while tannins were found in the fruits of X. strumar-
ium and the leaves of X. spinosum.

Preliminary tests showed clear differences that can be 
used to distinguish between the powdered leaves of the 
two species. In X. strumarium, the detection of alkaloids 
was positive, the test of aluminum chloride to detect flavo-
noids gave a brown fluorescence under the UV. The result 
of testing for tannins was negative. As for X. spinosum, the 
detection of alkaloids was negative, the test of aluminum 
chloride gave a green fluorescence, and the detection of 
tannins was positive.

5 � Conclusions

Microscopic examination returned clear results to reveal 
the powders of X. strumarium parts and the powders of 
X. spinosum leaves. Depending on the photomicrography 
of the elements, it is possible to control the quality of the 
powders and reveal the presence of any contamination 
with powders. Preliminary tests for the leaves of the two 
species gave an additional method to differentiate the two 
species of Xanthium.
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