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Abstract: The study was conducted to investigate the anatomical and histochemical characteristics of 

the leaf, stem, and bark of G. senegalensis, by using light and field emission scanning electron 

microscopy (FESEM). The analysis revealed the presence of pitted xylem vessels, fibers, stone cells, 

starch, various types of trichomes, and calcium oxalate crystals in powdered form of different parts of 

the plant through microscopy. Anatomical features include the dicot vascular bundle  (V-shaped 

organization),  epidermis, collenchymas, parenchyma cells, phloem companion cells, actinocytic 

stomata, the lactiferous vessel in the stem, and lignified pericyclic fiber were present. Different types 

of secondary metabolites like steroids, mucilage, sesquiterpenes, tannins, phenols, and polyphenols 

were identified within the cells by the histochemical investigation. The current results provide accurate 

information for the quality assessment and correct identification of G. senegalensis crude drug or herbal 

products. No previous papers on this taxon are available in the literature about its ethnobotany and 

pharmacobotanical characteristics.  

Keywords: Gymnosporia senegalensis (Lam.) Loes; histochemistry; plant microscopy; scanning 

electron microscopy; secondary metabolites. 
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1. Introduction 

It has been reported that more than 65% of natural products characterized till today are 

derived from various plants. More than 80% of developed and developing countries use 

conventional and complementary herbal medicines [1,2]. A significant number of target drugs 

rely on biological sources in the pharmaceutical industry [3]. However, a lack of 

standardization is the primary drawback of herbal medicines. This lays the groundwork for 

misinterpretation, the unintended substitution of similar species, and deliberate tampering of 

authentic herbs with poor quality to fulfill the growing consumer demands [4,5]. To certify the 

reproducible quality and competency, standardization parameters be laid down for precise 

identification [6]. Therefore, standardization studies need to be documented to evaluate the 

quality control parameters of plant-derived herbal medicines. 

In the present studies, we have focused our investigations on one of the commonly 

available medicinal plants in Arabia, Africa, Afghanistan, and India, i.e., Gymnosporia 

senegalensis (Lam.) Loes belongs to the family Celastraceae. It is alternatively named 

Maytenus senegalensis (Lam.) Excell [7,8]. Different parts (leaf, stem, and bark) of G. 

senegalensis were used to alleviate several human ailments such as diarrhea, wounds, 

dyspepsia, eye infection, malaria, dysmenorrhoea, rheumatism, chronic pain and chronic pain 
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illness, and chest pains [9,10]. Several researchers have reported pharmacological activities 

like antimicrobial and anti-inflammatory [11-13]. Micro-anatomy is the initial set of 

pharmacognostic methods used to evaluate any fresh raw sample of medicinal plants. 

2. Materials and Methods 

2.1. Plant material. 

The different parts (leaves, stem, and bark) of G. senegalensis were collected in January 

2020 from nearby Tehsil Newai, Rajasthan- 304022, India. The plant parts were botanically 

identified by Patanjali Herbal Research Department, Haridwar (Uttarakhand) India  

(PRFH/005). 

2.2. Plant processing.  

The fresh, fully expanded leaves, stem, and bark of G. senegalensis was thoroughly 

separated, washed, and about 800 g each were shade dried at room temperature. The dried raw 

plant materials were coarsely ground into a homogenous powder using a mechanical mixer 

grinder (Philips HL7505/00; 500W). The uniform powder was passed from 40 mesh sieve and 

later stored at room temperature for further use.  

2.3. Organoleptic and morphological evaluations. 

Different sensory parameters, including color, texture, and odor of the fresh samples, 

were investigated through organoleptic studies. The morphological characteristics include leaf 

type, base, petiole, shape, venation, apex, margin, etc. 

2.4. Powder microscopy.   

The dried sieved powder of leaves, stem, and bark of G. senegalensis was studied by 

setting down a small amount of powder on a glass slide for microscopic analyses. All samples 

were mounted in a 5% glycerin solution and stained with the reagents like N/50 iodine for the 

observation of starch and 0.1% w/v phloroglucinol plus a drop of con. hydrochloric acid for the 

observation of lignified cells [14,15].  

2.5. Histochemical tests. 

Histochemical tests were carried out using general stains such as antimony trichloride 

(SbCl3) for terpenes containing steroids and ruthenium red for mucilage, con. H2SO4 for 

sesquiterpenes and 5% aqueous ferric chloride for tannins, phenols, or polyphenols [16].  

2.6. Microscopic studies.  

Assessment of matured leaves was settled and block-out with the help of a new razor 

blade for diagnosing various characters with staining. According to the standard methods, fine 

thin sections were stained with 0.2% phloroglucinol plus a drop of concentrated hydrochloric 

acid, iodine solution, and safranine. Slides were mounted in a 5% glycerin solution as a general 

strain to observe the various types of plant cells and their distributions. Photomicrographs at 

different magnifications were taken. 
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2.7. Field emission scanning electron microscopy (FESEM). 

2.7.1. Sample preparation. 

Sample preparation can be done by polishing the materials mechanically through the 

dehydration procedure. After this, it can be stuck with carbon sticking tape specially designed 

for the stubs. It requires care during the sample preparation, which may affect the analyses and 

results [17,18].  

2.7.2. Coating of samples.  

Leaves are non-conductive samples, which require a special plasma layer. Therefore, 

this coating of palladium was applied to the sample with the help of a sputtering coating 

machine in the presence of argon gas to make it conductive [19].   

2.8. Instrumentation used.  

Photomicrographs of the microscopical sections and crude powder of plant parts (leaf, 

stem, and bark) were captured with the help of a binocular two-eye compound light microscope. 

Images were analyzed with the help of Biowizard software. FESEM images were viewed with 

the help of Oxford instruments x-MaxN and TESCAN software and digitally recorded by the 

instruments' inbuilt cameras. 

3. Results and Discussion 

Ethnomedically leaf, stem, and bark of G. senegalensis are used by the local people to 

treat various ailments. Multifarious medicinal properties of G. senegalensis encouraged many 

scientists and researchers to explore more morphological and pharmacognostic information. 

According to the WHO, the macroscopic and microscopic description is the first and fourth 

step to correctly identify similar plant species, important characters, and purity of plant 

materials. Morphology and anatomy analysis is a major aid for drugs authentication [20].  

3.1. Organoleptic and morphological characterization. 

Organoleptic characters and macroscopic evaluations of the plant parts were noted, and 

the results were shown in Figures 1, 2, and listed in Table 1.  

 
Figure 1. The different parts of Gymnosporia senegalensis Lam loes. (a) Gymnosporia senegalensis (Lam.) 

loes, (b) fruits, (c) branching pattern of stems, (d) spiked present on stems, (e) aerial part (twig). 
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The organoleptic examination is a specific characterization done by the sensory organs 

of particular species. It is the first step towards the identification of plant raw materials. Some 

important characteristics of the crude drugs, i.e., odor, texture, and taste, were extremely 

sensitive criteria based on an individual’s perception. Therefore, feature descriptions 

sometimes may cause differences of opinion. 

 
Figure 2. Adaxial and abaxial side of the leaf, (c) Morphological features of G. senegalensis leaf. T- tip, Md- 

midrib, L- lateral veins, M- margin, P- petiole. 

Table 1. Organoleptic and morphological characterization of different parts (leaf, stem, flowers, fruits, and 

bark) of G. senegalensis. 

Parameters Observation 

  

Leaf 

Apex  Acute with sharp spine  

Margin  Serrate (to the end) 

Venation  Reticulate, anastomosing towards margin 

Base  Acute  

Petiole  Small  

Shape  Lanceolate  

Type  Simple  

Lamina  Entire and flat  

Phyllotaxy  Alternate or sub opposite 

Surface color and 
texture 

Adaxial side Dark green and smooth 

Abaxial side Olive green and rough  

Stem  

branching pattern Monopodial 

Spikes  Present, sharp  

Flowers  

Pattern  Terminal clusters  

Odor  Sweetly scented  

Fruits 

Pattern  2-lobed capsule  

Color  Pinkish to reddish-brown  

Bark  

Surface  Rough  
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3.2. Powder analysis.  

Analysis of fine leaf powder showed the presence of palisade parenchyma, fibers, oil 

cells, sclereids, spiral cells, bilobed trichrome, and pitted tracheids. It also showed the presence 

of lignified xylem fiber with vitae and simple-compound starch grains after staining with 0.1 

% hydrochloric-phloroglucinol and mounted in glycerin (Figure 3, 4). Stem and bark powders, 

after treating with iodine, revealed the presence of different types of trichomes (Figure 5, 6). 

Powder of bark also revealed the presence of prismatic, microspenoidal, single crystals, and 

pitted tracheids (Figure 7). Different cork cells and square-prisms shaped calcium oxalate 

crystals were also observed in all the parts (leaf, stem, and bark) of G. senegalensis (Figure 8, 

9). Leaf powder also revealed actinocytic stomata after staining with 5% iodine and 0.1% fast 

green (Figure 10).  

Every plant possesses various characteristic features that can be identified by 

microscopy powder analysis, which can be helpful in the identification and detection of 

adulterants. Anatomical characterization is an individual structural element present within the 

same plant organs, which permits support, diagnosis to the herbal drugs quality analysis. The 

presence or absence of calcium oxalate crystals with their types, and chemical compositions in 

the plant, can be characterized as taxonomic features. They are formed from endogenously 

synthesized Ca and oxalic acid from the environment and accumulate in species-specific 

morphology. They provide ionic balance and tissue rigidity, which protect against foraging 

animals and an internal reservoir for calcium [21,22].  

 
Figure 3. (a) Palisade parenchyma, (b-c) different types of fiber, (d) bilobed trichome, (e) sclereids, (f) spiral 

cells, (g) pitted tracheids, (h) oil cells present in leaves powder of G. Senegalensis. Scale bar- 10 X. 

 
Figure 4. (a) lignified xylem fiber with vitae, (b) xylem fiber, (c) starch grains, present in powder of G. 

Senegalensis leaves. Scale bar- 45 X. 
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Figure 5. (a-d) Different types of trichomes present in the powder of G. Senegalensis stem. Scale bar- 40 X. 

 
Figure 6. (a-c) Different types of trichome present in powder of G. Senegalensis bark. Scale bar- 10 X. 

 
Figure 7. (a) Prismatic crystal, (b) microspenoidal crystals, (c) single crystals, (d) pitted tracheids (e) vessel 

with annular thickening present in the powder of G. Senegalensis bark. Scale bar- 10 X. 

 
Figure 8. Different types of cork cells present in G. Senegalensis powder of (a) leaves, (b, c) stem, (d) bark. 

Scale bar- 10 X. 
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Figure 9. (a-h) Different types of calcium oxalate crystals present in the powder of leaves, stem, and bark of G. 

Senegalensis. Scale bar- 10 X. 

 
Figure 10. Actinocytic stomata, (a-b) abaxial side after staining with iodine and fast green. Scale bar- 10 X. 

3.3. Histochemical analysis. 

Histochemical reagents were applied to the semi-thin section of leaf tissue to investigate 

the secreting apparatus (Figure 11). Upper epidermis (single-layered cells) with cuticle present 

in the outer layer. It was observed that the epidermal cells, secreting cells, and mesophyll cells 

reacted strongly for metabolites of terpene-containing steroids (Figure 11a), mucilage (Figure 

11b), sesquiterpenes (Figure 11c) in the midrib region. In the laminar regions, tannins, 

polyphenols, or precursors were observed. The hypodermis is followed by 4-5 layers of 

mesophyll tissue (Figure 11d). Histochemical tests showed the presence of different secondary 

metabolites like steroids, mucilage, sesquiterpenes, tannins, phenols, and polyphenols 

accumulated within the cells. These metabolites are also of high commercial and 

pharmaceutical value [23,24].  

(a) (b) (c) (d) 

(e) (f) (g) (h) 
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Figure 11. Histochemical reactions in the G. senegalensis leaf. (a) Antimony trichloride for steroids, (b) 

Ruthenium red for mucilage, (c) Con. H2So4 - ethanol reaction for sesquiterpenes, (d) Aqueous 5% ferric 

chloride for tannins and polyphenols. (E: epidermis, Col: collenchyma, PC: primary cortex, P: pith, HP: 

hypodermis, UEP: upper epidermis, LEP: lower epidermis). Scale bar- 10 X. 

3.4. Microscopical characterization. 

The uppermost (adaxial surface) epidermal layer revealed the special arrangement of 

the small polygonal cells and collenchyma cells having regular margins. Cells were larger than 

the abaxial side. Beneath the epidermis, mesophyll is present. All mesophyll cells have 

conductive bundles accompanying tissues and are filled with dark and dense content. The 

midrib region slightly elevates on the abaxial side consist of an epidermis, collenchymas, and 

parenchyma cells (Figure 12 a).  

The cortex consists of a single layer of ksilema in a single layer and sclerenchyma 

vascular bundle in 5-6 layers, surrounded by a parenchymatous sheath. Phloem is present with 

phloem companion cells. Palisade cells were less developed and did not seem to be layered. 

Dicot vascular bundle is observed having metaxylem and protoxylem with wide air chambers. 

Pith is lies beneath the vascular bundle (Figure 12 b-d).  

Microscopic studies of plant tissues are important to differentiate plant species 

established on their internal anatomy and cellular organization. The stomata distribution was a 

taxonomic feature that helps separate closely related plant species that may be macro-

morphologically similar. Stomata are constant for a plant species regardless of the age of the 

plant and environmental conditions. Therefore, stomata range indices obtained for G. 

senegalensis can be used to evaluate the plant's quality control further. Direct stained with 

safranine, adaxial leaf surface showed the actinocytic stomata covered with the guard cells, 

surrounded by 2-3 subsidiary cells followed by the epidermal layers. Adaxial surface 

suppresses more stomata in comparison to the abaxial surface of the leaf, as they appeared only 

near the midrib (Figure 13).  

A trichome is initiated as a protuberance from an epidermal cell. The stem had 2 types 

of trichomes. The first is a simple unicellular trichome, often borne on a stalk, attached directly 

by its lower surface, and located mainly on the margins. The second is a spiral trichome 

conducting strand xylem vessel with spiral thickening (Figure 14 a-b).  

The bundle of acicular is present in the vacuolar matrix, where crystals of calcium 

oxalate form in specialized cells. Each needle in a bundle is enclosed in the membrane (Figure 

14 c). Lactiferous vessels (lacticifer) are found in the cortex of the stem (Figure 14 d). 

In stem cross-section, it is observed in a circular shape. The outer layer of the epidermis 

is loosely arranged in an oval shape and appears in a single series. Below the epidermis, several 

layers of cells are present in the cortex region, such as collenchymatous and parenchymatous 

cells, leading to the sclerenchyma. The layer of cells formed endodermis. Xylem is lignified in 

nature. Vascular bundles are present in V-shape at the projecting arms of the petiole and 
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arranged in parallel rays (Figure 15 a-e). Five vascular bundles lie in the parenchymatous 

region, where four are fully developed, and one is less developed. The organization of the 

vascular system is a significant feature of species differentiation and characterization. It can be 

a good marker in plants identifications [25,26]. Pith consists of large thin-walled 

parenchymatous cells. The middle of the pith is replaced by a cavity-like structure.  

 
Figure 12. Transverse section of leaf. Scale bar (a) 10X, (b-c) 45X, (d) 45X. Ep- epidermis, K- ksilema, VF- 

vascular fiber, SVB-  sclerenchyma vascular bundle, P- pith, PP- primary phloem, PCC- phloem companion 

cell, MBS- mechanical bundle sheath, XVL- xylem vessels libriform, PR- pith ray, AS- air space. 

 
Figure 13. Actinocytic stomata (a) Abaxial side of leaf at 5 X, (b-c) Adaxial side of leaf at 5 X and 45X. Ec- 

epidermal cell, Gc- guard cells, Sp- stomatal pore, V- vacuole, Otw- thick outer wall, Itw- thick inner wall. 

 
Figure 14. Transverse section of G. senegalensis stem (a) Unicellular trichome (UT), (b) Spiral trichome (ST), 

(c) Bundle of acicular, (d) Lacticifer (LA). E- epidermis, RH- root hairs. Scale bar- 10 X. 
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Figure 15. Anatomy of dicot stem. Scale bar (a) 5 X, (b) 10 X, (c) 45 X, (d) 100 X, (e) 45 X. C- Cuticle, Ep- 

epidermis, Col- collenchyma, Chl- Chlorenchyma, Co- Cortex, Sc- Sclerenchyma, Pa- Parenchyma, Gp- ground 

parenchyma, Mr- Medullary rays, Cb- Cambium, Mx- Metaxylem, Px- Protoxylem, Vm- Vessel members, PA- 

Parenchyma, T- Tracheid. 

3.5. Field emission scanning electron microscopy. 

In FESEM, leaves were observed and found amphistomatic. The upper surface is 

smooth, and the lower surface is rough without any definite pattern. The oil glands are 

embedded within the leaf's mesophyll, surrounded by a single layer of non-pigmented secretory 

cells (Figure 16 a-c).  

 
Figure 16. Scanning electron micrographs of the surface of G. senegalensis leaf. (a) upper surface view 

indicating stomata (S) in the background, (b) lower surface, (c) oil globules present on the lower surface. Scale 

bar- 50 µm, 20 µm, and 10 µm. 

https://doi.org/10.33263/LIANBS122.033
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS122.033  

 https://nanobioletters.com/ 11 of 13 

 

Dicotyledonous stomata were observed in fewer numbers, mostly sunken at the site of 

gaseous exchange on the leaf adaxial side. The striate cuticle was tangentially positioned in the 

subsidiary cells, and traces of non-oriented wax were present (Figure 17 a-c). Lignified 

pericyclic fiber is observed in the lamina region, indicating stomata in the background (Figure 

18 a-c). In the transverse section of the leaf, the adaxial side of the central vein was observed 

to consist of a tracheid in the midrib region (Figure 19 a-d). The dehydration of plant tissues 

for FESEM poses many distinctive challenges. A wide range of sample preparation and their 

visualization techniques can be procured to overcome difficulties originating from plant tissue 

characteristics [17].  

 
Figure 17. Scanning electron micrographs of G. senegalensis leaf. (a) Adaxial side of the epidermis in frontal 

view showing stomata (S), (b) Straiate cuticle (Ct), epicuticular waxes (Wa). Scale bar- 50 µm, 20 µm, and 5 

µm. 

 
Figure 18. (a-c) Lignified pericyclic fiber. Scale bar- 500 µm, 100 µm, and 100 µm. 

 
Figure 19. Transverse section of G. senegalensis leaf tissue observed through FESEM, showing (a) Aspect of 

the central vein, (b) angled central vein indicating xylem (X), phloem (P), adaxial epidermis (ADE), (c-d) 

tracheid (T) in the midrib region. Scale bar- 500 µm, 100 µm, 20 µm, 10 µm. 
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4. Conclusions 

Crude drug misidentification and adulteration can cause consumers and pharmaceutical 

industries various health and legal problems. The first stage towards quality control of the 

medicinal plants is to ensure the accuracy and authenticity of the selected species for the 

designed use. It can be evaluated with various techniques, such as macro and microscopic 

identification, histochemical analysis, and SEM, especially for microscopic botanical aspects. 

Therefore, results generated from this study would be helpful in the identification and 

standardization of the plant material towards quality assurance and also for the preparation of 

a monograph on the G. senegalensis plant. 
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