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1. Introduction 

The quality control of therapeutic drugs is a fundamental 

criterion that must be considered. At the same time, coping 

with plant products that are supposed to be placed on the 

market as an element for drug composition in basic 

pharmacological investigations. Therefore, efforts should 

be taken to achieve and preserve the superior quality of 

these medicinal herbs. The importance of medicinal plants 

is well-known, and human beings have used them for 

various purposes [1]. In recent years, medicinal plants have 

obtained numerous natural bioactive compounds with 

curative values and treat many diseases as alternative 

medicines [2-4]. Traditional herbal remedies have 

constantly led scientists to explore new drugs to facilitate 

the safety of humans and animals. However, lack of 

standardization is a significant drawback in the preparation 

and utilization of herbal medicines.  

The problem relating to the standardization of natural drugs 

ascends from the multifaceted composition of medicines 

used in the whole plant, plant parts, or extract obtained (in 

both its entire and powder form). Some plants contain 

critical therapeutic properties, but the benefits remain 

confined primarily because of a lack of awareness and 

improper scientific standardization. Therefore, plant 

material standardization is a prior requirement [5]. 

It assures quality, acceptability, safety, purity, efficacy, and 

the identity of the herbal formulations by reducing batch-

to-batch variation to make them valuable to consume. 

Pharmacognostical studies were carried out based on a 

detailed botanical evaluation of the plants, which included 

botanical parameters with physicochemical and 

pharmacognostic analysis [6], providing an opportunity to 

identify and evaluate authentic herbs with an excessive 

amount of bioactive components. Various pharmacopeia 

has featured the plant components in the form of 

monographs to classify the physicochemical characteristics. 

Thus, the advanced approach to identifying and quantifying 

the active ingredients can help in the appropriate 

standardization of the herbs and their formulations in the 

plant materials [7, 8].  

Gymnosporia senegalensis (Lam.) Loes (family - 

Celastraceae) is a small tree or tall shrub usually distributed 
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in Afghanistan, Africa, Arabia, and India [9]. The root, 

stem, and bark of G. senegalensis have been used to treat 

several ailments like diarrhea, chest pains, rheumatism, 

chronic illness, wounds, dyspepsia, eye infection, 

dysmenorrhoea, and malaria [10-12]. Scientific reports 

have also confirmed its anti-inflammatory and 

antimicrobial activity [13].  

Lack of sufficient documentation and the implementation 

of reliable quality control methods remain critical 

hindrances in using herbal drugs, laying the groundwork for 

misinterpretation, the unintended substitution of similar 

species, and deliberate tampering with authentic herbs with 

poor quality to fulfill the growing consumer demands [8]. 

Despite the broad utilization of G. senegalensis, 

standardization parameters presented in the literature are 

not quite informative for its proper documentation and 

identification. Therefore, we have conducted this study to 

establish some standard pharmacognostic parameters of G. 

senegalensis to prepare its herbal drugs. 

2. Experimental 

2.1 Procurement and validation 

The different parts (leaf, stem, and bark) of G. senegalensis 

were collected from nearby areas of Banasthali, Tehsil 

Newai, Rajasthan, India, in January 2019. Patanjali Herbal 

Research Department, Haridwar, India, identified and 

authenticated the plant parts. For further reference, an 

herbarium specimen having a serial number PRFH/005 was 

deposited at the Patanjali Research Foundation herbarium. 

The scheme of work undertaken is shown in figure 1. 

2.2 Preparation of extracts 

Fresh leaf, stem, and bark of G. senegalensis were washed, 

shade dried at room temperature for nearly one month, and 

milled into homogenous powder using an electric grinder 

(Panasonic MKGW200). The powder was passed through 

the 40-mesh sieve and stored at room temperature for 

further examination. Fifty grams of dried powder of all the 

plant parts were used to prepare sequential extracts using a 

hot continuous soxhlation extraction method with different 

solvents in their ascending order of polarity ranging from 

non-polar to polar. The Soxhlet mixture was filtered, 

evaporated, and stored at 4 °C in an airtight container for 

further use [14-16]. 

2.3 Physicochemical analysis  

The physicochemical parameters such as the ash content 

(total ash, water-soluble ash, and acid-insoluble ash), 

foreign organic matter, loss of dryness (LOD), and pH (at 1 

% and 10 %) are the deciding factors in evaluating impurity, 

purity, and quality of the crude drugs. All the analyses were 

Figure 1. Preparation of extracts by Soxhlet hot continuous method; A) fresh leaf, stem, and bark of 

Gymnosporia senegalensis; B) powdered form of all parts of the plant; C) sequential extract preparation 

of all the parts with the help of Soxhlet apparatus; D) fresh powder and extract prepared and utilized for 

the parameters. 
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performed according to the WHO guidelines on quality 

control methods for medicinal plant materials [17].  

2.4 Fluorescence analysis  

A minute amount of powdered crude drug samples was 

placed in the test tubes with various solvents and chemical 

reagents (acidic and basic). Different fluorescence color 

radiations emitted by a range of solutions were noted under 

visible, short, and long UV wavelength regions [18].  

2.5 Qualitative phytochemical screening  

Preliminary phytochemical screenings of different solvent 

extracts of G. senegalensis for identifying various active 

ingredients were carried out using standard conventional 

procedures [14].  

2.6 Atomic absorption spectroscopy (AAS) 

The digestion method was used for the analysis of elements 

including arsenic (As), chromium (Cr), cadmium (Cd), lead 

(Pb), zinc (Zn), manganese (Mn), and copper (Cu) in plant 

parts (leaf, stem, and bark). Two grams of each sample were 

acidified with 15 ml of 65 % (v/v) conc. nitric acid and 

oxidized with 5 ml of 30 % (v/v) hydrogen peroxide. The 

solutions were heated for 3 h at 250 °C in a muffle furnace 

until the digest was clear. The solution was cooled down 

and filtered through Whatman No. 42 filter paper, 

transferred quantitatively into a flask, and made up to the 

mark by adding distilled water. These samples were 

analyzed using a model iCE 3300 GF high-resolution 

atomic absorption spectrophotometer. The instrument was 

calibrated with the help of standard solutions of As, Cr, Cd, 

Pb, Zn, Mn, and Cu to analyze these elements at specific 

wavelengths. Air-acetylene flame as gas pressure and 

hollow cathode as lamp source at 50 mm burner with 

different gas flow rates (L/min) were used as optical 

analytical conditions [19].  

2.7 Statistical analysis 

All the experiments were carried out in triplicates, and the 

values were represented as mean ± standard deviation (SD).  

3. Results and discussion 

In this study, we have standardized various phytochemical 

and physicochemical properties of the leaf, stem, and bark 

of G. senegalensis. The results of standardization 

parameters are:  

3.1 Extract preparations of G. senegalensis 

The percentage yields (% w/w) of the extracts of G. 

senegalensis (leaf, stem, and bark) were analyzed using 

different solvents. It indicated the presence of various 

bioactive compounds in all extracts from the experimental 

plant. The results revealed that in the case of leaf and stem, 

the polar solvent methanol has a high extractive yield 

(17.86±0.03 and 9.84±0.01), whereas, in the case of bark, 

Table 1. Preliminary phyto-profile of various parts (leaf, stem and bark) of G. senegalensis in different solvents. 
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the non-polar solvent petroleum ether has a high extractive 

yield (6.10±0.20). The extractive values help evaluate the 

existence and nature of bioactive constituents present in 

solvent extracts, as well as in the assessment of the 

solubility of specific bioactive components in different 

solvents. These results also indicated that the amount of 

metabolites varied from high to low in the leaf, stem, and 

bark extracts, respectively. The pH of leaf, stem, and bark 

extracts (1 mg/ml) was weakly acidic (pH~5-6). The color, 

consistency, nature, and pH of extracts from different parts 

were analyzed and listed in table 1 and shown in figure 2. 

3.2 Physicochemical analysis 

Physicochemical parameters help ensure crude drug purity, 

quality, efficacy, and safety. The ash value of G. 

senegalensis was determined by three different procedures, 

i.e., total ash, water-soluble ash, and acid-insoluble ash. 

Ash constituents are the inorganic residues (such as 

silicates, carbonate, oxalate, and silica) obtained after the 

complete combustion of a crude drug. The total ash value 

(TAV) contains physiological and non-physiological ash. 

Physiological ash presents naturally in plant tissues and 

synthesizes itself by several biochemical processes. The 

non-physiological ash is a kind of contamination that 

accumulates in the plant parts from the atmosphere, mainly 

by absorbing soil [20]. 

In the present study, the TAV was noted to be the highest in 

the leaf (3.04±0.02), with respect to the stem (2.14±0.02) 

and the bark (1.42±0.01). A high percentage of TAV 

revealed the inorganic constituents in the crude sample of 

G. senegalensis. Further, water-soluble ash (WSA) is a 

significant marker for detecting water-soluble salts and 

other materials in the crude sample. In the case of G. 

senegalensis, the highest WSA was observed in the leaf 

(2.63±0.01), w.r.t. bark (2.01±0.01), and the stem 

(1.74±0.01). Moreover, acid insoluble ash (AIA) is a part of 

total ash that remains insoluble in dil. HCL and known as 

non-physiological ash especially having sand and soil 

contents. In the case of our samples, the highest AIA was 

observed in the leaf (0.72±0.01), w.r.t. the stem 

(0.65±0.03), and the bark (0.15±0.01). Its lowest value 

indicates the presence of a negligible amount of siliceous 

matter. 

Foreign organic matter states the presence of any matter or 

adulteration that does not form the part of a crude drug and 

can impart as impurities in the crude extract. It was 

observed higher in stem (0.07±0.04) and bark (0.08±0.03) 

as compared to leaf (0.02±0.01). It helps in determining the 

adulteration present in the crude drug. Moisture content is 

also essential in crude drugs, directly correlated with its 

reliability and stability. The higher moisture content must 

be avoided in the formulations of drugs to prevent their 

deterioration. The lower level of moisture can prevent 

microbial growth [21]. The moisture content of G. 

senegalensis was determined by the loss on drying method 

(LOD) at 105 °C and found to be 3.12±0.01 for leaf and 

2.84±0.02 for the stem, whereas 2.02±0.01 for bark. The pH 

of the crude drug of plant parts is weakly acidic, ranging 

from 5.33 to 5.96 at 1 % and 4.93 to 6.03 at 10 %, 

respectively. Thus, it may not trigger any gastrointestinal 

inflammation [22]. The physical state, color, and taste of the 

dry ash collected after careful incineration and their 

proximate analysis of the leaf, stem, and bark of G. 

senegalensis are given in table 2 and graphically 

represented in figure 3.  

Figure 2. Sequential extracts of leaf (A: Petroleum ether, B: Benzene, C: Chloroform, D: Ethyl acetate, E Methanol, 

F: Aqueous); stem (G: Petroleum ether, H: Benzene, I: Chloroform, J: Ethyl acetate, K: Methanol, L: Aqueous) and 

bark (M: Petroleum ether, N: Benzene, O: Chloroform, P: Ethyl acetate, Q: Methanol, R: Aqueous) of G. senegalensis. 
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3.3 Fluorescence characterization 

Fluorescence is the observable fact exhibited by a variety of 

chemical compounds present in the plant sample. 

Ultraviolet light produces fluorescence in many natural 

drugs or after treating them with various reagents. If the 

sample itself is not fluorescent, it may be changed into 

multiple fluorescent derivatives after applying different 

reagents. The results of fluorescence analysis of other parts 

(leaf, stem, and bark) of G. senegalensis, after treating them 

with various acidic and basic chemical reagents and 

solvents under visible, short (254 nm), and long (365 nm) 

UV light, are given in table 3. This study helps qualitatively 

detect the substituents and contaminants and assess the 

crude drugs [23]. 

3.4 Phytochemical screening 

The results of preliminary phytochemical screening of 

various solvent extracts of leaf, stem, and bark of G. 

senegalensis revealed that the plant possesses primary 

metabolites such as proteins, amino acids, carbohydrates, 

and lipids in trace amounts, whereas secondary metabolites 

such as alkaloids, flavonoids, terpenoids, and glycosides, 

etc., in appreciable quantity. These metabolites were 

obtained in petroleum ether, chloroform, ethyl acetate, and 

methanol extract from G. senegalensis, indicating that these 

solvents effectively isolated the specific bioactive 

compounds. 

3.4.1 Primary metabolites 

Proteins and amino acids were observed in higher amounts 

in chloroform extract of leaf, in an equal ratio of ethyl 

acetate and methanol extract of the stem, and the benzene 

extract of bark. Carbohydrates, the third primary 

biopolymers, were in high amounts in chloroform and 

methanol extract in all parts of G. senegalensis, whereas in 

moderate quantities in other solvent extracts. Lipids such as 

oils, fats, and essential oils were absent in the aqueous 

extract of all parts of G. senegalensis, whereas these were 

present in other extracts. Lipids possess many biological 

activities such as antifungal, antibacterial, antioxidant, 

antiviral, antimicrobial, etc. [24, 25]. These are also safe for 

animal and human consumption [26]. 

Table 2. Physicochemical analysis of leaf, stem and bark of G. senegalensis. 

Figure 3. Evaluation of various physicochemical analyses of leaf, stem, and bark of G. senegalensis. 
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3.4.2 Secondary metabolites 

Alkaloids were in high amounts in chloroform and 

methanol extracts of all parts of G. senegalensis. The 

presence of alkaloids in the extract of G. senegalensis 

indicates that it may exhibit many pharmacological 

activities. Glycosides were also present in an appreciable 

quantity in the leaf and stem but not in the bark. 

Cyanogenetic and anthraquinone glycosides were present in 

higher amounts in methanol extracts of the leaf and stem. 

These are well-known laxative compounds that are 

beneficial for overcoming constipation. Anthraquinone 

glycosides have been reported to exhibit DNA-binding, 

anti-cancer, antimicrobial, cathartic, diuretic, and anti-

inflammatory activities [27]. 

Furthermore, flavonoids were present in an appreciable 

amount in the leaf and stem and a moderate amount in the 

bark. They have several therapeutic biochemical and 

antioxidant effects that cure various illnesses such as 

Alzheimer’s, atherosclerosis, cancer, etc. [28]. Flavonols 

and flavonones show antioxidant potential and reduced risk 

of vascular disease. These are found to be present in the leaf 

in high amounts. Phenolic compounds were also present in 

high quantities in all leaf and bark solvent extracts, whereas 

in moderate amounts in the stem. However, bioactive 

phenolic compounds were detected chiefly in bark and 

reported to act as metal chelators and radical scavengers. 

Tannins are the most critical polyphenolic secondary 

metabolites, which show anti-aging, antimicrobial, 

antioxidant, and antiproliferative activities [29-31]. In the 

case of G. senegalensis, tannins were also present in traces 

in methanolic and aqueous extract of all the parts. Aqueous 

extract of leaf, stem, and bark of G. senegalensis also 

showed a higher presence of saponins. Terpenoids were 

present in petroleum ether extracts of all parts of G. 

senegalensis. It represents that petroleum ether extracts 

have the potential for a repair mechanism in favor of 

injuries and wounds; also, they can protect from 

environmental stress through chemical defense [32-34]. 

Steroids such as phytosterols and cholesterol, which show 

anti-inflammatory activity and immune-modulating 

properties, were also present in moderate amounts in the 

stem and bark and in traces in the leaf [35].  

Gums have been widely used in the preparation of cough 

suppressing agents, coating agents for microcapsules, bulk 

laxatives for dental adhesives, emulsifiers, and as sustaining 

agents for buccal and matrix tablets for protein delivery 

[36]. In our study, the methanol and aqueous extracts of all 

parts of G. senegalensis showed the presence of gum in an 

appreciable amount. Acidic compounds which contain 

nitrogen and the amino group were not present in most of 

the solvent extracts from all parts of G. senegalensis except 

in the benzene extract of the leaf and the aqueous extract of 

the stem. Vitamin C was utterly absent in all solvent 

extracts of different plant parts. Organic acids such as oxalic 

acid, tartaric acid, and citric acid are known as fruit acids 

and were found in chloroform extracts of all parts of G. 

senegalensis in trace amounts. Malic acid was also present 

in trace and moderate amounts in all solvent extracts of 

different parts. 

Based on the above discussion, petroleum ether and 

methanol extract of the leaf, stem, and bark of G. 

senegalensis were observed as rich resources of different 

types of bioactive compounds as compared to the other 

extracts. The results of the phytochemical screening are 

listed in table 4. 

3.5 Element analysis by AAS 

The lack of knowledge about the quantity and nature of 

elements present in the plant will pose an enormous threat 

to consumers as these plants may contain high 

concentrations of toxic elements. The presence of different 

elements and their amount in a plant depends on the water, 

fertilizers, and soil compositions. The lack of knowledge 

about the quantity and nature of elements present in the 

plant will pose an enormous threat to consumers as these 

plants may contain high concentrations of toxic elements.  

Arsenic (As) can be found in airborne particles, soil, water, 

and salt. The dose of As can cause kidney, liver, skin, 

bladder, and lung cancer [37]. The current study observed 

0.92 ppm in the leaf, 1.43 ppm in the stem, and 1.37 ppm in 

the bark of G. senegalensis. Chromium (Cr) is listed in the 

top 25 toxic, hazardous elements that pose a higher risk to 

the environment and human health. The World Health 

Organization (WHO), Central Pollution Control Board 

(CPCB, India), and US Environmental Protection Agency 

(USEPA) set the highest permissible limit (PL) at 0.1 and 

0.05 mg/l, respectively [38-40]. All the samples (leaf, stem, 

and bark) were found in the range of 0.46, 1.04, and 0.03 

ppm, respectively. 

In different countries, cadmium (Cd) has gained more 

attention for exceeding the PL for medicinal plants and 

herbs given by the WHO and Food Agriculture 

Organization (FAO). At high concentrations, cadmium 

critically affects the vascular, liver, and immune systems 

[41]. In the present study, 0.04 ppm cadmium was found in 

the leaf, 0.02 ppm in the stem, and 0.16 ppm in the bark of 

G. senegalensis.  

Lead exposure, at the early stage of pre-natal and childhood, 

has been linked with slow growth and development, 

learning difficulties, vision impairments, hearing, and much 

more adverse effects such as poor muscle organization in 

renal, nervous, reproductive, skeletal, cardiovascular, and 

muscular systems [42, 43]. It is well known, highly toxic 

environmental pollutant. In the present study, 0.43 ppm, 

1.47 ppm, and 1.34 ppm of lead were found in the leaf, 

stem, and bark of G. senegalensis, which is significantly 

lower than the permissible limit (10 mg/kg) as suggested by 

FAO/WHO. 

Among all, zinc (Zn) is an essential trace element necessary 

for the functioning of the thyroid, growth and development, 

blood clotting, and the synthesis of protein and DNA. High 

intake beyond the PL of 50 mg/kg can affect the levels of 

copper and blood lipoprotein in the human body [44, 45].  
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In the current study, 0.59 ppm Zn was present in the leaf, 

0.24 ppm in the stem, and 0.34 ppm in the bark of G. 

senegalensis. 

Manganese (Mn) is an essential activator for enzymatic 

reactions with fats, carbohydrates, and protein metabolism. 

It is vital in transferring oxygen from the lungs to other 

human cells [46]. It is an essential nutrient, crucial for 

normal growth and metabolism in the body, despite many 

undesirable health effects at higher doses, such as impaired 

male fertility and congenital disabilities in offspring [47, 

48]. The toxicity of manganese, however, occurs more often 

with iron deficiency. Also, Mn is considered safe and has 

not been classified as a carcinogen by International Agency 

for Research on Cancer (IARC) and WHO [49]. In the 

present study, 0.57 ppm Mn was reported in the leaf, 0.58 

ppm in the stem, and 0.65 ppm in the bark of G. 

senegalensis. 

On average, copper (Cu) is non-toxic to mammals [50]. Its 

deficiency could even consequence in weight loss, anemia, 

inflammation, demyelination of nerves, and other 

discomforts. An excessive Cu dose might cause serious 

health problems [51, 52]. Thus, this study screened the 

elemental composition of different parts (leaf, stem, and 

bark) of G. senegalensis. It revealed that it contains both the 

macro and microelements (As, Cr, Cd, Pb, Zn, Mn, and Cu), 

and their detected accuracy is calculated in parts per million 

(ppm) as given in table 5. 

Elements 

analyzed  

Quantity of the element (ppm) 

Leaf Stem Bark 

As 0.92 1.43 1.37 

Cr 0.46 1.04 0.03 

Cd 0.04 0.02 0.16 

Pb 0.43 1.47 1.34 

Zn 0.59 0.24 0.34 

Mn 0.57 0.58 0.65 

Cu 0.33 0.49 0.24 

4. Conclusion  

In this research work, the pharmacognostic study of the leaf, 

stem, and bark of G. senegalensis has been carried out for 

the first time. Our results have standardized the 

physicochemical and phytochemical parameters of this 

medicinal plant. The present study revealed the presence of 

primary and secondary metabolites in the extracts of 

different parts of the plant. The stem and bark also showed 

a moderate presence of macro and microelements. This 

study justified the nutritional and ethnomedicinal benefits 

of G. senegalensis to human health and authenticated it as 

an herbal drug. A standard monograph will be prepared 

from our results that will be highly significant for the 

manufacturing of formulations of phytomedicine. This will 

also provide supplementary information to manufacturers, 

policymakers, consumers, and researchers to produce a 

good quality product of G. senegalensis. 

Declarations 

Author Contribution: Both authors contributed to the conception of the 
presented idea for the article; DJ did the literature search and performed 

experiments and data analysis; PJ validated the results, and both authors 

contributed to drafting the manuscript. 

Funding: This study did not receive any specific grant from public, 

commercial, or non-profit funding agencies. 

Conflict of Interest: The authors have declared that no conflict of interest 

exists. 

Acknowledgments: Authors acknowledge the Bioinformatics Centre, 
Banasthali Vidyapith, supported by DBT and DST, for providing 

computation and networking support through the FIST and CURIE 

programs at the Department of Bioscience and Biotechnology, Banasthali 

Vidyapith, Rajasthan. 

References 

[1] Farnsworth N (2007). The role of 

ethnopharmacology in drug development. In Chadwik DJ, 

Marsh J (Eds). Bioactive compounds from plants. John 

Wiley & Sons Inc. [CrossRef]  

[2] Dey D, Quispe C, Hossain R, Jain D, Khan RA, 

Janmeda P, Islam MT, et al. (2021). Ethnomedicinal use, 

phytochemistry, and pharmacology of Xylocarpus 

granatum J. Koenig. Evid Based Complement Alternat 

Med; 8922196. [CrossRef] [PubMed] 

[3] Jain D, Uniyal N, Mitra D, Janmeda P (2020). 

Traditional resources and use of aromatic and ethno-

medicinal plants in Uttarakhand: compliment of nature. Int 

J Herb Med; 8(5):88-95.  

[4] Jain D, Chaudhary P, Kotnala A, Hossain R, Bisht 

K, Hossain MN (2020). Hepatoprotective activity of 

medicinal plants: a mini review. J Med Plants Stud; 8(5): 

183-188. [CrossRef]  

[5] Jain D, Upadhyay R, Jain S, Prakash A, Janmeda 

P (2022). TLC and HPTLC finger printing analysis of 

Cyperus rotundus (Linn.). Lett Appl NanoBioScience; 

11(3):3861-3870. [CrossRef]  

[6] Chanda S (2014). Importance of pharmacognostic 

study of medicinal plants: an overview. J pharmacogn 

phytochem; 2(5):69–73. 

[7] Prakash A, Janmeda P, Pathak P, Bhatt S, Sharma 

V (2019). Development and standardization of quality 

control parameters of different parts of Trianthema 

portulacastrum. L SN Appl Sci 1; 1108. [CrossRef]  

[8] Varshney N, Jain D, Janmeda P, Mitra D (2021). 

Role of medicinal plants in pharmaceutical sector: an 

overview. Glob J Bio-sci Biotechnol; 10 (2): 18-24. 

[9] Malebo HM, Wiketye V, Katani SJ, Kitufe NA, 

Nyigo VA, Imeda CP, Ogondiek JW, Sunguruma R, 

Mhame PP, Massaga JJ, Mammuya B, Senkoro KP, 

umisha SF, Malecela MN, Kitua AY (2015). In vivo 

antiplasmodial and toxicological effects of Maytenus 

senegalensis traditionally used in the treatment of malaria 

in Tanzania. Malar J; 14:79–85. [CrossRef]  

Table 5. Accuracy of macro and microelements in 

ppm determined by AAS. 

https://doi.org/10.1002/9780470514009.ch2
http://dx.doi.org/10.1155/2021/8922196
https://pubmed.ncbi.nlm.nih.gov/34504541/
https://doi.org/10.22271/plants.2020.v8.i5c.1212
https://doi.org/10.33263/LIANBS113.38613870
https://doi.org/10.1007/s42452-019-1074-3
https://doi.org/10.1186/s12936-014-0525-y


Jain & Janmeda  45 
 

Citation: Jain D, Janmeda P (2022). Pharmacognistic standardization and qualitative analysis of Gymnosporia senegalensis. T 
Appl. Biol. Chem. J; 3(2):34-46. https://doi.org/10.52679/tabcj.2022.0004 

[10] Silva DG, Taniça M, Rocha J, Serrano R, 

Gommes ET, Sepodes B, Silva O (2010). In vivo anti-

inflammatory effect and toxicological screening of 

Maytenus heterophylla and Maytenus senegalensis 

extracts. Hum Exp Toxicol; 30:693–700. [CrossRef] 

[11] Ahmed AS, McGaw LJ, Eloff JN (2013). 

Evaluation of pharmacological activities, cytotoxicity and 

phenolic composition of four Maytenus species used in 

sourthern African medicine to treat intestinal and diarrhoeal 

diseases. BMC Complement Altern Med; 13:100–115. 

[CrossRef] 

[12] Jain D, Janmeda P (2023). Morphology, anatomy, 

and histochemistry of leaves, stem, and bark of 

Gymnosporia senegalensis (Lam.) Loes. Lett Appl 

NanoBiosci; 12(2):33. [CrossRef] 

[13] Lall N, Meyer JJ (1999). In vitro inhibition of 

drug-resistant strains of Mycobacterium tuberculosis by 

ethnobotanically selected South African plants. J 

Ethnopharmacol; 66(3):347–354. [CrossRef]  

[14] Khandelwal KR (2015). Practical pharmacology 

techniques and experiments. Nirali Prakashan (13th ed.), 

Pune; 146-166. 

[15] Prakash A, Jain D, Tripathi R, Janmeda P (2019). 

Pharmacognostical analysis of different parts of Cyperus 

rotundus L. Plant Sci Today; 6:607-612. [CrossRef]  

[16] Sharma V, Janmeda P (2017). Extraction, isolation 

and identification of novel flavonoid from Euphorbia 

neriifolia (Linn.) leaves. Arab J Chem; 10:509-14. 

[CrossRef]  

[17] Sharma V, Janmeda P (2013). Microscopic studies 

and preliminary pharmacognostical evaluation of 

Euphorbia neriifolia L. leaves.  Indian J Nat Prod 

Resour; 4(4):348-357. 

[18] Ishtiaq S, Hanif U, Afridi MSK (2018). Mazus 

pumilus (Burm. F.) Steenis; pharmacognosy. Indian J 

Tradit Knowl; 17(1):106–112. 

[19] Adu JK, Fafanyo D, Orman E, Ayensu I, Amengor 

CDK, Kwofie S (2019). Assessing metal contaminants in 

milled maize products available on the Ghanaian market 

with atomic absorption spectrometry and instrumental 

neutron activation analyser techniques. Food control; 

109:106912. [CrossRef]  

[20] Ehiabhi OS, Omoregie EH, Comfort OE, 

Folashade KO (2012). Phytochemical and proximate 

analyses and thin layer chromatography fingerprinting of 

the aerial part of Chenopodium ambrosioides Linn. 

(Chenopodiaceae). J Med Plant Res; 6:2289-2294. 

[CrossRef]  

[21] Zambrano MV, Dutta B, Mercer DG, MacLean 

HL, Touchie MF (2019). Assessment of moisture content 

measurement methods of dried food products in small-scale 

operations in developing countries: A review. Trends 

Food Sci. Technol; 88:484–496. [CrossRef]  

[22] Baidoo MF, Kwatia EA, Mensah AY, Sam GH, 

Amponsah IK (2019). Pharmacognostic characterization 

and development of standardization parameters for the 

quality control of Entada africana Guill. & Perr. J Appl Res 

Med Aromat Plants; 12:36–42. [CrossRef]  

[23] Ankad GM, Pai SR, Upadhya V, Hurkadale PJ, 

Hegde HV (2015). Pharmacognostic evaluation of 

Achyranthes coynei: Leaf. Egypt. J Basic Appl Sci; 2:25-31. 

[CrossRef]  

[24] Benchaar C, Calsamiglia S, Chaves AV, Fraser 

GR, Colombatto D, McAllister TA, Beauchemin KA 

(2008). A review of plant-derived essential oils in ruminant 

nutrition and production. Anim Feed Sci Technol; 145:209-

228. [CrossRef]  

[25] Li Ma, Lei Yao (2020). Antiviral effects of plant-

derived essential oils and their components: an updated 

review. Molecules; 25:2627. [CrossRef]    

[26] FDA (2004). Food and Drug Administration of the 

US, 21 CFR 184. https://www.fda.gov/medical-

devices/medical-device-database/code-federal-regulations-

title-21-food-and-drugs/ (Accessed on 22 March 2020). 

[27] Chien SC, Wu YC, Chen ZW, Yang WC (2015). 

Naturally occurring anthraquinones: chemistry and 

therapeutic potential in autoimmune diabetes. Evid Based 

Complement Alternat Med; 2015:1-13. [CrossRef]  

[28] Burak M, Imen Y (1999). Flavonoids and their 

antioxidant properties. Turkiye Klin Tip Bil Derg; 19:296–

304. 

[29] Akiyama H, Fujii K, Yamasaki O, Oono T, 

Iwatsuki K (2001). Antibacterial action of several tannins 

against Staphylococcus aureus. J Antimicrob Chemother; 

48(4):487‐491. [CrossRef]  

[30] Maldini M, Sosa S, Montoro P, Giangaspero A, 

Balick MJ, Pizza C, Loggia RD (2009). Screening of the 

topical anti-inflammatory activity of the bark of Acacia 

cornigera Willdenow, Byrsonima crassifolia Kunth, 

Sweetia panamensis Yakovlev and the leaves of 

Sphagneticola trilobata Hitchcock. J Ethnopharmacol; 

122(3):430–433. [CrossRef]  

[31] Perez CR, Pine RQ, Ouchemoukh NA, Madani, K, 

Carretero AS, Gutierrez AF (2013). A metabolite-profiling 

approach allows the identification of new compounds from 

Pistacia lentiscus leaves. J Pharm Biomed Anal; 77:167-

174. [CrossRef]  

[32] Heras DB, Hortelano S (2009). Molecular basis of 

the anti-inflammatory effects of terpenoids. Inflamm 

Allergy Drug Targets; 8(1):28-39. [CrossRef]  

[33] Battineni JK, Koneti PK, Bakshi V, Boggula N 

(2018). Triterpenoids: a review. Int J Pharm Pharm Sci; 

3:91-96.  

[34] Bhaskar P, Sareen D (2020). Bioinformatics 

approach to understand nature’s unified mechanism 

of stereo-divergent synthesis of isoprenoid skeletons. 

World J Microbiol Biotechnol; 36(10):142. [CrossRef] 

[PubMed] 

[35] Ericson-Neilsen W, Kaye AD (2014). Steroids: 

pharmacology, complications, and practice delivery issues. 

Ochsner J; 14(2):203–207. [PubMed] 

https://doi.org/10.1177/0960327110379242
https://doi.org/10.1186/1472-6882-13-100
https://doi.org/10.33263/LIANBS122.033
https://doi.org/10.1016/s0378-8741(98)00185-8
https://doi.org/10.14719/pst.2019.6.sp1.679
https://doi.org/10.1016/j.arabjc.2014.08.019
https://doi.org/10.1016/j.foodcont.2019.106912
https://doi.org/10.5897/JMPR11.201
https://doi.org/10.1016/j.tifs.2019.04.006
https://doi.org/10.1016/j.jarmap.2018.11.003
https://doi.org/10.1016/j.ejbas.2014.12.002
https://doi.org/10.1016/j.anifeedsci.2007.04.014
https://dx.doi.org/10.3390/molecules25112627
https://www.fda.gov/medical-devices/medical-device-database/code-federal-regulations-title-21-food-and-drugs/
https://www.fda.gov/medical-devices/medical-device-database/code-federal-regulations-title-21-food-and-drugs/
https://www.fda.gov/medical-devices/medical-device-database/code-federal-regulations-title-21-food-and-drugs/
http://dx.doi.org/10.1155/2015/357357
https://doi.org/10.1093/jac/48.4.487
https://doi.org/10.1016/j.jep.2009.02.002
https://doi.org/10.1016/j.jpba.2013.01.026
https://doi.org/10.2174/187152809787582534
https://doi.org/10.1007/s11274-020-02918-y
https://pubmed.ncbi.nlm.nih.gov/32851438/
https://pubmed.ncbi.nlm.nih.gov/24940130/


46  Ethnomedicinal assessment of Gymnosporia senegalensis 
 

Citation: Jain D, Janmeda P (2022). Pharmacognistic standardization and qualitative analysis of Gymnosporia senegalensis. T 
Appl. Biol. Chem. J; 3(2):34-46. https://doi.org/10.52679/tabcj.2022.0004 

[36] Sungthongjeen S, Pitaksuteepong T, Somsiri A, 

Sriamornsak P (1999). Studies on pectins as potential 

hydrogel matrices for controlled release drug delivery. 

Drug Dev Ind Pharm; 25(12):1271-1276. [CrossRef] 

[PubMed] 

[37] National Research Council, US (2000). National 

Research Council (US) Subcommittee on arsenic in 

drinking water. National Academics Press, Washington 

DC. [CrossRef] 

[38] Central Pollution Control Board, India (2011). 

Annual report. 

https://cpcb.nic.in/openpdffile.php?id=UmVwb3J0RmlsZ

XMvNF8xNDk4MjEwMDE2X21lZGlhcGhvdG8yNjMzN

y5wZGY (Accessed on 29 December 2019). 

[39] Environmental Protection Agency, US (2011). 

EPA issues guidance for enhanced monitoring of Cr (VI) 

in drinking water. 

https://www.epa.gov/archive/epapages/newsroom_archive

/newsreleases/93a75b03149d30b08525781500600f62.htm

l (Accessed on 07 May 2022).  

[40] World Health Organization, Geneva, Switzerland 

(2011). WHO guidelines for drinking-water quality. 4th ed. 

https://www.who.int/publications/i/item/9789241549950 

(Accessed on 24 April 2021).  

[41] Maobe AG, Gatebe E, Gitu L, Rotich H (2012). 

Profile of heavy metals in selected medicinal plants used 

for the treatment of diabetes, malaria and pneumonia in 

Kisii region South-West Kenya. Glob J Pharmacol; 

6(3):245– 251. 

[42] Johnson FM (1998). The genetic effects of 

environmental lead. Mutat Res; 410(2):123–140. 

[CrossRef]  

[43] Agency for Toxic Substances and Disease 

Registry (ATSDR) (2007). Toxicological profile for lead 

(Update). 

https://www.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?i

d=96&tid=22 (Accessed on 02 August 2019). 

[44] Fosmire GJ (1990). Zinc toxicity. Am J Clin Nutr; 

51(2):225–227. 

[45] Dghaim R, AI Khatib S, Rasool H, Ali Khan M 

(2015). Determination of heavy metals concentration in 

traditional herbs commonly consumed in the United Arab 

Emirates. J Environ Public Health; 2015:973878. 

[CrossRef] [PubMed] 

[46] Payne WJA (1990). An Introduction to animal 

husbandry in the trophics. Longman Publishers Singapore; 

92-110.  

[47] Agency for Toxic Substances and Disease 

Registry (ATSDR) (2000). Toxicological profile for 

manganese. 

https://www.atsdr.cdc.gov/TSP/substances/ToxSubstance.

aspx?toxid=23 (Accessed on 02 August 2019). 

[48] Elbetieha A, Bataineh H, Darmani H, Al-Hamood 

MH (2001). Effects of long-term exposure to manganese 

chloride on fertility of male and female mice. Toxicol Lett; 

119(3):193-201. [CrossRef] [PubMed] 

[49] World Health Organization, Geneva, Switzerland 

(2006). WHO guidelines for assessing quality of herbal 

medicines with reference to contaminants and residues. 

https://www.who.int/publications/i/item/9789241594448 

(Accessed on 05 June 2020). 

[50] Flemming CA, Trevors JT (1989). Copper toxicity 

and chemistry in the environment: A review. Water Air Soil 

Pollut; 44:143–158.  [CrossRef]  

[51] Pandey BL, Goel RK, Das PK (1983). A study of 

the effects of tamrabhasma, an indigenous preparation of 

copper on experimental gastric ulcers & secretion. Indian 

J Exp Biol; 21(5):258-264. [PubMed] 

[52] Li X, Dong S, Su X (2018). Copper and other 

heavy metals in grapes: a pilot study tracing influential 

factors and evaluating potential risks in China. Sci Rep; 

8(1):17407. [CrossRef] [PubMed] 

 

https://doi.org/10.1081/ddc-100102298
https://pubmed.ncbi.nlm.nih.gov/10612023/
CrossRef
https://cpcb.nic.in/openpdffile.php?id=UmVwb3J0RmlsZXMvNF8xNDk4MjEwMDE2X21lZGlhcGhvdG8yNjMzNy5wZGY
https://cpcb.nic.in/openpdffile.php?id=UmVwb3J0RmlsZXMvNF8xNDk4MjEwMDE2X21lZGlhcGhvdG8yNjMzNy5wZGY
https://cpcb.nic.in/openpdffile.php?id=UmVwb3J0RmlsZXMvNF8xNDk4MjEwMDE2X21lZGlhcGhvdG8yNjMzNy5wZGY
https://www.epa.gov/archive/epapages/newsroom_archive/newsreleases/93a75b03149d30b08525781500600f62.html
https://www.epa.gov/archive/epapages/newsroom_archive/newsreleases/93a75b03149d30b08525781500600f62.html
https://www.epa.gov/archive/epapages/newsroom_archive/newsreleases/93a75b03149d30b08525781500600f62.html
https://www.who.int/publications/i/item/9789241549950
https://doi.org/10.1016/s1383-5742(97)00032-x
https://www.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=96&tid=22
https://www.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=96&tid=22
http://dx.doi.org/10.1155/2015/973878
https://pubmed.ncbi.nlm.nih.gov/26000023/
https://www.atsdr.cdc.gov/TSP/substances/ToxSubstance.aspx?toxid=23
https://www.atsdr.cdc.gov/TSP/substances/ToxSubstance.aspx?toxid=23
https://doi.org/10.1016/s0378-4274(00)00312-x
https://pubmed.ncbi.nlm.nih.gov/11246172/
https://www.who.int/publications/i/item/9789241594448
https://doi.org/10.1007/BF00228784
https://pubmed.ncbi.nlm.nih.gov/6686832/
https://doi.org/10.1038/s41598-018-34767-z
https://pubmed.ncbi.nlm.nih.gov/30479373/

