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ABSTRACT  

Ajuga remota Benth is an erect rhizomatous pubescent herb that belongs to the genus Ajuga 

and the family Lamiaceae. In Ethiopia, it grows in different regions such as Bale, Gojam, 

Gondar, Harerge, Kefa, Shoa, Sidamo, Tigray, Wollo, and Dawuro Zone, and it is known by 

common names: ‘Harmagussa’ (Oromiffa), ‘Akorarach’ (Amharic); ‘Etse-Libawit’ (Ge’ez), 

‘Akembiye’ (Guragegna), and ‘Tale’ (Welaytigna). The plant is claimed to have therapeutic 

effects for various ailments. However, work has not been done on standardizing the herb. 

Thus, the aim of this study was to standardize the leaves of A. remota and develop the 

monograph for the same. Macroscopically, fresh leaves of A. remota were 17-34 mm (length) 

X 7.5-16mm (width) (AS); 30-62mm X 12-23mm (AA); 1-2mm thick and dark sea green 

colored, soft, fibrous, had a very bitter taste and a fruity odor. Microscopic characterization 

showed guard cells, stomata, epidermal cells, parenchymatous cells, trichomes, tracheids, and 

xylem fiber in powdered leaves of A. remota. The powder of leaves of A. remota also gave 

characteristic colors in fluorescence analysis under visible and 366nm UV light. The leaves 

of A. remota were studied for swelling index (2.572 for AS and 2.212 for AA), foaming index 

(100), bitterness value (8400), extractive value (aqueous: 34.66% for AS, 34% for AA and 

methanol: 18.323% for AS, 24% for AA), moisture content (6.420% for AS and 6.443% for 

AA), total ash value (25.44% for AS and 28.773% for AA), water-soluble ash (10.773% for 

AS and 12.106% for AA), acid-insoluble ash (6.106% for AS and 8.663% for AA), tannin 

content (0.011% for AS and 0.022% for AA), and powder fineness (moderately fine). 

Preliminary phytochemical analysis revealed the possible presence of cardiac glycosides, 

flavonoids, phenols, saponins, reducing sugars, steroids, tannins, terpenoids, alkaloids, 

anthraquinone glycosides, and coumarins. TLC, LCMS, GCMS, and FTIR fingerprinting 

were produced. And an analytical marker compounds namely, ajugarin I, dodecyl acrylate, 

and hexacosane were identified. In the residual analysis of leaves of A. remota, soil took the 

highest percent (0.385% for AS and 0.45% for AA) among foreign matters. Heavy metals 

(Cd, Co, Pb, Cr, Ni, Cu, Zn, Fe,Mn) were quantified and Cr, Ni, and Fe exceed the WHO 

limit. And both samples passed the microbial limitation for aerobic bacterial count, mold, 

yeast, coliform, E.coli, Salmonella and Shigella species. 
228

Ac (7±1.8 Bq Kg
-1

) and 
40

K 

(530±34 Bq Kg
-1

) radionuclides with a low dose were detected in both samples. In 

conclusion, the findings provided the standards for identification and authentication of the 

plant. 

Keywords: Ajuga remota, marker compound, quality control, standardization 
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1. INTRODUCTION 

1.1. Herbal medicines 

The term ‘Herbal medicines’ refers to medicines that are derived from crude plant materials, 

such as leaves, flowers, fruit, seeds, stems, wood, bark, roots, rhizomes or other plant parts 

which are possibly whole, fragmented or powdered (Tilburt and Kaptchuk, 2008; Kumari, 

2016). Herbal medicines are extensively utilized across the world and around 80% of people 

rely on herbal medicines for some sort of primary healthcare (Ekor, 2014). In Africa, around 

80% of people utilize herbal medicines directly or along with conventional drugs (Wintola 

and Afolayan, 2015). 

Unfortunately, the system of herbal medicines is poorly recorded. The documentation of uses 

of herbal medicines is becoming critical because of high rates of deforestation and 

anthropogenic activities (Fakim, 2006). Ethiopia is also one of the African countries which 

own 6500 plant species with around 12% endemic (Bekele, 2007; Abera, 2014). So far, 

around 1000 are identified as medicinal plant species (Getnet et al., 2016).   

1.2.  Standardization of herbal medicines 

With the growing need for using herbal medicines as a prime choice to treat various diseases, 

the herbs are required to be standardized (Sahoo et al., 2010). Standardization of herbal 

medicines is confirmation of identity and resolving the purity, quality, and content of herbal 

medicines to preserve uniformity in the varied efficacy of a product and reproducibility 

among different batches (Kumari, 2016). It is a process important for herbal medicines 

throughout the stages of the growing, harvesting and manufacturing processes (Kunle et al., 

2012).  

Analytical methods, mainly chromatographic and spectroscopic techniques, are used in 

determining the identity and purity of medicinal plants (Kunle et al., 2012). Identity can be 

achieved by macroscopic and microscopical evaluations (Raina et al., 2003). Purity is 

directly related to the safe use of herbal medicines and deals with contaminants (e.g. foreign 

matter), heavy metals and microbial contamination, radioactivity, and pesticide residues. 

Content is the most challenging part of quality control to achieve since in most herbal 

medicines the active constituents are unknown. In this case herbal medicines possibly 

standardized on the content of certain marker compounds which are chemical characteristics 

of the herb or are present in large amounts (Mukherjee, 2008).  
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Markers may be defined as chemical constituents or groups of constituents of a herbal 

medicinal product that are very important for quality control purposes regardless of whether 

they possess any therapeutic effect. Marker components may be classified as active markers 

and analytical makers. Analytical markers are the constituents or groups of constituents that 

solely serve for analytical purposes, whereas active markers are the constituents or groups of 

constituents that contribute to therapeutic activities (Yap et al., 2005). The presence of 

marker compounds in plant materials is helpful for qualitative and quantitative analysis 

(Salzer and Siesler, 2009). 

1.3.  Quality control of herbal medicines 

In most countries, herbal products are launched into the market without proper scientific 

evaluation, and without any mandatory safety and toxicological studies (Kunle et al., 2012). 

There is no effective quality control on raw herbal materials (Kunle et al., 2012; Kumari, 

2016). The variability of the constituents in herbs or medicinal plant products due to genetic, 

cultural and environmental factors has also made the use of herbal medicines more 

challenging (Kunle et al., 2012; Murali et al., 2017). Moreover, as the demand for using 

herbal medicines goes higher, adulteration is experienced widely in order to increase the 

amount or potency of the product or to lower its cost (Sahoo et al., 2010). Adulteration is the 

substitution of the original crude drug partially/fully with other substances which is either 

free from or inferior in therapeutic and chemical properties (Poornima, 2010). The 

consequence of such herbal drug adulteration on the safety and health of the consumer is 

therefore a major concern (Srirama et al., 2017). Hence, quality control is needed in order to 

sustain a consistent efficacy and safety of herbal medicines to measure the quality based on 

their active principles and to rationalize their acceptability in the modern medicine system 

(Nikam et al., 2012; Nitin et al., 2014). Quality control of herbal medicines has a direct 

impact on their safety and efficacy. Therefore, the WHO has developed a series of technical 

guidelines and documents relating to the safety and quality assurance of medicinal plants and 

herbal materials. A collection of recommended test procedures for assessing the identity, 

purity, and content of medicinal plant materials, ‘Quality control methods for herbal 

materials’ has been published to assist national laboratories engaged in herbal medicine 

quality control (WHO, 2011).  
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1.4.  Ajuga remota Benth  

Ajuga remota Benth is an erect rhizomatous pubescent herb (Figure 1) belonging to the genus 

Ajuga and the family Lamiaceae (Kuria et al., 2001; Hedberg et al., 2006). It is a common 

herb of humid or wetter areas, in disturbed or shaded grassland, in ditches and along the 

waysides (Fichtl and Admasu, 1994; Hedberg et al., 2006). Animals, birds or insects avoid 

eating/grazing on it; most likely because of the very bitter taste of almost all of its parts 

(Kuria et al., 2001).  

A decumbent herb, rooting at the nodes. Leaves subsessile or shortly petiolate, oblanceolate 

or narrowly obovate, up to 30-100 x 7-30 mm, moderately to densely hairy with greyish 

hairs, apex obtuse or subacute, base attenuate, margin crenate, crenate-serrate or crenate-

sinuate in their apical part, more or less entire in their basal part. Inflorescence usually dense 

at the apex, and becoming lax or very lax at the base; bracts usually similar to the leaves but 

slightly smaller towards the apex of the inflorescence. Fruiting calyx 3-6 mm long; tube 

copular or broadly copular, thin, often bursting; lobes deltoid to lanceolate, 2-3.5 mm long, 

mostly incurved over the fruit. Corolla 6-13 mm long, pale violet, light blue or white. 

Stamens exserted beyond the upper lip of the corolla. Nutlets strongly reticulate, c 2 x 1.5 

mm (Hedberg et al., 2006). 

 

Figure 1: Ajuga remota Benth in its natural habitat (Photo Courteousy Yokabd Dechassa) 

A. remota is found in Ethiopia, Eritrea, Sudan, Somalia, Djibouti, Kenya, Uganda, Rwanda, 

Burundi, Tanzania, Yemen, Saudi Arabia, Afghanistan, and Eastern Asia. In Ethiopia, it 
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grows in Shoa, Bale, Kefa, Gojam, Harerge, Gondar, Wollo, Tigray, Sidamo, and Dawuro 

Zone (Coll and Tandron, 2005; Hedberg et al., 2006; Andarge et al., 2015). It is known by 

the vernacular names: ‘Harmagussa’ (Oromiffa), ‘Akorarach’ (Amharic); ‘Etse-Libawit’ 

(Ge’ez), ‘Akembiye’ (Guragegna), and ‘Tale’ (Welaytigna) (Abebe et al., 2003; Hedberg et 

al., 2006; Rangunathan and Abay, 2009). A. remota is frequently used in the Ethiopian 

traditional health system, for treating various disorders such as high blood pressure, 

hyperlipidemia, diabetes, malaria, fever, ascariasis, stomach pain, diarrhea, evil eye, and 

retained placenta (Debella et al., 2005; Tafesse et al., 2007; Giday et al., 2009; Rangunathan 

and Abay, 2009; Assefa et al., 2017; Nardos and Makonnen, 2017).  

1.4.1. Phytochemistry and pharmacological activities of A. remota 

Phytochemical studies reveal the presence of different phytochemical constituents in many 

plant extracts, which are responsible for their medicinal values (Wadood et al., 2013). 

Secondary metabolites, including alkaloids, flavonoids, terpenoids, tannins, phenolics, 

anthraquinones, glycosides, steroids, and saponins have been reported in the extract of aerial 

parts of A. remota (Yacob et al., 2016). The dichloromethane, methanol, and petroleum ether 

extracts of aerial part of A. remota gave positive tests for saponins, flavonoids, steroids, and 

fats (Kariba, 2001) while the aqueous and 80% methanol extracts of leaves of A. remota 

revealed the presence of phenolic compounds, saponins, steroids, cardiac glycosides, 

flavonoids, tannins, terpenoids, alkaloids, and anthraquinones (Hailu and Engidawork, 2014). 

The aqueous fraction of ethanol and aqueous extracts of leaves of A. remota also indicated 

the presence of phenolic acids, flavonoids, glycosides, and sugars as major chemical 

constituents (Makonnen et al., 2003). And also aqueous and 70% ethanol extract of leaves of 

A. remota revealed the presence of flavonoids, tannins, saponins, phenolic compounds, and 

steroids (Tafesse et al., 2017).  

Phytochemcial investigations of A. remota in various studies indicated the presence of 

number of compounds such as ecdysterone, ponasterone A (Kubo and Kloche, 1983), 

ergosterol 5,8-endoperoxide (Cantrell et al; 1999), ajugarin I, ajugarin II, ajugarin III (Kubo 

et al., 1976), ajugarin IV (Kubo et al., 1982), ajugarin V (Kubo et al., 1983), clerodin (Kubo 

et al., 1980), dihydroclerodin, ajugapitin, dihydroajugapitin, deacetylajugarin IV, 14-hydro-

15-hydroxyajugapitin, 14-hydro-15-hydroxyclerodin (Coll and Tandron, 2005), 8-O-

acetylharpagide (Kuria et al., 2002), 6-keto-8-acetylharpagide, 6,7-dehydro-8-

acetylharpagide, 7,8-dehydroharpagide, 8-acetylharpagide 6-O-β-glucopyranoside, harpagide 
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6-O-β-glucopyranose, myricetin 3-O-rutinoside 4’-O-rutinoside, myricetin 3-O-rutinoside 3’-

O-rutinoside, isorhamnetin 3-O-rutinoside 7-O-rutinoside 4’-O-β glucopyranoside (Manguro 

et al., 2007), 2’,3’-diacetylharpagide, 6’-O-rhamnosylharpagide, 6’-O-Galloyl-7,8-

dehydroharpagide, and 6,O-xylosylharpagide-B (Manguro et al., 2011). Structural formulae 

of some of the isolated compounds are depicted in Figure 2.     
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Figure 2: Structural formulae of some secondary metabolites isolated from Ajuga remota 

Benth. 
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A number of in vivo and in vitro studies have been conducted on different extracts and 

constituents of A. remota.  

The antiplasmodial activity of the hydroethanolic leaf extract of A. remota was evaluated in 

vivo, assessing the schizontocidal activity of the extract against Plasmodium berghei infected 

mice. Maximum schizont maturation inhibition (77.54%) was observed with 100 mg/kg dose 

of extract. Chloroquine was used as a positive control and showed 100% inhibition at a 

concentration of 25 mg/kg (Nardos and Makonnen, 2017). As well, the aqueous extract of A. 

remota was investigated against P. berghei. The extract at a dose of 30 mg/kg showed 90.4 % 

suppression in parasitemia (Gitua et al., 2012). Other researchers prepared several aqueous 

decoctions, ethanolic macerates, and methanol, petroleum ether and water soxhlet extracts of 

A. remota. In vitro tests, the ethanol extract showed the most activity against a chloroquine-

sensitive and -resistant strain of Plasmodium falciparum (IC50 of 55 and 57 µg/ml against the 

chloroquine-sensitive and -resistant strain, respectively), in comparison to chloroquine (IC50 

of 13 and >500 ng/ml, respectively) (Kuria et al., 2001). In another study, the aqueous, 

methanol, ethyl acetate, chloroform, and hexane extracts of leaves of A. remota had a 

moderate activity against a chloroquine-sensitive strain of P. falciparum (IC50 = 20-100 

µg/ml) in comparison to chloroquine (IC50 = 0.019 µg/ml). The methanol extract showed the 

best activity (IC50 = 21.60 µg/ml) (Muregi et al., 2004). Two isolates ajugarin I and 

ergosterol-5,8-endoperoxide were also evaluated for their in vitro antiplasmodial activity. 

Ajugarin I was moderately active, with an IC50 of 23.0 ± 3.0 µM, as compared to chloroquine 

(IC50 = 0.041 ± 0.003 µM) against the chloroquine-sensitive strain of Plasmodium 

falciparum. Ergosterol-5,8-endoperoxide was about three times as potent (IC50 = 8.2 ± 1.1 

µM) (Kuria et al., 2002). Phytoecdysteroids also contribute a possible antiplasmodial activity 

by their anabolic, adaptogenic and immunoprotective activities. The backbone of 

phytoecdysteroids is identical to that of steroid hormones, which led to the comparison to 

their anabolic effects. Ecdysteroids are believed to have adaptogenic, antidepressive, tonic, 

and roborant properties, i.e., they enhance the ability to cope with stress and enhance the 

resistance to tiredness (Cocquyt et al., 2011). And also ecdysteroids may show some 

immunomodulatory effects in mice and rats and have anti-inflammatory activity in rodents 

(Dinan, 2009). The immunomodulatory effect of 20-hydroxyecdysone has been investigated 

in humans. It acts as a lymphocyte and neutrophil modulator in vivo. In vitro, it activates T-

cell CD2 presentation that is suppressed both in secondary immunodeficient persons and 

pharmacologically by increased cAMP levels (Trenin and Volodin, 1999).  
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The anti-diabetic activity of aqueous and 70% ethanolic leaf extracts of A.remota was 

demonstrated in vivo. The A. remota aqueous and 70% ethanol extracts with dose of 300 and 

500 mg/kg body weight had anti-diabetic outcomes on alloxan-induced Swiss albino mice. 

Aqueous extracts of A. remota (300 mg/kg and 500 mg/kg body weight) decreased raised 

blood glucose levels by 27.83 ± 2.96% and 38.98 ± 0.67%, respectively while the 70% 

ethanol extract caused a reduction of 27.94 ± 1.92% (300 mg/kg) and 28.26 ± 1.82% (500 

mg/kg). The result was comparable with the standard drug glibenclamide 10mg/kg treated 

diabetic mice showed 51.10 ± 2.95 percentage reductions as positive control (Tafesse et al., 

2017). In one another investigation, 70% ethanol extract of A. remota with dose of 200 

mg/Kg and 400 mg/Kg body weight had anti-diabetic effect in streptozocin induced diabetic 

rats. 200 mg/Kg dose produced reduction of 18.9% and 28.7% on fasting blood glucose level 

of diabetic rats on day 21st and 28
th
, respectively. But a dose of 400 mg/Kg resulted in 20.4% 

and 39.6% reduction of fasting blood glucose on day 21st and 28th, respectively. The result 

was comparable with the standard drug glibenclamide 600 μg/Kg which reduced fasting 

blood glucose level by 47.3% on identical day (Assefa et al., 2017). 

The bioassay antimycobacterial activity of ergosterol-5,8-endoperoxide compound from the 

methanol extract of aerial parts of A. remota was studied against Mycobacterium 

tuberculosis. Maximum inhibition (97%) was observed at 100 µg/ml dose of extract with 

MIC of 1 µg/ml. The antimycobacterial action might be due to the hydroxyl group or the 

endoperoxide moieties (Cantrell et al., 1999).    

The in vivo antidiarrheal activity of 80% methanol extract of the aerial part of A. remota was 

investigated by assessing the purging frequency and inhibition in intestinal fluid 

accumulation. The percentage purging frequency was 53.4 %, 66.7 %, 79.6 %, and 66.7 % at 

three doses of extract (400, 600, and 800 mg/kg) and with loperamide (5 mg/kg), 

respectively. The percentage inhibition in intestinal fluid accumulation was 42.5 %, 62.1 %, 

and 74.2 % at the doses of 400, 600 and 800 mg/kg of extract, respectively (Yacob et al., 

2016). Diuretic activity of the aqueous and hydroalcoholic leaf extract of A. remota was 

evaluated in vivo, assessing the effect of extracts on urine volume. The aqueous extract 

produced an increased urine volume (96%) with 100 mg/kg dose and the hydroalcoholic 

extract shown diuresis (91.4%) with dose of 750 mg/kg. Both extracts at their respective 

doses had an effect which is comparable to that of furosemide (95% at a dose of 10 mg/kg) 

(Hailu and Engidawork, 2014).  

Anti-hypertensive activity of methanolic extract of leaves of A. remota was investigated in 

induced hypertensive rats with 1 % saline solution. The extract at a dose of 10 mg/l of 
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drinking water caused a significant reduction in the systolic BP from hypertensive levels (BP 

≥ 140 mmHg) to normotensive levels (BP ≤ 140 mmHg) (Odek et al., 1993). Antipyretic 

activity of aqueous and ethanol extract of leaves of A. remota was demonstrated in vivo. The 

aqueous extract (doses of 50, 100 and 200 mg/kg) was found to have more potent antipyretic 

effect (Debella et al., 2005).  

The antiviral activity of petroleum ether, dichloromethane, acetone, 80 % methanol and 

methanol extract of the aerial parts of A remota was investigated against human 

immunodeficiency virus type 1 (HIV-1) and type 2 (HIV-2). Extracts were tested for 

inhibition of viral replication using HIV-1 and HIV-2 strains. The dichloromethane (>57.6 

µg/ml), petroleum ether, acetone, 80 % methanol and methanol extracts exhibited antiviral 

activity against both HIV-1 and HIV-2 with effective inhibitory concentration of >125 µg/ml 

(Asres et al., 2001). Anti-fungal activity of petroleum ether, dichloromethane and methanol 

extract of the aerial parts of A. remota was investigated in vitro by disc diffusion assay. The 

petroleum ether and methanol extracts showed antifungal activity against the dermatophytic 

fungi (Trichophyton mentagrophytes and Microsporum gypseum) (inhibition zone of 18.2 

mm and 16.7 mm for petroleum ether and 11.2 mm and 8.1 mm for methanol against the T. 

mentagrophytes and M. Gypseum), in comparison to clotrimazole (20.1 mm and 18.6 mm, 

respectively) (Kariba, 2001).  

The bioassay anti-feedant activity of the dichloromethane aerial parts of A. remota was 

investigated against fifth instar larvae of Spodoptera littoralis. Ajugarin I, ajugarin II (Kubo 

et al., 1976; Caballero et al., 2001) and ajugarin IV have a moderate anti-feedant activity 

with a feeding ratio (FR50) of 0.10 ± 0.04, 0.18 ± 0.02, and 0.19 ± 0.04, respectively. 

Whereas, ajugarin V showed very little activity (FR50 = 0.30 ± 0.004) due to the elimination 

of the epoxide group. Clerodin (FR50 = 0.14 ± 0.02) and dihydroclerodin (FR50 = 0.15 ± 0.02) 

showed a great bioactivity with a dose of 1 µg/cm
2
. Compound ajugapitin and 

dihydroajugapitin also displayed a moderate activity substantiating that the nature and 

orientation of the decalin ring of the C-9 substituent (Coll and Tandron, 2005). 

Phytoecdysteroids mainly 20-hydroxyecdysone which is the active moulting hormone of 

insects, protect plants against phytophagous insects either by feeding deterrence or endocrine 

disruption upon ingestion (Rharrable et al., 2007; Israili and Lyoussi, 2009).  

The acute toxicity study showed that the administration of different doses (350-5000mg/kg) 

of aqueous, 70% ethanol and 80% methanol extracts of A. remota did not cause any visible 

signs of toxicity up to the dose of 5000 mg/kg (Debella et al., 2005; Hailu and Engidawork, 

2014; Tafesse et al., 2017). This was proved by the absence of significant changes in 
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behaviours such as paralysis, alertness, breathing, lethargy, motor activity, weight loss, 

restlessness, coma, convulsions, and diarrhoea. And also, no death was observed for two 

weeks. The outcome shows that the plant extracts had no visible adverse effect at the doses 

tested; indicating that the medium lethal dose (LD50) is greater than 5000 mg/kg body weight 

in mice (Hailu and Engidawork, 2014; Tafesse et al., 2017). As its actual median lethal dose 

(LD50) is greater than 5000 mg/Kg, extract of A. remota is nontoxic (Loomis and Hayes, 

1996).  

As mentioned in the above, reports are available on the phytochemistry, pharmacological 

activities and toxicological aspects of A.remota. However, there is no scientific literature on 

standardization of A. remota herbal preparations. Hence, in the present study, the leaves of A. 

remota were investigated and a quality control standard was developed for the same. 
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2. STATEMENT OF THE PROBLEM  

The use of plants, parts of plants or isolated phytochemicals for the prevention and treatment 

of various diseases has been in practice from ancient times. Commonly it is assumed that the 

risk associated with herbal medicines is very less. In most countries, herbal products are 

launched into the market without proper scientific evaluation, and without any mandatory 

safety and toxicological studies (Kunle et al., 2012). There is no effective quality control on 

raw herbal materials (Kunle et al., 2012; Kumari, 2016).  

The variability of the constituents in herbs or medicinal plant products and a wide 

adulteration experience has made the use of herbal medicines more challenging ( Kunle et al., 

2012; Murali et al., 2017). Moreover, accidental contamination of toxic heavy metals above 

the allowable limit, the existence of pesticide residues, and contamination by a variety of 

microorganisms during harvesting, production, handling, and distribution are also 

contributing factors (Sahoo et al., 2010). The consequence of such factors on the safety and 

health of the consumer is therefore a major concern (Srirama et al., 2017). Standardization is, 

therefore, a necessity to ensure the consistency and efficacy of herbal products. The 

establishment of internationally accepted standards is certainly one of the priorities for the 

future of medicinal plants (Efferth and Greten, 2012). 

In Ethiopia, herbal medicines are usually marketed as a simple spice or as food additives 

(Bekele, 2007). A. remota is one of herbal medicines which is widely used for treating 

various diseases including high blood pressure, hyperlipidemia, diabetes, malaria, fever, 

ascariasis, stomach pain, diarrhea, evil eye, and retained placenta.  

As mentioned in the previous section, reports are available on the phytochemistry and 

pharmacological activities of A. remota. However, to the best knowledge of the investigator 

of this study, there is no scientific literature on standardization of A. remota herbal 

preparations. Hence, the aim of this research was to develop quality control standards for the 

leaves of A. remota. 
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3. OBJECTIVE OF THE STUDY 

3.1.  General objective  

To develop quality control standards of the leaves of Ajuga remota Benth. 

3.2.  Specific objectives 

 To determine the extraction yield of the leaves of A. remota .   

 To evaluate the size, color, odor, taste, and texture of the leaves of A. remota.  

 To characterize the leaves of A. remota microscopically. 

 To determine the characteristic colors of the leaves of A. remota. 

 To determine the physicochemical properties of the leaves of A. remota.  

 To identify possible marker compounds from the leaves of A. remota. 

 To determine the possible contaminants in the leaves of A. remota. 
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4. MATERIALS AND METHODS   

4.1.  Materials  

4.1.1. Plant materials  

The leaves of A. remota were collected in two different seasons, i.e., spring and autumn, from 

Geja Gelan woreda, Sebeta, Ethiopia. Samples were authenticated in the National Herbarium, 

Department of Plant Biology and Biodiversity, Addis Ababa University, Ethiopia with a 

voucher number Y-002.   

4.1.2. Chemicals and solvents  

Sodium carbonate, copper sulphate, sodium hydroxide, potassium hydroxide, iodine, toluene 

(BDH laboratory supplies, UK), chloral hydrate (Sigma, Germany), tannic acid,  picric acid, 

glacial acetic acid, acetic acid, ferric chloride, hydrochloric acid 37% (Riedel-de Haen, 

Germany), sulphuric acid (Avonchem Ltd, UK), nitric acid (Aldrich Chemical Co. Ltd, UK), 

ammonia (Indenta chemicals Pvt. Ltd, India), quinine HCl (BDH laboratory supplies, UK), 

glycerine (Sylvester & Kitchen Pvt. Ltd, Zimbabwe), methanol, ethanol, chloroform, 

dichloromethane, n-butanol, n-hexane, ethyl acetate (Loba Chemie Pvt. Ltd, India), tryptone 

soy agar, rose bengal agar, MacConkey agar, selenite broth, and xylose-lysine-desoxycholate 

(XLD) (Oxoid Ltd, UK). All chemicals used were analytical grade. 

4.2. Methods  

4.2.1. Extraction  

A. remota leaves were air-dried at room temperature and grounded to fine powder. A total of 

200 g of powdered herbal material was macerated with 80% methanol for 48 h for three 

consecutive times. The procedure was repeated on 30 g of herbal material with two other 

solvents each, i.e., chloroform, and hexane. The mixture from these solvents was filtered with 

Whatman No.1 filter paper. The mark was re-macerated for another 48 h twice and filtered. 

The recovered hydroalcoholic extract of the plant was concentrated under reduced pressure in 

a rotary evaporator (Heidolph, Germany), whereas the combined chloroform, and hexane 

filtrates were concentrated by using a water bath at a temperature of 40 °C (Sarker et al., 

2006).  

4.2.2. Macroscopic evaluation  

The studies on the morphological and sensory profiles of fresh leaves of A. remota were 

performed based on the standard methods given by (WHO, 2011).  
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4.2.2.1. Size 

The size of leaves of A. remota was determined in millimeters by using a graduated ruler and 

a caliper. The length, width, and thickness of the leaves of A. remota were measured and 

recorded.  

4.2.2.2. Color  

The color of the leaves of A. remota was examined with naked eyes and also by detection 

under ultraviolet (UV) light. The color was then assigned based on a standard color chart 

(Appendix A).  

4.2.2.3. Surface characteristics, texture and fracture characteristics  

The leaves of A. remota were examined under a magnifying lens (6x to 10x) for their surface 

characteristics. The characteristics of a cut surface were also observed by wetting with water 

and determining softness or hardness upon finger touch. The fracture characteristic was 

determined by bending and rupturing the leaves and observing the brittleness and appearance 

of the fracture, i.e., whether it is fibrous, smooth, rough, or granular.  

4.2.2.4. Odor  

The leaves of A. remota were crushed between the thumb and index finger using gentle 

pressure. Then ten individuals were asked to smell and determine the strength of the odor as 

none, weak, distinct, or strong. Also the odor sensation as aromatic, fruity, musty, moldy, or 

rancid.  

4.2.2.5. Taste  

Ten panelists were asked to test and notify the test type and degree of bitterness of leaves of 

A. remota.  

4.2.3. Microscopic characterization  

The powder of leaves of A. remota was examined for its microscopic characters according to 

the method described elsewhere (Misra et al., 2012) with some modification. First, the 

powder was passed through sieve size no.224 µm and treated with chloral hydrate to remove 

coloring matter. And it was then viewed under a microscope at the 10X eyepiece and 40X 

objective. Various diagnostic characters of the powder of leaves of A. remota were studied by 

taking microphotographs using a binocular microscope fitted with a camera (Kruss optronic, 

Germany).  
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4.2.4. Fluorescence analysis  

Fluorescence analysis of powdered leaves of A. remota was carried out as per the method 

described elsewhere (Kokoski et al., 1958). A small quantity of dried and finely powdered 

leaves of A. remota was treated with freshly prepared aqueous NaOH, alcoholic NaOH, 

aqueous KOH, alcoholic KOH, HCl, H2SO4, HNO3, NH3, I2, 5% FeCl3, CH3COOH, and 

C6H3N3O7 each. Suspensions were observed immediately under visible light and also under 

ultraviolet (UV) light (254nm and 365nm). The colors observed in different radiations were 

recorded.  

4.2.5. Physicochemical characterization   

4.2.5.1. Powder fineness  

Powder fineness of powdered leaves of A. remota was analyzed by a sequence of sieves fitted 

with an auto shaker (Auto sieve shaker, USA). Powdered plant material (100 g) was placed 

on the top of sieves stacked in decreasing order of sieve aperture up to bottom and the shaker 

was put on for 10 min. The sieves were unlocked and weighed with the powder retained on 

each of them. The percentage of the weight difference between the empty sieves and their 

final weight with the powder retained on each sieve aperture was calculated. The 

fineness/coarseness of the powder of leaves of A. remota was then determined according to 

the description given by WHO (stated in Table 1) (WHO, 2011).  

Table 1: Classifications of coarseness or fineness of powdered plant material (WHO, 2011).  

Descriptive terms Particle size 

Coarse (2000/355) All the particles will pass through a No.2000 sieve, and not 

more than 40% through a No.355 sieve 

Moderately coarse (710/250) All the particles will pass through a No.710 sieve, and not 

more than 40% through a No.250 sieve 

Moderately fine (355/180) All the particles will pass through a No.355 sieve, and not 

more than 40% through a No.180 sieve 

Fine (180) All the particles will pass through a No.180 sieve 

Very fine (125) All the particles will pass through a No.125 sieve 
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4.2.5.2. Swelling index  

About 1 g of finely powdered (sieve size no.125) plant material was weighed accurately and 

transferred into 25 ml glass-stoppered measuring cylinder (about 16mm diameter) and 25 ml 

of water was added. The mixture was regularly shaken carefully every 10 min for 1 h. It was 

then let to stand for 3 h at room temperature. The volume (in ml) occupied by herbal material 

was measured. The swelling index related to 1 g of powdered leaves was then calculated 

according to the following formula (WHO, 2011).  

                    
       

  
        

Where; Vf is the final volume occupied by the sample and Vi is the initial volume occupied 

by the sample.  

4.2.5.3. Foaming index  

The foaming index of leaves of A. remota was determined by reducing the herbal material to 

a coarse powder (sieve size no.1250). Accurately weighed (1 g) transferred to a 500 ml 

conical flask containing 100 ml of boiling water (with a moderate boiling for 30 min). The 

sample was cooled and filtered into a 100 ml volumetric flask and plenty of water was added 

using filter paper to dilute it to the volume. The decoction was transferred into 10 stoppered 

test-tubes (16cm X 16cm) in consecutive fractions of 1 ml, 2 ml, 3 ml, up to 10 ml. The 

volume of the liquid in each tube was corrected with water to 10 ml. Each test-tube was 

shaken in a lengthwise motion for 15 secs, stood for 15 min and then the height of the foam 

(in mm) was measured using a graduated ruler (WHO, 2011). The foaming index was 

calculated as:  

               
    

 
 

Where; a is the volume of the decoction used for preparing the dilution in the test tubes where 

foaming to a height of 1cm is observed.  

4.2.5.4. Bitterness value  

The bitterness property of leaves of A. remota was determined by comparing the threshold 

bitter concentration of an extract of this material with that of a dilute solution of quinine HCl. 

First, 0.100 g of quinine HCl was dissolved in sufficient safe drinking water to produce 100 

ml. Further 5 ml of this solution was diluted to 500 ml with safe drinking water. The plant 

material solution was prepared in the same manner. Serial dilution of quinine HCl (nine) and 

ten serial dilutions of the extract were then prepared. After rinsing the mouth with safe 
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drinking water, 10 ml of the most diluted solution of quinine HCl was tasted by swirling it in 

the mouth mainly near the base of the tongue for 30 secs. When the bitter sensation was no 

longer felt in the mouth after 30 secs, the solution was spat out and waited for 1 min to 

ascertain whether this is due to delayed sensitivity. Then the mouth was rinsed again with 

safe drinking water. The next highest concentration was tasted after 10 min has passed. After 

the first series of tests, the mouth was rinsed thoroughly with safe drinking water until no 

bitter sensation remains.  The next test was started after 10 min has passed. The same 

procedure was performed for the extract of A. remota to find the threshold bitter 

concentration (WHO, 2011). Bitterness value was calculated as: 

                  
        

     
 

Where; a is the concentration of the stock solution (ST) (mg/ml), b is the volume of ST (in ml) 

in the tube with the threshold bitter concentration, and c is the quantity of quinine HCl (in 

mg) in the tube with the threshold bitter concentration. 

4.2.5.5. Extractive value  

The extractive value of leaves of A. remota was determined by placing about 4.0 g of a 

coarsely powdered air-dried leaves of A. remota in a glass-stoppered conical flask. The 

material was macerated with 100 ml of respective solvents (water, methanol, ethanol, 

butanol, ethyl acetate, chloroform, toluene, and hexane) for 6 h regular shaking and then 

allowed to stand for 18 h. The samples were filtered and 25 ml of each filtrate was transferred 

to a tared flat-bottomed dish and evaporated to dryness on a water-bath. The samples were 

then dried at 105 °C for 6 h, cooled in a desiccator for 30 min and weighed without delay 

(WHO, 2011; Ranjith, 2018). The extractive value was calculated for each solvent as: 

                  
                       

                          
       

4.2.5.6. Moisture content  

The moisture content of leaves of A. remota was determined by using loss on drying method 

(WHO, 2011).  Air-dried powder of leaves of A. remota (3 g) was accurately weighed and 

placed in a previously dried and tared porcelain dish. The sample was dried (until two 

consecutive weighings did not differ by more than 5 mg) by heating in an oven at 105 °C. It 

was then placed in a desiccator for 30 min. The moisture content was estimated as:  
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Where; W1 is the weight of porcelain dish with sample before drying, W2 is the weight of 

porcelain dish with sample after drying and SW is sample weight.     

4.2.5.7. Ash value  

The total ash, acid-insoluble ash, and water-soluble ash values of leaves of A. remota were 

determined by ignition of the herbal material in a furnace 600 °C (Nabertherm Furnace, 

Germany) (WHO, 2011). 

4.2.5.7.1. Total ash  

The crucibles were first baked at 100 °C for 30 min, cooled in desiccators and tarred before 

the samples were transferred into them. Then 3 g of accurately weighed air-dried sample was 

put in a previously ignited and tared silica crucible. The sample was spread in an even layer 

and ignited by slowly raising the heat to 500-600 °C until it turned to white, cooled in a 

desiccator and weighed (WHO, 2011; Nagulan and Kumar, 2016). The total ash was 

calculated as: 

          
  

  
       

Where; Wa is the weight of ash material left over after ignition and SW is sample weight.  

4.2.5.7.2. Acid-insoluble ash  

HCl (25 ml) was added to the crucible holding the total ash and boiled on a hot plate for 5 

min covered with a watch-glass. The watch-glass was washed with 5 ml of hot water and this 

liquid was added to the crucible. The insoluble matter was collected on the ashless filter 

paper, rinsed with hot water until it became neutral. Then the filter paper containing the 

insoluble matter was transferred into the original crucible, dried on a hotplate, ignited to 

constant weight and weighed immediately (WHO, 2011; Nagulan and Kumar, 2016). Acid-

insoluble ash was calculated as:  

                    
  

  
       

Where; Wa is the weight of ash material left over after ignition and SW is sample weight.  

4.2.5.7.3. Water-soluble ash  

To the crucible holding the total ash, 25 ml of water was added and boiled on a hot plate for 5 

min. The insoluble matter was collected on ashless filter paper and rinsed with hot water.  

The filter paper containing the insoluble matter was transferred into the original crucible, 

ignited at a temperature not exceeding 450
 
°C and weighed. Finally, the weight difference 
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between this residue and weight of total ash took as water-soluble ash (WHO, 2011; Nagulan 

and Kumar, 2016). Water-soluble ash was calculated as: 

                  
       

  
        

Where; Wt is the weight of total ash, Wa is the weight of ash from the insoluble matter left 

over after ignition, and SW is sample weight.  

4.2.5.8. Tannin content  

Tannin content was determined using UV/Visible Double Beam Spectrophotometer (UV-

6300PC, Shimadzu, Japan) according to the method described in Misra et al., 2012. Three 

reagents, i.e., saturated Sodium carbonate solution, tannic acid standard solution and Folin 

and Ciocalteu’s phenol were first prepared. Saturated Sodium carbonate  solution was 

prepared by adding 35 g anhydrous Sodium carbonate  to 100 ml distilled water, dissolved at 

70-80
 
°C, cooled overnight, and filtered through cotton wool. Tannic acid standard solution 

was prepared by dissolving 10 mg tannic acid in 100 ml of distilled water. Folin and 

Ciocalteu’s phenol reagent was prepared by dissolving 10 g of Na tungstate and 2.5 g of Na 

molybdate in 70 ml of water. Into this solution, 5 ml of 85% phosphoric acid and 10 ml of 

concentrated HCl were added then refluxed for 10 h. Powdered leaves of A. remota (2 g) 

were extracted with 100 ml distilled water by boiling on a water bath for 6 h, filtered and 

made up the volume to 100 ml in the volumetric flask. 1 ml aliquot of the water extract, 5 ml 

Folin and Ciocalteu’s reagent and, 10 ml saturated Sodium carbonate  were added; and 

volume made to 100 ml in a volumetric flask. The instrument was calibrated through a blank 

(5 ml Folin and Ciocalteu’s reagent and 10 ml saturated Sodium carbonate) and the 

corresponding absorbance of different measurements was taken. Total tannin content was 

calculated by using y = 134.3x+0.0125, r
2
 = 0.9925, at 760 nm, where y was the absorbance 

and x the tannic acid equivalent (mg/ml).  

4.2.6. Phytochemical analysis  

4.2.6.1. Preliminary phytochemical screening  

The possible presence of secondary metabolites in crude 80% methanol, chloroform, and 

hexane extracts of leaves of A. remota was screened qualitatively. The methods that were 

employed include: Keller-Kiliani test for cardiac glycosides; Alkaline-reagent test for 

flavonoids; Ferric chloride test for phenols; Fehiling’s test for reducing sugars; Frothing test 

for saponins; Salkowski test for steroids and terpenoids; Braemer’s test for tannins; Wagner’s 
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test for alkaloids; Borntrager’s test for anthraquinone glycosides and NaOH test for 

coumarins (Farnsworth, 1966; Chanda et al.,2006; Dahiru et al., 2006; Kumar et al., 2007; 

Parekh and Chanda, 2007; Jaradat et al., 2015).  

Keller-Kiliani test 

1 ml glacial CH3COOH, 1ml FeCl3, and 1ml concentrated H2SO4 were added into every 2 ml 

methanol, chloroform, and hexane extracts. The formation of green-blue color was checked 

as an indication of the possible presence of cardiac glycosides.  

Alkaline reagent test 

1 ml 10% NaOH solution was added into every 3 ml plant extracts (methanol, chloroform, 

and hexane). The formation of intense yellow color was examined as an indication of the 

possible presence of flavonoids.   

Ferric chloride test:  

Distilled water (2 ml) and three drops of 10% aqueous FeCl3 solution were added into every 1 

ml methanol, Chloroform, and hexane extracts. Any formation of blue or green color was 

checked for an indication of the possible presence of phenols. 

Fehling’s solution test 

A mixture of Fehling solutions A and B with equal volumes were boiled and added into every 

1 ml methanol, chloroform, and hexane extracts. The formation of a red precipitate was 

examined for the possible presence of reducing sugars.  

Frothing test 

Distilled water (3 ml) was added into every 3 ml methanol, chloroform, and hexane extracts; 

and then shaken vigorously. The formation of a stable persistent froth was checked as an 

indication of the possible presence of saponins. 

Salkowski test 

Chloroform (5 ml) and H2SO4 (5 ml) were added to 0.5 ml extracts (methanol, chloroform, 

and hexane). Any color change from violet to blue or green or a ring of blue/green, or a red 

upper layer and yellow with green fluorescence sulphuric layer, was checked for as possible 

presence of steroids. On the other hand, any formation of a layer of reddish-brown color at 

the interface was considered as positive result for the possible presence of terpenoids.   

Braemer’s test  

Two drops of 10% alcoholic FeCl3 solution were added into every 3 ml ethanol, chloroform, 

and hexane extracts. Any formation of dark blue or greenish-grey color was examined as an 

indication for the possible presence tannins.   
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Wagner test 

1% HCl was added into every 2 ml of methanol, chloroform, and hexane extracts; and then 

put on a water bath to steam. The formation of brownish-red precipitate was checked as an 

indication of the possible presence of alkaloids.  

Borntrager’s test 

Every 2 ml methanol, chloroform, and hexane extracts were boiled with 1 ml diluted H2SO4 

for 5 min, filtered while it is hot., the supernatant was pipette out, cooled and shaken with 

equal volumes of CH2Cl2. The lower layer was then separated and shaken with half its 

volume of diluted NH3. Any appearance of rose-pink to red color in the ammoniac layer was 

an indicator of the possible presence of anthraquinone glycoside.  

NaOH test 

10% NaOH (3 ml) was added into every 2 ml methanol, chloroform, and hexane extracts. 

Any formation of yellow color was taken as an indication of the possible presence of 

coumarins. 

4.2.6.2. Chromatographic fingerprinting  

4.2.6.2.1. Thin layer chromatography (TLC) fingerprinting  

TLC analysis of 80% methanol extract of leaves of A. remota was carried out using TLC 

plate silica gel (Macherey-Nagel, Germany). TLC plate were developed using ethyl acetate to 

chloroform solvent system (2:1). The plate was scanned at 254 and 366nm (Hailu and 

Engidawork, 2014).  

4.2.6.2.2. Liquid chromatography-mass spectrometry (LC-MS) fingerprinting  

LC-MS analysis of 80% methanol extract of leaves of A. remota was carried out using an 

Agilent HPLC 1260 system equipped with a binary pump, autosampler and thermostated 

column compartment; Agilent Q-TOF 6530 mass spectrometer (Agilent technologies, USA) 

was used as the detector for fingerprinting. An analytical column, Agilent Poroshell 120 with 

dimensions 100x2.1mm, 2.7 µm was used. High performance liquid chromatography (HPLC) 

separation was performed with the mobile phase containing solvent A and B, where A was 

0.1% (v/v) CH2O2 in water and B was 0.1% (v/v) CH2O2 in C2H3N, for positive mode;  and 

where A was 5mM C2H7NO2 in water and B was C2H3N, for negative mode. Gradient was set 

at:- 5% B in 0-3 min, 20-100% for 20 min and 100% B for 3 min at a flow rate of 0.25 

ml/min. The sample was prepared by dissolving 1 mg of methanolic extract in 1 ml of 80% 

Methanol. The solution was filtered through a syringe connected to a 0.22 μm acrodisc 
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syringe filter (Pall laboratory, USA) into HPLC vial. The injection volume was 25 µl and 

column temperature was maintained at 20 °C with a total run time of 30 min. For the mass 

spectrometer conditions, the nebulizing and drying gases were nitrogen supplied at a flow 

rate of 11 L/min, nebulizer at 35 psi and drying gas temperature at 350 °C. The eluent was 

monitored by electrospray ion mass spectrometer (ESI-MS) under positive and negative ion 

mode and scanned from 100 to 1000 m/z. Ionization source was dual ESI with a capillary 

voltage of 3500 V and fragmentor voltage was 175 V. The liquid chromatography coupled to 

quadruple time of flight mass spectrometry (LC-Q-TOF-MS) data were analyzed and 

identification of compounds was performed using Agilent Technologies Mass Hunter 

Software Version B.07.03 (509) (Mohammed et al., 2018).  

4.2.6.2.3. Gas chromatography-mass spectrometry (GC-MS) fingerprinting  

GC-MS analysis of hexane extract of leaves of A. remota was performed using Agilent 

7820A GC system, fitted with HP-5MS capillary column (30m x 250µm inner diameter, 

0.25µm film thickness), and coupled to 7693 Autosampler and 5977B MSD (mass selective 

detector) (Agilent technologies, USA). An aliquot of 1 µl hexane extract of leaves of A. 

remota was injected into the GCMS apparatus. Helium was used as a carrier gas at a flow rate 

of 1ml/min. The GC oven temperature was set at gradient from 70 °C to 280 °C at 10 °C/min. 

The injector and detector temperatures were set at 250 °C and 150 °C, respectively. The MS 

operating parameters were 70 eV ionization voltage and 230 °C ion source temperature. All 

data were obtained by collecting the full-scan mass spectra within the scan range of 50 to 

1000m/z ratio. The compounds were identified based on the comparison of their retention 

time and mass spectra with those of National Institute of Standards and Technology (NIST) -

14 mass spectral library (Massada, 1996).    

4.2.6.3. Spectroscopic fingerprinting  

4.2.6.3.1. Fourier transform infrared (FTIR) fingerprinting  

FTIR spectra of powder of leaves of A. remota, and each of 80% methanol, chloroform, and 

hexane extracts were determined by using FT-IR Spectrometer (PerkinElmer, UK). The 

employed FT-IR spectrometer was fitted with a UATR (Universal Attenuated Total 

Reflectance) and Spectrum software. First, the instrument was calibrated by collecting a 

background spectrum. And then a small portion of samples was placed on the center of the 

top-plate, over the crystal. The UATR pressure arm was used in conjunction with a large 
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(L1601743) shoe to apply a controlled force to the sample and make better contact with the 

crystal. The sample spectrum was obtained by using Spectrum software (PerkinElmer, 2011).  

4.2.7. Residual analysis  

4.2.7.1. Determination of foreign matters  

A freshly collected sample of the plant material was weighed (100 g) without any 

pretreatment and spread on A3 paper. The foreign matter was sorted out into groups by visual 

inspection and also with the aid of a magnifying lens (6X or 10X). After weighing portions of 

sorted foreign matter, the content of each group in grams per 100 g of air-dried sample was 

determined (WHO, 2007). 

4.2.7.2. Determination of heavy metals  

Heavy metal analysis of powdered leaves of A. remota was determined by dry ashing method 

using Flame Atomic Absorption Spectrophotometer (FAAS) (Varian SpectrAA 50, Agilent 

technologies, USA) according to the method described in Harris, 1996. Samples were first 

dried in an oven at 50 °C for 24 h. After cooling, the powder was further ground to pass 

through a 2 mm sieve. About 1 g of powdered sample was weighed into porcelain crucibles, 

placed in a muffle furnace set at 450 °C, ashed for 12 h then allowed to cool in a desiccator 

for 2 h. After removing from the desiccator, 3 drops of deionized water and 5 ml of aqua 

regia (HCl 67%: HNO3 37%) were added. The mixture was heated on a hotplate for 5 min to 

solubilize the sample. The solution was cooled and filtered with Whatman No.540 filter paper 

into a 50 ml volumetric flask. The residue on the filter paper was washed three times with 

deionized water. The total volume in the volumetric flask was 50 ml with deionized water.  

Standard solutions of Cu, Pb, Ni, Cd, Zn, Co, Fe, Cr, and Mn were prepared with 100 mg/l 

stock solution each.  Standard solutions of Cu, Pb, and Ni were prepared by dissolving 1 g of 

each metal in HNO3 (1:1) and made to volume with deionized water (100 mg/l stock 

solution). Similarly, standard solutions of Cd and Zn were prepared by dissolving 1 g of each 

in 1:1 HCl (100 mg/l stock solution). For Co, 0.1 g was dissolved in 0.5M HCl (100 mg/l 

stock solution) whereas, for Mn, 0.1g of Mn was dissolved in concentrated HCl (100 mg/l 

stock solution). Fe2Cl3 (0.48 g) and 0.76 g of Cr(NO3)4 were dissolved in deionized water to 

make 100 mg/l stock solution for each metal. Aliquots of 0 ml, 1 ml, 2 ml, 5 ml, and 10 ml 

were taken from the standard solution of each metal into a 50 ml volumetric flasks and made 

to volume with deionized water.  The resulting solutions were 0 mg/l, 1 mg/l, 2 mg/l, 5 mg/l, 
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and 10 mg/l. Hollow cathode lamps of Cu, Pb, Ni, Cd, Zn, Co, Fe, Cr, and Mn were 

employed at specific wavelengths. The corresponding absorbance of different measurements 

for standard solutions was taken. The calibration curves for heavy metals analyzed in this 

study are depicted in Appendix B. The concentration of each metal in the leaves of A. remota 

sample was read straight from the FAAS. The concentration of the elements in the samples 

obtained by multiplying the concentration with extraction factor or dilution factor. All 

measurements of samples and standard solutions were run in triplicates. Standard operating 

parameters for working elements were set and given in Table 2. 

Table 2: Working parameters of flame atomic absorption spectrophotometer. 

Element Wavelength 

(nm) 
Slit Width 

(nm) 

Lamp current 

(A) 

Fe 248.3 0.1 5 

Ni 232.0 0.2 10 

Pb 217.0 1.0 10 

Zn 213.9 1.0 5 

Cd 228. 0.5 4 

Cu 324.7 0.5 4 

Mn 403.1 0.2 5 

Co 240.7 0.2 7 

Cr 257.9 0.2 7 

 

4.2.7.3. Determination of microbial contamination  

The microbial contamination in powdered leaves of A. remota was determined for aerobic 

bacterial count, mold, yeast, coliform, Escherichia coli type I, Salmonella, and Shigella 

species using previously described methods (WHO, 2007; Gungor and Gokoglu, 2010; Sylvia 

et al., 2015). In the determination of total aerobic bacterial count, samples were serially 

diluted with phosphate buffer (pH 7.2) to the concentration of 10
-5

 so that the number of 

colony-forming units (CFUs) in the Petri dishes would be less than 300. Duplicates 1 ml of 

aliquots of each dilution samples were pipetted out on to two separate sterile Petri dishes (9 

cm in diameter). Then 20 ml of plate count agar for total aerobic bacteria; tryptone soy agar 

medium for the cultivation of coliform bacteria and rose bengal agar for the cultivation of 

mold and yeast, were added into each dish, mixed, and the content was allowed to solidify. 
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The plates were then incubated at 30 °C for 2 days for total aerobic bacteria; 37 °C for 3 days 

for coliform bacteria and 25 °C for 5 days for mold and yeast. To determine E.coli, 1 g of 

sample was diluted and streaked onto 100 ml of MacConkey agar plate and incubated at 37 

°C for 24 h. After the incubation, the colonies were subcultured into brilliant green agar for 

further characterization. For the determination of Salmonella species, 25 g of sample was 

mixed with 225 ml of buffered peptone water and incubated at 37 °C for 24 h then incubated 

on selenite broth at 37 °C for a day, followed by incubation at 37 °C for 24 h on XLD agar. 

For Shigella species, 3 loopful of sample were incubated on XLD agar at 35-37 °C for 24 h. 

The number of colonies for all microorganisms in each sample was calculated by multiplying 

the average number of colonies per plate by the dilution used and the counts were expressed 

as colony-forming units per gram (CFU/g). The average number of microorganisms per gram 

of each sample was then calculated. 

4.2.7.4. Determination of radioactive contamination  

The radioactive contaminants in the powdered leaves of A.remota were determined using 

gamma-ray spectrometry (Canberra, Austria). The samples (2.05x10
-1

kg for AS and 2.00x10
-

1
kg for AA) were open air-dried on trays for a period of one week and then oven-dried at a 

temperature of 110 °C for 24 h. The oven-dried samples were then grounded into powder to 

fine grain size and sieved using a mesh size of 75 µm and homogenized. The homogenized 

samples then transferred into Marinelli beakers (Technical associate, USA) and were sealed 

hermetically and left for about four weeks in order to ensure secular equilibrium. The 

containers were sealed to avoid any possibility of outgassing of radon and stored for 30 days 

before counting by gamma spectrometry to allow 
232

Th or 
238

U and its short-lived decay 

products to reach secular equilibrium. The employed gamma spectrometer was an N-type 

coaxial Canberra high-purity germanium (HPGe) detector with a crystal diameter of 72.5 mm 

and a thickness of 72.5 mm with the relative efficiency of 70%. The HPGe-detector is 

coupled to a computer-based multichannel analyzer card system, which could determine the 

area under the characteristic's peak energy by using Genie 2000 software.  

Calibration and efficiency of the system were carried out using a multi-gamma ray standard 

source. A library of radionuclides that contained the energy of the characteristic gamma 

emissions of each nuclide was analyzed and their corresponding emission probabilities were 

built from the data supplied in the software. An empty Marinelli beaker container was 

counted in the same manner as the samples to determine the background distribution due to 
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naturally occurring radionuclides in the environment around the detector. After measurement 

and subtraction of the background, the activity concentrations for the natural radionuclides in 

the measured samples were computed as: 

   
 

    
 

Where    is the activity concentration of the radionuclide in the sample (Bq kg
-1

), C is the 

count rate obtained under the corresponding peak (s
-1

), m is the sample mass (kg),    is the 

emission probability and   is the detection efficiency at a specific energy (Shams, 2017).  

The doses for each radionuclide from the ingestion of the plant were calculated in sieverts as:  

                 

Where; e is the effective dose coefficients for each radionuclide as given by International 

Commission on Radiological Protection (ICRP, 2012) and Ac is the activity concentration of 

the radionuclide.   

4.2.8. Monograph of leaves of A. remota 

Monograph (Appendix C) of leaves of A. remota were developed according to the WHO 

guideline (WHO, 1999).  

4.2.9. Statistical analysis  

All the values of physicochemical and some of the residual analysis parameters were 

analyzed using Microsoft Office Excel 2007 and were expressed as mean ± standard 

deviation (M ± SD). 
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5. RESULTS AND DISCUSSION  

5.1. Percent yield of leaves of A. remota  

The extract was a dark green lustrous gummy substance. The percentage yield with each 

solvent is given in Table 3.  

Table 3: Extraction yield of leaves of Ajuga remota Benth collected from Geja Gelan 

woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS). 

 

Sample 

Extraction solvent 

Methanol Chloroform Hexane 

AA 24.38 % (48.76 g) 7.5% (2.25 g) 6.8% (2.04 g) 

AS 18.48% (36.96 g) 8.93% (2.68 g) 7.16% (2.15 g) 

 

5.2. Macroscopic evaluation  

According to WHO guideline, macroscopic evaluation is the first step to establish the correct 

identity of an herbal material (WHO, 1998). Fresh leaves of A. remota were 17-34 mm 

(length) X 7.5-16mm (width) (AS); 30-62mm X 12-23mm (AA); 1-2mm thick and dark sea 

green colored. Externally they are covered with soft hairs which gave them a soft touch. They 

are simply bent but not easily rupturing, with a fibrous fracture plane. They have a very bitter 

taste and a week fruity odor.   

5.3.  Microscopic characterization 

Microscopic characterization is one of the simplest and cheapest methods to establish the 

identity and degree of purity of herbal materials (Pavanasasivam and Suktanbawa, 1975). The 

powder of leaves of A. remota was mounted in chloral hydrate solution. Then the observed 

features revealed that the powdered leaves of A. remota contains turgid guard cells,  

anisocytic stomata, stratum spinosum of upper epidermis, parenchymatous (aerenchyma) cell, 

pointed trichomes, spiral tracheids, and xylem fiber as depicted in Figure 3.  
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Figure 3: Powder microscopy of leaves of Ajuga remota Benth depicting the presence of :- 

a) Powder of leaves of A. remota; b) turgid guard cells and anisocytic stomata; c) 

parenchymatous (aerenchyma) cell, turgid guard cells, anisocytic stomata, and pointed 

trichomes; d) xylem fiber showing lumen; e) stratum spinosum of upper epidermis; f) spiral 

tracheids and vessels along with medullary rays; g) fragment of pointed trichomes.  
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5.4.  Fluorescence analysis  

Fluorescence analysis is a useful identifying tool for drugs that are relatively difficult to 

distinguish. In a mixture of two or more species, fluorescence analysis helps to recognize a 

particular drug by using approximates of the intensity of fluorescence (Kasthuri and Ramesh, 

2018). Fluorescence is the phenomenon exhibited by a variety of chemical components 

present in the herbal material under UV light. This can be used to characterize crude drugs 

and to identify genuine samples from adulteranted ones (Kokoski et al., 1958; Tyler et al., 

1976; Dominic et al., 2012).  

The powder of leaves of A. remota yielded different colors in fluorescence analysis (Table 4). 

Color identification was done using a standard color chart (Appendix A).  

Table 4: Fluorescence analysis of powdered leaves of Ajuga remota Benth .     

Powder + reagent  Visible light  UV Light (254nm) UV Light (366nm) 

Powder as such  Dark sea green NF Dark gray   

Powder + 1N NaOH in 

water  

Yellow  NF Dark green 

Powder + 1N NaOH in 

methanol 

Dark green  NF Lime green 

Powder + 1N KOH in 

water 

Yellow   NF Green 

Powder + 1N KOH in 

methanol 

Dark  NF Dark orange  

Powder + 1N HCl  Chocolate   NF Saddle brown  

Powder + 1N H2SO4 Chocolate   NF Saddle brown 

Powder + 1N HNO3 Yellow   NF Green   

Powder + 25%  Ammonia  Yellow NF Dark green  

Powder + 5%Iodine Maroon  NF Navy 

Powder + 5%FeCl3 Dark green   NF Dark  

Powder + Acetic acid Yellow NF Orange red  

Powder + Picric acid  Yellow NF Purple  

NF: No fluorescence  
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5.5.  Physicochemical characterization 

The air-dried powder of leaves of A. remota was subjected for determination of 

physicochemical parameters such as powder fineness, swelling index, foaming index, 

bitterness value, extractive value, moisture content, ash values, and tannin content. 

Summarized results for physicochemical characterization of leaves of A.remota are shown in 

Table 5 expressed as mean ± standard deviation (M ± SD). 

Table 5: Physicochemical characterization of leaves of Ajuga remota Benth collected from 

Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS). 

Parameters            Results (M ± SD) 

AS  AA  

Powder fineness (%)  33.00 ± 0.02 32.13 ±0.04 

Swelling index (%)  2.57 ± 0.16 2.21 ± 0.12 

Foaming index  100.00 ± 0.00 100.00 ± 0.00 

Bitterness value  8400 ± 0.00 8400 ± 0.00 

Extractive value (%) 

  Aqueous  

  Methanol  

  Ethanol 

  Ethyl acetate 

  Butanol  

  Chloroform  

  Toluene  

  Hexane   

 

34.66 ± 1.52 

18.32 ± 0.04 

11.81 ± 0.02 

6.12 ± 0.01 

9.53 ± 0.06 

7.43 ± 0.01 

3.16 ± 0.01 

0.94 ± 0.01 

 

34.00 ± 0.15 

24.00 ± 0.20 

12.80 ± 0.20 

7.63 ± 0.05 

8.56 ± 0.25 

6.13 ± 0.05 

3.86 ± 0.15 

1.10 ± 0.20 

Moisture content (%)  6.42 ± 0.08 6.44 ± 0.5 

Ash value (%)  

  Total ash   

  Water soluble ash 

  Acid-insoluble ash 

 

25.44 ± 0.38 

10.77 ±0.19 

6.10 ± 0.69 

 

28.77 ± 1.38 

12.106 ± 0.50 

8.66 ± 1.45 

Tannin content (%)  0.01 ± 0.005 0.02 ± 0.02 

 

After the percent weight of powder remaining on each sieve size was calculated, 33.00% (AS) 

and 32.13% (AA) of the powder of leaves of A. remota were retained on 180 mesh size sieve, 

hence, the powder of A. remota are considered to be moderately fine. The swelling index 

indicates the leaves produce less amount of mucilage. However, the mucilage is not 

completely absent in sample. The foaming index was found to be 100 for both samples which 

indicated the presence of saponins.  

The bitterness nature of herbal materials is determined by comparing the threshold bitter 

concentration of an extract of plant material with that of a dilute solution of quinine HCl 
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(WHO, 2011). The bitterness degree classified as extremely bitter, with average bitterness 

values above 10000; very bitter, with bitterness values between 5000 and 10000; and 

moderately bitter, with values between 2000 and 5000 (Olivier and Wyk, 2013). In this study, 

the bitterness value was found to be 8400 for both samples. Therefore, classifying the leaves 

of A. remota as very bitter.  

The dried powdered leaves of A. remota were extracted with different types of solvents. The 

extractive value of the aqueous solvent was the highest followed by that of methanol. The 

yield of the extractive value linearly decreased with the decreasing polarity of the solvents. 

This indicates that the secondary metabolites are mainly polar compounds. The value for loss 

on drying was found to be 6.42% w/w (AS) and 6.44% w/w (AA). The acceptable limit of 

moisture content of the medicinal plants is in the range of 10-14%. Low moisture content 

could be beneficial in that it does not encourage microbial growth (Poos and Varju, 2017).  

In the evaluation of ash values of the dried powdered leaves of A. remota, it was found that 

the total ash was higher than that of water-soluble ash and acid-insoluble ash. The total ash 

value was taken as the total amount of material left over after ignition including both 

physiological ash derived from the plant material itself and non-physiological ash derived 

from the extraneous matter adhering on the plant surface. A high total ash value is indicative 

of contamination with sand or soils. Acid-insoluble ash value is considered as an indicator of 

contamination with silica in the form of sand/siliceous earth. Water-soluble ash value, which 

is a fraction of the total ash, expresses specifically water-soluble entities of herbal materials 

(WHO, 2011).  

Average tannin content was 0.01% (AS) and 0.02% (AA) which was calculated from a 

calibration curve of tannic acid as depicted in Figure 4. Tannin content in some plants is 

present in significant amounts, many others have too little of them. Tannins are generally 

present in large quantities in the bark of trees where they act as a barrier to micro-organisms 

and protect the tree. They are also used in medicines as an astringent (Nonaka et al., 1981). 

They are able to form water-insoluble complexes with proteins. This is responsible for the 

astringency of the plant and the reason for the therapeutic application of tannins (WHO, 

2011).  
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Figure 4: Standard linear curve for tannin content determination by UV/Vis 

spectrophotometer. 

5.6. Phytochemical analysis  

5.6.1. Preliminary phytochemical screening 

Secondary metabolites are compounds that are biosynthetically derived from primary 

metabolites and are not made through metabolic pathways common to all plants (Kumar, 

2013). They differ between closely related species and within single species quantitatively 

and qualitatively. Therefore, it is impossible to make a broad inference about their presence 

or absence in a species under investigation (Ayres and Loike, 1990).  

In this study, preliminary phytochemical screening provides information regarding the 

qualitative nature of a possible phytochemical constituents found in this plant material. The 

results of phytochemical screening of leaves of A. remota for 80% methanol, chloroform, and 

hexane extracts are given in Table 6. 

In methanol extracts phytochemical analysis revealed the possible presence of cardiac 

glycosides, flavonoids, phenols, saponins, reducing sugars, steroids, tannins, terpenoids, 

alkaloids, anthraquinone glycosides, and coumarins. Findings are similar to what has been 

previously reported by Hailu and Engidawork (2014). Cardiac glycosides, saponins, reducing 

sugars, steroids, tannins, and alkaloids are also possibly found in chloroform extracts. Only 

saponins, steroids, and terpenoids are possibly present in hexane extracts. This is, therefore, 

the methanol extracts contained more active compounds than chloroform and hexane extracts. 

This indicates that the secondary metabolites of A. remota are mainly polar compounds.  
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Table 6: Preliminary phytochemical screening of 80% methanol, chloroform and hexane 

extracts of leaves of Ajuga remota Benth collected from Geja Gelan woreda, Sebeta, 

Ethiopia, in autumn (AA) and in spring (AS). 

Phytochemical 

test 

AS AA 

Methanol  Chloroform  Hexane   Methanol  Chloroform  Hexane  

Cardiac 

glycosides  

+ + - + + - 

Flavonoids  + - - + - - 

Phenols  + - - + - - 

Saponins + + + + + + 

Reducing sugars + + - + + - 

Steroids  + + + + + + 

Tannins + + - + + - 

Terpenoids  + - + + - + 

Alkaloids  + + - + + - 

Anthraquinone 

glycosides 

+ - - + - - 

Coumarins  + - - + - - 

 

5.6.2. Chromatographic fingerprinting 

5.6.2.1. TLC fingerprinting  

TLC is one of the most commonly used chromatographic techniques and developed as a basic 

quality control method of tracing impurities (Watson, 1999). It is separating mixtures by 

eluting them through a planar chromatographic bed then visualizing the separated 

components by staining or under UV lamp (Smith, 1999). In this study, TLC fingerprinting 

was attempted and better spot resolution was observed for ethyl acetate to chloroform (2.1) 

solvent system under UV light of long wavelength (366nm). TLC fingerprint of 80% 

methanol extract of leaves of A. remota is depicted in Figure 5.    
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Figure 5: TLC fingerprint of 80% methanol extract of leaves of Ajuga remota Benth when 

the plate observed under UV light of long wavelength (366 nm). The solvent system is Ethyl 

acetate: Chloroform (2:1).  

5.6.2.2.LC-MS fingerprinting 

Chemical fingerprinting is a widely used technique to ensure quality control of herbal 

preparations and for identification of adulteration from herbal preparations (Yang et al., 

2011). Consequently, the use of LC-MS is a well-accepted analytical method for the 

identification of a possible analytical marker (Chen et al., 2009).  

LC-Q-TOF-MS was utilized for the identification of chemical constituents and selection of 

marker compounds for quality control of leaves of A. remota. The identification of 

compounds was based on the data of accurate mass, molecular formula, retention time, score 

(>90%) and peak height by comparing with NIST library. Accordingly, no compounds were 

found with a score above 90% in the negative mode.  To select possible markers from the 

plant, first, the common compounds (duplicate compounds) present in both samples, i.e., AA 

and AS, were sorted out (decreasing order of score) as shown in Table 7.  
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Table 7: Chemical composition of 80% methanol extract of leaves of Ajuga remota Benth 

analyzed by LC-MS (positive mode).  

Name Formula Mass RT 

 Peak 

height% 

7-Hydroxy-6-methyl-2H-1-benzopyran-

2-one C10H8O3 176.0472 8.688 0.84 

Santene C9H14 122.1093 8.699 0.64 

3 Hydroxycoumarin C9H6O3 162.0315 6.684 0.42 

Perillyl acetate C12H18O2 194.1304 12.063 0.99 

1-Phenylethyl formate C9H10O2 150.0677 26.112 0.86 

17beta-Hydroxyandrosta-4,9(11)-dien-3-

one C19H26O2 286.1928 9.375 0.54 

Heptaphylline C18H17NO2 279.1257 7.558 1.83 

7,8,3',4'-Tetrahydroxyisoflavone C15H10O6 286.0473 6.568 0.52 

Sterebin D C18H30O3 294.2188 13.246 1.24 

(+)-Sophorol C16H12O6 300.0628 12.102 3.59 

Sinactine C20H21NO4 339.1464 7.883 0.54 

Pandamarilactam 3x C13H17NO3 235.1203 1.353 1.49 

3-Ethenyl-4-hydroxy-2,5-dimethylhex-5-

en-2-yl acetate C12H20O3 212.1409 12.063 0.28 

Tetrahydropentoxyline C17H22N2O7 366.1422 1.523 1.45 

Piperettine C19H21NO3 311.1514 6.891 1.39 

ent-15-Oxo-16-kauren-19-oic acid C20H28O3 316.2033 20.727 0.83 

11alpha,17beta-Dihydroxy-1,4-

androstadien-3-one C19H26O3 302.1873 11.885 0.71 

4-Oxoretinol C20H28O2 300.2081 23.517 0.59 

11,12-Dimethylrosmanol C22H30O5 374.2084 9.375 1.30 

Ginsenoyne K C17H24O3 276.1718 17.785 0.77 

1,2-Dihydrodehydroguaiaretic acid C20H22O4 326.1509 23.034 3.95 

Mahaleboside C15H16O8 324.0839 10.257 0.76 

Stearamide C18H37NO 283.2867 28.457 5.02 

Capsi-amide C17H35NO 269.271 27.134 2.06 

2’,7-Dihydroxy-4’-methoxy-8-

prenylflavan C21H24O4 340.1665 24.89 1.36 

Panaquinquecol 1 C18H28O3 292.2033 12.058 3.59 

4-Methylphenyl dodecanoate C19H30O2 290.2238 24.705 1.32 

(-)-Phaseollinisoflavan C20H20O4 324.1352 24.001 2.81 

Isohumulone A C21H30O5 362.2083 11.886 1.77 

Armillarin C24H30O6 414.2031 20.53 1.66 

Rhodinyl phenylacetate C18H26O2 274.1927 12.06 4.08 

3-Methylellagic acid 8-rhamnoside C21H18O12 462.0786 6.58 2.94 

Dihydrofukinolide C22H32O6 392.2187 12.175 0.84 

Corchorifatty acid A C18H28O4 308.1982 16.435 0.35 

3,4,4'-Trihydroxy-5,5'-diisopropyl-2,2'-

dimethylbiphenyl C20H26O3 314.1876 9.375 1.49 
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Table 7. Continued 

Hydrojuglone glucoside C16H18O8 338.0991 11.188 0.45 

Palmitoyl Ethanolamide C18H37NO2 299.2813 25.921 0.29 

Macrophorin C C22H32O5 376.2237 20.728 0.87 

Linoleoyl Ethanolamide C20H37NO2 323.2813 25.045 0.78 

Vanillin 3-(L-menthoxy) propane-1,2-

diol acetal C21H32O5 364.2239 8.177 0.38 

21-Acetoxy-11beta,17-dihydroxy-

6alpha-methylpregn-4-ene-3,20-dione C24H34O6 418.2342 20.725 2.17 

24,25-Diacetylvulgaroside C29H44O8 520.3021 7.461 0.54 

7,18-Dihydroxykaurenolide C20H28O4 332.1981 9.375 0.53 

3beta,19-Dihydroxyandrost-5-en-17-one 

3-acetate C21H30O4 346.2132 8.176 0.49 

Kaempferol 3-rhamnoside 7-

galacturonide C27H28O16 608.136 6.541 2.05 

Oleamide C18H35NO 281.271 27.058 5.41 

Ajugarin I C24H34O7 435.2360 19.091 0.26 

Solanocardinol C27H45NO3 431.3382 24.923 0.91 

Terminaline C23H41NO2 363.3121 22.616 5.42 

6-O-Acetylaustroinulin C22H36O4 364.2598 26.299 0.32 

alpha-Amylcinnamyl isovalerate C19H28O2 288.2077 13.647 0.17 

4,4-Difluoropregn-5-ene-3,20-dione C21H28F2O2 350.2061 12.06 4.43 

Mycinamicin VI C35H57NO11 667.3906 26.107 5.14 

 

Afterward, literature on phytochemical content of the genus Ajuga was thoroughly analyzed. 

Ajugarin I was found to be the only compound found in the study plant and also reported in 

the genus. Therefore, it was taken as an analytical marker. Figures 6 and 7 show the total ion 

chromatogram obtained from 80% methanol extract of AS and AA, respectively, in the 

positive ionization mode. LC chromatogram of ajugarin I shows retention time at 19.091 min 

(Figure 8); whereas the molecular ion peak [M+H]
+
 at 435.2360m/z was observed in the MS 

analysis (Figure 9).  
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Figure 6: Total ion chromatogram of 80% methanol extract of leaves of Ajuga remota Benth 

collected from Geja Gelan woreda, Sebeta, Ethiopia, in spring (AS); ESI; positive ionization 

mode. 

 

 

Figure 7: Total ion chromatogram of 80% methanol extract of leaves of Ajuga remota Benth 

collected from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA); ESI; positive 

ionization mode.     
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Figure 8: Extracted ion chromatogram of ajugarin I from 80% methanol extract of leaves of 

Ajuga remota Benth; ESI; positive ionization mode. 

 

 

Figure 9: Mass spectrum of ajugarin I from 80% methanol extract of leaves of Ajuga remota 

Benth; ESI; positive ionization mode. 
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5.6.2.3. GC-MS fingerprinting 

GC-MS has been extensively applied in establishing chromatographic fingerprints for quality 

control of herbal medicines (Pan et al., 2011). And it provides complementary data to LC-MS 

analysis involving components that are volatile, thermally stable non-ionic, and have a 

relatively low molecular weight (Weckwerth, 2010; Saljooghianpour and Javaran, 2013).  

GC-MS analysis of HEXANE extract of leaves of A. remota based on peak area and match 

score of not less than 80% by comparing with NIST, revealed 8 and 25 phytoconstituents in 

AS and AA respectively (Figures 10 and 11). It can be seen in Tables 8 and 9, that there were 

only three common compounds (hexadecane, dodecyl acrylate, and hexacosane) present in 

both samples.                               

 

 

Figure 10: GC chromatogram of hexane extract of leaves of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in spring (AS). 

 

 

Figure 11: GC chromatogram of hexane extract of leaves of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA).  
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Table 8: Chemical composition of hexane extract of leaves of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in spring (AS). 

Component RT  Compound Name Molecular 

Formula 

Molecular 

weight 

Peak  

area % 

12.1894 Dodecyl acrylate C15H28O2 111.0 17.89 

14.3882 Neophytadiene C20H38 123.1 16.49 

37.9947 Hexacosane C26H54 57.0 35.95 

34.5937 Octacosane C28H58 57.0 11.22 

34.5938 Hexadecane C16H34 99.1 9.28 

12.6094 Sulfurous acid, butyl dodecyl 

ester 

C16H34O3S 111.0 2.85 

15.4213 3,7,11,15-Tetramethyl-2-

hexadecen-1-ol 

C20H40O 123.0 3.6 

36.1586 2-Bromo dodecane C12H25Br 99.0 2.68 

 

Table 9: Chemical composition of hexane extract of leaves of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA). 

Component 

RT  

Compound Name Molecular 

Formula 

Molecular 

weight 

Peak  

area % 

8.9494 Hexadecane C16H34 113.0 3.21 

6.5084 Tetradecane C14H30 99.1 1.38 

16.7313 Eicosane C20H42 99.0 5.97 
21.0997 Docosane C22H46 113.0 4.44 

16.9191 1-Nonadecene C19H38 111.1 1.03 

19.3653 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-
6,9-diene-2,8-dione 

C17H24O3 232.0 4.12 

14.6926 3,7,11,15-Tetramethyl-2hexadecen-1-

ol 

C20H40O 123.1 7.08 

12.0616 Dodecyl acrylate C15H28O2 111.1 41.69 

25.3544 Tetracosane C24H50 99.0 2.76 

29.4331 Hexacosane C26H54 99.0 2.24 

21.3056 1-Docosene C22H44 111.1 0.93 
23.2526 Nonadecane C19H40 99.1 1.16 

23.2528 Octadecane C18H38 99.0 1.18 

12.6500 Cyclotridecane C13H26 111.1 0.85 
17.0856 Hexanoic acid, dodecyl ester C18H36O2 117.0 1.42 

7.2105 1-Decanol, 2-hexyl- C16H34O 111.0 1.70 

12.4890 1-Dodecanol, 2-hexyl- C18H38O 111.1 8.20 
30.8476 Phenol, 2,2’-methylenebis(6-(1,1-

dimethylethyl)-4-methyl- 

C23H32O2 340.0 1.76 

25.5606 Oxalic acid,allyl octadecyl ester C23H42O4 111.1 0.57 

18.9571 1-Dodecanol, 2-octyl- C20H42O 111.0 4.88 
36.1733 2-Bromotetradecane C14H29Br 99.1 0.68 

36.8631 5,7-Dimethylpyrimido-[3,4-a]-indole C13H12N2 438.0 0.62 

18.2225 Tetracosane, 1-iodo- C24H49I 127.0 0.51 
29.1117 Nonane, 2-methyl-5-propyl- C13H28 85.0 0.99 

18.2224 Octadecane, 1-iodo- C18H37I 127.0 0.50 
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Hexadecane has a peak area of 9.28% (AS) and 3.21% (AA), dodecyl acrylate has peak area 

of 17.89% (AS) and 41.69% (AA), and hexacosane has peak area of 35.95% (AS) and 2.24% 

(AA). However, hexacosane (from AS) and dodecyl acrylate (from AA) have the largest 

percent peak area, hence, they are taken as marker compounds.  

Thus a total of three marker compounds (Figure 12) were identified from chromatographic 

fingerprinting. Among them, the in vitro antiplasmodial activity of ajugarin I was reported 

and showed moderately active, with an IC50 of 23.0±3.0 µM, as compared to chloroquine 

(IC50 = 0.041±0.003 µM) against the chloroquine-sensitive strain of Plasmodium falciparum 

(Kuria et al., 2002).                                                                                                                                            

                                                                      

                                                                     

                                                                                      Hexacosane   

 

O
O

O

H

O
O

O

O

        

O

O  

                         Ajugarin I                                          Dodecyl acrylate        

                                               

 Figure 12: Structural formulae of marker compounds identified from Ajuga remota Benth. 

 

5.6.3. Spectroscopic fingerprinting 

5.6.3.1. FT-IR fingerprinting 

The FT-IR fingerprint of the plant material indicates the presence of various functional 

groups including alkyl, aldehyde, carboxylic acids, esters, etc. The FTIR spectra of powder of 

leaves of A. remota and 80% methanol, chloroform, and hexane extracts of leaves of A. 

remota are shown in Figures 13-20.  
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There is a medium absorption at 3283cm
-1

 in powder samples; 3309 cm
-1

 in methanol 

extracts; 3420.8 cm
-1

 (AS) and 3417 cm
-1

 (AA) in chloroform extracts; 3439.4 cm
-1

 (AS) and 

3409.6 cm
-1

 (AA) in hexane extracts due to O-H stretching vibration. Commonly, the 

absorption range for O-H vibration is in the range of 3400-3200 cm
-1

. The O-H absorption in 

methanol extracts gave a broad absorption peak but in powder samples, chloroform, and 

hexane extracts it has absorption bands of lower intensity. The peaks at 2981.2, 2985, 2917.9 

and 2847 cm
-1

 in powder samples; 2929 cm
-1

 in methanol extracts; 2917.9 and 2850.8 cm
-1 

in 

chloroform extracts; 2921.6 and 2850.8 cm
-1

 in hexane extracts is due to C-H stretching 

vibrations (absorption bands for C-H stretching ranges from 3000cm
-1

 to 2850cm
-1

). The C-H 

absorption in powder samples and methanol extracts gave weak absorption bands whereas in 

chloroform and hexane extracts it gave peaks of greater intensity. There are strong absorption 

bands due to C=O stretching frequencies in the range of 1750 to 1700cm
-1

 in both chloroform 

and hexane extracts. But its intensity is weaker in powder samples and methanol extracts. 

There is C-H-O bending in the range of 1440-1220 cm
-1

 in all samples except in powder 

sample with a lower intensity. There is also a medium absorption near 1375 cm
-1 

that 

corresponds to -CH3 bending frequencies in all types of samples. A strong absorption bands at 

1234cm
-1

 in powder samples; 1230.4 (AS), 1264 (AA) and 1230.4 cm
-1

 (AA) in methanol 

extracts; 1249 (AS), 1167 (AS), 1234.1(AA) and 1170.8 cm
-1

 (AA) in chloroform extracts; 

1249 cm
-1

 in hexane extracts in the range of 1300-1000 cm
-1

, are characteristics of C-O 

stretching. The region between 1500 cm
-1

 and 400 cm
-1

 is known as the fingerprint region. It 

usually contains a number of peaks, making it difficult to identify individual peaks. However, 

the fingerprint region of a given sample is unique and, therefore, can be used to distinguish 

between extracts of the study plant. 

 

Figure 13: FTIR spectra of powder of Ajuga remota Benth collected from Geja Gelan 

woreda, Sebeta, Ethiopia, in spring (AS). 
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Figure 14: FTIR spectra of powder of Ajuga remota Benth collected from Geja Gelan 

woreda, Sebeta, Ethiopia, in autumn (AA). 

 

Figure 15: FTIR spectra of solid 80% methanol extract of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in spring (AS). 

      

 

Figure 16: FTIR spectra of solid 80% methanol extract of Ajuga remota Benth collected 

from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA). 
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Figure 17: FTIR spectra of solid chloroform extract of Ajuga remota Benth collected from 

Geja Gelan woreda, Sebeta, Ethiopia, in spring (AS). 

 

Figure 18: FTIR spectra of solid chloroform extract of Ajuga remota Benth collected from 

Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA). 

   

 

Figure 19: FTIR spectra of solid hexane extract of Ajuga remota Benth collected from Geja 

Gelan woreda, Sebeta, Ethiopia, in spring (AS). 
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Figure 20: FTIR spectra of solid hexane extract of Ajuga remota Benth collected from Geja 

Gelan woreda, Sebeta, Ethiopia, in autumn (AA). 

5.7.  Residual analysis  

5.7.1. Determination of foreign matters  

Medicinal plant materials should be completely free from any soil, stones, sand, dust, and 

other foreign inorganic matter (WHO, 1998). According to the American Herbal Products 

Association (AHPA) 2017 guidance policy, the maximum limits of foreign matters in herbal 

raw materials should not exceed 5% by weight.  

The foreign matters detected from the leaves of A. remota are categorized into soil, insects, 

seed and flower of A. remota, and others as presented in Table 10. The soil took the highest 

percentage than others. It might be due to the soil adhered to the leaves of A. remota. 

Table 10: Foreign matter contents of leaves of Ajuga remota Benth collected from Geja 

Gelan woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS).    

 

Types of Foreign matter  

                   Content (%) 

AS AA 

Soil  0.385 0.45 

Insect  0.00018 0.0003 

Seed and flower part of A. 

remota  

0.135 0.150  

Others  0.01 0.01 
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5.7.2. Determination of heavy metals 

The heavy metals content of the leaves of A. remota is shown in Figure 21.  

 

Figure 21: Concentration (µg/g) of heavy metals in the leaves of Ajuga remota Benth 

collected from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS).  

Commonly soils are exposed to artificial fertilizers, industrial effluents, agricultural effluents 

and other man-made activities which are the source for metal content in the soil. As a result, 

the heavy metals found in the soil will have a chance to be transferred to the plant (Wang et 

al., 2003).  

In the present study, it can be seen that the concentration of metals in AA is almost double 

than in AS. There is thought with a metal concentration decline during spring and this is 

considered due to the rapid spring growth of plants causing dilution of the concentrations of 

the heavy metals (Kim and Fergusson, 1994; Brekken and Steinnes, 2004).  

Many of the heavy metals (Zn, Cu, Cr, Fe, and Mn) are vital to body function in very small 

amounts. However, if these metals accumulate in the body severe damage might occur (Akan 

et al., 2009; Osu and Okereke, 2015). In this study, Fe, Ni, and Cr were above the acceptable 

limit set by WHO. A report indicated that Fe toxicity can cause vomiting, haematemesis, 

abdominal pain, diarrhea, haematochezia, lethargy, shock, acidosis, coagulopathy, shock, 

fever, hypotension, CNS depression, hepatotoxicity, convulsion, coma, and GI obstruction 

(Pillay, 2013). If Cr has taken up overdose dermatitis, rhinitis bronchospasm, pneumonia, 

sinonasal cancer, and lung cancer will be occurred (Shekhawat et al., 2015). It has also been 
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reported that Ni toxicity may induce nausea, vomiting, vertigo, irritation, stiffness of the 

chest, constant cough, dyspnea, cyanosis, tachycardia, palpitation, sweating, visual 

disturbance, weakness, cardiac arrest, shortness of breath, respiratory distress syndrome 

(Sunderman et al., 1975; Rendall et al., 1994), asthma, bronchitis, nasal cancer, lung cancer, 

and allergic dermatitis (Sunderman et al., 1975; Enterline and Marsh, 1982; Harry, 1990; 

Hostynek, 2006).   

These heavy metals might be released into the environment from various anthropogenic 

activities, like disposal of households, application of fertilizer, industrial wastes, etc. 

Therefore, a proper disposal of waste and proper use of fertilizer during cultivation is 

required.  

5.7.3. Determination of microbial contamination 

Herbal medicines are commonly exposed to microbial contaminants and deteriorated by 

microorganisms during harvesting, handling, and storage. Lack of regulation for microbial 

contamination in herbal preparation can lead to a potential health risk (Dubey et al., 2008; 

Noor et al., 2018). According to the WHO guidelines, the determination of microbiological 

contaminants and evaluation of the microbial quality of herbal medicines show the quality of 

herbal preparations. The microbial status of powdered leaves of A. remota is given in Table 

11.  

Table 11: Microbial contaminants in the leaves of Ajuga remota Benth collected from Geja 

Gelan woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS). 

Contaminating 

microbes  

Concentration of detected microbial 

contaminants (cfu/g) 

WHO Limit 

(cfu/g) 

AS AA 

Mold  3.5x10
2
 2.1x10

2
 <10

3
 

Yeast  <1x10
1
 <1x10

1
 <10

3
 

Aerobic bacterial plate 

count  

1.4x10
4
 4.8x10

4
 <10

5
 

Coliform  <1x10
1
 3.5x10

3
 <10

5
 

E.coli type I <1x10
1
 <1x10

1
 <10

4
 

Salmonella  Not isolated/25g Not isolated/25g Absence/g 

Shigella species  Not isolated/25g Not isolated/25g Absence/g 

 

Even if these values did not exceed the permissible limit, they might occur due to reasons 

including the presence of greater numbers of bacteria produce spores that are resistant to dry 
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conditions, hard processing, and high heat. They can, therefore, survive on the material in a 

dormant state for a long time (Kunene et al., 1999); the coliform and E.coli presence represent 

hygiene conditions and fecal contamination, respectively; and most fungi occur in plants and 

may grow under favorable circumstances after harvesting (Czech et al., 2001; Kneifel et al., 

2002; Kumar et al., 2009). Furthermore, as the plant material is organic in nature, it offers 

nutrition to microorganisms and promotes their multiplication leading to contamination, 

deterioration, and variation in the composition of the plant. In general, these possibilities give 

rise to poor quality of herbal products with little or no therapeutic efficacy (Noor et al., 

2013). Therefore, this contamination can be controlled by proper cleaning and sanitization. 

Moreover, sterilized water (other dissolving solvents) should be used at every step of A. 

remota preparations.    

5.7.4. Determination of radioactive contamination   

Naturally occurring radioactive materials are found in all components of the environment; air, 

water, soil, food and in humans. The major radioactive elements are namely: 
238

U, 
232

Th 

series, and K (UNSCEAR, 1993). They are circulated through natural processes by going into 

the ecosystem and food chain through direct or indirect contamination (Adewumi, 2011). 

This process relating photosynthesis includes soil-water absorption of soluble radionuclides 

through root uptake, direct deposition from the atmosphere and soil resuspended natural 

radionuclide. The health effects of radiation exposure to radionuclides from the ingestion of 

medicinal plants may be connected with cancer of many organs (Cember and Johnson 2009). 

Besides determining the quality of the plant material, the evaluation of radioactive 

contamination of medicinal plants gives valuable information on the safety level of their 

consumption by humans (Oprea et al., 2014).  

In this study, the activity concentrations (Bq Kg
-1

) of the natural radionuclides identified in 

powdered leaves of A. remota are shown in Table 12.  

Table 12: Activity concentration of radionuclides in the leaves of Ajuga remota Benth 

collected from Geja Gelan woreda, Sebeta, Ethiopia, in autumn (AA) and in spring (AS). 

Identified radionuclide Activity concentration (Bq/Kg) 

AS AA 
40

K 530 ± 34 530 ± 34 
228

Ac
  

212
Pb 

7 ± 1.8 

BDL 

7 ± 1.8 

BDL 

BDL: Below detection limit 
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The specific activity of 
40

K was obviously greater than 
228

Ac. The high activity concentration 

of potassium in the study plant could be due to the plant's ability to absorb potassium from 

the soil more than the other elements (Tettey-Larbi et al., 2013). The WHO has not proposed 

limits for radioactive contamination in herbal materials; rather it suggests testing herbal 

materials according to national or regional standards.    

The dose from the ingestion of the plant for each radionuclides was estimated using ICRP 

guideline. The dose of 
40

K and 
228

Ac from ingestion was found to be 3.28 x 10
-6

 Sv/kg and 

3.01 x 10
-9 

Sv/kg, respectively. The worldwide average radiation dose from ingestion is 0.3 

mSv/y (UNSCEAR, 2000). The dose of 
40

K and 
228

Ac is lower than the worldwide average 

radiation dose and therefore the probability of causing health problem would be minimal.  
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6. CONCLUSION  

Leaves of A. remota were evaluated for their macroscopical properties, microscopical 

characteristics, fluorescence nature, physicochemical characteristics, phytochemical contents, 

and residual analysis to identify and to check its safety and quality. Three solvents were used 

to extract the plant, and the methanolic extract showed the highest yield. The leaves were 17-

62 mm (length) X 7.5-23mm (width); 1-2mm thick and dark sea green colored, soft, fibrous, 

had a very bitter taste and a fruity odor. The powder contains guard cells, stomata, epidermal 

cells, parenchymatous cells, trichomes, tracheids, and xylem fiber. Fluorescence analysis 

revealed characteristic colors. The powder of leaves of A.remota was moderately fine. The 

powder contains not much amount of a swelling agent and tannin but has saponins. The 

extractive value was highest for the aqueous solvent and linearly decreased with polarity.  

Total ash value was higher than acid-insoluble ash and water-soluble ash values for both 

samples. The powder contains less amount of moisture content. Cardiac glycosides, 

flavonoids, phenols, saponins, reducing sugars, steroids, tannins, terpenoids, alkaloids, 

anthraquinone glycosides, and coumarins are possibly present in leaves extracts. 

Chromatographic and spectroscopic analyses, three marker compounds namely, ajugarin I, 

dodecyl acrylate, and hexacosane were identified. The leaves contain a high amount of Cr, 

Ni, and Fe content, aerobic bacterial count, mold, yeast, coliform, E.coli, Salmonella and 

Shigella species did not exceed the WHO limit. The radionuclides 
228

Ac and 
40

K were 

detected. According to the calculated doses the risk of health hazards is minimal.   
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7. SUGGESTION FOR FURTHER WORK  

As the follow-up, the following additional studies are suggested; 

 Standardization of leaves of A. remota across collection sites and also across seasons 

not covered in this study 

 Determination of pharmacological activities of the identified marker compounds 

qualitatively and quantitatively 

 Heavy metal contaminant determination of As and Hg 

 Determination of Staphylococcus aureus and Pseudomonas aeruginosa count in the 

leaves of A. remota. 
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APPENDIX 

Appendix A: Standard colour chart   
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Appendix B: Calibration curves for heavy metal determination with FAAS 
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Appendix C: Standard monograph of A. remota 

 

Ajuga remota 

 

Definition 

Ajuga remota is dried leaves of Ajuga remota Benth (Lamiaceae) (1, 2). 

 

Synonyms 

Ajuga integrifolia Buch.-Ham, Ajuga bracteosa Wall ex Benth (3). 

 

Selected vernacular names 

Harmagussa (Oromiffa), Akorarach (Amharic), Etse-Libawit (Ge’ez), Akembiye’ 

(Guragegna), Tale (Welaytigna) (2, 4-5). 

 

Description  

A common herb of humid or wetter areas, in disturbed or shaded grassland, in ditches and 

along the waysides (2, 6). A decumbent herb, rooting at the nodes. Leaves subsessile or 

shortly petiolate, oblanceolate or narrowly obovate, up to 30-100 x 7-30 mm, moderately to 

densely hairy with greyish hairs, apex obtuse or subacute, base attenuate, margin crenate, 

crenate-serrate or crenate-sinuate in their apical part, more or less entire in their basal part. 

Inflorescence usually dense at the apex, and becoming lax or very lax at the base; bracts 

usually similar to the leaves but slightly smaller towards the apex of the inflorescence. 

Fruiting calyx 3-6 mm long; tube copular or broadly copular, thin, often bursting; lobes 

deltoid to lanceolate, 2-3.5 mm long, mostly incurved over the fruit. Corolla 6-13 mm long, 

pale violet, light blue or white. Stamens exserted beyond the upper lip of the corolla. Nutlets 

strongly reticulate, c 2 x 1.5 mm (2). 

Plant material of interest: Fresh and dried leaves 

General appearance  

Leaves whole 23.5-48mm long, 9.75-19.5mm wide and 1-2mm thick. Externally dark sea 

green and dark gray colour with a soft texture; simply broken and fibrous fracture plane.  

 

Organoleptic properties 

Odour: characteristic, fruity; taste, characteristic, very bitter.  
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Microscopic characteristics 

The powder composed of turgid guard cells, anisocytic stomata, stratum spinosum of upper 

epidermis, parenchymatous (aerenchyma) cell, pointed trichomes, spiral tracheids, and xylem 

fiber.   

Powdered plant material  

Dark sea green color. In fluorescence analysis, A. remota appears as yellow, dark green, dark, 

saddle brown, lime green, green, navy, orange red, purple, maroon, dark grey and chocolate 

color.  

General identity tests 

Macroscopic and microscopic examinations, LC-MS, GC-MS and FT-IR fingerprints, 

powder fluorescence analysis.  

Purity tests 

Microbiological 

For aqueous extract: aerobic bacterial count -not more than 10
5
; mold -not more than10

3
; 

yeast -not more than 10
1
; coliform -not more than 10

4
, E.coli type I -not more than 10

1
. The 

test for salmonella and shigella species was negative.   

Foreign organic matter 

Not more than 5% (7) 

Total ash 

More than 15% (8) 

Acid-insoluble ash 

More than 1.5 % (8) 

Pesticide residues 

No pesticide residues (confirmed from GC-MS data).  

Heavy metals 

For analysis of Co, Pb, Cr, Ni, Cu, Zn, Fe and Mn found concentrations of 1.57, 2.15, 5.57, 

8.07, 6.75, 26.47, 91.40 and 108.55μg/g, respectively.  

Radioactive residues 

For analysis of 
40

K and 
228

AC found activity concentrations of 530 ± 34 Bq Kg
-1

 and 7 ± 1.8 

Bq Kg
-1

, respectively.  

Other purity tests 

Moisture 

Not more than 10-14 % (9) 
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Extractive values 

Aqueous soluble (34.33%), methanol soluble (21.16%), ethanol soluble (12.30%), butanol 

soluble (9.05%), ethyl acetate soluble (6.87%), chloroform soluble (6.78%), toluene soluble 

(3.51%) and hexane soluble (1.02%).  

Chemical assays  

Qualitative assay for phytoconstituents by means of liquid chromatography-mass 

spectrometry and gas chromatography-mass spectrometry.  

 

Major chemical constituents 

The major constituents of the leaves is diterpenoids which contains ajugarin I, ajugarin II, 

ajugarin IV, ajugarin V, ajugapitin, and dehydroajugapitin. Other constituents such as 

clerodin, dihydroclerodin, ecdysteroid, 20-hydroxyecdysone, and ergosterol-5,8-

endoperoxide are present.  

The structures of major constituents are presented below.  
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Ergosterol-5,8-endoperoxide 

 

Medicinal uses 

Uses supported by clinical data 

None 

Uses described in traditional systems of medicine 

Symptomatic treatment of hypertension, hyperlipidemia, diabetes, malaria, fever, ascariasis, 

stomach pain, diarrhoea, evil eye and retained placenta (5, 10-14). 

 

Pharmacology  

Experimental pharmacology 

Antidiabetic activity 

A number of in vivo studies have demonstrated the anti-diabetic activity of A. remota. In one 

study, the A. remota aqueous and 70% ethanol extracts with dose of 300 and 500 mg/kg body 

weight had anti-diabetic outcomes on alloxan-induced Swiss albino mice. Aqueous extracts 

of A. remota (300 mg/kg and 500 mg/kg body weight) decreased raised blood glucose levels 

by 27.83 ± 2.96% and 38.98 ± 0.67%, respectively while the 70% ethanol extract caused a 

reduction of 27.94 ± 1.92% (300 mg/kg) & 28.26 ± 1.82% (500 mg/kg). The result was 

comparable with the standard drug glibenclamide 10mg/kg treated diabetic mice showed 

51.10 ± 2.95 percentage reductions as positive control (12). In one another investigation, 

ethanol extract of A. remota with dose of 200 mg/Kg and 400 mg/Kg body weight had anti-
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diabetic effect in streptozocin induced diabetic rats. 200 mg/Kg dose produced reduction of 

18.9% and 28.7% on fasting blood glucose level of diabetic rats on day 21st and 28
th

, 

respectively. But a dose of 400 mg/Kg resulted in 20.4% and 39.6% reduction of fasting 

blood glucose on day 21st and 28th, respectively. The result was comparable with the 

standard drug glibenclamide 600 μg/Kg which reduced fasting blood glucose level by 47.3% 

on identical day (10).  

The mechanism of action of A. remota extract might be due to the presence of antioxidant 

phytochemicals like flavonoids, tannins, and polyphenols, which acts as a free radical 

scavengers (15-16), to an insulin mimetic effect on muscle and adipose tissues by either 

stimulating glucose uptake and metabolism (17,18), by inhibiting hepatic gluconeogenesis 

(19-20) and glycogenolysis (21), by stimulation of regeneration process or increase 

pancreatic secretion of insulin from existing β-cells (16, 22) and/ or inhibition activity against 

α-glucosidase enzymes in small intestine which convert disaccharides into monosaccharaides 

for sake of absorption (23-24). 

 

Antiplasmodial activity  

The hydroethanolic leaf extract of A. remota was evaluated in vivo, assessing the 

schizontocidal activity of the extract against Plasmodium berghei infected mice. Maximum 

schizont maturation inhibition (77.54%) was observed with 100 mg/kg dose of extract. 

Chloroquine was used as a positive control and showed 100% inhibition at a concentration of 

25 mg/kg (14). As well, the aqueous extract of A. remota was investigated against P. berghei. 

The extract at a dose of 30 mg/kg showed 90.4 % suppression in parasitemia (25). Other 

researchers prepared several aqueous decoctions, ethanolic macerates, and methanol, 

petroleum ether and water soxhlet extracts of A. remota. In vitro tests, the ethanol extract 

showed the most activity against a chloroquine-sensitive and -resistant strain of Plasmodium 

falciparum (IC50 of 55 and 57 µg/ml against the chloroquine-sensitive and -resistant strain, 

respectively), in comparison to chloroquine (IC50 of 13 and >500 ng/ml, respectively) (1). In 

another study, the aqueous, methanol, ethyl acetate, chloroform, and hexane extracts of 

leaves of A. remota had a moderate activity against a chloroquine-sensitive strain of P. 

falciparum (IC50 = 20-100 µg/ml) in comparison to chloroquine (IC50 = 0.019 µg/ml). The 

methanol extract showed the best activity (IC50 = 21.60 µg/ml) (26). Two isolates ajugarin I 

and ergosterol-5,8-endoperoxide were also evaluated for their in vitro antiplasmodial activity. 

Ajugarin I was moderately active, with an IC50 of 23.0 ± 3.0 µM, as compared to chloroquine 

(IC50 = 0.041 ± 0.003 µM) against the chloroquine-sensitive strain of Plasmodium 
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falciparum. Ergosterol-5,8-endoperoxide was about three times as potent (IC50 = 8.2 ± 1.1 

µM) (27). Phytoecdysteroids also contribute a possible antiplasmodial activity by their 

anabolic, adaptogenic and immunoprotective activities.  

Anti-depressant and anti-inflammatory activity  

The backbone of phytoecdysteroids is identical to that of steroid hormones, which led to the 

comparison to their anabolic effects. Ecdysteroids are believed to have adaptogenic, 

antidepressive, tonic, and roborant properties, i.e., they enhance the ability to cope with stress 

and enhance the resistance to tiredness (28). And also ecdysteroids may show some 

immunomodulatory effects in mice and rats and have anti-inflammatory activity in rodents 

(29). The immunomodulatory effect of 20-hydroxyecdysone has been investigated in humans. 

It acts as a lymphocyte and neutrophil modulator in vivo. In vitro, it activates T-cell CD2 

presentation that is suppressed both in secondary immunodeficient persons and 

pharmacologically by increased cAMP levels (30).  

Antimycobacterial activity 

The bioassay antimycobacterial activity of ergosterol-5,8-endoperoxide compound from the 

methanol extract of aerial parts of A. remota was studied against Mycobacterium 

tuberculosis. Maximum inhibition (97%) was observed at 100 µg/ml dose of extract with 

MIC of 1 µg/ml. The antimycobacterial action might be due to the hydroxyl group or the 

endoperoxide moieties (31).  

 

Antidiarrheal activity    

The in vivo antidiarrheal activity of 80% methanol extract of the aerial part of A. remota was 

investigated by assessing the purging frequency and inhibition in intestinal fluid 

accumulation. The percentage purging frequency was 53.4 %, 66.7 %, 79.6 %, and 66.7 % at 

three doses of extract (400, 600, and 800 mg/kg) and with loperamide (5 mg/kg), 

respectively. The percentage inhibition in intestinal fluid accumulation was 42.5 %, 62.1 %, 

and 74.2 % at the doses of 400, 600 and 800 mg/kg of extract, respectively (32).  

 

Diuretic activity  

Diuretic activity of the aqueous and hydroalcoholic leaf extract of A. remota was evaluated in 

vivo, assessing the effect of extracts on urine volume. The aqueous extract produced an 

increased urine volume (96%) with 100 mg/kg dose and the hydroalcoholic extract shown 
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diuresis (91.4%) with dose of 750 mg/kg. Both extracts at their respective doses had an effect 

which is comparable to that of furosemide (95% at a dose of 10 mg/kg) (33).  

 

Anti-hypertensive activity  

Anti-hypertensive activity of methanolic extract of leaves of A. remota was investigated in 

induced hypertensive rats with 1 % saline solution. The extract at a dose of 10 mg/l of 

drinking water caused a significant reduction in the systolic BP from hypertensive levels (BP 

≥ 140 mmHg) to normotensive levels (BP ≤ 140 mmHg) (34).  

 

Antipyretic activity 

Antipyretic activity of aqueous and ethanol extract of leaves of A. remota was demonstrated 

in vivo. The aqueous extract at doses of 50, 100 and 200 mg/kg was found to have more 

potent antipyretic effect (11).  

 

Antiviral activity  

The antiviral activity of petroleum ether, dichloromethane, acetone, 80 % methanol and 

methanol extract of the aerial parts of A remota was investigated against human 

immunodeficiency virus type 1 (HIV-1) and type 2 (HIV-2). Extracts were tested for 

inhibition of viral replication using HIV-1 and HIV-2 strains. The dichloromethane (>57.6 

µg/ml), petroleum ether, acetone, 80 % methanol and methanol extracts exhibited antiviral 

activity against both HIV-1 and HIV-2 with effective inhibitory concentration of >125 µg/ml 

(35).  

 

Antifungal activity 

Anti-fungal activity of petroleum ether, dichloromethane and methanol extract of the aerial 

parts of A. remota was investigated in vitro by disc diffusion assay. The petroleum ether and 

methanol extracts showed antifungal activity against the dermatophytic fungi (Trichophyton 

mentagrophytes and Microsporum gypseum) (inhibition zone of 18.2 mm and 16.7 mm for 

petroleum ether and 11.2 mm and 8.1 mm for methanol against the T. mentagrophytes and M. 

Gypseum), in comparison to clotrimazole (20.1 mm and 18.6 mm, respectively) (36).  

 

Anti-feedant activity 

The bioassay anti-feedant activity of the dichloromethane aerial parts of A. remota was 

investigated against fifth instar larvae of Spodoptera littoralis. Ajugarin I, ajugarin II (Kubo 
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et al., 1976; Caballero et al., 2001) and ajugarin IV have a moderate anti-feedant activity 

with a feeding ratio (FR50) of 0.10 ± 0.04, 0.18 ± 0.02, and 0.19 ± 0.04, respectively. 

Whereas, ajugarin V showed very little activity (FR50 = 0.30 ± 0.004) due to the elimination 

of the epoxide group. Clerodin (FR50 = 0.14 ± 0.02) and dihydroclerodin (FR50 = 0.15 ± 0.02) 

showed a great bioactivity with a dose of 1 µg/cm
2
. Compound ajugapitin and 

dihydroajugapitin also displayed a moderate activity substantiating that the nature and 

orientation of the decalin ring of the C-9 substituent (Coll and Tandron, 2005). 

Phytoecdysteroids mainly 20-hydroxyecdysone which is the active moulting hormone of 

insects, protect plants against phytophagous insects either by feeding deterrence or endocrine 

disruption upon ingestion (37).  

 

Toxicology 

The acute toxicity study showed that the administration of different doses (350-5000mg/kg) 

of aqueous, 70% ethanol and 80% methanol extracts of A. remota did not cause any visible 

signs of toxicity up to the dose of 5000 mg/kg (11-12, 33). This was proved by the absence of 

significant changes in behaviours such as paralysis, alertness, breathing, lethargy, motor 

activity, weight loss, restlessness, coma, convulsions, and diarrhoea. And also, no death was 

observed for two weeks. The outcome shows that the plant extracts had no visible adverse 

effect at the doses tested; indicating that the medium lethal dose (LD50) is greater than 5000 

mg/kg body weight in mice (12, 33). As its actual median lethal dose (LD50) is greater than 

5000 mg/Kg, extract of A. remota is nontoxic (38). 

 

Clinical pharmacology  

None.  

 

Contraindications 

No information available. 

  

Warnings 

No information available. 

 

Precautions 

Carcinogenesis, mutagenesis, impairment of fertility 

No information available  
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Other precautions 

No information was available concerning drug interactions, drug and laboratory test 

interactions, teratogenic or non-teratogenic effects on pregnancy, nursing mothers, or 

paediatric use. 

 

Adverse reactions  

No information available. 

 

Dosage forms 

Fresh or dried leaves infused with water and sometimes with alcohol, locally called ‘Arekie`. 

Sometimes honey is added into the preparation to make it palatable.  

 

Posology 

Infusion: pour one glass of water over one tablespoon of powder and drink daily before 

meals. 
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