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ABSTRACT 

Ocimum cufodontii (Lamiaceae) is an indigenous plant to Ethiopia used traditionally for the 

treatment of relieving pain, fever and inflammatory disorders.  In view of its traditional uses and 

limited scientific report, the roots and leaves were extracted with hexane, EtOAc and MeOH 

which furnished 1%, 1.7 % and 2.3 % for the root and 1.8%, 2% and 2.5 % for the leaves 

respectively. The leaves were hydro-distilled using Clevenger type apparatus to afford 16.66% 

yellowish oil. The essential oil was also analyzed for its chemical constituents using GC-MS 

which gave eleven major compounds with the most abundant constituent found to be β-

caryophyllene (31.3%). The presence of this compound in significant amount was likely 

responsible for anti-inflammatory activity. The leaves extract after silica gel column 

chromatography furnished betulinic acid (39). On the other hand, compound 40, 41, 42 and 43 

were isolated from the hexane extracts of the roots of Ocimum cufodontii. Structure elucidation 

was done using spectroscopic methods including 1H-NMR, 13C-NMR, GC-MS and LC-MS. The 

antibacterial properties of  Ocimum cufodontii  essential  oil from the leaves and hexane, EtOAc 

and methanol  extract  of root and leaves was  studied on  the  standard  gram-negative  bacteria  

against (Escherichia  coli, Pseudomonas aeruginosa, Klebsiella pneumonae ,Salmonella typhi) 

and gram-positive, Staphylococcus aureus. Results showed that the essential oil displayed zone 

of inhibition of 19.0 mm against S. aureus. This was significant compared with the positive 

control Chloroamphinicol which exhibited 28 mm zone of inhibition. On other hand, the hexane 

and MeOH extract of the root showed inhibition zone of 17 mm and 15 respectively. The 

antioxidant activities of Ocimum cufodontii was carried using DPPH (1, 1-diphenyl-2-picryl 

hydrazyl). Among the four fractions,the hexane root extract showed the highest scavenging 

activity, with an IC50 value of 1. 30 µg/mL. Besides, hexane leave extract with an IC50 value of 

1.97µg/mL showed more efficient radical-scavenging abilities than ethyl acetate leave and root 

extract with an IC50 value of 55.83 µg/mL and 116.58 µg/mL respectively. The antibacterial and 

antioxidant activities observed in the present work corroborate the traditional use of this plant.  

Keywords:  Lamiaceae, Ocimum, Ocimum cufodontii, DPPH, antimicrobial, NMR 
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1. INTRODUCTION 

1.1.Background 

Since  ancient  times  plants  have  been  indispensable  sources  of  both  preventive  and 

curative  traditional  medicine  preparations  for  human  beings  and  livestock.  Traditional 

medicine  refers  to  any  ancient,  culturally  based  healthcare  practice  different  from scientific 

medicine and it is commonly regarded as indigenous, unorthodox, alternative or folk and largely 

orally transmitted practice used by communities with different  cultures [1] .  

The World Health Organization (WHO) defines traditional medicine as health practices, 

approaches, knowledge and beliefs incorporating plant, animal and mineral based medicines, 

spiritual therapies, manual techniques and exercises, applied singularly or in combination to 

treat, diagnose and prevent illnesses and maintain well-being [2]. 

The use of plants as treatment of diseases and food dates beyond recorded history perhaps as old 

as the history of mankind. Old civilizations in China, India, Egypt and Greece had a  rich  

knowledge  of  its  utility  and  expertise  in  using  many  types  of  plants.  Historical accounts 

of traditionally used medicinal plants depict that different medicinal plants were in  use  as  early  

as  5000  to  4000  BC  in  China,  and  1600  BC  by  Syrians,  Babylonians, Hebrews and 

Egyptians [3,4] . 

Plants comprise  the  largest  component  of  the  diverse therapeutic  elements  of  traditional  

health  care  practices both  in  human  and  animal.  Nearly all  cultures  and civilizations  from  

ancient  times  to  the  present  day  have used  herbal  medicines  which  are  medicinal  sources  

to cure infections [5]. 

The use of plants for medicinal purpose has a long history in many indigenous societies and  they  

are  continuing  to  play  important roles  in  the  treatment  of  various  diseases, mainly in rural 

areas in Africa. The practices of  traditional  medicine  are based  on  a  long period  of  beliefs  

and  empirical observations [6]. 

Bioactive ingredients of medicinal plants can be identified through isolation and characterization 

techniques.  The  mode  of  action  of  the  plant  extracts producing  the  therapeutic  effect  can  

also  be  better investigated,  if  the  active  ingredients  are  characterized and understood which 
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have led to a continuous search for potent antimicrobial agents. Natural products are believed to  

play  vital  roles  in  the  physiology  and  ecology  of  the plants that produce them, particularly 

as defense elements against pests and pathogens or as attractants for beneficial organisms  such  

as  insect  pollinators.  Because of their biological  activities,  some  plant  natural  products  

have been  exploited  by  human  beings  as  pharmaceuticals, stimulants, and poisons [7]. 

Much of an indigenous knowledge system, from the earliest times, is also found linked with the 

use of traditional medicine in different countries [8]. Even in the Western world, the use of 

herbal medicines is steadily growing with approximately 40% of the population reporting use of 

medicinal plants to treat medical illness [9, 10]. 

Medicinal plants based drugs owe the advantage of being simple, effective and exhibit broad 

spectral activity. The revival  of  interest  in  the  use  and  importance  of  African medicinal  

plants  by  WHO  and  many  developing countries  has  led  to  intensified  efforts  on  the 

documentation of ethno medical data of medicinal efforts. This is because most traditional 

healers keep no records and their information is passed on mainly verbally from generation to 

generation.  Researchers are increasingly turning their attention to natural products looking for 

new leads to develop better drugs against cancer, as well as viral and microbial infections [11] 

Natural products are organic compounds that are formed by living systems. The elucidation of 

their structures and their chemistry, synthesis and biosynthesis are major areas of organic 

chemistry.  The biologically active constituents of medicinal, commercial and poisonous plants 

have been studied throughout the development of organic chemistry.  Many of these compounds 

are secondary metabolites [12]. 

Traditional  remedies  are  part  of  the  cultural  and  religious  life  of  African  people.  The 

seemingly  wide  use  of  traditional  medicine  is  attributed  to  its  accessibility  and 

affordability[13].In Africa, up to 80% of the population uses traditional medicine for primary 

health care. For instance, in Ghana, Mali, Nigeria and Zambia, the first line of treatment for 60% 

of children with high fever resulting from malaria is the use of herbal medicines at home [14]. 

In Kenya for example, 90% of the population has used medicinal plants at least once for various 

health conditions [15]. In Central Kenya, 75 plant species from 34 families are used to cure 59 

ailments in traditional medicine [16]. 
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In Tanzania, medicinal plants are locally used by traditional healers for the treatment of candida 

infections, including oral candidiasis, vaginal candidiasis, oesophageal candidiasis and skin 

fungal infections [17]. 

In Uganda,  medicinal plants  are  used  by  local  farmers  to  treat  cattle  (Bosindicus)  ailments  

like  East  Coast Fever  (ECF),  abdominal  worms,  cataract,  itching  skin,  wounds,  measles,  

diarrhea  and cough[18].   

In  West  Africa, Kadiogo  Province  of  BurkinaFaso,  medicinal  plants  are  used  in  the 

management  of  the  following  oral  health  concerns;  acute  necrotizing  gingivitis,  loose 

teeth,  dental  abscesses,sores  in  the  mouth,  on  the  tongue  and  lips [19]. while  in  

Cameroon’s  Mbalmayo  region  and  in  the  DjaBioshere Reserve  and  its  adjacent  areas  in  

East  and  South  provinces,  medicinal  plants  are traditionally used in the treatment of stomach 

ailments believed to come from witchcraft, magic  practice  or  vampirism,  lumbago,  

roundworms,  hernia,  hookworms [20] . In Benin, medicinal plants are traditionally used to treat 

malaria [21]. 

In Ethiopia, traditional remedies represent not only part of the struggle of the people to fulfill  

their  essential  drug  needs  but  also,  they  are  integral  components  of  the  cultural beliefs  

and  attitudes [22].  Plant remedies are still the most important and sometimes  the  only  source  

of  therapeutics  for  nearly  80%  of  the  population [23].  Some  of  the  common  uses  of  the  

medicinal  plants  sold  in  markets  include fumigation, vermifuge, pain relief and treating skin 

infections. Antimicrobial and wound healing plants are among some of the major medicinal 

plants that are commonly available in markets in Ethiopia [24]. 

People  still  rely  on  traditional  medicine system  because  of  their  effectiveness and  

medicinal  properties  that’s  why  one  fourth population of the world is following this  medicine 

system [25,26].Therefore medicines and herbs provided by nature are used in various systems of 

medicine to cure health disorders [27,28,29].  

Plants contain many chemical constituents which are therapeutically active or inactive. A 

spectrum of natural compounds like triterpenoids, alkaloids, glycosides, tannins, flavonoids, 

essential oils and other similar secondary metabolites which exert physiological activities are 
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synthesized in the plant, in addition to the carbohydrates, proteins and lipids utilized by man as 

food material [30].   

Ocimum is widely used as a medicinal herb in the Far East, especially in China and India. It was 

first described in a major Chinese herbal around A.D. 1060and has since been used in China for 

spasms of the stomach and kidney ailments, among others. It is especi

before and after parturition topromote blood circulation. The whole herb is also used to treat 

snakebite and insect bites [31].      

Ocimum cufodontii (Figure 1), Synonyms 

traditionally used plant species to relieve pain, fever and inflammatory disorders in Ethiopia

plant species have distribution in Ethiopia, Somalia and Kenya. 

name is ‘‘Gororsisa’’, in Afan Oromo is distributed in Borana, MalcaGuba [

traditional administration usually involves chewing the fresh root and used as a mouth wash and 

astringent to cure inflammations in the mouth and throat.

However, the species O. cufodontii

its chemical constituents and biological activities. Therefore, in this work an attempt 

to explore some biological activities of the extracts and isolated compounds from roots and 

leaves of O. cufodontii. Isolation of compounds from th

herein. The information spawn will be helpful in exploring the medicinal uses of 

Figure 1: Picture of O. cufodontii taken by Muhdin Aliye in East Arsi Zone Merti woreda, Besicho kebele, on Oct 

15, 2017. 
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1.2. Statement of the problem 

There has been an  increase  in  diseases  and  conditions  such  as  diabetes,  high  blood  

pressure,  heart diseases,  inflammation, bacterial, bronchitis  and  cancers. One of the major 

remedies to partly alleviate this problem in developing countries is the use traditional medicines. 

Given  the  increased  use  of  traditional  medicines,  possibilities  that  would  ensure  their 

successful integration into a public health framework should be explored. In recent years, 

secondary plant metabolites, previously with unknown pharmacological activities, have been 

investigated as a source of medicinal agents [33]. These phytochemicals include alkaloids, 

saponins, tannins, flavonoids, steroids, cardiac glycosides among others. A lot of work has been 

reported on the organic composition of the traditional medicine [34]. 

Demissew and Asfaw (1994) [35] reported on O.obovatum, O. suave and O. lamiifolium, 

medicinal plants widely used in Ethiopia against various diseases.  However, to the best of my 

knowledge little scientific reports on the chemical constituents and pharmacological activities of 

their sister species, O. cufodontii, is documented in the literature. Therefore, this thesis explores 

some biological activities of the extracts and isolated compounds from roots and leaves of O. 

cufodontii. 

1.3. Significance of the study 

The information obtained on the assessment of this plant species will help in documentation of 

the medicinal plant and ailments they used treat. The work may also help to know chemical 

composition of the leaves and roots of O.cufodontii. The results of this study may help in the 

formulation of drug from natural products. The  information  gathered  may  be  used  to  

increase awareness of people  on  the  role  of  the traditional uses of O.cufodontii. The finding 

will also be used as a baseline study for other researchers working on medicinal plants. 
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1.4. Objectives of the study  

1.4.1. General objective of the study 

The overall objective of this work is to conduct phytochemical investigation and some biological 

activities of the roots and leaves extracts of O. cufodontii . 

1.4.2. Specific objectives 

The specific objectives of this study are to 

 successively extract the roots and leaves of O. cufodontii using 

n-hexane, ethyl acetate and methanol. 

 extract the essential oil of the leaves of O. cufodontii using 

hydro-distillation 

 analyze the essential oil of the leaves of O. cufodontii using GC-

MS 

 conduct phytochemical screening of the crude extracts. 

 isolate compounds from the extracts of the roots and leaves of O. 

cufodontii using column chromatography and PTLC. 

 characterize structures of the isolated compounds using different 

spectroscopic techniques including UV, IR and NMR.  

 evaluate the antibacterial activities of the extracts and isolated 

compounds using cup diffusion method against (Escherichia  

coli, Pseudomonas aeruginosa, Klebsiella pneumonae 

,Salmonellatyphi and Staphylococcus aureus). 

 evaluate the antibacterial activities of the essential oil of the 

leaves of O. cufodontii using cup diffusion method against 

Staphylococcus aureus . 

 assess antioxidant activities of the extracts and isolated 

compounds using DPPH radical scavenging assay. 
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2.0. LITERATURE REVIEW 

2.1. The family Lamiaceae 

The Lamiaceae (Labiatae) is one of the most diverse and widespread plant families in terms of 

ethnomedicine and its medicinal value is based on the volatile oils concentration [36].  The 

Lamiaceae plant family is one of the largest families among the dicotyledons, many species 

belonging to the family being highly aromatic, due to the presence of external glandular 

structures that produce volatile oil [37].  This  oil  is  important  in  pesticide, pharmaceutical,  

flavouring,  perfumery,  fragrance  and  cosmetic  industries[38]. 

The family Lamiaceae comprises of 258 genera and 6,970 species.  The  plant  grows  in  the 

form  of  herbs,  shrubs  or  trees  having  opposite  or  whorled  leaves.  This plant has highly 

economic importance and was traditionally used in medicines [39].The typical characteristics of 

this family are a square stem, opposite and decussate leaves with many gland dots. The flowers 

are strongly zygomorphic with two distinct lips. Many of the family, particularly subfamily 

Nepetoideae, to which Ocimum belongs, are strongly aromatic due to essential oils which consist 

of monoterpenes, sesquiterpenes and phenylpropanoids. 

2.2. The Genus Ocimum 

The Ocimum genus consists of 65 species possessing dramatically different chemical 

compositions[40]and  is  comprised  of  200  species  differentiated  from each  other  on  the 

basis  of  morphological features and chemical constituents[41]. 

Ocimum includes annual and perennial herbs, as well as shrubs endemic to the tropical and 

subtropical regions of Asia, Africa and Central South America [42]. Ocimum  sanctum, Ocimum 

gratissimum (Ram tulsi), Ocimum canum (dulal tulsi), Ocimum basilicum (Ban tulsi),Ocimum  

killimandscharicum,  Ocimum americanum,  Ocimum  camphora  and  Ocimum miranthum  are  

examples  of  known  important  species  of  genus  Ocimum  that  grow  in  the different parts of  

world and  are known  to have  medicinal properties [43-45]. 
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2.3. Biological activities of the genus Ocimum 

Ocimum has  been  extensively used in Ayurvedic system of medicine for various  ailments  

including  capability  of lowering  plasma  glucose,  antibacterial [46] , antimicrobial [47] ,  

hyperlipidemic, insecticidal,  CNS  stimulant,  memory enhancer,  in  treatment  of  bronchitis, 

cough etc. Ocimum has gained a great interest in  scientific  research  because  of the  presence  

of  natural  flavor  like essential  oils  and  herbal  extracts. These naturally  occurring  mixtures 

having chemical  composition  especially  the essential  oils  must  be  safely  kept according  to  

scientifically  based  guide because  they  were  commonly  used  as flavoring  agents [48]. 

2.4. Botanical descriptions of Ocimum cufodontii 

According to Flora of Tropical East Africa, [49] O. cufodontii is an aromatic perennial shrub 

with a height to1 m tall. Stems rounded-quadrangular, woody, branched; indumentum tomentose, 

hairs short, dense and dendroid. Leaves with or without young shoots in axils; blades ovate to 

broadly ovate, 1.5–6 × 0.8–3.5 cm, serrate or sub entire, apex obtuse, base cuneate, with short 

dendroid hairs on both surfaces; petiole 3–15 mm.  

Calyx  horizontal or downward-pointing, 3 mm at anthesis, indumentum brownish, tomentose, 

longer on tube and anterior lip than on posterior lip; posterior lip large, rounded at tip, decurrent, 

tomentose on inner surface; four lobes of anterior lip subequal, bristle-pointed; fruiting calyx 7–

10 mm long, throat closed, posterior lip expanded, rotund, decurrent, obscuring the rest of the 

calyx from above, accrescent or flat, median lobes of anterior lip pressed against underside of the 

posterior lip, teeth of lateral lobes lower than or level with the underside of the median lobes, 

often spreading. 

 Corolla greenishwhite, white or yellow, 6–7 mm long, tube straight, funnel-shaped, scarcely 

exceeding calyx,lips tomentose. Stamens exceeding corolla by 2–3 mm, posterior with a large, 

fleshy, flattened, hairy outgrowth near base. Fruits are Nutlets brown, spherical, 1 mm in 

diameter, pubescent, not producing mucilage when wet and finally the ecology were Acacia-

Commiphora bushland on lava and limestone, Acacia bushland; 350–1200 m. 
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Antibacterial Activity 

Aqueous extracts of O.gratissimum showed no activity against the test organisms (Salmonella 

spp., Shigella sonnei, Shigella schmitzi, Staphylococcus aureusand Escherichiacoli).This 

indicates that the antibacterial principles are not water soluble. A high phenol content, in this 

case thymol, of the oil gives a higher antibacterial activity [50, 51, 52]. O. basilicum shows 

antibacterial activity [53]. O. micranthum was reported as to have antibacterial, antiprotozoal and 

antioxidant activity [54] while O. americanum have antibacterial effect [55]. 

Anticarcinogenic Effects 

An ethanolic extract of the leaves of O.sanctum showed chemopreventive effects on 7,12-

dimethylbenzanthracene induced skin papilloma genesis in male Swiss albino mice. A significant 

reduction in the tumor incidence, average number of tumors/ tumor bearing mice and the 

cumulative number of papillomas was observed in mice treated topically with the leaf extract of 

O.sanctum [56]. O.basilicum helps in the treatment of colon tumors [57] and also shows 

anticancer activity [58].  

Hypoglycemic and Blood Lipid Lowering Effect  

One of the traditional uses for O.sanctum is for treating diabetes. Experimental studies 

performed in the 1960’s showed that basil leaves can decrease blood glucose in hyperglycemic 

rats. These results were confirmed kter by other studies which showed that oral administration of 

alcoholic extracts of O.sanctum leaves led to a marked lowering of blood sugar level in normal, 

glucose fed hyperglycemic and streptozotocin induced diabetic rats [59, 60]. 

Fresh leaves of O.sanctum (1 and 2 g/100 g diet) given for 4 weeks, brought about significant 

changes in the blood lipid profile of normal albino rats. Serum total cholesterol, triglycerides, 

phospholipids and LDL cholesterol decreased and HDL cholesterol and total faecal sterol content 

increased [61].O. basilicum shows decreased cholesterol synthesis and O. sanctum shows 

hypoglycemic [62] and anti lipidemic activity [63]. O. americanum(syn. O. canum) also shows 

hypoglycemic activity [64]. 
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Effects on the Central Nervous System 

An ethanolic extract of the leaves of O.sanctum was screened for its effects on the central 

nervous system. It prolonged the sleeping time induced by pentobarbital, reduced the recovery 

time and severity of electroshock and pentylenetetrazole-induced convulsions and decreased the 

apomorphine-induced fighting response and open-field activity. All these actions resemble the 

activity of low doses of barbiturates. The mechanism of action for the Ocimum extract may 

involve dopaminergic neurones [65] and also shows neuroprotective effect [66]. O. gratissimum 

also used in treatment of CNS disorders [67]. 

Antiulcerogenic Effect 

Aqueous and methanolic extracts of O.basilicum showed antiulcerogenic effects when 

administered to rats with aspirin-induced gastric ulcers. The ulcer index was decreased by both 

extracts. The acid output was decreased only by the methanolic extract, which indicates that the 

active principles are soluble in methanol. The pepsin output was decreased by both the aqueous 

and methanolic extract in ulcerated, but not in normal animals. The aqueous extract of 

O.basilicum also increased the hexosamine concentration in normal rats, which might contribute 

to its antiulcer effect [68, 69].  

The antiulcerogenic effects of extracts, volatile oils and flavonoid glycosides of O. basilicum 

leaves were studied in normal as well as aspirin-acetic acid- and stress-induced ulcerated rats. 

Their effect on the output of gastric acid, pepsin and hexosamines was recorded. The aqueous, 

methanol and water-methanol extracts and flavonoid glycosides decreased the ulcer index, 

inhibited gastric acid and pepsin secretion and enhanced hexosamines. It appears that the 

antiulcerogenic compounds of O.basilicum are extractable both into water and methanol and that 

they may include flavonoid glycosides. These substances may act by augmenting the gastric 

barrier [70].A study on O.sanctum showed that the extract reduced the ulcer index, free and total 

acidity on acute and chronic administration. It also increased the mucous secretion [71].O. 

sanctum also shows antiulcer activity [72]. 
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Hepatoprotective Activity 

O.gratissimum and O.basilicum are  used  in  a  Taiwanese  herbal  remedy believed  to  possess  

anti-inflammatory  and  detoxication activities. The  crude  extracts  were  studied against  CC14  

and D-GalN-induced  acute  hepatitis  and  were  found  to  be hepatoprotective [73]. 

Insecticidal Activity 

O. basilicum shows insecticidal activity [74] and O. americanum is insect repellent [75]. The 

essential oil (2% in acetone) of O.gratissimum showed 100% repellency against the housefly, 

Musca domestica [76]. O. suave essential oil was found to repel and kill all stages of the tick 

Rhipicephalus appendiculatus.  
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2.5. Phytochemistry of genus Ocimum 

O. gratissimum leaves contains clocimum oil having eugenol as methyl eugenol or eugenol  

acetate(1), cis-ocimene (2) , germacrene-D (3) , β – caryophyllene (4), β-pinene (5) [77]. O. 

cannum leaves contain camphor (6), limonene (7), β-caryophyllene (4), Camphene (8) methyl 

Chavicol (estragole) (9) [78]. O. kilimandscharicum leaves and flowers contains linalool (10), 

camphor (6), 1, 8-cineole (11) and Camphene (8) [79].                                                                                                                          
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Figure 2: Chemical constituents from the oils of the leaves and flowers of O. gratissimum and 

O. kilimandscharicum 

Tarchoune et al., 2009 [80] also found rosmarinic (12), gentisic (13) and caffeic acids (14) as 

main phenolic acids of fresh leaves of ‘Fine’ and ‘Genovese’ varieties of O. basilicum from 

Tunisia extracted with chloroform/methanol . 
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Figure 3: Phenolic acids reported from leaves of O. basilicum 

Navadensin(15) and salvigenin(16) from O. canum and xanthomicrol(17), eriodictyol (18), 

eriodictyol-7 glucoside (19) and vicenin-2 (20) from O. basilicum have been isolated [40]. 

Rosmarinic acid (12), gallic acid (21), vanilic acid (22), protocatechuic acid (23), 4-

hydoxybenzoic acid (24), Vanillin (25), Cafeic acid (14) and Chlorogenic acid (26) were isolated 

phenolic acids from leaves of O.sanctum [40]. Ursolic acid (27) and oleanolic acids (28) as tri 

terpenes were also reported in O. sanctum [81].Also, [82] detected rosmarinic acid (12) as a 

major phenolic acid in the local accessions of O. basilicum grown in Iran. O.basilicum aerial 

parts contains linalool (10),(Z) cinnamicacidmethylester(29), cyclohexene(30),α-cadinol(31),2,4-

diisopropenyl-1-methyl-1-vinylcyclohexane(32),3,5-pyridine-dicarboxylic acid(33), cubebene 

(34), guaia-1(10) 11-diene(35), cadinene (36), (E)- Cinnamic  acid methyl ester (37) ,  β-guaiene 

(38) [83].  
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    Figure 4: Some of the isolated phenolic acids and triterpenes from O. canum, O. basilicum 

and O.sanctum 
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3.0. MATERIALS AND METHODS 

3.1. Reagent and chemical used  

The chemicals that were used in this study include [n-hexane (99%), ethyl acetate(99.5), 

methanol (99.8%,HPLC grade), chloroform(99%)] (LOBA), concentrated HCl (37% ,Carloerba), 

saturated solution of sodium hydroxide (LOBA), sodium carbonate, ethanol, distilled water, 

DPPH and silicagel (LOBA). 

3.2. Apparatus and instruments 

Column chromatography was performed on normal silica gel (mesh size 200-400). Thin layer 

chromatography was done using silica gel 60F254 (Merck) precoated plates. Its melting point was 

determined using Melting point apparatusM-565 (BUTHI, Germany). NMR analyses were 

carried out on Bruker Avance 400 MHz spectrometers. Structural assignment will be performed 

based on COSY, HSQC, and HMBC. DPPH scavenging activity has been done using a 

JETWAY6300 spectrophotometer.  

GC-MS has been carried out using GC-MS Agilent technologies. A GC-MS instrument from 

Agilent Technologies (Santa Clara, CA, USA) equipped with a 6890N network GC system, 5975 

inert mass selective detector, 7683B series auto sampler injector (10 μl in size), G1701DA 

GC/MSD Chem Station and HP5MS column (30 m length × 0.25 mm internal diameter × 0.25 

μm film thickness) coated with 5% phenyl 95% methyl poly siloxane was used for analyzing the 

samples. 2 μl essential oil solutions in chloroform was injected through auto sampler and 

analyzed with HP5MS column. Column temperature was programed as follows: 55°C to 120°C 

at 20°C/min, 120°C to 150°C at 1.5°C/min, 150°C to 250°C at 20°C/min, 250°C (10 min) and 3 

min solvent delay. The mass spectra transfer line temperature was 280°C. The carrier gas was 

helium (1 ml/min) with a split ratio equal to 100:1. Injector, quadruple and detector temperatures 

were 220, 150, and 250°C, respectively. The mass spectra were recorded in electron ionization 

mode at 70 eV with scanning from 50 to 500 amu (atomic mass unit) at 0.5 sec with the mass 

source being set at 230°C. The relative % amount of each component was calculated by 

comparing its average peak area to the total areas. Interpretation of mass spectrum of GC-MS 

can be compared their mass spectra with the NIST 2005 library of mass spectra. Integration of 

peaks was performed using GC/MSD Chem Station software for quantification of the peaks. 
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3.3. Plant material collection and identification 

The root and leaves of O. cufodontii were collected on October 15, 2017from Besicho kebele 

(which is 92 km East from Adama), Arsi Zone Merti Woreda, Oromia region, Ethiopia. This 

Woreda is situated at an altitude of 1438 meters above sea level.  The annual temperature ranges 

from 8°C to 39°C [84].The plant was identified by Mr. Shambel Alemu and stored in the 

National Herbarium of Addis Ababa University with voucher specimen MA001. 

3.4. Experimental procedures  

3.4.1. Extraction 

The collected plant material was air dried and grinded to a uniform size using an electric grinder. 

Ground roots of O. cufodontii (300 g) were successively extracted with each 1.5 L of n-hexane, 

EtOAc and MeOH for 72 hrs on maceration. Each extracts was filtered and concentrated using 

rotary evaporator to furnish their corresponding extracts. The extracts were analyzed with TLC. 

Likewise, the leaves were also extracted following same procedure as above. 

3.4.2. Isolation 

Each extracts were pre-analyzed with TLC. The isolation and purification of compounds have 

been carried out over silica gel column chromatography. The elution progress of each fraction 

and sub fractions were monitored by TLC. Further chromatographic analysis like PTLC has been 

carried out for further purification. Visualization of the chromatogram was achieved by UV lamp 

and spraying with vanillin as spray reagent. 

The EtOAc extract (5 g) of the leaves of Ocimum cufodontii was pre-adsorbed and subjected to 

silica gel (150 g) column chromatography with n-hexane: EtOAc of increasing polarities as 

eluent to furnish 58 fractions, each 50 mL. Fraction 24 collected with hexane: EtOAc (7:3) gave 

40 mg of compound 39.  

The hexane extract (3.0 g) of the roots of Ocimum cufodontii was pre-adsorbed and introduced 

on silica gel (150 g) column chromatography with increasing polarities EtOAc in n- hexane as 

eluent to give 24 fractions, each 50 mL.  Fraction 4 eluted with hexane: EtOAc (85:15) furnished 

32 mg of compound 40 as yellow crystals. Fraction 10 eluted with hexane: EtOAc (4:1) was 

found as a red crystal to furnish 38mg and labeled as compound 41.  
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The EtOAc extract (3.0 g) of the roots of Ocimum cufodontii was pre-adsorbed and introduced 

on silica gel (150 g) column chromatography with increasing polarities EtOAc in n- hexane as 

eluent to give 41 fractions, each 50 mL. Fraction 7 eluted with hexane: ETOAc (9:1) afford 30 

mg of compound 42. On the other hand fraction 37 and 38 eluted with hexane: EtOAc (3:7) were 

merged together to furnish compound 43 as a yellow solid.  

3.4.3. Extraction of essential oil by hydro-distillation 

The ground leaves of Ocimum cufodontii (60 g) were placed in 1000 mL round bottom flask. 

Then 600 mL of distilled water was added and mixed thoroughly. The flask was fitted with 

Clevenger’s apparatus, a glass condenser and heated using heating mantle and hydro distilled at 

atmospheric pressure for 4 hrs. The oil was separated from the aqueous layer by adding 100 mL 

of chloroform in a separatory funnel, dried over anhydrous sodium sulfate, filtered using 

Whatman No. 1 filter paper and concentrated using a rotary evaporator. This was kept in the 

refrigerator until analyzed with GC-MS. 

Essential oil yield was calculated on dry weight basis by using following formula. 

EO% =
Volume of essential oil (mL)

Weight of dried material
x 100%

 

3.5. Qualitative analysis of the chemical constituents of crude extracts 

The n-hexane, ethyl acetate, methanol root extracts and the leaves powder was subjected to 

qualitative chemical analysis. The  tests  was  done  to  detect the  presence  of  secondary 

metabolites such as alkaloids, glycosides, terpenoids and steroids, flavonoids ,reducing sugar and 

tannin by the following procedure.  

3.5.1. Test for alkaloids 

 Wagner's Tests (Solution of Iodine in Potassium Iodide): Extracts were 

dissolved individually in dilute Hydrochloric acid and filtered. The acid layer 

with few drops of Wagner’s reagent would give reddish brown colored 

precipitate. 
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3.5.2. Test for glycosides 

Cardiac glycoside 

 Keller-Killani Test: To 2 ml of extract, glacial acetic acid, one drop 5 % 

ferric chloride and concentrated sulfuric acid were added in a test tube. 

Reddish brown color appeared at the junction of the two liquid layers was the 

indication for the presence of cardiac glycosides. 

Anthraquinone glycosides 

 Borntrager’s Test:  To 3 ml extract dilute sulfuric acid was added, boiled and 

filtered. To the cold filtrate equal volume chloroform was added. The organic 

layer was separated and ammonia was added. Ammonical layer turned to pink 

or red was the indication of Anthraquinone glycosides. 

Saponin glycosides 

 Froth Test: In 20 ml distilled water the extracts were diluted and shaken in a 

graduated cylinder for 15 minutes and 1cm layer formed was conformation for 

the presence of saponin. 

Coumarin glycosides 

 Alcoholic extract when made alkaline, showed blue or green fluorescence. 

3.5.3. Test for terpenoids and steroids 

 Salkowaski Test : Four  milligrams  of  extract  was  treated  with  0.5  ml  of  

acetic anhydride and 0.5 ml of chloroform. Then concentrated solution of 

sulphuric acid was added slowly and red violet color was observed for  

terpenoid  and  green  bluish  color  for  steroids [85].   
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3.5.4. Test for flavonoids 

 Shinoda Test: Extracts were treated with few drops of sodium hydroxide 

solution and Formation of intense yellow color, which becomes colorless on 

addition of dilute acid, was the indication of flavonoids [86]. 

3.5.5. Test for reducing sugar  

 Fehling’s Test: 0.5  ml  of  extract  solution,  1  ml  of  water  and  5  -  8  

drops  of Fehling’s  solution  was  added  at  hot  and  observed  for  brick  red 

precipitate.   

3.5.6. Test for Tannins  

 Ferric chloride test: 0.5 ml of extract solution, 1 ml of water and 1-2 drops 

of 1 % ferric chloride solution was added in a test tube. Blue color would be 

observed for gallic tannins and green black for catecholic tannins [87].  

3.5.7. Test for phytosterols 

 Liebermann Burchard test:  Extracts were treated with chloroform and 

filtered. The  filtrates  were  treated  with few  drops  of  acetic  anhydride,  

boiled  and  cooled.  Conc. Sulfuric acid would be added and brown ring at the 

junction indicated the presence of phytosterols. 

3.5.8. Test for Phenolic Compounds 

 Ferric chloride Test: 2 g of the extract of the plant material, 3 drops of a 

freshly prepared mixture of 1 ml of 1 % FeCl3and 1 ml of potassium 

ferrocyanide were added to detect phenolic compounds. Bluish green color 

indicated the presence of phenolic compounds [86]. 
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3.6. Antibacterial assay  

3.6.1. Antibacterial activity  

Antibacterial activity of the different extracts was determined by cup diffusion method on 

nutrient agar medium [88]. Wells have been made  in nutrient  agar plate  using cork borer (5 

mm  diameter)  and inoculums  containing  106CFU/ml  of  bacteria  have  spread  on  the solid  

plates  with  a  sterile  swab  moistened  with  the bacterial suspension and fifty micro-liters of 

the working suspension/solution of  different  medicinal  plant  extract  and  same  volume  of  

extraction solvent  for  control  will be  filled  in  the  wells  with  the  help  of micropipette. 

Plates have been left for some time till the extract diffuse in the medium with the lid closed and 

incubated at 37° C for 24 h. After overnight  incubation  the  plates  was  observed  for  the  zone  

of inhibition  (ZI)  and  the  diameter  of  the  inhibition  zone  will be measured using scale and 

mean will be recorded. The inhibition zones produced by the plant extracts were compared with 

the inhibition zones produced by commercial standard antibiotics: chloramphenicol (30 mg) for 

bacteria. chloramphenicol was used as positive control and the solvent DMSO as negative 

control. An inhibition zone of 10 mm or greater was considered to indicate good antibacterial 

activities. 

3.7. Antioxidant Activity 

3.7.1. DPPH-free radical scavenging activity 

The  free  radical  scavenging  activity  of  the  extracts,  based  on  the scavenging  activity  of  

the  stable  1,1-diphenyl-2-picrylhydrazyl (DPPH)  free  radical  was  determined  by  the  

method  described  by Braca  et  al. (2001) [89].The hexane extract of the leaves of O. c was 

dissolved in methanol and serially diluted with the same amount of 0.004% methanol solution of 

DPPH to furnish 200, 100, 50, 25 and 12.5 µg/mL.   

The resulting solutions were incubated in the dark at room temperature for 30 minutes and the 

absorbance at 517nm was determined using UV-Vis spectrometer (JENWAY6300). The  

percentage  inhibition  activity  was calculated  from  [(A0–A1)/A0]  x100,  where  A0  is  the  

absorbance  of the  control,  and  A1  is  the  absorbance  of  the  extract/ standard. 
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 The radical scavenging activity will be measured as the decrease in absorbance due to DPPH 

radical expressed as a percentage of the control solution (consisting of 2 ml of methanol plus 3 

ml of 0.004% DPPH solution).  Ascorbic acid was chosen as the reference antioxidant for this 

test. 

 The activity will then be expressed as IC50, which is the concentration of the test compound 

required to give a 50% decrease of the absorbance from that of the control solution. The 

inhibition curves were prepared and IC50 values were obtained. 

The radical scavenging activity of the EtOAc extract of the leaves, the hexane and EtOAc extract 

of the roots of Ocimum cufodontii was also done following similar procedure.  
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4.0. RESULTS AND DISCUSSION  

4.1. Extract Yield 

The leaves of Ocimum cufodontii was extracted with EtOAc and MeOH to furnish 2% and 1.5 

%, respectively. Likewise, the root was extracted with hexane and EtOAc to give 1.5% and 1.2 

%, respectively. As revealed above the secondary metabolites obtained from the roots and leaves 

are mainly non-polar and medium polar respectively. On the other hand, the hydro-distillation of 

the air dried ground leaves of the plant yielded pale yellowish essential oil of (16.66% w/w). 

4.2. TLC analysis of the extracts 

Each extracts from the leaves and roots of Ocimum cufodontii were analyzed with TLC with the 

results presented in Figure 5. As seen from the TLC profile above, the hexane extract of the root 

and the EtOAc extract of the leaves were shown to have good spots for further fractionation.  

 

Figure 5: TLC profile of the crude extracts 
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4.3. Phytochemical Screening  

The hexane, EtOAc and MeOH extract of the leaves and roots of Ocimum cufodontii were 

analyzed for the presence of secondary metabolites including alkaloid, tannins, steroids, 

terpenoids, phenols, flavonoids, anthraquinone glycosides,saponin glycosides, cardiac glycosides 

and reducing sugars following standard procedure [85]. The results obtained were summarized in 

Table 1.  

Table 1: Phytochemical screening in hexane, ethylacetate and methanol leaf and root extract of 

Ocimum cufodontii 

 

 

Phytochemicals 

 

 

Test 

Hexane extracts Ethylacetate 

extracts 

Methanol 

extracts 

Leaf Root Leaf Root Leaf Root 

Alkaloids Wagners  + + + + - + 

Saponin 

glycosides 

froth  + + _ + _ + 

Tannins Ferric chloride  _ _ + _ _ _ 

 

Anthraquinones  

Glycosides  

 

 

Borntrager’s  

 

_ 

 

+ 

 

_ 

 

+ 

 

_ 

 

_ 

Steroids Salkowiski _ 

 

+ + + _ _ 

Terpenoids Salkowiski + 

 

+ + + + + 

Flavonoids Shinoda  

 

_ 

 

+ _ + _ + 

Cardiacglycosides Keller-killiani  + _ _ + _ + 

Coumarin 

glycosides 

Keller-killiani      _ + 
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Reducing sugar Fehling’s  

solution   

+ 

 

+ _ + _ _ 

Phytosterol  Lieberman    

buchard  

_ 

 

+ _ _ _ + 

Phenols Ferric chloride  _ _ + _ + + 

    +       = Present 

- = Absent 

In this study, the plant was screened for the presence of secondary metabolites. Results from this 

present study showed phytochemicals ranging  from  tannins,  alkaloids,  flavonoids, saponins,  

terpenoids  to  sterols  were  present.   

4.4. Characterization of isolated compounds 

In the course of this work, one compound from the leaves and four compounds from the roots 

were isolated. The characterizations of these compounds are described herein. 

Compound 39 was isolated as a white solid with melting at 316-318°C. The pink spot on TLC 

plate visualized on spraying with vanillin showed its terpenoidal nature; it has an Rf value of 

0.47 in hexane: ethyl acetate (7:3) which was similar to that reported for betulinic acid by [90, 

91, 92]. 

Compound 39 

The mass spectrum of Betulinic acid (39) displayed a molecular ion peak (M-H)+ at m/z 455 

corresponding to the formula C30H48O3.The 1H-NMR (CDCl3, 400 MHz) spectrum showed 

signals in the paraffinic and olefinic region. Signals attributable to an exo-methylene group at δ 

4.64/4.51 (2H, d, J =2.0, H-29) which together with an allylic methyl at δ1.61 (3H, s, Me-30) 

which indicated an isopropenyl function. The 1 H NMR spectrum showed the signals for five 

tertiary methyl groups at δ 1.18, 0.74, 0.67, 0.87 and 0.67, one isopropenyl moiety at δ 1.61, 4.51 

and 4.64, indicating a lupane-type skeleton .The up-field signals at δ 1.18 (3H, s ,H-23) and δ 

0.74 ( 3H, s , H-24)  were  due  to  methyl protons  at  C-  23  and  C-24,  respectively.  In 
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addition, the spectrum also showed a multiplet at δ 2.93 (1H, m, H-19) and  δ 1.50 (1H, m , H-

18)  for  the methine  protons  at  position  18  and  19, respectively.  
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25
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18
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Figure 6:  Structure of betulinic acid (39) isolated from the leaves of Ocimum cufodontii. 

These  spectral  features  are  in  close  agreement to  those  documented  and  reported  by  [90, 

91, 92] (Table 2) for betulinic acid.  

Table 2:  1H-NMR (CDCl3, 400 MHz) and 13C-NMR (100 MHz) data of compound 39 and 

literature reported for betulinic acid. 

No. 1H-NMR data of compound-

39 

 (δ)  

13C-NMR data of 

compound-39 

(δ) 

Lit. reported for 

betullinic acid 

[91] 

Lit. reported for 

betullinic acid [93] 

1 1.86 ( 2H, m , H-1) 38.7  39.1 

2 1.61 (2H, m, H-2) 27.7  28.1 

3 3.29 (1H,d, J =3.41,H-3) 

3.11 (1H, d, J= 8.0Hz ,H-3a) 

78.7 3.18(1H, dd, 

J=11.2,4.9 Hz,H-

3) 

78.1 

4            - 38.7  39.4 

5 1.35 (1H ,m, H-5) 56.1  55.7 

6 1.42  (2H, m , H-6) 18.2  18.6 

7 1.43 ( 2H, m, H-7) 34.2  34.7 
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8         - 40.6  40.9 

9 1.68 (1H, m , H-9) 50.4  50.8 

10         - 37.0  37.3 

11 1.69 ( 2H, m , H-11) 20.8  21.1 

12 1.29  ( 2H, m, H-12) 25.4  25.9 

13 1.43 ( 1H, m , H-13) 38.2  38.4 

14           - 42.3  42.4 

15 1.53 ( 2H, m , H-15 ) 30.5  31.1 

16 1.57 (2H, m, H-16 ) 32.1  32.7 

17           - 56.1  56.3 

18 1.50 (1H, m , H-18) 46.9  47.6 

19 2.93 (1H, m, H-19) 49.2 2.98 (1H, m, H-

19) 

49.5 

20            - 150.6  150.7 

21 1.86 (2H ,m ,  J = 4.0, H-21) 30.5  30.1 

22 1.84 (2H,m, H-22) 37.1  37.5 

23 1.18 (3H, s ,H-23) 27.7 0.96 (3H, s ,Me-

23) 

28.5 

24 0.74 ( 3H, s , H-24) 15.9 0.74(3H, s, Me-

24) 

16.3 

25 0.67 ( 3H , s , H-25) 15.7 0.81 ( 3H, s, Me-

25) 

16.3 

26 0.87 ( 3H, s , H-26) 15.7 0.97 ( 3H,  s , Me-

26) 

16.2 

27 0.67 (3H , s , H-27) 14.5 0.93 ( 3H, s , Me-

27) 

14.8 

28             - 179.1  178.7 

29 4.64/4.51 (2H, d , J = 2.0, H-

29) 

109.3 4.73 (1H, d , J = 

2.34Hz,Ha-29) 

4.60(1H,d,J=2.02 

Hz, Hb-29) 

110.3 
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30 1.61 ( 3H , s , H-30) 19.2 1.68 (3H,s,Me-

30) 

19.4 

 

The 13C-NMR spectrum revealed the presence of 30 carbon signals Table 2 which were shown to 

be six methyl, six quaternary carbons, one carboxylic acid, eleven methylene of which one are 

due to olefinic carbons and six methine suggesting that compound 39 is a triterpenic acid having 

five rings [93]. Compound 39 was identified as betulinic acid (Figure 6) by direct comparison of 

its spectral data with reported values in Table 2. 

Betulinic acid is a common secondary metabolite of plants found in the Betula species 

(Betulaceae). It was also isolated from species such as Ziziphus mauritianaLam (Rhamnaceae) 

collected in Zimbabwe [94] and as reported from [95] leaves of Ocimum  canum, yield betulinic 

acid. This appears to be the first report of the presence of betulinic acid from sister species 

Ocimum cufodontii. 

Compound 40 

Compound 40 was isolated as light yellow solid (32 mg) from n-hexane root extract which yields 

0.28%. The UV-VIS (MeOH) showed absorption maxima at 140, 240 and 290 nm suggesting an 

anthraquinone skeleton [96]. 

The  1H NMR  spectral  data (Table 3)  revealed that ring A of the quinone skeleton is  di 

substituted  at   C-2  and  C-3  positions  with  methoxyl  δ 3.90 ppm and ring D is di substituted 

at C-14 and C-15 with methyl (δ 0.96 and δ 0.97 ppm ) respectively. In agreement with  this,  the  

I3C NMR  spectral  (Table  3)  revealed  the  presence  of  twenty-two  carbons: two carbonyls  (δ 

189.7 and  δ 184.2),  two  oxygenated  quaternary  carbons  at δ 157.1  and  δ 150.7  , five 

methine carbon (δ  21.7 , δ 35.8, δ 41.1, 33.2 and δ 24.3 ), three non-oxygenated quaternary 

carbons at δ 140.4 ,135.6 and 33.0. The two methoxy carbon δ 60.7 and δ 62.7 attached were 

observed. Besides, the three methyl group at δ 20.5, 18.6 and 18.8 were revealed from I3C NMR 

spectral. Finally five methylene carbons at δ 84.4, δ 20.3, δ 39.3, 26.0 and δ 45.9 were revealed 

from DEPT spectra.          
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Table 3: 1H NMR and13C NMR spectral data of compound 40 

No.  1H-NMR data of compound 40  

 (δ)  

13C-NMR data of 

compound 40  

(δ)  

1  -  189.7  

2  -  157.1 

3  -  150.7 

4  -  184.2  

1a  -  140.4  

4a  -  135.6  

5  3.18(1H,m) 21.7  

6 1.94(1H,m) 35.8  

7  4.75(2H,d,J=1.2HZ) 84.4  

8  1.54(2H,m) 20.3  

9  1.47(2H,m) 39.3  

10  - 33.0                  

11 1.28(3H,m) 20.5 

 12 1.52(1H,m) 41.1 

13 1.47(2H,m) 26.0 

14  1.67 (1H,m) 33.2 

15  1.63 (1H,m) 24.3 

14-a  0.96(3H,m) 18.6 

15-a  0.96(3H,m) 18.8 

16 1.32(2H,m) 45.9 

CH3O-                                        3.90 (3H, s)                                                                               62.7  
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CH3O-  3.90(3H,s)                       60.7  

The spectral  data  of    compound 40 agreed with 8,9-Dimethoxy-2,3,12a-trimethyl-

2,3,4,4a,4b,5,10b,11,12,12a-decahydro-1H-6-oxa-chrysene,7,10-dione (40) whose structure is 

given in Figure 7. 

 

 

 

 

 

Figure 7: The structure of compound 40 isolated from the roots of Ocimum cufodontii 

Compound 41 

Compound 41 was isolated as a red crystal (32 mg) from the hexane extract of the root of 

O.cufodontii which melted at 850C. The ES-MS spectrum revealed the molecular ion peak m/z 

330.2 [M-H] + attributed to the molecular formula C19H25O4N. The UV-VIS (Methanol) showed 

absorption maxima at 340 and 540 nm suggests the presence of conjugated chromophore in the 

structure. 

In the 1H-NMR spectrum (CDCl3, 400 MHz) signals due to four methyl groups were evident at δ 

1.12 (6H, d, J = 6.94 Hz, H-7’’,8’) and δ 1.08 (6H, d, J = 6.77 Hz, H- 6’,7’). Besides the proton 

at the multiplicity observed indicated that the two methyl groups are directly attached to methine 

carbon. This is confirmed from the observed signals due to the two methine group at δ 2.32 (3H, 

s, H-6a) and δ 2.63 (2H, t, H- 4’’). The three olefinic proton at δ 7.07 (1H, s, H-3’) , δ 7. 04(1H, 

d, J = 8.42 Hz, H-3) and δ 7.35 (1H, d, J = 8.42 Hz, H-4) were confirmed from the 1H NMR. The 

proton at δ 7.35 and δ 7.07 were correlated with each other in the COSY spectrum indicating that 

the two protons are adjacent to each other. The signals due to the two methylene protons were 

observed at δ 3.12 (2H, t, J = 6.84, H-3’’) and δ 2.67 (2H, t, J = 6.84, H-4’’) which are located in 

between the free ketone and aromatic ring were confirmed from 1H NMR. This is confirmed 

from the COSY and HMBC correlation.  
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The 13C NMR spectral (Table 4) revealed the presence of three carbonyl carbon at carbon 

position C-5’’, C-1’ and C-4’ with their signal observed at δ 213.6, δ 181.2 and δ 182.3 

respectively. The 13C NMR with the aid of DEPT-135 revealed the presence of two methylene 

carbons at δ 24.9 (C-3’’) and δ 38.5 (C-4”). The sp2 non oxygenated quaternary carbon at δ 

147.0, δ 144.7, δ 134.9 and δ 128.4 were ascribed to C-2, C-6, C-2’and C-5 respectively.  The 

presence of two methine group on aromatic ring at position C-3 and C-4 with signal at δ 128.5 

and δ 137.0 was observed on 13C NMR. With the data generated the structure in Figure 8 was 

proposed.  

This was further confirmed using the 2D-NMR including COSY, HSQC and HMBC. The COSY 

spectrum clearly indicates a correlation between the proton at δ 7.07 and δ 7.34. Also observed 

correlation in the COSY spectrum is the proton at δ 2.98 with 1.12 (H-5’ with H- 6’,7’) and δ 

2.67 with 1.08(H-6’’ with H-7’’,8’’).  

The HSQC spectrum showed the proton signal at δ 7.34, 7.07, 7.04, 3.19, 2.98, 2.70, 2.67, 2.30, 

1.12 and 1.08 correlates with the carbon signals at δ 137.0, 140.1, 128.5, 24.9, 26.9, 40.7, 38.5, 

19.7, 21.4 and 18.2, respectively.  In the HMBC spectrum, the proton signal at δ 1.08 correlates 

with the carbon δ 40.7, 213.6 and 24.9. The signal at δ 2.7 correlates with the carbon signals at δ 

24.9 and 213.6 (Fragment 1). The spectrum also revealed a correlation between the proton at δ 

1.12 with the carbon at δ 26 and 181 (Fragment 2). While the proton at δ 2.98 correlates with the 

carbon at δ 181.                                     

NO

OH

O

H

H H

H

H

H H HH

Fragment 1

O

H

H
H

H

H
H
H

Fragment 2

HMBC

 

Also observed correlation in the HMBC spectrum is due to the proton at δ7.04 with the carbon at 

δ 140.2 and 128. The proton at δ 7.34 correlates with the carbon at δ 147, δ 134 and δ 19. The 

data generated agreed well with the structure proposed in Figure 8. 
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Figure 8: Structure of compound 41 isolated from the root of Ocimum cufodontii. 

Table 4:  1H (CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data of compounds 41 

No. ᵟH NMR data (δ in ppm, J in Hz) ᵟC NMR data (δ in ppm) 

6a 2. 3 (3H, s) 19.7 

2 - 147.0 

3 7.04  (1H, d, J = 8.42 Hz) 128.5 

4 7.35 (1H, d, J = 8.42 Hz) 137.0 

5 - 128.5 

6 - 144.7 

1’ - 181.2 

2’ - 134.9 

3’ 7.04 (1H, s) 140.1 

4’  -  182.3 

5’ 2.70 (1H, septet) 40.7 

6’ 1.08  (3H, d, J=6.77 Hz) 21.4 

7’ 1.08 (3H, d, J=6.77 Hz) 21.4 

3’’ 3.19 (2H,t, J = 6.81 Hz) 24.9 

4’’ 2.67 (2H,t) 38.5 

5’’ - 213.6 

6’’ 2.98 (1H,septet) 26.9 

7’’ 1.13 , 6H, d, J=6.94) 18.2 

8’’ 1.13 , 6H, d, J=6.94) 19.7 
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Compound 42  

Compound 42 was isolated as a brown solid (29 mg) from the EtOAc root extract of 

O.cufodontii. The ES-MS spectrum revealed the molecular ion peak m/z 330.3 [M] + attributed to 

the molecular formula C20H28O3N. The UV-VIS (Methanol) showed absorption maxima at 240 

and 340 nm suggests the presence of chromophore in the structure. 

In the 1H-NMR spectrum (CDCl3, 400 MHz) signals due to four methyl groups were evident at δ 

1.21, δ 1.25 (6H, s, H-4’a,4’b) and δ 1.04, δ 0.87 (6H, s, H-3’’a,3’’b). The multiplicity observed 

at 4’ indicated that the two methyl groups are directly attached to methine carbon. This is 

confirmed from the observed signals due to the methine group at δ 1.21 (1H, septet, H- 4’). The 

proton at δ 7.21 (1H, d, J = 7.6 Hz, H- 4), δ 7.08 (1H, d, J = 0.8 Hz, H-7) and δ 7.04 (1H, d, J = 

7.6 Hz, H-5) were found in the aromatic region of the compound. The three methylene group at δ 

1.40 (2 H, m, H-1’), δ 1.98 (2 H, m , H-2’) and δ 3.00 (2 H, m, H-1’’) were observed from the 

1H-NMR. The methine proton at δ 2.90 (1 H, m, H-3) and the methyl proton at δ 2.40 (3 H, s, H-

2a) was observed.  

The I3C NMR spectral (Table 5) revealed the presence of two carbonyl carbon at carbon position 

C-3’and C-2’’ with their signal observed at ᵟC 210.5 and 203.5 respectively. The DEPT-135 

revealed the presence of three methylene carbons at δ 40.3 (C-2’), δ 22.0 (C-1’) and δ 29.7 (C-

1”). The sp non oxygenated quaternary carbon at δ 140.5, δ 138.3, δ 137.9 and δ 121.1 were 

attributed for C-2, C-8a, C-6 and C-8, respectively.  The presence of two methine group at 

position C-4’ and C-3 with signal at δ 27.3, 55.7 respectively and the sp oxygenated quaternary 

carbon attached to the alcohol at δ 81.9 (C-3’’) was observed on 13C NMR. With the data 

generated the structure in Figure 9 was proposed.  

 

 

 

 

Figure 9: Structure of compound 42 isolated from the root of Ocimum cufodontii. 
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Table 5: 1H (CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data of compounds 42 

No. 1H-NMR data of 

compound-42 

 (δ)  

13C-NMR data 

of compound-

42 

(δ) 

1                 -          - 

2                 -        140.5 

2a     2.40 (3 H, s, H-2a)        17.8 

3     2.90 (1 H, m, H-3)        55.7 

4    7.21 (1H, d, J = 7.6 Hz, H- 

4), 

       141.2 

5   7.04 (1H, d , J = 7.6 Hz, H-5  

) 

        130.8 

6              -    137.9 

7 7.08 (1H, d, J = 0.8 Hz, H-7)    127.6 

8               -    138.3 

8a                -    129.1 

1’ 1.40 (2 H, m, H-1’ )    22.0 

2’ 1.98 (2 H, m, H-2’)    40.3 

3’            -    210.5 

4’ 1.25 (1H, septet, H- 4’)    27.3 

4’a 1.21 (3H, d, J = 7.2 Hz, H-

4’a) 

   18.9 

4’b 1.25 (3H, d, J = 7.2 Hz, H-

4’b) 

18.2 

1’’ 3.00 (2 H, d, J = 2.4 Hz,H-

1’’) 

29.7 

2’’                   - 203.5 

3’’                   - 81.9 

3’’a   1.04 (3H, s, H-3’’a) 21.4 
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3’’b   0.87 (3H, s, H-3’’b) 21.5 

OH       4.73(1H,s) - 

 

Compound 43 

Compound 43 (23 mg) was isolated as a white powder from the ethyl acetate extract of the root 

of Ocimum cufodontii. The UV-Vis spectrum showed absorption band at 340 nm indicating the 

presence of conjugated chromphore in the structure of the compound.  

The 1H-NMR spectrum (CDCl3, 400 MHz) revealed the presence of the three aromatic protons at 

δ 6.73 (1H), 6.37 (1H) and 6.50 (1H). The spectrum showed the presence of a methoxy group is 

shown at δ 3.85 (3H, s). The signal observed at δ 3.41 (2H, m) is due to the proton on carbon 

bearing oxygen. The remaining proton signals were depicted in Table 6. 

The 13C -NMR  spectrum (CDCl3, 100 MHz)  show  22  carbon  signals which  is  in  agreement  

with  the  number  of carbon atoms in this compound. The signals due to aromatic protons were 

evident at δ 135.9, 116.0, 148.4, 124.5, 145.8 and 139.9 (Table 6). The signal due to methoxy 

group was observed at δ 55.4.Other signal due to an oxygenated aliphatic carbon was observed at 

δ 61.9.  
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Figure10: The structure of compound 43 isolated from the leaves of Ocimum Cufodontii. 
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Table 6:  1H and 13C NMR data of compounds 43 in CDCl3. 

No. 1H-NMR data of 

compound - 43 

 (δ)  

13C-NMR 

data of 

compound 

- 43 

(δ) 

1 6.73 (1H, d, J= 8.4 , H-1) 135.9 

2 6.56 (1H, s , H-2) 116.0 

3            - 148.4 

4 6.37 (1H,s,H-4) 124.5 

5          - 145.8 

6 2.71(2H,m,H-6) 26.8 

7 1.67 (2H,m,H-7) 29.6 

8 1.43 (1H,m,H-8) 38.9 

9             - 29.7 

10             - 139.9 

11 1.67 (2H,m,H-11) 27.2 

12 1.38 (2H,m,H-12) 24.3 

13               - 30.7 

14 1.40 (1H,m,H-14) 41.8 

15 1.43 (2H,m,H-15) 23.6 

16 1.43 (2H,m,H-16) 22.2 

17 1.67 (1H,m,H-17) 44.0 

18 3.41 (2H,m,H-18) 61.9 

19 1.27 (3H , m,H-19) 23.5 

20 1.62 (2H , m, H-20) 28.0 

21 0.89 (3H, d , J = 6.8 Hz , 

H-21) 

14.1 

CH3O-        3.85 (3H,s ) 55.4 
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4.5. GC-MS characterization of 

The leaves of Ocimum cufodontii 

oil. Studies have reported yields of the essential oil of 

0.70% [97,98,99,100,101]. Hence the essential oil from 

than the yield reported from Ocimum gratissimum. 

cufodontii may justify the uses of this species in various forms like as spices in food industry, in 

aromatherapy or as a cosmetic ad

make good money by selling essential oils to various kinds of industries. Thus,

cufodontii is emerging as an economical crop for the farmers and traditional 

practitioners. 

GC-MS analysis of the essential oil of the leaves of 

presence of 11 components and 9 of these compounds (Table 7) were identified by means of 

their tR, mass spectral fragmentation patterns and by comparing their mass spectra with the 

NIST 2005 library of mass spectra (Table7, Figure11). 

 Figure 11: Typical gas chromatogram of 

MS characterization of O. cufodontii essential oil 

Ocimum cufodontii was subjected to hydro-distillation to furnish 16.66

Studies have reported yields of the essential oil of Ocimum gratissimum between 0.21 and 

]. Hence the essential oil from Ocimum cufodontii is much more higher 

Ocimum gratissimum. The presence of EO in the leaves of 

may justify the uses of this species in various forms like as spices in food industry, in 

aromatherapy or as a cosmetic additive and in cure of many diseases. The farmers can also 

make good money by selling essential oils to various kinds of industries. Thus,

is emerging as an economical crop for the farmers and traditional 

ssential oil of the leaves of O.cufodontii (Figure 11) has shown the 

presence of 11 components and 9 of these compounds (Table 7) were identified by means of 

their tR, mass spectral fragmentation patterns and by comparing their mass spectra with the 

005 library of mass spectra (Table7, Figure11).  

Typical gas chromatogram of Ocimum cufodontii essential oil. 

16.66% yellowish 

between 0.21 and 

is much more higher 

The presence of EO in the leaves of Ocimum 

may justify the uses of this species in various forms like as spices in food industry, in 

The farmers can also 

make good money by selling essential oils to various kinds of industries. Thus, O. 

is emerging as an economical crop for the farmers and traditional 

(Figure 11) has shown the 

presence of 11 components and 9 of these compounds (Table 7) were identified by means of 

their tR, mass spectral fragmentation patterns and by comparing their mass spectra with the 
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Table 7:  GC-MS analysis of the leaf extract of O. cufodontii essential oil. 

tR  

 

Compound name Relative percentage 

5.89 1-Decen-4-yne,2-nitro- 1.515 

6.45 3-Cyclohexene-1-propanal 1.167 

6.71 Z,Z,Z-1,4,6,9-

Nonadecatetraene 

30.635 

6.82  Isopinocarveol 1.897 

7.47 8,11-Octadecadiynoic 

acid,methyl ester 

9.215 

8.50 6,9,12-Octadecatrienoic 

acid,phenylmethyl 

ester,(Z,Z,Z)- 

5.571 

9.78 Caryophyllene 31.271 

10.26 Methyl-10,12-

pentacosadiynoate 

10.978 

10.51 7-Hydroxy-bicyclo[3.3.1]non-

2-en-9-one 

2.848 

Total                                                                                                  95.097 

tR: Retention time, GC-MS: Gas chromatography-mass spectroscopy, O. cufodontii: Ocimum 

cufodontii 

Essential oils (EO) from leaves of Ocimum gratissimum and Ocimum micranthum obtained by 

steam distillation showed different composition by GC/MS analysis. The main components from 

O. gratissimum and O. micranthum showed mainly eugenol (1) (54.0%) and (64.8 %) 

respectively [102]. But the main component (Table7) from essential oils of leaves of Ocimum 

cufodontii  was found to be β-caryophyllene (31.3%), which is a natural volatile bi-cyclic 

sesquiterpene that occurs in essential oils from several plants such as cinnamon, clove oil, black 

pepper, oregano and copaiba balsam, which have been utilized  for  different medicinal purposes 

[103, 104]. Furthermore, BCP was identified as a major constituent (35%) in the essential oil of 

Cannabis sativa L, which makes BCP an important dietary cannabinoid with high selectivity 
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binding to cannabinoid receptor 2 (CB2) [104]. The approximate quantity of caryophyllene in 

the essential oil of different ocimum species is given by [102] to be 5.3–10.5%  from O. 

gratissimum and 4.0–19.8%  from O. micranthum. Therefore the amount of β-caryophyllene 

present in O. cufodontii is superior to those reported from Ocimum gratissimum and Ocimum 

micranthum. Various literatures showed that β-caryophyllene seems to possess anti-inflamatory 

[105], antioxidant capacity [103], antileishmanial activity [106], induce apoptosis in tumor cells 

[107] and cytotoxicity effect against cancer cells [108]. Therefore the presence of β-

caryophyllene in this plant in significant amount leads to the use of this plant species as a 

promising medicinal plant. 

 

                                                                      

 

 

 

 

 

             

                       

 

 

 

 

Figure12: Some major components of the essential oil of the leaves of Ocimum cufodontii  
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4.6. Antibacterial activity 

In the disc diffusion assays, four bacteria species (Escherichia coli, Klebsella pneumonia, 

Salmonella typhymurium and Staphylococcus aureus) were chosen to determine the 

antimicrobial activities of hexane, EtAOc and MeOH crude extract. E.coli, K.phnemonea and S. 

typhymurium are a gram negative bacterium while the S. aureus species is gram positive bacteria. 

The crude extract of O.cufodontii leaves and roots were more effective against gram-positive 

bacteria than gram-negative bacteria. As seen from Table 8, the hexane extract of the roots and 

the EO from the leaves displayed bacterial inhibition zone of 17 mm and 19 mm against S. 

aureus, respectively. This clearly demonstrates that the antibacterial activity of the plant is 

mainly the non-polar fraction. For compounds 39 (8 mm), 41 (13 mm) and 42 (9 mm) three 

bacteria species ( E.coli ,  P.auregenesa  and  S. aureus ) were  chosen  and compounds from 

each extract of leaves and roots of the plant were more effective against gram-positive  than  

gram-negative  bacteria,  depending  on  the  different  structural  and inherited features of these 

two groups of bacteria .  

 [109] , reported the activity of Ocimum gratissimum extract against the S.  aureus show  18  mm 

zone  of  inhibition, while our results from  Ocimum cufodontii  demonstrates that  17 mm and 19 

mm  zone  of  inhibition for crude and essential oil extract respectively. These established a good 

support to the use of this plant in herbal medicine.  
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Table 8: Inhibition zone of hexane, EtOAc, MeOH extract and hydro-distilled essential oil 

expressed in mm 

Sr.No. Code Dose 

(µg/

ml) 

S. aureus E.coli K.phnemonea S.typhyuri

um  

 

1 HLE 5 6 mm 6 mm 6 mm 6 mm 

2 EALE 5 8 mm 6 mm 8 mm 6 mm 

3 MLE 5 8 mm 6 mm 6 mm 6 mm 

4 HRE 5 17 mm 6 mm 6 mm 6 mm 

5 EARE 5 13 mm 6 mm 8 mm 6 mm 

6 MRE 5 15 mm 6 mm 6 mm 6 mm 

7 Essential Oil 5 19 mm 6 mm 8 mm 8 mm 

8 Compound 39 50 8 mm - - - 

9 Compound 41 50 13 mm - - - 

10 Compound 42 50 9 mm - - - 

8 DMSO(Negative 

control) 

5 0 0 0 0 

9 Chloroamphinicol 20 28 33   

The solvent DMSO did not inhibit the growth of bacteria at the concentration used.  

4.7. Antioxidant activity 

In  the  present  study different  extracts  of  leaves  and  roots  free radical  scavenging  activities  

of Ocimum cufodontii were evaluated.  DPPH radical scavenging ability is widely used as an 

index to evaluate the antioxidant potential of medicinal plants. DPPH stable free radical method 

is a sensitive way to determine  the  antioxidant  activity  of  plant extracts,  thus it was  

considered  important  to screen the  Ocimum cufodontii different extracts  for antioxidant 

activity against DPPH radical [110-111].  

According to [112], O.  gratissium extract  was  the  most  potent scavenger  (81.1%)  while 

O.americanum, O .minimum,  O. citriodorum,  O. kilimandscharicum,  O. grandiflorum,  O. 

lamiifoliumand  O. selloihad significantly lower scavenger activity as 77.4 %, 70.1 %, 60.6 % 
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56.2  %,  51.3  %,  46.2  %  and  42.4  % respectively. In this study, Ocimum cufodontii which 

shows high inhibition of DPPH activity shows that 81.2 % in ethyl acetate leaf extract where as 

90.4 % in hexane root (Table10).  None  of  the  Ocimum  cufodontii extracts  were  as  effective  

DPPH  scavengers as  the  positive  control  Ascorbic acid  (96.8  %).  The results of DPPH-free 

radical scavenging assay suggest that  the extracts  are capable  of scavenging  free  radicals  via  

electron  (or) hydrogen  donating  mechanisms and thus should  be potent  enough to prevent  the 

initiation of toxic  free  radical  mediated chain reactions  in susceptible matrices  eg:- biological 

membranes [112]. The IC50 values of the four different plant extracts (HRE, HLE, EARE and 

EALE) have been furnished in the Table 10. Highest scavenging  was  observed  for  hexane root 

extract (HRE) with an IC50 value of 1.3 µg/ml as opposed to the IC50  value of  ascorbic acid  

5.14 µg/ml,  which is a well known  antioxidant  (Figure 13).  Scavenging of  DPPH radical  was  

found  to  rise  with  increasing  concentration  of  the extracts.  

Additionally, it has been determined that the antioxidant effect  of  plant  products  is  mainly  

due  to  radical scavenging  activity  of  phenolic  compounds  such  as flavonoids,  polyphenols,  

tannins,  and  phenolic  terpenes [113].  The  antioxidant  activity  of phenolic  compounds  is  

mainly  due  to  their  redox properties,  which  can  play  an  important  role  in  adsorbing and  

neutralising  free  radicals,  quenching  singlet  and triplet  oxygen,  or  decomposing  peroxides  

[114]. Oxidative  injury  now  appears  the  fundamental mechanism  underlying  a  number  of  

human  neurologic and other disorders such as inflammation, viral infections, autoimmune  

pathologies,  and  digestive  system  disorders including  gastrointestinal  inflammation  and  

ulcer [115].  For  instance  in  diabetes,  increased oxidative  stress  which  co-exist  with  

reduction  in  the  antioxidant  status  has  been  postulated:  Oxygen  free-radical can  initiate  

peroxidation  of  lipids,  which  in  turn  stimulates glycation  of  protein,  inactivation  of  

enzymes  and alteration  in  the  structure  and  function  of  collagen  basement and other 

membranes, and play a  role I n  the  long term  complication  of  diabetes [116,117].  Similarly, 

in  carcinogenesis,  reactive oxygen  species  are  responsible  for  initiating  the  multistage  

carcinogenesis  process  starting  with  DNA  damage and  accumulation  of  genetic  events  in  

one  or  few  cell lines  which  leads  to  progressively  dysplastic  cellular  appearance,  

deregulated  cell  growth,  and  finally  carcinoma[118].  Hence, therapy using free-radical 

scavenging antioxidants has potential to prevent, delay or ameliorate many of these disorders 

[119].   
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The present  results  suggest  that  all  the  tested  plant extracts  have  moderate  to  potent  

antioxidant  activity. Since  a  variety  of  constituents  are  known  from  the extracts  studied,  it  

becomes  difficult  to  ascribe  the antioxidant  properties  selectively  t

constituents  without  further  studies  which  are  beyond  the scope of this paper. Thus, further 

extensive investigations are necessary to find out the active antioxidative principles present in 

this plant. 

Table 9: Antioxidant activity of the leaves and root extracts of 
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Figure 13: DPPH radical scavenging activity of crude extracts of 
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5.0. SUMMARY AND CONCLUSION  

Results from the study showed  that phytochemicals ranging from  alkaloid, tannins, steroids, 

terpenoids, phenols, flavonoids, anthraquinone glycosides, saponin glycosides, cardiac 

glycosides and reducing sugars were  present  in the  study  as  represented  in Table 1. 

The antibacterial results of disk diffusion tests showed the inhibition zones of S. aureus 19.0 mm 

for essential oil, 17 mm for hexane extract of the root and 15 mm for MeOH root extract. This 

clearly demonstrates that the antibacterial activity of the plant is mainly the non-polar fraction.  

For betulinic acid (39) (8 mm), compound 41 (13 mm) and  compound 42 (9 mm) bacteria 

species ( E.coli ,  P.auregenesa  and  S. aureus ) were used  and compounds from each extract of 

leaves and roots of the plant were more effective against gram-positive  than  gram-negative  

bacteria,  depending  on  the  different  structural  and inherited features of these two groups of 

bacteria . The results of this study showed the presence of bacteriostatic effects of essential oil, 

the hexane and methanol root extract respectively of Ocimum cufodontii on gram-positive 

bacteria, Staphylococcus aureus. These established a good support to the use of this plant in 

herbal medicine. 

 The antioxidant activities of all the tested samples were concentration-dependent. Based on the 

results obtained, we can conclude that among the four fractions, the HRE one showed the highest 

scavenging activity, with an IC50 value of 1.30 µg/ mL. Hence, HLE with an IC50 value 1.97 

µg/mL showed more efficient radical-scavenging abilities than EALE and EARE with an IC50 

value of 55.83 µg/ mL and 116.58 µg/mL respectively. The hexane root and leaves extracts may 

be valuable natural antioxidant sources and are potentially applicable in both medicine and the 

healthy food industry. 
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Appendix 1A: 1H-NMR spectrum of betulinic acid (39) 
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Appendix 1B: 13C-NMR spectrum of betulinic acid (39) 
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Appendix 1C: 13C-DEPT-135 spectrum of betulinic acid (39) 
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Appendix 2A: 1H-NMR spectrum of compound 40 
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Appendix 2B: 13C-NMR spectrum of compound 40 
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Appendix 2C: 13C-DEPT-135 spectrum of compound 40 
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Appendix 3A: 1H-NMR spectrum of compound 41 
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Appendix 3B: 13C-NMR spectrum of compound 41 
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Appendix 3C: 13C-DEPT -135 spectrum of compound 41 
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Appendix 3D: 2D-NMR COSY spectrum of compound 41 
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Appendix 3E: 2D-NMR HSQC spectrum of compound 41 
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Appendix 3F: 2D-NMR HMBC spectrum of compound 41 
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Appendix 4A: 1H-NMR spectrum of compound 42 
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Appendix 4B: 13C-NMR spectrum of compound 42 
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Appendix 4C: 13C-DEPT-135 spectrum of compound 42 
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Appendix 5A: 13C-NMR spectrum of compound 43 
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Appendix 5B: 13C-DEPT-135 spectrum of compound 43 
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Appendix for ESI-MS and LC chromatographic profile of betulinic acid (39) 

 

 

 

Appendix for ESI-MS and LC chromatographic profile of Compound 41 
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Appendix for ESI-MS and LC chromatographic profile of Compound 42 
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