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ABSTRACT 

Thymus serpyllum L. is a traditional medicinal plant that is used for the treatment 

of inflammatory diseases, allergic rashes, skin irritations, dermatitis, asthma, bronchitis, 

colds and flu, wounds and other pulmonary diseases. The objective of the present study 

was to access the biological activity of Thymus serpyllum L. extract using selected bench 

top bioassays, including antifungal, cytotoxic, antitumor, antibacterial and two 

phytotoxicity assays i.e. radish seed and Lemna minor bioassay. Extract was prepared in 

methanol. Moderate antifungal activity (41-5 1 %) was seen against Fusarium 

moniliforme, Alternaria species, Candida albicans, Candida glabarata and FusQ/"iul11 

solani while low activity (below 40%) was seen against Mucor species and Aspergillus 

jlavus. Extract showed no linear growth inhibition but inhibited spore formation of 

AspergWus jlavus green, Aspergillus nigar and Aspergillus fumigatus. Plant extract 

showed hi ghly significant (EDso 466ppm<1 OOOppm) impact on % death of brine shrimp. 

Agrobaclerhm1 lumefaciens (At- IO) induced tumors in potato disc tissue were inhibited 

(P<0.05) by the test extract however no antibacterial activity against Agrobacterhtl11 

tumefadens was observed. Phytotoixicity to Lemna minor L. (P<0.05) and radish seed 

germination and growth (P<0.05) was observed at higher concentration of the plant 

extract. Plant extract was also used against eight strains of bacteria. Tlu'ee were gram 

positive, Staphylococcus aureus, Bacillus subtWs and Micrococcus luteus and five were 

gram negative, Escherichia co!;, Salmonella setubal, Pseudomonas picket;;, Bordetella 

bl'Onchiseplica, and Enterobacter aerogens. Extract showed no antibacterial activity 

against all the eight strains of bacteria tested. 

Vll 





Chapter J Infrodllcf ion 

INTRODUCTION 

Medicinal plants existed long before the first human appeared on eal1h. No 

one knows how long it took for humans to discover the curative power of medicinal 

plants. Higher and aromatic plants have traditionally been used in folk medicines as 

well as to extend the shelf life of foods, showing inhibition against bacteria, fungi and 

yeasts. Most of their properties are due to essential oi ls produced by their secondary 

metabolism (Adam el al., 1998). Essential oils and extracts from severa l plant species 

are able to control microorganisms related to skin (Adam et aZ., 1998) and food 

spoilage, including gram-negative and gram-pos itive bacteria. About 80 % individuals 

from developed countries use traditional medicine, which has compounds derived 

from medic inal plants. Therefore, such plants should be investigated to better 

understand their properties, safety and efficacy (Ellof, 1998). 

Pakistan is one of the few places on earth with such a unique biodiversity, 

compris ing of different climatic zones with a wide range of plant species. 

Approximately 6000 plant species with medic inal properties are found in Pakistan. 

There is a dire need on the part of manufacturers of al lopathic and herbal medicines to 

can'yout systematic research on medicinal plants to save foreign exchange spent on 

their impol1s (Shinwari and Ma lik, 1989). 

Thymus serpyllum L. (Fig. 1.1, Fig.I.2) is commonly known as "W ild thyme". 

The name thyme, in its Greek form, was first given to the plant by the Greeks as a 

derivative of a word which meant 'to fumigate,' either because they used it as incense, 

for its balsamic odour, or because it was taken as a type of all sweet-smel ling herbs. 



Chapter 1 Introduction 

Fig. 1.1: Dried plant of Thymus serpyllum L. 

Fig. 1.2: Fresh plants of Thymus serpyllum L. 
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Chapter 1 Introduction 

Thyme is the general name for many herbs of the Thymus spec ies, all of 

which are sma ll perennial plants native to Europe and Asia. The market demand for 

thyme is rather high , year ly estimates running at about 500 tons in USA and 1000 tons 

in Europe. Owing to a general popularity of the use of natural substances instead of 

synthetic compounds, an increase in that demand is predictable (Meriyli-Ili su lu and 

Tanker, 1986). 

Thymol and carvacrol (Fig. 1.3) constitute the main phenolic compounds of 

thyme oil. The major non-phenolic compounds are linalool and p-cymene (Piccaglia 

and Marotti , 1991). It is reported that thymol has the higher medicinal activity, 

fo llowed by carvacrol and geraniol, but linalool, terpineol and thujone exhibited the 

least effect (Broucke, 1983) . There are several reports in the literature on the chem ical 

composition of thyme oil. Most reports indicate thymol or carvacrol to be the major 

compounds in the oil (Adilson et al., 2004; Lattaoui and Tantaoui, 1994). 

Carvacrol ThYlTIol 

Fig.I.3: Chemical structure of carvacrol and thymol 
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Chapter 1 Introduction 

1.1.1: Taxanomy 

The genus Thymus belongs to family Labiatae (alternate name Lamiaceae), 

sub-family Nepetoideae and tribe Menthec/e. It includes about 350 species worldwide 

and is widely distributed in temperate zones (Demissew, 1993). There is re lative ly 

little diversity in Paki stan and only one spec ie is recognized. The genus is cas ily 

di stingui shed in Paki stan by its creeping habit (Hedge, 1990). 

1.1.2: Morphology 

Thy mus specie is a perennial dwarf shrub, strongly aromati c. Leaves 

undi vided, entire linear-Ianceolate to obovate, nerves prominent beneath , ciliate near 

base of lam.ina, sess ile or petiolate. Verticil lasters 2-many flowered , borne in axi ls of 

upper leaves, formin g capitate inflorescence. Bracts very small. Flower often ma le 

steril e. Calyx strongly bilabiate, 10-13 nerved densely bearded in throat, tubular to 

campanulate; upper li p broad, 3-toothed, spreading or recurved; lower 2 teeth 

subulate, prominently c ili ate and curved upwards . Coroll a bilabiate; tube stra ight, 

exannulate; upper lip stra ight, emarginate; lower lip 3- lobed. Stamens 4, exerted; 

thecae 2-locular. Style 2-lobed. Nutlets ovoid or oblong (Hedge, 1990). 

Thymus serpylllll11 L. is much branched dwarf, creeping mat-forming herb. 

Basal branches procumbent with fasc icles of leaves at the nodes and short ascending 

erect floweri ng shoots. Stems are quadrangular, pilose all round the stel11 or on the 

angles only with spreading or shortl y retrorse eglandul ar hairs; fl owering stems 2-6cm 

long. Leaves elliptic obovate to linear lanceolate, 1- 11 x 2-5 ml11 with prominent or 

obsolete lateral ve ins, densely dotted with reddi sh sess ile oil globules above and 

below, glabrous or with few scattered eglandular pi lose hairs. Inflorescence ovoid

capitate. Bracts 0.5- 1.5 mm . Calyx 3.5 - 4 mm tubular to campanu late, usually 

purplish with oil globules; lower teeth up to 2111m, subulate . Coro lla 0. 6ml11 long, pale 

lilac, pink purplish or violet, Stamens clea rly exerted in hermaphrodi te fl ower. Nutl ets 

pale brown, ovo id , 0.1 x 75 mm with a small V shaped attachment scar (Hedge, 1990). 
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Chapter 1 Introduction 

1.1.3: Chemo types 

The chemotypes of common thyme (Thymus vulgaris L.), which is quite close 

to wi ld thyme (Thymus serpyllum L.) with respect to the essential oi l content, are 

widely known. Depending upon the source, six or even seven chemotypes are 

distinguished (Thompson eL al. , 2003; Pothier et al., 200 1). Each chemotype is named 

after the main component of its essentia l oil , which is e ither a phenolic monoterpene, 

thymo l (T) or carvacrol (C), or a non-phenolic monoterpene, linalool (L), thuyanol 

(U), a-terpineol (A) or geraniol (0). All six are genetica lly contro lled by an ep istatic 

ser ies of five loci and are part of the same biosynthetic pathway (Vernet et aI., 1986). 

In T. selpyllum, the essenti al oil is sequestered within glandular trichomes at the 

surfaces of leaves, calices and young shoots. Phenolic chemotypes are common close 

to the Mediterranean Sea, whereas non-pheno lic chemotypes predominate in inland 

sites, particularly above 400m elevation or in basi ns which experi ence a winter 

temperature inversion (Oouyon et al. , 1986; Thompson, 2002). Although phenol ic 

chemotypes are genera lly more toxic than non-phenol ic chemotypes to potential 

herb ivores in controlled cond itions, such deterrence varies dramatically across the 

spectrum of different antagon ists (Linhart and Thompson, (999). 

1.1.4: Culturing and propagation. 

Thymus serpyllum L. (wi ld thyme) can grow on any soi l, but prefers light; 

sandy or gravel ground exposed to the sun and can to lerate partial shade. Propagate by 

seeds, cuttings, or division of roots . Care must be taken to weed. Requires farmyard 

manure in autumn or winter and nitrates in spri ng. Cut when in fu ll flower in Ju ly and 

August. Bees love the blossom (www.fortunec ity.com/roswell/chaney). 

1.1.5: Distribution 

There are more than 100 Thymus taxa distributed throughout Europe. It 

originates from the Mediterranean Coast and As ia Minor. It is now cultivated 111 

numerous European countries and Russia, Canada, America and some North African 

countries (Taumara et al., 1993). It is culti vated all over the world and has natura lized 

in some areas including the northeastern US (www.floridata.com/ref/l/laur_nob.cfm). 

5 



Chapter 1 lntrodllct ion 

Spain is the main producer of thyme oil although the oil is produced from T zygis 

(Bauer et al., 1997). 

It is reported that only one specie is grown naturally in Pakistan (Hedge, 1990) 

but no sign ificant work on this has been reported before. Northern area is rich in 

medic inal plants inc luding thym1ls specie. There is a rather variab le species 

widespread in Himalayas and reaching its western extremities in Pakistan and 

Afghanistan. Its two sub species are found in Haza ra divi sion (Stewali , 1972). Thi s 

genus IS also natura lized in Dir, Chitral, Swat, Ba lti , Gi lgit, Ladakh, Zanskar, 

Kashm ir, Northern Areas of Pakistan and in many others scattered places of 

Baluchistan (Hedge, 1990). 

1.1.6: Med icinal constituents 

Oi l of thyme is the important product obtained by disti ll ati on of the fresh 

leaves and flowering tops of T serpyllum L. Its chief constituents are from 20 to 25 

per cent of the pheno ls thymol and carvacrol , risi ng in rare cases to 42 per cent. The 

phenols are the principal constituents of thyme oil, thymol being the most va luable for 

medicinal purposes but carvacrol, an isomeric phenol , preponderate in some oils has 

been investigated for its bactericidal effect (Ultee e/ aI., 1998). Moreover, due to the 

phenolic structures of the two principal constituents, the essenti al oil has shown 

significant evidence of antioxidant function. The components of the essential oi l of 

wild thyme were determ ined in the 1960s, and inc lu de geraniol, terpineol , citronellol , 

borneo l, linalol, nerolidol, citral, cineo l (euca lypol), ca rvacro l, thymol, bornylacetat, 

geranylacetat, nerylacetat, linalylacetat, terpinylacetat, citrone llal, camphen, -pinen, 

and limonen (Schratz et al., 1965). Nowadays, the main components are considered to 

be thymol , carvacro l, p-cymol, linalol, a-p inene and other terpenes (W ichtl , 1994). In 

genera I, the dri ed leaves contain 0.7-2 .5% oi I (Ta umara et al ., 1 993) . However, i [ the 

fres h materia l cannot be processed immediately, it is dried under controlled 

temperature conditions and stored at 4°C away frol11 light until oil extraction (Fehrand 

el al ., 1979). 
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Chapter 1 Introduction 

1.1.7: Medicinal value 

The oil of thyme and its different components are becoming increasingly 

popu lar as a natura ll y occurring antim icrobia l and also as an ant ioxidant agent 

(Dursun el aI., 2003). Thyme showed broad antibacteria l activ ity by inhibiting the 

growth of both gram-positive and gram-negative bacteria. However, gram positive 

bacteria Clostridium botulinum and Clostridium perfringens appeared to be more 

sensitive than the gram-negative organisms (Nevas e/ 01. , 2004). The alcoho l and 

ethano l extracts of thyme, thyme essential oi l, thymol and carvacrol were found to 

have strong inhibition act ivity aga inst Baci11us subti/is, S. sonnei, E. coli (Fan and 

Chen , 200 1). The significance of aq ueous extracts of thyme is that it inhibits the 

growth of H. pylori, reduc ing its growth (Tabak e/ aI., 1996). The essential oil of 

thyme, orits constituent thymo l, decreased viab le counts of S. typhimurium on nutrient 

agar (NA) (Juven et aI. , 1994). Thymol showed antagonist ic effect aga inst S. sonnei 

in anaerob ic conditions in vitro (Juven el 01., 1994). Carvacro l, a compound present in 

the essential oil fraction of oreganum and thyme showed adose-related inhibition of 

growth of the pathogen Bacillus cerells (Ultee et al., 2000). The lowest 12 minimum 

inhibitory concentrations were 0.03% (v/v) thyme oi l against C. alb icons and E. coli 

(Hammer et aT. , 1999). Thyme extracts exerted no microbicidal activity against 

Porphyromolls aeruginosa (Thuille et al., 2003). However, antibacterial growth

inhibitory effect of thyme on Shige lla sonnei (s. sonne i) was noted. The addition of 

basil and thyme to spaghetti sauce prior to autoclaving and S. sonnei inoculation 

indicated that basil and thyme contributed to the red uct ion of S. sonnei after 16 days 

at 120°C, but not at 40°C temperatures. This study indica ted that pH and NaC I 

concentrations affect the activ ity of thyme (Bagamboul a e/ aI., 2003). Thyme 

essential oil exhibited bacteriostatic and bacteri cidal properties aga inst the non

toxigenic stra in of E. coli 0157:H7 in a broad temperature range. It was fo und that 

lecithin diminished the antibacterial properties (B ult and Reinders, 2003). In an in 

vitro antibacteria l study, thyme showed greatest inhibition against A. hydrophila 

compared to other psycrotrophic food -borne bacteria such as Aeroll1onas hydrophila, 

Listeria monocytogenes and Yersinia en feroco /ifica. Inhibition of growth was tested 

by using the paper disc agar diffusion method , whi le the MIC was determined by the 

broth micro dilution method (Fabio et al. , 2003). Thyme oil was tested for its 
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Chapter 1 Infrodllcf ion 

ant ibacterial activity against Campy/obacter jejuni (c. jejuni), E. coli, Listeria 

l11onocyfogenes, and S. enterica obtained from food and cli nical sources and was 

found most effective against E. coli, L lI1onocytogenes, S. enterica and C. jejuni 

(Fridman et at., 2002). Feeding thyme leaves to male Wister rats at 2% or 10% of 

standard diet for 6 weeks showed that thyme leaves were not toxic to rats (Haroun et 

ai. , 2002). The powdered aerial parts of the thyme are used to treat cutaneous 

abcesses and for wound healing (Merzouki et 01. , 2000) . 

1.1.8: Allergies 

Study has assessed that exposure to thyme dust have potential hea lth hazards 

to sk in. Besides the potential all ergenic and or irritant action of thyme, the possible 

adverse effect of epiphytic microorgani sms present in thyme dust has also been 

observed. In past decades, it has been documented that bacteria and fun gi may occur 

abundantly in airborne organic dusts and cause allergic and l or immunotoxic di seases 

of the respiratory tract, skin and conjunctiva (Dutkiewicz, 1997). In recent studies, 

large quantities of airborne bacteria, fungi and bacterial endotoxin were found during 

thyme threshing, within ranges of 104 
- 105 co lony forming units/m3 (CFU/m\ 103

_ 

104 CFU/m 3
, and 10 1 

- 103 CFU/m3
, respectively (Mackiewicz el 0/., 1999). 

Large amounts of thyme can cause upset stomach, cause headache, dizziness, 

convulsions (uncontrollable shaking) and coma. It can also cause stop breathing or 

heart to stop beating (Newall ef 0/. ,1996) Thyme oil is cons idered to be toxic because 

it is very concentrated (strong). The oi l should not be taken by mouth (Newa ll et 01. , 

1996; Blumenthal et 01., 2000). Thyme should not be taken by people with intestinal 

(d igestive) problems or heart problems (Fetrow and Avila, 1999). People with 

allergies to plants such as grass should not take thyme (Fetrow and Av ila, 1999). 

Other possible side effects of thyme oil are irritation of the inside of the mouth and 

other membranes of the body (Newall et 01., 1996). Skin rashes have occurred if 

thyme is used on the skin (Fetrow and Avila, 1999). 

8 



Chapter 1 Introduct ion 

1.1.9: Ecological variation in essential oil contents 

Variation in essential oil contents of thyme and its component were 

investigated by Mensure and Sezen, (J 998) during the different growing periods 

under both lowland and mountainous conditions. The highest drug yields were 

obtained from lowland cond itions during the post flowering stage. Also, essential oil 

content and its components were sign ificantly affected by both climatic and 

eco logical conditions and various harvest dates. (Mensure and Sezen, 1998). The 

yie ld of plant material, the essential oil content and quantitative composition of 

thymus can be influenced by harvest time, eco logical and climatical conditions (Cabo 

et al., 1982; Putievsky et al., 1977). It has been repOlted that a fa irly tight corre lation 

exists between the soi l type and the chemotypic structure of the thyme population 

growing on it. Where the soi l type varies, distinct differences among chemotypes can 

be found over a few meters (Gouyon et al., 1988). Altitude seems to playa ro le in the 

case of oil rich and oi l-intermediate aromatic plants, affect ing their essential oi l 

content. It does not seem to influence oil poor plants (Kokkini et al. , 1990). Drug 

yield, essential oil content and composition in thyme plants showed big variation from 

years to years because of perennial plants (Merino and Martin, 1990). 

1.2: Biological screening 

Screening programmes for biologically active natural products require the 

right bioassays. Detection of compounds with the desired activity in complex plant 

extracts depends on the reliability and sensitivity of the test systems used. Bioassays 

are also essential for monitoring the required effects throughout activity-guided 

fractionation: all fractions are tested and those continuing to exhibit activity are 

carried ~hrough further isolation and purification until the active mono substances are 

obtained. The search for promising plant extracts and subsequent activ ity gu ided 

isolation put specific requirements on the bioassays to be used. They must be simple, 

inexpensive and rapid in order to cope with the large number of samples, including 

extracts from the screening phase and all fractions obtained during the iso lation 

procedure. They must also be sensitive enough to detect active principles which are 

generall y present only in sma ll concentrations in crude extracts. Their se lectivity 

9 



Chapter I 1nl roduct ion 

should be such that the number of false positives is reasonably small (Hostettmann et 

aI. , 1995). Fo llowing biologica l assay were used in thi s project to '>tudy the medicinal 

properties of ThYll111s serpyllul11 L. 

I. Antifungal assay 

2. Toxicity testing aga inst the brine shrimp 

3. Antitumor assay 

4. Lemna bioassay for inhibitors and promoters of plant growth 

5. Radish seed bioassay 

6. Antibacteria l assay 

1.3: Antimicrobial assay 

A large number of hum an, animal and plant di seases are caused by pathogenic 

microbes (fungi, bacteria and algae) . Infections due to fun gi and bacteria are major 

cause of death in higher organisms. There is no single, a ll embracing bioassay to 

eva luate the antimicrobial activity of a sample. Therefore, the eva luation process 

genera ll y involves the use of a number of bioassay methods and careful comparison 

of all the data in order to arr ive at an appropri ate conclusion (L inton, 1983). 

About 70,000 spec ies of fungi have been described ; however, some est imates 

of tota l numbers suggest that 1.5 million species may ex ist (Hawksworth, 199 1; 

Hawksworth et al ., 1995). A large number of human, anima l and plant di seases are 

caused by pathogenic fungi. Infections due to fung i and bacteria are major cause of 

death in hi gher organi sms . Some of the pathogenic character istics of fungi are as 

follows. 

Aspergillus spec ies are ubiquitous fungi (Rina ldi, 1983). Invasive aspergi llos is 

which is often fata l is the second 1110st common opportunistic mycos is, after 

candidiasi s, affect ing humans (Rina ldi , 1983). Of the more than 200 Aspergillus 

species known, Aspergillus filll1igafus and Aspergillus j1avus are frequently noted to 

cause infections in immuno-comprom ised patients. J n certain high-ri sk populations, 

such as bone marrow transplant recipients (Fridkin e f al. , 1996; Rhame, 1989), the 
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the attributable mortality rate approaches 85% to 95% (Fridkin and Jarvis, 1996; 

Pannuti , el at., 1992) . Outbreaks of A.spergi!llls infection have been repOt1ed in 

assoc iation with hospital construction (B uffington et a1. , 1994; Iwen et (l 1. , 1994; 

Loudon el al., 1994; Sarubbi ef al. , 1982), prompting experts to recommend strategies 

for minimizing dust production in areas where high-ri sk patients may be exposed 

(Buffington el al. , 1994; Pannuti , 1993; Rhame, 1989; Sarubbi et al. , 1982). 

Fusarium solani (seed born pathogens) is commonly cons idered a contam inant, but 

di sease has been reported in individuals after ingestion of food prepared from seeds 

had been over grown by species that produce toxins. 

As well as being a common contam inant and a well-known plant pathogen, 

Fusarium spp. may cause various infections in humans. Fusarium is one of the 

emerging causes of opp0t1unistic mycoses (Anaissie et al. , 1988; Anaiss ie et al. , 

1989; De Hoog et al. , 2000). The most virulent Fusarium spp. is Fusarium solani 

(Mayayo et al. , 1999). Keratitis (Deshpande and Koppikar, 1999; Liesegang et al., 

1980; Morial1y el al., 1993), endophthalmitis (Goldblum el a1. , 2000) , 

onychomycosis (Gupta and Summerbell, 1999), cutaneous infections (Romano et al., 

1998), particularly of burn wounds, mycetoma, sinusiti s (Schel l, 2000), pu lmonary 

infections (Rolston, 2001), endocardit is, peritoniti s, central venous catheter 

infections, septic al1hritis, disseminated infections (Anaissie el al., 1988; Anaiss ie et 

al., 1989) and fungemia (Farina ef al., 1999; Guarro et al., 2000; Kovacicova e f al. , 

2001) due to Fusarium spp. have been reported (De Hoog et al. , 2000) . 

Twenty years ago, Candidia species was commonly regarded as I ittle more 

than culture contaminant; however, because of developed antimicrobial-resistance, in 

less than 2 decades this organism has become a major human pathogen (Michael and 

Pharm, 200 I). Fungal yeasts used in this study were chosen primarily based on their 

importance as opportunistic human pathogens. Candidia albieans while naturally 

occurring in the intestinal flora , can cause ora l thrush and systemic infections 

(Michael and Pharm, 2001). 
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There are numero lls methods for detecting antifungal and antibacterial 

act ivities. The currentl y ava ilab le methods are: 

I) Agar diffusion method (Perez et aT. , 1990) . 

2) Agar dilution method (Choudhary et al., 1995). 

3) Bioautographic method (Janaki et al., 1998) . 

1.3.1: Agar diffusion method: 

In thi s method, well s are made in seeded agar plates with the help of borer and 

the test sample is then introduced directly into these we lls. After incubation the 

diameter of the clear zones around each well is measured and compared aga inst zone 

of inhibition produced by so lution of known concentration of standard antibiotics. 

Five or six samples may be tested sim ultaneously by the diffusion method . 

1.3.2: Agar dilution method: 

In agar dilution method, medium is inoculated with the test organisms and the 

samples to be tested are mi xed with the inoculated medium. The materi al is inoculated 

and growth of the microorgan isms is viewed and compared with a control cu lture, 

which does not conta in the same sample. The experiment is repeated with various 

dilutions of the test sample in the culture medium and the highest dilution at which 

the sample just prevents the growth of microorganism (MIC) was determined. 

1.3.3: Bioautographic procedure: 

The bioautographic procedure for screening of antimicrob ial act ivity involves 

loca lizing the antibacterial act ivity on a chromatogram . The antimicrobia l agent is 

transferred fro m the TLC plate or paper chromatogram to an inoculated agar plate by 

diffusion and the zones of inhibition visualized. 

1.4: Toxicity testing against the brine shrimp 

Since most active plant principles are toxic at elevated dose, a possible 

approach to develop an effective general bioassay might be simply to screen for 

substances that are toxic to zoo logica l systems. Once such substances have been 
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iso lated, a battery of spec ific and more sophisti cated bioassays could then be 

employed. Des iring a rapid , inexpensive, in-house bioas ay for screening and 

fractionation monitoring of phys iologically active plant extracts, a tiny crustacean, 

brine shrimp is used as the general bioassay too l as described by Meyer et al. (1982). 

The brine shrimp lethality assay consists of exposing larvae to plant extracts in 

sa line so luti on and lethality is eva luated after a day. It is an easy, low cast and safe 

assay and does not require any spec ial equipment. These features make thi s a very 

helpful bench-top assay for the phytochemistry laborato ry (McLaughlin et aI., 199 1). 

This assay has a wide application in research towards the di scovery of cytotoxic and 

other active principles present in plants (Mongelli , 1996). For example, a very 

pos itive correlat ion between the letha lity to brine shrimp and antitumor act ivity has 

been established by resea rchers deve lop ing new anti -cancer drugs from the plants at 

the National Cancer Institute (NCr) in the USA (Anderson, 1991). 

Thi s corre lation is considered so good that leth ality to brine shrimp is 

recommended by these authors as an effective prescreen to existing cytotoxic and 

antitumor assays. More recently it has been shown that there is a very good 

correlation between median lethal concentrat ions (LCso) of plant extract to brine 

shrimp larvae and the median lethal dose (LDso) of these same extracts, administrated 

ora lly in mice (Pa rra , 2001 ). A number of studies have demonstrated the use of the 

brinc shrimp assay to screen plants popularly used as pesticide (Fatope, 1993). Also 

successfull y used to biomonitor the iso lation of cytoxic, antineop lastic (Badaway and 

Ka ppe, 1997), antimalari al (Parez et a1., 1997), insect icidal (Oberl ies, 1998) and anti 

feedant (Labbe et aI. , 1993) compounds from plant. 

1.5: Antitumor Assay 

In the 1960s and 1970s, the search for anticancer agents continued through the 

use of one or two cytotoxicity assay coupl ed with an in vivo murine lymphocyt ic 

model. As cancer chemotherapy and cell biology evo lved, it was fo und that a number 

of tumor types were resistant to chemotherapy and agents could be eva luated for their 

potentia l to intercede in discrete biological event in tumor genes is or ce ll pro li feration 

(Geoffrey et al., 1994). 
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1.5.1: Description and Significance of Agrobacteriul11 tllmejaciens 

At the turn of the century Agrobacterilll77 11ll7lejaciells was identified as the 

causa l agent in crown ga ll disease in dicotyledonous plants. Since then. thorough 

research has been done on this bacterium's mechanism of tumor induction. In 

addition, Argorbacteriul71 is used in numerous research projects as a means to 

introduce new genes into the gcnomes of a number of plants (Tinland and Hohn, 

1995). 

1.5.2: Genome Structure 

Agrobacteriul11 tUl11ejaciens has an unusual chromosomal orga nization; it has a 

2Mb linear and a 2.8Mb circular chromosome as we ll as a 206-479 kb Ti (tumor

inducing) plasmid. The genes that cause ga ll formation in plants are located for the 

most part on the Ti plasmid. Interest ingly, if Agrobacteriul11 is grown near its 

maximum temperature of about 30°C, then the plasmid is lost as well as the 

pathogenicity of the bacterium. The bacterium itself is still functional and can thrive 

in culture (Deacon, 2005). The genom e of Agrobacterilll11 vitis is current ly being 

sequenced. 

1.5.3: Cell Structure and Metabolism 

Agrobacterilll71 tlll11ejaciens is a Gram-nega ti ve, non-sporeform ing, rod -shaped 

bacterium. Agrobaclerhllll strains use different carbohydrates and are classified into 

three main biovars. The differences among biovars are mainly determined by the 

genes on the circular chromosome. When a wound opens on the plant tissue, the 

motile ce lls of A. tUl11ejaciens move into the ti ss ue by chemotaxis as a response to the 

release of sugars and other components normally in the roots. While A. !lIl11ejaciens 

cells without Ti plasm ids recognize and move towards plant wounds, the strains 

contain ing the Ti plasm ids respond even more strongly because they recognize 

phenolic compounds such as acetosyringone that come out of the wound (Deacon, 

2005) . 
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1.5.4: Ecological behavior 

AgrobacleriulI1 t7l177ejaciel1s can generally be found on and around root 

surfaces known as the rhizosphere. There it seems to use nutrients that leak from the 

root tissue. It can infect the tissue at wound sites formed from transplanting seed l ings, 

burrowing animals or bugs, etc. Agrobacteriul17 radiobacter grows on various 

explos ives such as nitroglycerine, they use this as their so le source of nitrogen. It 

removes two nitro groups from nitroglycerine by an NADH-dependent 

oxidoreductase, bu t can not use the carbon in nit roglycerine for growth because it 

cannot remove the third nitro group to release glycerol (White et al., 2004) . 

1.5.5: C.·own gall disease 

Agrobacteriul17 tUll1ejaciens is most widely known for causing crown gall 

di sease that affects many di cotyledonous (broad-leaved) plants; another strain called 

biovar 3 causes crown ga ll disease in grapev ines. The di sease causes the fo rmati on of 

tumor-like swellings call ed ga lls that can generall y be found on the crown of the plant 

j ust above the so il. Crown ga ll disease does not usually seriously harm older plants; 

however, it may reduce the va lue of a plant in a nursery . Agrobacteriul17 tumejaciens 

causes crown gall disease by first transferring part of its DNA into an opening in the 

plant. The DNA attaches itself to the plant's DNA through hi stones. The DNA then 

integrates itself in to the plant's genome. 

When plant ti ssue is wounded it releases phenols, etc., which activate Ti

plasmid in A. tUl11ejaciens. The Ti -plasmid cause plants ce ll s to multiply rapidly 

without going through apoptosis and causes the formation of the tumors. These 

tumors (masses) may be spongy or hard, and mayor may not have deleterious effect 

on plant. The tumors produced are histo logicaly similar to those tumor found in 

humans and animals (Agirose 1997). Because of how smoothly Agrobacterium 

tumejaciens is able to transfer DN A it has become a helpful too l for sc ienti sts to use. 
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1.5.6: Potato disc assay 

In nature there are some plants having some metabolites that are capable to 

inhibit the production of these tumors. Potato disc assay is used to identify the tumor 

inhibiting potential of plant extract, in this assay potato plant is subjected to infection 

by agrobacterium and then different concentrat ion of test sample (p lant extract) are 

applied, which gives information that the test sampl e is tumor inhibitor or not. The 

key orga ni sm is agrobacteriul11 that causes tumor in plants. McLaugh lin, (199 1) 

concl udes that the crown ga ll tumor (potato disc) assay could be used as a fa irly rapid, 

inexpensive and reliable prescreen for antitumor act ivity. 

1.6: Phytotoxicity assay 

Various laboratory screening techniques have been deve loped to measure and 

quantify alle lopathy without the interference of resource compet ition (Leather and 

Einhelli g, 1986; Nava rez and Olofsdotter, 1996; Kawaguchi el al. , 1997). La rge 

screen ings of germ plasm co ll ections requ i re rei iab le test species. Trad itionally, easi Iy 

grown, sens itive and reliab le species such as Lel11na minor, lettuce (LaCIl/Ca sativa) 

and radish (Raphanus salivlIs) seeds have been used as test plants in allelopathy 

studies (Putnam et aI., 1983; Einhe ll ig el al., 1985; Leather and Einhell ig, 1985). 

Recently, chemical identification procedures have become more advanced, and 

bio logically active substances with phytotoxic potential that can explain allelopathic 

behaviour; have been fo und (D uke el al., 1998). 

The term a llelopathy was fi rst introduced by Mo li sch in 1937 and refers to 

chemica l interact ions among plants, including those med iated by microorganisms. 

Thi s definiti on, although broad, is reasonable as considerable research has recently 

indicated the in vo lvement of microorgani sms and lower plants in the production of 

phytochemically-active compound s (lndetj it and Weiner, 200 I; Putnam, 1986). 
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Al lelopathy is an important mechanism of plant interference, mediated by the 

add ition of plant produced secondary products to the rhizosphere . Chemicals with 

allelopathic potential are present in nearly all plants and their respective tissues, 

including leaves, stems, roots, flowers, seeds, bark and buds. Under the appropriate 

env ironmental conditions, these phytotoxins may be released into the environment in 

sufficient quantities to affect the growth of neighboring plants (Weston, 1996). 

Allelopathic interactions in soil environments depend greatly on the turn over 

rate of alle lochem icals in the soil rhizosphere and their interaction with clay, organic 

matter and other factors which change the physico-chemical and biotic characteristics 

of the soi l (Blum, 1995; Blum and Shafer, 1998). The major concern in using plant 

species such as radish and lemna is that they have no agronomic importance as weeds 

and the resu lts have to be confirmed on weed species. 

1.6.1: Radish seed bioassay 

Radish (Raphanus sativus L.) seeds have been used in general toxicity studies 

because of their sensitivity to phytotoxic compounds (Einhelling and Rasmussen, 

1978) and are a standard assay in allelopathic studies (Patterson, 1986). Radish seed 

was the most sensitive to allelochemicals (De Feo el al. , 2003) . The radi sh seed 

bioassay consists of exposing seeds to plant extracts in petri plates and toxixity is 

evaluated after a five days. It is an easy, low cast and safe assay and does not requ ire 

any special equipment. These features make this a very helpful bench-top assay for 

the phytochemistry laboratory. This assay has a wide application in research towards 

the discovery of active principles present in plants (Arzu and Camper, 2002). 

1.6.2: Lemna bioassay for inhibitors and promoters of plant growth 

Lemna minor (duckweed) is a miniature aq uatic monocot (Rahman, 1991). It 

belongs to family Lemnaceae and also known as duckweed . Lemma means water plant 

and minor means lesser. Lemna plant consists of a central oral frond or mother frond 

with two attached daughter fronds and filamentous root. The fronds consist of one to 

several conspicuous air spaces and one to severa l veins. Fronds are flattened , 

genera lly sym metrical with smooth upper surface. It has only one root. Fronds 
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Fronds absorbs nutrients though the whole plant. Duckweed consists of largely 

metabolica lly act ive cells and has very li tt le structure fi ber. The tissue contains twice 

as much protein , fats, nitrogen and phosphorous as compared to other vascular plants. 

Smaller duckweed is disti nguished from larger duckweed by its single root and much 

smaller size . 

It is widely spread through temperate region of the North America, Eurasia, 

Austra li a and New Zea land. It spreads rapidly across stab le bodies of water rich in 

nutrients, growing best in water with high levels of nitrogen and phosphate. It can 

to lerate a wide pH range, but su rvives at pH 4.5-7.5 and grows in full sunlight as we ll 

as dense shade. In the ecosystem, it acts as an essential link in the food chain , useful 

as a water crop as it can acc limati ze itse lf to almost all growing conditions, wi th some 

thri ving in manure-ri ch water. Duckweed reproduces at tw ice the rate of other 

vascul ar plants under ideal conditions, the fronds can double in a few days 

(www.resk.org/ear l /bwac/nature /aq uatic/lemna.htm-24k) . 

The Lel17na mino/' is used in vari ous complains like; throat inflammation, 

twisting pain in nose and disturbance of bowels to set in after a dose of lemna 

(Edward, 2002). The lemna bioassay is quick measurement of phytotoxicity of the 

materials. It is a useful primary screening for weedic ide research. In thi s bioassay the 

growth stim ulati ng effects of test samples are also determined. It has been observed 

that natural antitumor compounds can inhibit the Le1J1I1Cl growth, it was also 

discovered that some substances stim ulate frond prol i feration , and the assay might be 

useful to detect new plant growth stimulants (Lewi s el aI. , 1995). 

1.9: Objectives 

A main objective was to eva luate the medic inal va lues of Thymus serpyllul11 L. 

For thi s purposes a im was to eva luate anti fungal, cytotoxic, antitumor, phytotoxic, 

anti bacterial activ iti es of Thymus selpyllum L. 
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MATERIALS AND METHODS 

The present research work was carried out in the Molecular Biology 

Laboratory, Department of Biological Sciences, Quaid- i-Azam University, Islamabad . 

A brief account of materials as well as procedures used in it is described below. 

2.1. Plant material 

Plant material was collected from upper Mahu dand lake, Ka lam va ll ey 

District Abbotabad, Pakistan on 11 th Aug. 2004. The plants were identifi ed as Thymus 

selpyllu/11 L. by Dr. Mil' Ajab Khan (Taxonomist), Depaliment of Biological 

Sciences, Quaid-i-Azam University Islam abad. He followed the Flora of Pakistan for 

determination of name of Thymus specie. 

2.2. Extraction 

Fresh aerial plant material was taken, rinsed with di stilled water and kept 

under shade till drying. Aerial parts of the plants were separated and weighed. 

2.2.1. Extraction from aerial part 

Extraction from the aerial parts was carried out by simple macerat ion process. 

In total 500g of the aerial parts were taken and ground in 3.0 liters of methanol using 

kitchen blender. The poorly homogenized mixture was kept for 4 weeks at room 

temperature (25°C ± 2°C) in extraction bottle. After 4 weeks, maximum amount of 

methanol was separated from the mixture. Filtrate was filtered twice, first using 

ordinary filter paper and then Whatman-41 filter paper. Methanol was completely 

evaporated at room tem perature. After evaporation 3.94gm methanol ic extract of 

aeri al parts was obtained. 

2.3. Antifungal assay 

The agar tube dilution method was used for antifungal act ivity of plant extract 

as repolied by Choudhary et al. ( 1995). 
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2.3.1. Microorganisms used 

Ten strains of fu ngus were used which were Mucor species (0300) , 

A.<;pergillus nigar (0198), A!>pergil11lsflavlIs (0064), Aspergil1usflavus g., Aspergillus 

fililligatlls (66), Fusari1l17l l71onili/ol'll7e (0056), Alternaria species (0297), FusariuIII 

solani, Candida albical1s and Candida glabarata. The fungus was maintained on 

Sabouraud dextrose agar medium at 4°C. 

2.3.2. Prepal'ation of samples 

The sample prepared for antifunga l assay was of methanol ic extract of aerial 

part. A total of 72mg of the extract was disso lved in 3mL of DMSO to get 24mg/mL 

concentration. 66.6~LL of thi s stock so lution was used for each test tube containing 

4mL media. So luti ons of terbinafine and clutrimazo le, 12mg/mL in DMSO, were 

prepared for pos iti ve control. Pure DMSO was used as negative control. 

2.3.3. Media for fungus 

Sabouraud dextrose agar (Merck) was used to grow fungus for inoculull1s 

preparation. Its compos iti on was: 

a) Peptone complex = 10 gm / L 

b) Glucose = 40 gill / L 

c) Agar =15 gm / L 

2.3.4. Preparation of media for fungus 

Sabouraud dextrose agar (Merck) was prepared by dissolving 6.5gml1 OOIl1L in 

distilled water; pH was adj usted at 5.6. The contents were di sso lved and dispensed as 

41l1L volume into screw capped tubes and were autoc laved at 121°C for 20 minutes . 

2.3.5. Loading of sample: 

Tubes were a llowed to cool to 50°C and non-so lidified SDA is loaded with 

66.6 ~LL of compou nd pipette from the stock so lution. This will give the final 

concentration of 400 and 200 ~Lg /mL of the crude extract and pure compound 

respect ive ly in mecl ia. Tubes were then allowed to so lidi fy in slanting pos ition at 

room temperature. Tubes were prepared in tripli cate for each fungus species 
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2.3.6. Inocu lation of fungus, incubation and measurement of growth inhibition 

Each tube was inocu lated with 4mm diameter piece of inocu lums, removed 

from a seven days old culture of fungus. Other med ia supplemented with DMSO and 

reference antifungal drugs were used as negative and positive control respectively. 

The tubes were incubated at 27-29 °C for 7-10 days. Cultu res were examined tw ice 

weekly during the incubati on. Growth in the media was determined by measuring 

linear growth (mm) and growth inhibition was ca lculated with reference to negative 

control. 

Percentage inhibition of fun gal growth = 100- Linear growth in test (mm) x l 00 

Linear growth in contro l (mm) 

2.4. Toxicity testing against the brine shrimp 

The method used for brine shrimp lethal ity bioassay was as reported by 

Mclaughlin e { al. (1990). 

2.4.1. Sample preparation 

Sample was prepared by di sso lvin g 60mg of l11 ethanoli c plant extract in 4mL 

of methanol and the vol ume was raised up to 6m L ( I Omg/m L or I O,OOOppm) stock 

solution. From the stock so lution further dilu tions (1 OOOppm, 100ppm) were made as 

given in Tab le 2. 1. 

Table No. 2.1: Dil utions prepared for brine shrimp toxicity assay 

Concentration Stock solution Solvent Fina l volume 

(ppm) (mL) (mL) (mL) 

10,000 2.00 0.00 2.00 

1000 0.2 1.8 2.00 

100 0.02 1.98 2.00 
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2.4.2. Preparation of artificial seawater 

Artifi cial seawater was prepared by disso lving 28gm commercial sea sa lt 

(Harvest Co. H. K.) in I liter di sti ll ed water with continuous stirring. It was aerated 

for two hours by vigorous shak ing on magnetic stirrer. 

2.4.3. Hatching shri mps 

Brine shrimp (A rtemia salina) eggs (Sera, Heidelberg, Germany) were hatched 

111 shall ow rectangular dish (22x32 cm) fill ed with prepared seawater. A plastic 

divider with 2mm holes was clamped in the dish to make two unequal compartments. 

The eggs (about 2S mg) were sprink led in the larger compartment which was darkened 

(covered with aluminum foil), while the small er compaliment was illuminated. After 

24 hours of starting hatching, phototropic naup lii (brine shrimp larvae) were collected 

by pipette from the li ghtened side having been separated by the divider from their 

shell s. 

2.4.4. Bioassay 

Vials were used fo r thi s bioassay. O.SmL of the each so lution ( I O,OOOppm , 

1000ppm, and IOOppm) was taken in the vials and methanol was vacuum evaporated. 

Res idue was re-so lub lized in 2mL of seawater. Ten shrimps were transferred to each 

vial using pasteur pipette, and the vo lume was ra ised up to SmL. It made the 

concentration of each vial lOOOppm, 100ppm, lOppm, respecti vely. Three repl icates 

were prepared fo r each concentrat ion. Negative control was prepared by taking O.S mL 

of solvent (methanol) in vial and methanol was vacuum evaporated. The nauplii can 

be counted macroscopica ll y in the stem of pipette aga inst a li ght background . The 

vials were maintained under illuminati on at room temperature 25°C to 28°C. 

Survivors were counted with the aid of3x magni fy ing glass after 24 hours. 

2.4.5. EDso Determination: 

The resulting data were anal yzed by probit anal ys is (F inny, 197 1) for the 

determinati on of EDso va lue fo r the extract. 
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2.5. Antitumor Assay 

The potato disc method was used for antitumor activity of plant extract as 

reported by Ferrigini el af. (1982). 

2.5.1. Preparation of bacterial culture 

Luria broth (Miller ' s LB broth) medium was prepared by disso lving 2Sgm/L 

in di stilled water; pH was adjusted at 7.0 and was autoclaved in 100mL fl ask. A total 

of SI-lL of SOmg/mL rifampicin from the stock so lution was added. Tn the fin al vo lume 

concentration of rifampicin was 1 O~lg/mL. Single co lony from cu ltu re plate of 

agrobacteriul17 lumefaciens (Atl 0) was inoculated and cu lture was grown for 48 hours 

at 28'C in shaking incubator. 

2.5.2. Sample preparation 

Sample was prepared by dissolving 60ll1g of ll1ethanolic plant extract in 4mL 

of DMSO and the vo lume was raised up to 61l1L (lOmg/Il1L or 10,000ppll1) to make 

stock solution. From the stock solution furth er dilutions (IOOOppm, 100ppm) were 

made as given in Tabl e 2.2. 

Table No. 2.2: Di lutions prepared fo r antitumor assay 

Concentration Stock solution Solvent Final volume 

(ppm) (mL) (mL) (mL) 

10,000 2.00 0.00 2.00 

1000 0.2 1.8 2.00 

100 0.02 1.98 2.00 

2.5.3. Preparation of inoculum 

To prepare fin al concentrati on of 10ppm, 100ppm and 1000ppm, SmL of 

inoculum was prepared from initial stocks by adding O.S mL of each of the stock 

solution in three autoc laved test tubes. Add 2.S mL of autoc laved di stilled water and 

21l1 L of bacteri al culture. 
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2.5.4. Preparation of control solutions 

In thi s experiment we used th ree controls: 

1. Negative control 

Materials and Methody 

Negative contro l was prepared by tak ing 0. 5mL of DMSO in test tube and 

adding 2mL of bacterial culture and 2.5mL of autoclaved di stilled water in it. 

2. Positive control 

Positive contro l was prepared by taking 0.5mL of DMSO In test tube and 

addi ng 4.5mL of autoclaved distill ed water in it. 

3. Blank 

Blank was prepared by taking 5mL ofautoclaved di still ed water in test tube. 

All of the so luti ons were prepared in Laminar fl ow hood by cons idering all 

precautionary measures to avo id contamination. 

2.5.5. Pl'eparation of agar plates 

Plane agar medium was prepared by dissolving 15gm/L of plane agar in 

distilled water and was autoclaved . For one plant extract 6 petri plates were used. 

Three plates for three concentrations (1 OOOppm , 100ppm , 10ppm) and three plates for 

three control. 25 mL, 1.5% autoclaved agar so lution was poured in each petri plate and 

allowed to so l id ify. 

2.5.6. Preparation of potato discs 

Surface ster il ization of red skinned potato was done in 0. 1 % mercuric chloride 

so lution in 1 L beaker for 2-3 minute. Red skinned potato was then rinsed thrice with 

autoclaved, di still ed water and dri ed. Cylinders of potato were made with the help of 

sterilized borer. These cy linders were washed in autoc laved distilled water in another 

petri plate. Both ends of these cylinders were cut about [CI11 with the help of sterilized 

blade and were discarded . The 5ml11 thick di scs of these potato cy linders were made 

in petri plates. Discs were washed with autoclaved disti lied water and placed on 

so lidified aga r plates (10 discs per plate). 5 0~LL of inoculum was added on surface of 

each di sc of respective concentrat ion as we ll as controls. The inoculum was allowed 

to diffuse for 10-20 minutes . Petri plates were wrapped with parafilm to make the 
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plates air tight. Placed these petri plates In an incubator at 28°C for 21 days . The 

experiment was repeated thrice. 

2.5.7. Staining procedure 

Lugol 's sol ution was prepared in distilled water (10% Kl, 5% Iodine). The 

discs were covered with lugol 's solution for sta ining purpose and were allowed for 5 

minutes to diffuse. The discs were examined under dissecting microscope with side 

ill um inat ion of light. Detained portion of discs are actua ll y tumors. Number oftul11ors 

per disc was counted . Percentage inh ib ition fo r each concentration was determined by 

using the fo llowing fo rmul a. Twenty percent tum or inhibition was considered 

significant. 

Percentage of inhibition = 100- No of tum or with sample x 100 

No of tumor with control 

2.7. Radish seed Bioassay 

The method fo r radish seed bioassay was fo ll owed as reported by Arzu et al. 

(2002) 

2.7.1. Preparation of samples 

For radish (Raphanlls sativlIs L.) seed germination, two different parameters 

were determined, namely root length and percent of seed germination. Two different 

concentrat ions were used fo r each parameter. 500mg of the extract was disso lved in 

50mL of so lvent (methanol) to get I O,OOOmg/L concentration. This stock solution was 

used for further two dilutions with methanol as shovvn in Tabl e 2.3. Pure methanol 

was used as negati ve control. 
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Table No. 2.3: Dilutions prepared for radish seed bioassay 

S. No. Concentration (mg/L) Stock Solution Methanol Final volume 

(mL) (mL) (mL) 

I 10,000 30.0 00.00 30.0 

2 75,00 22.5 07.50 30.0 

3 1,000 03.0 27.00 30.0 

2.7.2. Surface sterilization of radish seeds 

Surface sterilization of seeds was done in 0.1 % mercuric chloride so lution in 

1 L beaker for 2-3 minutes. Seeds were then rinsed thrice with autoc laved di stilled 

water and dried with sterilized blotting paper. 

2.7.3. Bioassay 

In the first experiment for the effect of test extract on radish seed ling root 

length, two different concentrations (10,000mg/L and 10,00mg/L) were used. 5m l of 

each concentration was added to sterilize 10cm petri plates containing a sterilized 

filter paper (whatman# 1). Methanol was vacuum evaporated. Then 5ml autoclaved 

distilled water was added to each plate. Three replicates were prepared for each 

concentration. For contro l 5m L of methanol was added to steri I ized 10cm petri plates 

containing a steri lized filter paper (whatman# 1). Methanol was vacuum evaporated. 

Then 5mL autoc laved distilled water was added to each plate. Three rep licates were 

prepared for control. 

Ster ilized twenty rad ish seeds were placed in each plate. Petri plates were 

incubated in dim li ght at 25°C. Root length was measured with the help of sca le after 

1, 3 and 5 days. The experi ment was repeated thrice. 

In the second experiment for the effect of test extract on rad ish seed ling 

germinat ion, two different concentrations (75 ,00mg/L and 10,00mg/L) were used. 

5mL of each concentrat ion was added to sterilized 10cm petri plates containing a 

sterili zed filter paper (whatman#I) . Methanol was vacuum evaporated. Then 5mL 
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autoclaved disti lled water was added to each plate. Three rep l icates were prepared for 

each concentration. Sterilized 100 radish seeds were placed in each plate. Petri plates 

were incubated in the dark at room temperature, 25±2°C. Germination was recorded 

every day from the 15t to the 5th day. Germ inated seeds were removed frol11 the plates 

and counted. Experiment was repeated thrice. The results were statistically analyzed 

using ANOYA and Duncan's Multip le Range Test (SAS, 1996). 

2.6. Lemna Bioassay for inh ibitors and promoters of plant growth 

The method used for lemna bioassay for inhibitors and promoters of plant 

growth was as reported by Rahman et al. (2 00 3) 

2.6.1. Media fOI' Lemna minor 

Inorganic medium was used to grow Lemna minor L. for inoculum 

preparati on. its compos ition is shown in Table 2A. 

Table No. 2.4: Composition of E-medium 

Constituents Chemical names mg/L 

Potassium dihydrogen KI-hP04 6800 

phosphate 

Potass ium nitrate KN03 15150 

Ca lcium nitrate Ca(N03)2AI-hO 11 800 

Magnes ium sulfate MgS04.7H2O 4920 

Boric ac id H3B03 28.6 

Manganous chloride MnCbAH20 36 .2 

Ferric chl oride FeCl3AI-hO 54.0 

Zinc sul fa te ZnS04.S H20 2.2 
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Copper sulfate CuS0 4. 5H20 0.8 

Sodium molybdate Na2Mo04.2H20 1.2 

Ethylene di amine tetra EDTA 11 2 

acetic ac id 

E-medium was prepared by mixing various constituents in lL di stilled water and pH 

was adjusted at 5.5 to 7.0 by add ing KOI-I pellets . Then work ing E-medium was 

prepared by mixing 100 mL of stock so lution and 900 mL of tap water 

2.6.2. Preservation and cultivation of Lemlla plants 

Cul t ivat ion of Lemnaceae genera lly includes cleaning of the new clones 111 

water and cultivat ion under optima l conditions for one or two days. In this way a good 

number of hea lthy frond s can be obta ined. 

2.6.3. Preparation of samples 

A tota l of 30mg of the extract was disso lved In 1.5mL of methanol to get 

20mg/mL concentration . For the preparation of drug stock solution, 30mg of 

compound (paraquate) 

concentrati on. 

was di sso lved in 1.5mL of methanol to get 20mg/mL 

2.6.4. P reparation of control solutions 

In thi s experiment we use two contro ls 

1. Positive control 

Paraquate (sta ndard drug) serv ing as a positive control. Three flasks were used 

for positive contro l. Each fl ask was inoculated with 10, 100 and 1000f,lL of the 

so lution from the standard drug stock so lution and methanol was vacuum 

evaporated. 

2. Negative contro l 

Negative contro l was prepared by taking 10, 100 and 1 OOO~lL of solvent 

(methanol) in three fla sks and methanol was vacu um evaporated. 
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2.6.5. Bioassay 

Three nasks were used for this bioassay. Each l1ask was inoculated with 10, 

100 and I OOOfJL of so lution from the stock so lution for 10, 100 and I OOOfJ g/mL and 

methanol was vacuum evaporated. Residue was re-solublized in 40mL work ing E

med i um . It made the concentration of each flask up to 1000ppm, 100ppm, 10ppm, 

respectively . Three replicates were prepared for each concentration. Ten plants of 

lemna minor, each conta ini ng a rosette of two fro nds, were placed to each flask. A 

vo lume of 40mL working E-medium and ten plants of lemna minor, each containing a 

rosette of tw o frond s, were also placed in fl asks containing so lvent and reference 

standard drug serving as negative and pos itive control, respectively. The fl asks were 

placed in growth chamber for 7 days . Plants were examined dail y during incubation 

period, and number of fronds per flask was counted. The %age inhibition fo r each 

concentration was determined by using the foll owing formula. 

Percentage of inhibiti on = 100- No of fronds in test x 100 

No offronds in control 

Growth inhibition above 70% was considered signi fica nt. 

2.8. Antibacterial assay 

The agar well diffusion method was used to screen for antibiotic act ivity 

(Perez et al. 1990). 

2.8.1. Preparation of samples 

A tota l 250mg of the extract was disso lved in 10l11 L of DMSO to get 

25 111g/mL concentrat ion. Thi s stock so lution was used fo r further dilutions with 

DMSO as shown in Table 2.5. Solution of Roxithro l11 ycin and Cefixil11e-USP, 

2mg/mL in DMSO, \,vere prepared fo r pos itive contro l. Pure DMSO was used as 

negat ive control. 
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Table No. 2.5: Di lutions prepared for antibacterial assay 

S.No. Concentration Stock Solution DMSO Final volume 

(mg/mL) (mL) (mL) (mL) 

1 25.00 l.00 0.00 1.0 

2 20.00 0.800 0.20 1.0 

3 15.00 0.60 0040 1.0 

4 10.00 0040 0.60 1.0 

5 07.00 0.28 0.72 1.0 

6 05.00 0.20 0.80 1.0 

7 02.00 0.08 0.92 1.0 

8 01.00 0.04 0.96 1..0 

2.8.2. Media for bacteria 

I . Nutri ent Broth medium (Merck) was used to grow bacteria for 

inoculums preparation. Its compos ition was: 

a) Peptone from meat = 5 gm / L 

b) Meat extract = 3 gm / L 

2. Nutri ent agar medi um (Merck) was used to perform antibacteri al assay. 

fts composition was: 

a) Peptone from meat = 5 gm / L 

b) Meat extract 

c) Agar-agar 

= 3 gm / L 

= 12gm / L 
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2.8.3. Preparation of media for bacteria 

Nutrient broth med ium was prepared by dissolving 8.0gm/L nutrient broth in 

distilled water; pH was adjusted at 7.0 and was autoclaved. Nutrient agar medium was 

prepared by dissolving 20gm/L of nutrient agar in distilled water; pH was adjusted to 

7.0 and was autoclaved. 

2.8.4. McFarland 0.5 BaS04 turbidity standard 

The standard was prepared by add ing 0.5mL, 0.048M BaC I2 to 99 .5mL, 0.36N 

H2S04 Barium sulfate turbidity standard (4 to 6mL) was taken in screw capped test 

tube and was used to compare the turbidity (Koneman, 1988). 

2.8.5. MicroOl'ganisms used 

Eight strains of bacteri a were used, Three were gram positive, which were 

Staphylococc LIS aZireliS (ATCC 6538), Bacillus subtilis (ATCC 6633) and 

Micrococcus lliteus (ATCC 10240) and five were gram negative, which were 

Escherichia coli (ATCC 15224), Salmonella setubal (A TCC J 9196), Pseudomonas 

picketii (ATCC 49 129), Bo/'detel1a bronchiseptica (ATCC 46 17), and Enterobacter 

aerogens (ATCC 13048). The organisms were maintained on nutri ent agar medium at 

4°C. 

2.8.6. Prepal'ation of inocula 

Centrifuged pa llets of bacteria from twenty-four hours old culture in nutrient 

broth (SIGMA) of se lected bacterial strain ,vas mixed with phys iologica l sa line and 

turb idi ty was corrected by adding steri le physiologica l sal ine until a McFarland 0.5 

BaS04 turbidity standard f1 08 co lony formin g uni t (CFU) per mL]. Thi s inoculum was 

used for seeding the nutrient agar. 

2.8.7. Preparation of seeded agar plates 

Nutrient aga r medium was prepared by suspending nutrient agar (MERCK) 

20gm in 1 li ter di st illed water; pH was adj usted at 7.0 and was autoc laved. It was 

all owed to cool up to 45°C. Then it was seeded with 10mL of prepared inocul a to 

have 106 CFU per mL. Petri plates (14 cm) were prepared by pouring 75 mL of seeded 

nutrient agar and all owed to so li dity . Eleven we ll s per plate were made with ster ile 

cork borer (8mm) . 
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2.8.7. Pouring oftest solutions, incubation and measurement of zone of inhibition 

Using Mi cropipette, 1 OO~LL of test so luti ons was poured in respective well. 

Eight concentrations of extract, two so lutions for pos itive control (Roxithromyc in and 

Cefixime-USP, one for each) and one for negative contro l (DMSO) was applied to 

each petri plate. These plates were incubated at 37°C. After 24 hours and 48 hours of 

incubation, the di ameter of the clear zones showing no bacterial growth around each 

well was measured. Trip li cate plates were prepared for each strain. Mean clear zone 

of these plates was ca lculated with standard deviation. Antibacterial act ivity of all 

di lut ions of extract was determined aga inst eight bacterial strains. 
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RESULTS 

3.1 Antifungal Assay 

Methanolic extract of Thymus serpyllum L was tested against ten fungal strains. Linear 

growth inhibition or any morphological changes were observed. Methanolic plant extract had 

an impact on % inhibition of test fungi (Table 3. 1). Moderate activity was seen against 

Fusarium moniliforme, Alternaria species, Candida albicans, Candida glabarata and 

Fusarium solani while low activity was seen against Mucor species and Aspergillus jlavus 

(Fig. 3.1). Methanolic extract of Thymus serpyllum 1. showed no linear growth inhibition but 

inhibited spore formation of Aspergillus jlavus g Aspergillus nigar and Aspergillus jilmigatus 

(Fig.3.2). C lutrimazole (standard drug) showed 100 percent inhibition against Candida albican 

and Candida glabarata. Terbinafine (standard drug) showed 100 percent inhibition against 

Fusarium moniliforme, Alternaria specie, Fusarium solani, Mucor specie, Aspergillus jlavus, 

Aspergillusjlavus g, Aspergillus nigar and Aspergillus jumigafus 

Percentage inhibition of fungal growth = 100- Linear growth in test (mm) x l 00 

Linear growth in control (mm) 

Criteria for significance: 

Below 40 % Inhibition = Low Activity 

40-60 % Inhibition = Moderate Activity 

60-70 % Inhibition = Good Activity 

70 % and above = Significant Activity 
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Table 3.1: In vitro antifungal bioassay 

S.No. Name ofthe Fungus Linear Mean Linear Mean Mean inhibition % Standard Drug Morphological I 

Growth in Growth with ± S.E changes 
Neg.control (mm) extract (mm) 

1 Fusarium moniliforme 90.0±0.60 45.5±0.57 51 ± 0.57 Turbinafine -

2 Alternaria species 48 .0±1.15 26.6±0.60 45 ±1.1 5 Turbinafine -

" Candida albicans 100±0.00 49.0±0.57 51 ± 1.1 5 Clutrimazole .J -

4 Candida glabarata. 100±0.00 53.0±0.60 47 ± 0.88 Clutrimazole -

5 Fusarium solani 85.0±0.60 50.0±0.60 41 ± 0.5 7 Turbinafine -

6 Mucor species 100±0.00 90.0±0.60 10 ± 0.57 Turbinafine -

7 Aspergillus jlavus 100±0.00 73.3±0.60 27 ± 1.73 Turbinafine -

8 Aspergillus jlavus g. 100±0.00 100±0.00 0 Turbinafine 
Spore formation 

9 Aspergillus nigar 100±0.00 100±0.00 0 Turbinafine inhibition 

10 Aspergillus fumigatus 100±0.00 100±0.00 0 Turbinafine 
----- - -- - -

*The data represents the mean values of three replicates 
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Fig. 3.2: Study of spore formation inhibition of fungus species 

(a) Spore formation inhibition of Aspergillus jlavus green at 24 mg/ml plant extract concentration 

(b) Spore formation inhibition of Aspergillus nigar at 24 mg/mL plant extract concentration 

(c) Spore formation inhibition of Aspergillus Jumigatus at 24 mg/mL plant extract concentration 
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3.2. Brine shrimp assay 

Methanolic extract of Thymus serpyllum L. were tested against brine shrimp for 

brine slu'imp lethality assay. Methanolic plant extract had a highly significant (ED<1000ppm) 

impact on % death (Table 3.2). Results of the brine shrimp lethality assay are shown in table 

3.2. The extract has EDso values 466 ppm and 19.3% death at concentration of 10 ppm, 27% 

death at concentration of 100 ppm and 50% death at 1000 ppm (Fig 3.3). 

Table 3.2: Percent Death and EDso of brine shrimp assay. . 

S. No. Conc. (ppm) No. of shrimps Mean no. of survivors± S.E % death ED50 

1 Control 10 8.66±3 .84 14 

2 10 10 7.00±0.00 19.26 

3 100 10 6.33±3. 84 26.95 466.35 

4 1000 10 4.33±3. 84 50.02 

The data represents the mean values of three replicates. 
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Fig. 3.3: Effect of different the concentrations of the plant extract on % death of brine 

shrimp 
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3.3: Antitumor Assay 

An Agrobac feriuln tume/aciens (At lO) strain was used for antitumor assay. Tumor 

formation was observed after 12u1 and 21 day's incubation period. Large numbers of 

tumors were observed; showing differences in different plant extract concentrations and 

time of incubation. Maj or observations are described below: 

3.3.1: Factors affecting tumor formation 

This study was conducted in factorial experiment (1.0 X4 X 2) to see the effect of 

different concentrations and incubation time on tumor formation. 

3.3.2: Effect of different plant extract concentrations 

Methanolic extract of Thymus serpyllum L. had a highly significant (P<0.05) 

impact on tumor inhibition (Table 3.3). Mean values of tumor formation were higher in 

control as compared to extract treated. Discs untreated with plant extract showed 

maximum number of tumors formation while extract at 10ppm, 100ppm and 1000ppm 

showed about 2.7, 1.7 and 1.1 numbers of tumors formation respectively. Tumors 

formation differed highly significantly (LSD value 0.8819) at control, 10ppm and 

100ppm but not at 100ppm and 1000ppm (Table 3.4 and Fig. 3.4). 

3.3.3: Effect of incubation period 

Incubation period had a highly significant (P<0.05) impact on tumors formation 

(Table 3.3). Tumors formation differed significantly (LSD value 0.8819) in l2th and 2 1st 

day of incubation period (Table3.4). The overall mean values of tumors were about 2 in 

1 i h day and about 3 in 21 st day of incubation period (Table 3.4 and Fig. 3.5). 

3.3.4: Interaction effect between concentrations and incubation period 

The interaction effect between the two factors i.e. concentrations and incubation 

period was highly significant (P<0.05) as shown in table 3.3. Potato discs untreated with 

extract yielded the highest number of tumors at 21 st day while the number decreased 

significantly to 3.8 in the same discs untreated with extract at 1 i h day of incubation 

period (Table 3.4 and Fig. 3.5). 
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Discs treated with extract at 10ppm showed an average number of 2.3 tumors at 

1 i h day of incubation periods while the number increased significantly to 3.1 in the same 

discs treated at 21 st day of incubation period (Table 3.4). Discs treated with plant extract 

at 100ppm showed about 1.4 number of tumor formation at 1 i h day incubation period 

while number of tumor did not differ significantly at 21 st day incubation period (Table 

3.4). In the same way discs treated with plant extract at 1000ppm showed about 0.5 

number of tumor formation at 1 i h day incubation period while number of tumors did not 

differ significantly at 21st day incubation period (Table 3.4) . 

Methanolic extract were also tested fo r antibacterial activity against 

Agrobacterium tumefaciens (AT 10). Eight concentrations (max. 15mg/ml and min. 

1mg/ml) of extract were tested against this bacterium. Our results showed no antibacterial 

activity against this strain of Agrobacterium. 

Table 3.3: Analysis of variance for factors affecting tumor formation 

Source of variation 

Sum of 

df Squares 

Concentrations 3 139.338 

19. 01 3 

2.637 

140.900 

Incubation time 

Concentrations xIncubation time 3 

Error 72 

Mean 

Square 

F 

Value 

46.446 23.7339 

19.013 9.7 154 

0.879 0.4493 

1.957 

Total 79 301.888 

Coefficient of Variation: 55.13% 

p-

value 

0.0000 

0.0026 
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Table 3.4 Effect of the extract concentration, incubation time and interaction of 

incubation time and concentration on mean value of tumors (a = 0.05). 

Concentration(ppm) Mean value of tumor Ranked order 

±S.E 

Control 4.60±0.93 A 

10 2.70±0.5 8 B 

100 1.70±0.96 C 

1000 1.10±0.89 C 

LSD value 6.235 

Time(days) 

12 days 2.05± 1.80 B 

21 days 3.02±1.56 A 

LSD value 6.235 

Interaction between concentration(ppm) and time of incubation (days) 

control x 12days 3.8±0.63 AB 

control x2 1 days 5.4±0.30 B 

10 ppm x12days 2.3±0.37 BC 

10 ppm x2 1 days 3.1±0.21 CD 

100 ppm x12 days 1.4±0.34 CD 

100 ppm x2 1 days 2. 1±0.62 DE 

1000 ppm x12 days 0.7±0.46 DE 

1000 ppm x21 days 1.5±0.43 E 

LSD value 1.247 

results 
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a 

c 

Fig. 3.4: Antitumor assay: Tumors observed on 21 5t day of incubation with 

a) 1000 ppm concentration of the plant extract. 

b) 100 ppm concentration of the plant extract. 

c) 10 ppm concentration of the plant extract. 

d) -ve control 

e) Blank 
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Fig. 3.5: Effect of different concentrations of the plant extract on % inhibition of 

tumor formation 
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3.4: Radish seed bioassay 

For radish (Raphanus sativus L.) seed germination, two different parameters were 

determined, namely root length and percent of seed germination. Methanolic extract of 

Thymus serpyllum L was tested against radish seed. Seedling root length and percent 

germination inhibition were observed . 

3.4.1: Radish seedling root length 

Radish seeds root length was measured after one, tlu'ee and five day's period of dark 

treatment. Etiolated seedlings having long radical of different lengths were measured; 

showing differences in time of germination of seedlings with their cotyledons attached. 

Major measurements are described below: 

3.4.2: Factors affecting radish seedling root length 

This study was conducted in factorial experiment (3 X 3 X 3) to see the effect of 

different plant extract concentrations and incubation time on radish seed root length. 

3.4.3: Effect of different plant extract concentrations 

Methanolic extract of Thymus serpyllum L. had a highly significant (P<O.05) impact 

on radish seeds root length (Table 3.5). Mean value of root length was higher in control as 

compared to treated seeds. Seeds untreated with extract showed 29.3mm root length while 

those treated with 1000mg/L concentration showed 18.22mm and at 10,OOOmg/L , 9.12mm 

root length (Table 3.6. and Fig 3.6) . 

3.4.4: Effect of incubation period 

Incubation period had a highly significant (P<O.05) impact on radish seedling root 

length (Table 3.5). Seedling root length differed highly significantly (LSD value 5.359) at 

first , third and fifth day (Table 3.6). The overall mean values of seedling root length were 

1.52mm , 17.35mm and 37.78mm at first, third and fifth day respectively (Table 3.6 and Fig. 

3.7). 
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3.4.5: Interaction effect between different plant extract concentrations and incubation 

period 

The interaction effect between the two factors i.c. different plant extract 

concentrations and incubation period was highly significant (P<0.05) as shown in table 3.5 

Radish seeds untreated with extract yielded the lowest root length above 2.8mm at first day 

incubation period while the root length increased significantly in the same seeds at third day 

incubation period (25mm) and at fifth day incubation period (59mm) (Table 3.6 and Fig. 

3.7). 

Seeds treated with plant extract at 1000mg/L showed 1.3mm, 18.58nU11 and 34.73111111 

root length at first , third and fifth day incubation periods, respectively (Table 3.6). Seeds 

treated with plant extract at 10,000111g/L showed 0.3111m and 7.8111111 root length at first and 

third day incubation periods, respectively did not differ significantly while the root length 

increased significantly by 19.2m111 at fifth day incubation period (Table 3.6). 

Table 3.5: Analysis of variance for factors affecting radish seedling root length 

Source of variation 

Sum of 

df Squares 

Mean 

Square 

F p-

Value value 

------------------------------------------------------------------------------------------------------------

Concentrations 2 1840.094 920.047 31.4214 0.0000 

Incubation time 2 5948.723 2974.362 10l.5802 0.0000 

Concentrations xIncubation time 4 1124.086 281.021 9.5974 0.0002 

Error 18 527.057 29.28 1 

Total 26 9439.960 

Coefficient of Variation: 28.64% 
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Table 3.6: Effect of the extract concentration, incubation period and interaction of 

incubation period and concentration on mean value of radish seedling root length (0: = 

0.05). 

Concentration(mg/L) Mean value of root length Ranl{ed order 

(mm) ± SE 

Control 29.32 ±5.80 A 

1000 18.23 ±4.38 B 

10000 9.128 ±2.94 C 

LSD value 5.359 

Incubation period (days) 

1 1.528 ±0.73 A 

3 17.36 ±3.66 B 

5 37.79 ±8.85 C 

LSD value 5.359 

Interaction between concentration(mg/L) and incubation period (days) 

Control x 1 day 2.85 ±0.38 D 

Control x3 days 25.67 ± 1.43 BC 

Control x5 days 59.43 ±4.09 A 

1000 x l day 1.367 ±0.24 D 

1000 x3 days 18.58 ±1.18 C 

1000 x5 days 34.73 ±2.96 B 

10000 x l day 0.367 ±0.09 D 

10000x3 days 7.817 ± 1.05 D 

10000 x5days 19.20 ± 1. 80 C 

LSD value 9.282 
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Fig. 3.6: In vitro seed germination: Root length of 5 days old seedling of 

a) Control 

b) Treated with 1 000 mg/L concentration of the plant extract 

c) Treated with 1 0, 000 mg/L concentration of the plant extract. 
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Fig. 3.7: Effect of different concentrations of the plant extract and incubation period 

interaction on radish seedling root length. 
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3.4.5: Radish seed germination 

Seed germination was observed after one, tlu'ee and five day's period of dark 

treatment. Total number of germinating seeds were counted showing differences in time of 

germination. Major observations are described below: 

3.4.6: Factors affecting radish seed ger·mination 

This study was conducted in fac torial experiment (3 X 3 X 3) to see the effect of 

different concentrations and incubation period on radish seed germination. 

3.4.7: Effect of different plant extract concentrations 

Methanolic extract of Thymus se fpyllum L. had a highly significant (P<0.05) impact 

on radish seeds germination (Table 3.7). Mean va lues of percentage germination were higher 

in control as compared to extract treated seeds. Untreated seeds showed 84% germination 

while those treated with 1000mg/L and 7500mg/L showed 77% and 67% germination 

respectively (Table 3.8 and Fig. 3.8) . 

3.4.8: Effect of incubation period 

Incubation period had a highly significant (P<0.05) impact on radish seeds 

germination (Table 3.7). Seed germination differed highly significantly (LSD value 6.235) at 

first and third day but not at third and fifth day (Table3. 8). The overall mean values of 

percentage germination were 45%, 90% and 94% on first, third and fifth day (Table 3. 8 and 

Fig. 3.10). 

3.4.9: Interaction effect between concentrations and incubation period 

The interaction effect between the two factors i.e . concentrations and incubation 

period was highly significant (P<0.05) as shown in table 3.7. Untreated seeds yielded the 

lowest percent germination at first day of incubation periods while the percentage increased 

significantly in the same seeds at third and fifth day of incubation period (Table 3.8 and Fig. 

3.9). 
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Seeds treated with extract at 1000mg/L showed SO% at first day incubation period 

while the percentage increased significantly by 89-93 % germination in the same seeds 

treated with extract at 1000mg/L at third and fifth day incubation periods (Table 3.8). Seeds 

treated with extract at 7S00mg/L showed 2S% germination at first day incubation period at 

third and fifth day incubation periods while the percentage increased significantly by 86-89 

% germination in the same seeds treated with extract at 7500mg/L (Table 3.8). 

Table 3.7: Analysis of variance for· factors affecting on radish seed germination 

Source of variation 

Sum of 

df Squares 

Mean 

Square 

F p-

Value value 

------------------------------------------------------------------------------------------------------------

Concentrations 2 1362.889 681.444 17.1953 .0001 

Incubation time 2 13130.889 6565.444 165.6701 0.0000 

Concentrations xlncubation time 4 736.889 184.222 4.6486 0.0094 

Error 18 713.333 39.630 

Total 26 15944.000 

Coefficient of Variation: 8.25% 
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Table 3.8: Effect of the extract concentrations, incubation period and interaction of 

incubation period and concentration on mean value of radish seed germination (n = 

0.05). 
-,--

Concentration(mg/L) Mean value of seed Ranl(ed order 

germination ± S.E. 

Control 84.22 ± 1.22 A 

1000 77.78 ± 1.66 B 

7500 67.00 ±2.95 C 

LSD value 6.235 

Incubation period (days) 

1 45.22 ±4.00 B 

3 90.00 ± 1.29 A 

5 93.78 ± 1.24 A 

LSD value 6.235 

Interaction between concentration(mg/L) and incubation period (days) 

control x 1 day 60.00 ±0.93 B 

control x3 days 94.00 ±0.22 A 

control x 5 days 98.67 ±0.07 A 

1000 x l day 50.00 ± 1.44 B 

1000 x3 days 89.67 ±0.07 A 

1000 x5 days 93.67 ±0.1 5 A 

7500 x l day 25 .67 ±0.93 C 

7500 x3 days 86.33 ± 1.00 A 

7500 x5 89.00 ± 1.02 A 

LSD value 10.80 
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Fig. 3.8: In vitro seed germination: Seed germination after 5 days of incubation in 

a) Control 

b) Treated with 1 000 mg/L concentration of the plant extract. 

c) Treated with 1 0, 000 mg/L concentration of the plant extract. 
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I_ Control _ 1000 ppm 07500 ppm I 

120.00 -.-----------------~--~---------------_, 

100.00 

80.00 ----

60.00 

40.00 
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0.00 -f---'----

Day 1 Day 2 Day 3 

Fig. 3.9: Effect of different concentrations of the plant extract and incubation period 

interaction on germination % of radish seeds. 
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3.5: Lemna bioassay for inhibitors and promoters of plant growth 

The lemna bioassay is quick measurement of phytotoxicity of the materials. Methanolic 

extract of Thymus selpyllum L were tested for measurement of phytotoxicity. Phytotoxic activity 

of plant extract was observed. 

The analysis was carried out in simple completely randomized design with different plant 

extract concentrations. Percentage growth regulation was observed after 7 days (Fig. 3.11). 

Methanolic extract of Thymus sel'Pyllum L. had a highly significant (P<0.05) impact on percent 

growth regulation (Table 3.9). Mean values of percentage growth regulation were lower in 

control as compared to extract treated . Lemna minor untreated with extract showed 0% growth 

regulation while extract at 10ppm, 100ppm and 1000ppm treated showed above 30%, 36% and 

48% growth regulation respectively. (Table 3. 10 and Fig. 3. 11). 

Table 3.9: Analysis of variance for factors affecting growth regulation of Lemna minor 

Source of variation 

Concentrations 

Error 

Total 

Coefficient of Variation = 2.94% 

Sum of 

df Squares 

Mean 

Sq uare 

F 

Value 

3 

8 

6534.917 2178.306 28 l.072 

62.000 7.750 

11 6596.917 

p

value 

0.0000 
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Table3.10: Effect of the extract concentration on mean number of fronds (a = 0.05). 

Concentration(ppm) Mean number of fronds Ranked order 

±S.E. 

Control 132.33± 2.60 A 

10 92.66± 1.45 B 

100 84.00± 1.1 5 C 

1000 69.33± 0.33 D 

LSD value 5.242 

a b 

Fig. 3.10: Lemna minor growth 

a) -ve control 

b) +ve control (with standard drug paraquate) 
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Fig. 3.11: Growth inhibition of Lemna minor after 7 days of incubation 

a) Treated withlOOO ppm concentration of the plant extract. 

b) Treated with 1 00 ppm concentration ofthe plant extract. 

c) Treated with 1 0 ppm concentration of the plant extract. 
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Series1 I 

120 .00 ,-----------------------~--------~----~~----------------------------------------------------------------, 

100.00 

80 .00 

I 60.00 

J 
40.00 

20.00 

0 .00 +-------~~~~~~------~------~~------~~------~------~~ 
positiv e contro l 1 0pprTl 100pprTl 1 000p p rTl 

concentrations 

Fig. 3.12: Effect of different concentrations of the plant extract on % growth inhibition of Lemna minor L. 
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3.6. Antibacterial Assay 

Methanolic extract of Thymus serpyllum L. was used against eight stains of 

bacteria. Three were gram positive, Staphylococcus aureus (ATCC 6538), Bacillus 

subtilis (ATCC 6633) and Micrococcus luteus (ATCC 10240) and five were gram 

negative, Escherichia coli (ATCC 15224), Salmonella setubal (ATCC 19196), 

Pseudomonas picketii (ATCC 49129), Bordetella bronchiseptica (A TCC 4617), and 

Enterobacter aerogens (ATCC 13048). Zones of inhibition were measured (fig. 3.13) . 

All dilutions were made in dimethyl sulphoxide (DMSO). This solvent has no inhibitory 

effects on growth of bacteria. Zone of inhibition of Cefixime 2mg/mL (positive control) 

was between 15 to 38.5mm while Roxitlu'omycin 2mg/mL (positive control) showed 

zone of inhibition between 15 to 38.00mm for the different bacterial strains. 

Eight concentrations (max. lSmg/ml and min. 1 mg/ml) of the extract were tested 

against the eight strains of bacteria. Our results showed no antibacterial activity against 

all the eight strains of bacteria (Fig. 3.13). 
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Fig. 3.13: Antibacterial assay showing no activity of the methanolic plant 

extract. 

results 
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DISCUSSION 

Bioassay permits convenient and rapid evaluat ion of various plant parts, 

ontogenic and seasona l variations with in individual plant and hi gh ly bioactive 

genotype within the intra-specific variations. The crude botanical extracts, containing 

mixture of bioactive compounds are usually effective and these procedures may 

permit their conventional standardization. Genus Thymus, includes 350 species world 

widely distributed and is known for its bioactive secondary metabolites and essential 

oi ls used for flavoring, fragrance and medicinal purpose (Demissew, 1993). One of its 

specie Thymus seTpyllum L. was considered for antifungal, cytotoxic, ant itumor, 

antimicrobial and phytotoxicity assay carried out in the present study. 

For extraction methanol was selected as so lvent on the bases of prev ious 

reports suggest ing that it is a better so lvent than water or chloroform. Chandrasekhar 

and Venkatesalu (2004) proposed that the methano lic extract had hi gher antifunga l 

and ant imicrobial activity than that of aqueous extract wh ich may be due to so lubi lity 

of the different constituents in different solvents having antimicrobial activity. 

Vlachos et al. (1996) also concluded that methanol was the most effective so lvent for 

the extraction of ant ibacterial compounds from the selected seaweeds. 

4.1: Antifungal assay 

Although Pakistan possesses a rich tradition in the use of medicinal plants and 

an outstanding floral diversity of vascular plants, little research has been done to 

isolate and characterize phytochemical leads for therapeutic use. The antifungal 

activities of numerous herbs and spices have been reported by various workers and 

proved to be at least pal1ially due to their essential oi ls (Thompson,1989; Razia et 

at. ,1995). 
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The antifungal activities shovvn by plants may be toxinogenesis inhibition 

(Hitokoto et al .. 1980), lethal effect (Hajj i et al.,1 993; Tantoui-Elaraki et al., 1993 ), 

,srowth inhibition (Bullerman ef al.,1877; Hmamouchi et al .. 1990) or growth 

retardation (Cs-sati l'f (fl. , 1991). rungal reproduction consists of three steps: spore 

germination, mycelium formation and sporulation. Different workers have reported 

the effects of spices and members of the Umbelliferae on mycelial growth, 

sporulation and spore germination (Rahman and Gu l, 2000). The present study deals 

with an investigation of the antifungal activities of methanolic extrat of Thymus 

serpylllllll L. as inhi bitor of myce llial growth and spore formation of ten fungLls 

strains. 

Mycotoxic effects of plant extract on fOLlr spec ies of A.~pergillus (A .. flavus, A. 

niger, A . . ftavus green and A . jiIl11igatus) , two spec ies of Fusaro1l111 (F. l11oniliforme 

and F. solani) , two spec ies of Candida (C. albicam' and C:.galabumfa) , one Mucar 

specie and one A ltel'l1aria .\pecie were invest igated. Moderate activity was seen 

against Fusarium moniliforme, Fusarium solani, Alternaria specie, Candida albicans, 

Candida glabarafa and whi le low activity was seen against Mucor specie and 

Aspergillusflavus (Fig. 3.2). Spore l'ormat ion inhibition was observed in the case of 

A. niger. A. j lol'u.I' g and A. jilll1igatlls when exposed to the methanol ic extract 

(Fig.3.1). 

Kieren et al. (1998) reported that Fluconazo le-resistant C. species, a caLIse of 

oropharygeal candidiasis in patients with human immunodeficiency virus infection 

has recently emerged as a cause of cand idiasis in patients receiving cancer 

chemotherapy and marrow transplantation. The diminishing biological activity of 

natural products against fungal plant pathogens is a problem throughout the world 
I 

(Agrios, 1997). Our results show that even crude plant extracts can be used to protect 

plants against damages inflicted by fun gal infections. Various studies have shown a 

similar strategy to use crude plant extracts against plant pathogens for broad 

community uses (Smith et al. , 199 1). 
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Plaza et al. , (2004) reported that the essentia l oil of ThYlll us serpyllum L. have 

the potentia l instead of synthetic fungic ides to control fungus on citrus fr ui ts. Shahid i, 

(2004) reported that Meth ano lic plant extract of thyme have antifunga l activi ty. Our results agree 

with these reports sho ving varying levels of ac tivity against a ll the ten test fu ngi. This 

suggests that it has a broad spectrum of activity, although the degree of susceptibility 

could di ffer between di fferent organisms. The plant material appears to be attractive 

material for antifunga l drug development. There is urgent need to develop new 

antifungal agents . Almost all of the antifunga l agents, which are currently in use are 

relatively expensive and have toxics side effects (Morens et at., 2004). 

4.2: Cytotoxicity assay 

Cancer is a big challenge to the world as suitab le remedy is very costly and 

even imposs ib le in some cases. On the other hand the conventional chemotherapeut ic 

agents are growing res istance (Kell and, 1993). Microb ial infections are also creat ing 

hea lth hazards fo r multi drug res istance bacteria. Sc ientists are now engaged to fi nd 

potent remedy from cancer and other infectious diseases through the discovery of new 

and effecti ve chemotherapeut ic agents from plants, microbes and other suitable 

sources. In the continuat ion of thi s sea rch we have studied the cytotoxic effects of 

crude extract of aeri al part of Thy mus selpy llulII L. found in Paki stan. 

Brine shri mp lethali ty bioassay was used for prelim inary assessment of 

toxicity of methanolic plant extract. Resul ts showed that extract had EDso at 466ppm 

whereas 19.3% death was observed at concentration of 10 ppm. It showed that plant 

extract had cytotoxic activity that could be furth er evaluated for pharmacologica l 

activity. Br ine shrimp assay is suggested to be a convenient probe for the 

pharmacologica l activities in plant extracts (Meyer et al., 1982). Therefore plant 

extract seems to contain important pharmaco logica l compound. Other plant extract 

concentrations have shown 27% and 50% death at 100ppm and 1000ppm, 

respectively. Brine shrimp letha li ty bioassay is a primary assay to detect cytotox ic 

propeliy of plant extract and further studies are required to establish the cytotoxicity 

of plant extracts aga inst human cancer lines however on the basis of oLi r results we 

can predict that methano lic plant extract will give better results on cancer ce ll li nes. 
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4.3: Antitumor assay 

Crown ga ll disease is a chronic disease problem that affects many perennial 

fruit, nut, and ornamental crops. It is a neoplastic disease of plants, in which 

autonomous plant tumor cells are produced from normal , wounded plant cel ls by the 

action of bacteria born tumor-inducing Ti pia mids . The induction of plant tumors is 

known as crown ga ll s. The causative agent of this disease is the gram negative 

Agrobacterium tumefaciens (Galsky et at., 1980) originates from the transfer of T

DNA into the plant genome and its express ion (Thomashow et ai. , 1980; Stachel et 

al. , ] 985). Crown ga ll tumor assay (CGTA) is a low cast, fast turn-around procedure 

that indicates antitumor activity of test compounds by their inhibition of formation of 

characteristic crown ga ll s induced in wounded potato tissue by the organism 

Agrobacterium tUl11efaciens. 

This bioassay is sensitive bench top ant itumor assay for chemicals that disrupt 

the cell cyc le regardl ess of their mode of action (Coker et al ., 2002) . This test 

discriminates between active and inactive compounds in predicting their in vivo 

antitumor activity but not necessarily in a direct linear effect (Mc Laughlin et al., 

1993). A degree of initial familiarization is required in identifying tumors from 

possible artifacts, and a set of criteria for recognition of valid tumors is set lip (Kerr, 

1999). Such criteria includes the definition of isolated buff colored lumps, distinctly 

bordered lumps in streaks, raised streaks without clear lumps, and any lumps 

appearing on the top surface of the potato discs as acceptable tumors. It has been 

suggested that tumor inhibition values of more than 20% in two or more independent 

assays may be cons idered worthy of further investigation (Ferrigini, 1982). 

Methanolic extract of Thymus serpyllum L. were tested for anti-tumorigenic 

activity aga inst Agrobacteriul11 tumefaciens induced tumors on potato discs and anti 

tumor activity was observed. This study was conducted in factorial exper iment to see 

the effect of different concentrations and incubation time on tumor formation (F ig. 

3.4) . Result showed that concentrations (P<0.05) and incubation period (P<0.05) had 

a highly significant impact on tumors formation (Table 3.3). Percent inhibition at 

1000ppm, 100ppm and 1 Oppm concentration were 82%, 63% and 40 %, after 12 day's 

and 72%, 61 % and 43%, respectively after 21 day 's incubation period. 
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Plant extract that are acti ve during th is test are examined fo r the abili ty to 

effect bacterial growth of Agrobacteriul77 IlIl71efaciens by the standard agar well 

diffusion method (Perez el aI., 1990). Resu lt showed that plant e. ·tract had no effect 

on the viab ili ty of the bacterium. The attachment of the bacterium to a tumor binding 

site is complete within 15 minutes fo llowing inoculation (Gologowski and Galsky. 

1978) and other tests have shown no effect on bacteria l viabi lity or on the attachment 

process (Galsky et al ., 1980). 

The inhibition of crown ga ll tumors on discs of potato had shown an apparent 

correlation with compounds and plant extracts known to be active in the 3PS (murine 

leukemia) anti -tumor assay (Ferri gini , 1982). Mc Laughlin et al ., (1998) repolted that 

crown ga ll tumors on potato di scs could routinely be employed as a comparatively 

rapid , in expensive, safe, animal-sparing, and stati stica lly reli ab le prescreen for in 

vivo 3PS antitumor act ivity. Mc Laugh lin el al . (1998) have since used this assay to 

detect and isolate severa l dozen novels, antitumor compound from vari ous plant 

species. 

Ferri gini el at. ( 1982) reported that a combinati on of simple brine shrimp 

lethali ty and crown gall bioassays both can be used to detect and to iso late plant 

antitumor substances. Researchers working on the development of new anticancer 

drugs at the National Cancer Institute (NCr) in the United States had reported pos itive 

correlation between lethality to brine shrimp and antitumora l activity (Anderson, 

1991). Our results of antitumor assay as well as cytotoxicity assay show that this 

extract is highly effective as an antitumor agent. 

4.4: Radish seed bioassay 

Radi sh (Raphanus sativus L) seeds have been used in general toxicity studies 

because of their sensiti vity to phytotoxic compounds (E inhilling and Rasmussen, 

1978) and are a standard assay in allelopathi c studies (Patterson, 1986). The 

allelochemica ls present in higher plants as well as in medicinal plants can be directly 

used for weed management on the pattern of herbicides. Their bioeffic iency can be 

enhanced by structura l changes or the synthes is of chemica ls ana logues based on them 

(S ingh el al., 2003). 
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Methanolic plant extract were tested for phytotoxic activity against radish seed 

germination. Two different parameters were determined, namely root length and 

percent of seed germ ination. Phytotoxic activity of plant extract was observed. This 

study was conducted in factorial experiment to see the effect of different 

concentrations and incubation time on seedling root length and percent seed 

germ ination (Fig.3.6 and Fig.3.8). Result showed that different plant extract 

concentrations (P<0.05) and incubation period (P<0.05) had a highly significant 

impact on seedling root length and percent seed germination (Tab le 3.7and Table 3.9). 

These results are in agreement to a prev ious study where Dudai et al. (1999) reported 

that seed germination of severa l species was strongly inhibited by essential oil from 

thyme when applied at concentration 20 to 80 ppm. 

4.5: Lemlla bioassay 

The search for biodegradable herbicides may be extended to include natural 

compounds (a ll elochem ica ls) and this is a simple screen for such act ivity. Some 

natural substances stim ulate frond proliferation, and the assay may be useful to detect 

new plant growth stimulants. Usnic acid was shown to be potent herbicide (FI50 

=0.91ppm). Hippuric acid shown to be a potent (FP50 =125ppm) plant growth 

stimulants this unexpected activity of this common urinary constituent had never 

before been documented (Mc Laughlin ef al. , 1998). The commerc ial need for such 

natural , biodegradable herbicides and plant growth stimulants may some day be filled 

with natural products detected by this simple and convenient Lemna bioassay. 

The results of Lel71na minor bioassay fo r phytotox ic act ivity of the plant 

extract are shown 111 tab le 3.9. This study was conducted in simple completely 

randomized des ign to see the effect of different concentrations on percent growth 

inhibition (Fig. 3. 11). Result showed that concentrations (P<0.05) had a hi ghly 

significant impact on fro nd formation (Table 3.9). The extract displayed moderate 

percent growth regulation in the hi ghest tested concentrat ion (1000ppm) and caused 

(48%) inhibition of growth of Lemna minor. It also exhibited a low (36% and 30%) 

act ivity at concentrat ion of 100ppm and 10ppm, respectively. Our results clearly 
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indicated the involvement of chem ical factors in the growth inhibitory effects of 

Thymus serpyl!u17I L. against other plants sllch as Lel7ma minor L. 

There are no previolls reports on the growth inhibitory effect of methanolic 

extract of Thymlls serpylllll7l L. but our resu lts agree with Tworkoske (2002) that 

essential oil from thyme were the most phytotoxic and caused electrolyte leakage 

resulting in cell death. These data suggest that the plant extract could be used to 

inhibit the emergence of weeds. The primary goa l of thi s project is to observe the 

growth inhibitory effect of plant extract under contro lled laboratory conditions and to 

study the effect of the herb icidal activities of the plant extract. 

4.5: Antibacterial assay 

Antibacterial assay of crude extract of Thymus serpyllul11 L show that methanolic 

extract of aerial palt has no antibacterial activity aga inst all the eight strai ns (tlu'ee 

were gram positive, whi ch were Staphylococcus aureus, Bacillus sublilis and 

Micrococcus lutells and five were gram negative, which were Escherichia coli 

Salmonella selubal, PseZldomonas pickelii, BOl'detella bronchiseptica, and 

Enterobacler aerogens) tested. 

Our resu lts agree with Shahidi et al. (2004) that methanolic extracts of 

thymus species shows no activity against gram negative (Escherichia coli, 

Pseudomonas pickelii, Bordetella bronchiseplica) and gram positive (Slaphylococcus 

aureus and MicrococcllS lutel,U bacterial stra ins. Nevas el al. (2004) reported that 

thyme showed broad antibacterial activity by inhibiting the growth of both gram

positive and gram-negative bacteria. In these experiments only methanol was used as 

so lvent, so may be maximum number of compounds can not be extracted and tested 

for their biological activities. Plant extract have no activity against different strains of 

bacteria, therefore, it can be deducted that the compoLlnd/s in the aerial part, which 

was/were active against these bacterial strains, were not so luble in methanol. 
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Conclusion 

The obtained findings clearly indicated that methanolic extract of Thymus 

serpyllun? L. showed sign ifi cant activity in brine shrimp lethality assay and ant itumor 

assay. These findings provide the evidence for a very strong positive correlation 

between these two assays. Plant extract also exhibited sign ifi cant act ivity in 

phytotoxicity assays so there is need to purify the active contents of thi s plant which 

will open new horizon in field of the herbicides. Plant extracts were not effective 

against eight bacterial strains. In future , characterization of crude methanolic extract 

of Thymus sel]Jyllul11 L. may lead to findings of biologically active compounds. 
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