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Abstract 

The emergence of different diseases is of great concern globally. To treat these challenging diseases 

effectively is based on the discovery of potent drugs. Medicinal plants are the important source for 

the discovery of effective, economical and safe drugs. In order to authenticate its phytotoxic and 

anthelmintic effects, we have screened for the first time Galium tricorne Stokes against radish 

(Raphanus sativus L.) seeds and variety of helminthes. Besides these biological assays different 

compounds have been identified in ethyl acetate fraction (Gt.Eta) and sorted out on the basis of 

biological potential through Gas Chromatography-Mass Spectrometry (GC-MS) technique. Crude 

methanolic extract (Gt.Crd)and fractions of Galium tricorne Stokes were tested against radish seeds 

and different helminthes; adult earth worms (Pheretima posthuma), Round worms (Ascaridia galli), 

and tape worms (Raillietina spiralis). In phytotoxicity assay Chloroform (Gt.Chf) and Gt.Eta 

exhibited more phytotoxic effect at different concentration of 10, 100 and 1000 µg/mL as compared 

to other plant samples against radish seeds. The IC50 values for Gt.Chf and Gt.Eta against radish 

seeds root length inhibition and germination inhibitionwere 12.65, 21.36 µg/mL and 12.20 and 

25.54 µg/mL respectively. The plant sample in concentration of 10, 20 and 40 mg/mLwasalso 

documented with prominent anthelmintic effects against Pheretima posthuma, Ascaridia galli and 

Raillietina spiralis.22 compounds were identified in Gt.Eta fraction through GC-MS analysis and 

several bioactive compounds were sorted out having biological potential.This research provided 

pharmacological background for the ethnomedicinal uses of Galium tricorne. 
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INTROUCTION 

The country Pakistan is gifted naturally with large number of medicinal plants because of diverse 

edaphic conditions and climate. Currently six thousand flowering plants have been reported from 

Pakistan out of which 400-600 are of highly medicinal potential [1]. In developing countries 

indigenous phyto-therapy is still used, although a large number of effective drugs have been 

developed [2]. In primary health care medication about 85% medications are obtained worldwide 

from natural sources [3]. It is anticipated to employ the biological and therapeutic effects of 

medicinal plants to obtained effective, safer and affordable novel natural drugs. 

Galium tricorne belongs to Rubiaceae family. Galium Linnaeus is one of the largest genera within 

the family Rubiaceae and consists of approximately 650 species [4]. Species belong to Galium genusis 

used traditionally to coagulate milk because of the presence of enzyme in their chemical composition. 

Therefore, these plants are called as “yogurt herb” [5]. 

Extracts of the Galium species have long been used in folk medicines for various disorders like, 

astringent, choleretic, diuretic, gout, epilepsy and treatment of stomach diseases [6, 7]. It has been 

reported that Galium tricorne possess antibacterial, cytotoxic and anticancer effect [8]. 

About 02 billion peoples globally are parasitic worms carriers of different ages [9]. These parasitic 

worms causes malabsorption, iron deficiency anemia, malnutrition and causes small intestine 

obstruction which further lead to impairment intellectual, cognitive potential and physical growth in 

children [10,11]. It is very important to aware the community about the treatment of infected 

individual patient [12]. A common animal disease in developing country is helminthiasis leading to 

less production of milk [13]. 

In the developing countries novel anthelmintic drugs development is not very rapid because of less 

financial assistance to that of investment. Besides this, advent of anthelmintic drugs resistance by 

the helminthes has led to the suggestion of medicinal plants screening for their anthelmintic 

potential [14]. Consequently, for the treatment of parasitic infections there is need to develop novel 

drug, effective with minimum cost [15]. Various medicinal plants have been employed against 

parasitic infections in animals and human beings due to having anthelmintic compounds [16, 17]. 

Weeds are the most responsible and key factor in the reduction of crops yield. In Pakistan especially 

in Sindh and Punjab provinces about forty weeds species leads to 40% loss in wheat crops. Different 

chemicals are used to thwart these undesirable weeds. Though the use of these chemicals is 

restricted due to residual toxicity, high cost, environmental pollution and carcinogenicity [18, 19, 

20]. Accordingly alternative herbicides are needed which are economical, safer and effective. 

Natural herbicides may be the best candidates among these alternatives. 

 

METHODS 

Collection and identification of plant 

The plant was collected from Kot Sadat, Ghoriwala District Bannu, KhyberPakhtunkhwa, Pakistan 

in blooming season of April and May. The identification of plant was done by taxonomist Dr. Tahir 

Iqbal, Department of Botany, University of Science &Technology, Bannu KP Pakistan. Its specimen 

was deposited in the herbarium, Departmentof Botany, University of Science & Technology, Bannu 

Khyber Pakhtunkhwa Pakistan with voucher specimen no. SA/2018/Gt/01for future reference. 

 

Extraction and fractionation 

The plant material was washed with water and shaded dried for 15 days. After drying, it was 

pulverized weighing approximately 7 kg. This quantity of plant powder was soaked in 32 liters of 

methanol (80%) and placed for soaking up-to 12 days. Filtration process was carried out to obtain 

filtrate. By using rotary evaporator, the filtrate was subjected under reduced pressure at 40 ºC. The 

concentrated form of plant extract was converted into solid Gt.Crd heating on water bath at 37 ºC 

[21]. 

https://jptcp.com/index.php/jptcp/issue/view/79
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For the fractionation of Gt.Crd, solvent-solvent extraction process was used on thebasis of solvent 

polarity starting with less polar solvent n-hexane towards high polar solvent water. The crude 

methanolic extract of the plant weighing approximately 475 gm was added to 500 mL of distilled 

water, shaked well to obtain suspension of the plant crude extract. Later on 500 mL of n-hexane was 

added in separating funnel to already prepared suspension. This mixture was shaken again 

vigorously and kept for some time undisturbed until two distinct layers are formed. Out of these two 

layers, the upper layer with low density was n-hexane and the lower layer was aqueous. This 

procedure was repeated again and again until the soluble portion of n-hexane of the plant extract 

was collected carefully. The n-hexane (Gt.Hex) obtained was further concentrated with 

rotaryevaporator. Then on the basis of polarity same process was repeated for chloroform fraction 

(Gt.Chf), followed by ethyl acetate fraction (Gt.Eta), and n-butanol fraction (Gt.Bta). Water/aqueous 

fraction (Gt.Aqu) was obtained at the end of the fractionation process [21]. 

 

Phytotoxicity assay 

Phytotoxicity assay was performed on radish (Raphanus sativus L., Cruciferae) seeds by using 

Gt.Crd and various solvent fractions [22]. In this assay, two parameters of the radish seed were 

observed. These two parameters were root lengthand germination of seeds. Plant samples weighing 20 

mg were mixed with 2 mL methanol to make stock solutions. From this solution, volume of 5, 50 and 

500 µL were transferred into each petri plate to obtain different concentrations of 10, 100 and 1000 

µg/mL. Sterilized filter paper (Whatman #1) was used in each petri plate and the solvent was 

evaporated. 5 mL of water was added to every petri plate, when the solvent was evaporated completely. 

The petri plate with distilled water and filter paper only acted as control. Paraquat was used as 

positive control. Radish seeds 20 in numbers already sterilized with 0.1% mercuric chloride were 

added to each petri plate. Seed germination and root length inhibition were measured after fifth day 

interval. The whole process was repeated in triplicate. The data was recorded as Mean ± SEM. By 

using the following formula number of % inhibition of root length and germination of seeds is 

determined. 

Length of root in test sample
% root length inhibition = 100

Length of root in control
  

Anthelmintic Assay 

For anthelmintic assay adult earth worms (Pheretima posthuma), Round worms (Ascaridia galli), 

and tape worms (Raillietina spiralis) were used to check out the potentialof crude extract and fractions 

of Galium tricorne by using method previously described [23]. Pheretima posthuma were obtained 

from marshy water, tape wormswere collected and obtained from intestines of Gallus spadiceus (fowl) 

belonged to family Phasianidae. The infested intestines were further washed with normal saline 

solution to remove the fecal matter if any. After washing of the intestines, they were dissected to 

remove the helminthes and kept in normal saline solution. The average size of earth worm, round worm 

and tapeworm were 7-10 cm, 4-6 cm and 5-8 respectively. In this assay, adult earthworm Pheretima 

posthuma were used due to resemblance with human intestinal roundworm parasites called Ascaris 

lumbricoids in anatomical and physiological properties[24]. 

The helminth Ascaridia galli specie was suitable model for evaluating the anthelmintic activity as 

earlier anthelmintic drug was advocated [25,26]. The plant fractions and crude methanolic extract 

were dissolved in distilled water to make10, 20 and 40 mg/mL concentration. Worms like, Pheretima 

posthuma, Ascaridia galli and Raillietina spiralis of approximately same size and same type were 

placed in each 9 cm petri dish with 20 mL of test solution of Gt.Crd extract and solvent fractions. 

Reference standard Albendazole (10 mg/mL) was used and similarlysaline water was used as negative 

control [27, 28]. This protocol was used for all the three different type of worms. Fresh solutions of all 

the plant sample and standard drug solution were prepared before starting the assay. Paralysis of the 

worms were noted, when no movement could be observed except the worms were shaken vigorously. 

Death of the worms were confirmed showing no movement after vigorous shaking and by dipping in 

hot water. The data was expressed as a mean ± SEM of six worms in each group. 

https://jptcp.com/index.php/jptcp/issue/view/79
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Compounds identification by using GC-MS technique 

GC-MS analysis of Gt.Eta extract was evaluated for the identification of compound by using an 

Agilent USB-393752 gas chromatograph (Agilent Technologies, Palo Alto, CA, USA) with a HHP-

5MS 5% phenylmethylsiloxane capillary column (30 m × 0.25 mm × 0.25 μm film thickness; Restek, 

Bellefonte, PA). It was equipped with an Agilent HP-5973 mass selective detector in the electron impact 

mode (Ionization energy: 70 eV). This analysis was checked out by using Elmer Clarus 500 

Software Gas Chromatography fitted with capillary column Elite-5MS (5% Phenyl 95% 

dimethylpolysiloxane). The temperature of oven was set from 200 ºC to 150 ºC at the rate of 4 ºC 

per minute. The temperature was held for 5 minutes. The inlet and interface temperature were 

maintained at 250-280 ºC. The carrier gas helium was used at constantrate of 1.0 mL/minute. A 

volume of 1.0 µL of sample was injected. Energy of 70 eV was used in electron impact mass 

spectroscopy. Temperature of ions source and quadruple were kept at 230 to 150 ºC. The compounds 

were identified by using NIST library. Various compounds were identified in the plant sample. 

Furthermore, spectral data was used for the identification of compounds from the Wiley and NIST 

libraries. For the confirmation, fragmentation pattern of the mass spectra was used with data 

published in the literature [29, 30]. 

 

Statistical analysis 

By using Graphpad prism software the analysis of results were obtained. In this case ANOVA 

followed by Bonferroni post test was employed for the comparison of various groups and control. 

Similarly, for the determination of IC50 values SPSS softwareand Excel sheet were used. Standard 

error mean (SEM) was also calculated at 95% confidence intervals. 

 

RESULTS 

Gt.Crd and all the fractions derived from the extract of Galium tricorne have shown phytotoxicity 

on radish seeds by inhibiting its germination and root length. The crude methanolic extract was 

documented with prominent root length inhibition and seed germination inhibition property i.e. 

87.77±1.42, 66.93±0.90 and 49.17±0.75, 84.20± 0.70, 58.92±1.82 and 45.58±0.64 at concentration of 

1000, 100, 10 µg/mL respectively among all other fractions. The Gt.Chf fraction was more phytotoxic 

as compared to other plant samples against radish seeds. Similarly, the root length inhibition by 

Gt.Eta was 86.33±1.53, 73.47±2.82 and 46.57±3.10 at concentration of 1000, 100 and 10 µg/mL 

andeffect of this fraction on the seed germination at concentration of 1000, 100 and 10 µg/mLwas 

82.71±3.40, 65.52±0.93 and 39.49±1.12 shown in Table 1. Gt.Aqu has been shown with least effect on 

both parameters of the radish seeds. The inhibitory effect of the plantsamples is in order of 

Gt.Chf>Gt.Eta>Gt.Crd>Gt.Hex>Gt.Aqu. 

 

Table 1: Phytotoxic effect of G. tricorneStokes against radish seeds 

S.No Sample 

used 

Concentration 

(µg/mL) 

% root length 

inhibition  

(mean±SEM) 

IC50 

(µg/mL) 

% germination 

inhibition 

(mean±SEM) 

IC50 

(µg/mL) 

1 Gt.Crd 

1000 81.78±2.52 

31.21 

77.25±3.63 

72.62 100 52.33±1.51 42.33±0.56 

10 43.93±0.61 37.93±1.88 

2 Gt.Hex 

1000 74.19±0.54 

34.94 

62.19±2.54 

65.88 100 60.46±1.78 50.31±1.78 

10 38.99±0.84 42.73±0.84 

3 Gt.Eta 

1000 86.33±1.53 

12.20 

82.71±3.40 

25.54 100 73.47±2.82 65.52±0.93 

10 46.57±3.10 39.49±1.12 

4 Gt.Aqu 1000 47.67±0.58 186.00 41.77±0.26 47070 

https://jptcp.com/index.php/jptcp/issue/view/79
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100 33.70±3.51 27.72±1.65 

10 25.90±1.03 19.28±0.39 

5 Gt.Chf 

1000 87.77±1.42 

12.65 

84.20±0.70 

21.36 100 66.93±0.90 58.92±1.82 

10 49.17±0.75 45.58±0.64 

6 PC 

1000 91.23±1.54 

0.023 

89.46±2.55 

2.05 100 87.82±0.37 74.57±0.43 

10 77.90±0.92 60.22±0.26 

7 NC -- -- -- -- -- 

Key: Crd; Crude methanolic extract, Aqu; Aqueous fraction, Chf; Chloroform fraction, Hex; 

Hexane fraction,Gt;Galium tricorne,PC;+vecontrol (Paraquat), NC; -ve control, Data is represented 

as mean ± SEM. 

 

Anthelmintic Assays 

Round worms (Ascaridia galli), adult earth worms (Pheretima posthuma) and tapeworms (Raillietina 

spiralis) were used to investigate anthelmintic potential of the Gt.Crdextract and solvent fractions of 

plant i.e, Gt.Chf, Gt.Hex, Gt.Eta, Gt.Bta and Gt.Aqu. Earthworms were used in this study because of 

their anatomical and physiological similarities with Ascaris lumbricoides of human intestinal round 

worms [32, 33]. The main indication for the collection of earth worm is the presence of small 

granules on the marshy soil. The earth worms were collected from the vicinity of COMSAT 

University and Abasyn University ChackShahzad, Islamabad Pakistan withaverage length of 8-9 cm. 

Similarly, round worms were obtained from the intestines of thefreshly slaughtered fowls with average 

length of 5-7 cm. Albendazole was used as a positive control. Paralysis and death time of the worms 

were noted and calculated. 

Anthelmintic activity of the plant is given in the Figure1,2,3,4,5 & 6 showing that Gt.Crd and Gt.Chf 

fractions of Galium tricorne have better anti-helminthes activities. 
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Figure 1: Paralysis time of Pheretima posthuma by G. tricorne 

 

Keys: Aqu; Aqueous fraction: Crd; Crude methanolic extract: Bta; Butanolic fraction: Chf; 

Chloroform fraction: Eta; Ethyl acetate fraction: Hex; n-hexane fraction: Gt; Galium tricorne: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001. 
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Figure 2: Death time of Pheretima posthuma by G. tricorne 

 

Keys: Hex; n-hexane fraction: Chf; Chloroform fraction: Aqu; Aqueous fraction: Eta; Ethyl acetate 

fraction: Bta; Butanolic fraction: Crd; Crude methanolic extract: Gt; Galium tricorne: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001. 
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Figure 3: Paralysis of Ascardiagalli by G. tricorne 

 

Key: Hex; n-hexane fraction: Chf; Chloroform fraction: Aqu; Aqueous fraction: Eta; Ethyl 

acetatefraction: Crd; Crude methanolic extract: Bta; Butanolic fraction: Gt; Galium tricorne: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001. 
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Figure 4: Death of Ascardiagalli by G. tricorne 

 

Key: Hex; n-hexane fraction: Chf; Chloroform fraction: Aqu; Aqueous fraction: Eta; Ethyl 

acetatefraction: Crd; Crude methanolic extract: Bta; Butanolic fraction: Gt; Galium tricorne: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Paralysis time of Raillientinaspiralisby G. tricorne 

 

Key: Hex; n-hexane fraction: Chf; Chloroform fraction: Aqu; Aqueous fraction: Eta; Ethyl 

acetatefraction: Crd; Crude methanolic extract: Bta; Butanolic fraction: Gt; Galium tricorne: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001 
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Figure 6: Death time ofRaillientinaspiralisby G. tricorne 

 

Key: Hex; n-hexane fraction: Chf; Chloroform fraction: Aqu; Aqueous fraction: Eta; Ethyl 

acetatefraction: Bta; Butanolic fraction: Gt; Galium tricorne: Crd; Crude methanolic extract: Std: 

Albendazole; ns; non-significant: *; P<0.05: **; P<0.01: ***; P<0.001. 

 

GC-MS Spectrum of Ethyl Acetate Fraction 

Twenty two (22) different compounds were identified through GC-MS technique  in ethyl acetate 

fraction of Galium tricorne shown in Figure 7 and Table 2. Bioactive compounds sorted out on the 

basis of literature are shown in Figure 8. 

 
 

Figure 7:GC-MS Spectrum of ethyl acetate fraction of Galium tricorne Stokes 
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Figure 8: Structural formula of bioactive compounds identified in ethyl acetate fraction of Galium 

tricorne Stokes. 

 

Table 2:Compounds identified in ethyl acetate fraction of Galium tricorne 
ID# Name of Identified Compounds Retension 

Time 

Area Concentration 

(%) 

1 3,7-Dimethyloctyl ethylphosonofluoridoate 14.598 153239 1.36 

2 2,6-Di-tert-butylbenzoquinone 14.675 110328 0.98 

3 Hexadecane 15.405 182749 1.62 

4 2,4-Di-tert-butylphenol 15.679 881883 7.83 

5 1-Hexadecene 17.572 106416 0.94 

6 2,6-Dimethylundecene 18.861 342571 3.04 

7 2-Methyloctadecane 19.182 117147 1.04 

8 3-Methylhexadecane 19.353 118174 1.05 

9 Phytane 20.139 438874 3.90 

10 E-14-Hexadecenal 21.995 236644 2.10 
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11 2,6,10,15-Tetramethyl heptadecane 22.356 685968 6.09 

12 Hexahydropseudoionone 23.073 564544 5.01 

13 9-Di-tert-butyl-1-oxaspiro[4.5] deca-6,9-diene-

2,8-dione 

24.607 665139 5.91 

14 Pentadecanoic acid, 14-methyl-, methyl ester 24.701 1310534 11.64 

15 1-Docosene 26.036 354610 3.15 

16 2,6,11-Trimethyldodecane 27.264 263759 2.34 

17 1-Hexadecanol 27.724 1769815 15.72 

18 9,12-Octadecadienoic acid, methyl ester, (E,E)- 27.929 377302 3.35 

19 6-Octadecenoic acid, methyl ester, (Z)- 28.048 1753516 15.57 

20 Heneicosanoic acid, methyl ester 28.538 513682 4.56 

21 7-Hexadecenal, (Z)- 29.365 92957 0.83 

22 Hexatriacontane 29.470 221644 1.97 

DISCUSSION 

Natural products have an important role in treating different types of human illnesses. The main 

constituents of herbal remedies are natural compounds. World Health Organization (WHO) 

estimated that 70% of world population depends on phyto-medicines for primary health care needs. 

These natural products give rise to lead compounds having definite efficacy, quality and safety 

profile.  They are mostly established in developing countries, for the isolation of drugs in recent 

years [39]. 

It has been shown that aqueous extract of species of Rubiaceae family have phytotoxic potential on 

the growth and germination of other species of plants [40, 41]. Most of the phenolic compounds are 

responsible for the phytotoxicity nature of the plant [31]. These phytochemical or allelochemicals 

are found in different parts of the plants including bark, roots, seeds, leaves and rhizomes, but in all 

parts of the single plant species it may varies [42]. By exposing the seeds of vulnerable plant species 

to allelochemicals germination inhibition, seedlings inhibition, reduction in growth and occurrence 

of abnormal metabolism [42, 43, 44, 45]. Galium tricorne Stokes has been documented with 

cytotoxicity, antibacterial and anticancer (MTT assay) potential [8]. 

Galium tricornehas been evaluated for the anthelmintic potential. Other membersof the Rubiaceae 

family namely Neolamarckiacadamba also have prominent antifungalactivity [34]. Wendlandia 

thyrsoidea (Rubiaceae) leaves extract was documented with anthelmintic activity against adult 

earthworm’s Pheretima posthuma [35]. Similarly,Ixora coccinea chloroform extract having good anti-

helmintic activity [36]. Anti-helmintic activity was also observed in leaves extract of Ixora cibdela 

Craib (Rubiaceae) [37]. The plant Gardenia gummifera L. F. (Rubiaceae) was documented with 

anthelmintic property [38]. Different compounds have been identified in the seeds, crude 

methanolic extract and chloroform fraction through GC-MS technique of Galium tricorne Stokes 

[8]. 

In the current study it has been documented that Galium tricorne Stokes have prominent 

anthelmintic effect against worms and phytotoxic potential against radish seed germination and 

root length inhibition. Besides these 22 different compounds were identified in ethyl acetate 

fraction of the plant and some of the compound were sorted out on the basis of bioactivity. 

2,4-Di-tert-butylphenol or 2,4-bis(1,1-dimethylethyl)-phenol (2,4-DTBP) is a common natural 

lipophilic phenolic compound exhibits potent toxicity potential almost all the testing organisms 

having prominent antioxidant, anti-inflammatory, cytotoxicity against HeLa cells, Insecticidal, 

nematicidal, antibacterial, antiviral, antifungal andphytotoxicity activities [46]. The compound 

hexahydropseudoionone has been used in cosmetic like, perfumes[47]. Likewise, Hexatriacontane 

having free radical scavenging potential [48, 49].1-Docosene is also commonly used in producing 

grease, lubricants, fuels, lubricant additivesand fuel additives[50]. The red seaweed Corallina 

officinalis dichloromethane extract also contains 1-docosene having antibacterial effect [51]. The 

compounds E-15-heptadecenal and E-14-hexadecenal were obtained from the fungus Chaetomium 

globosum which displayed antiproliferative effect against cancer cell lines [52]. The fatty alcohol 1-
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Hexadecanol possessemulsifier, antioxidant, thickening agent, opacifier and emollient properties 

[53]. The phyto-compound Pentadecanoic acid, 14-methyl-, methyl ester having analgesic and 

antitumor potential [54]. Similarly the compound Hexadecane exhibited antibacterial, free radical 

scavenging and antifungal potentials [55, 56]. 

The most commonly isoprenoid hydrocarbons biomarkers found in the geosphere are phytane 

(2,6,10,14-tetramethylhex-adecane) and pristane (2,6,10,14-tetrame-thylpentadecane)  [57]. 

 

CONCLUSION 

It has been concluded that for the first time phytotoxicity assay, anthelmintic assay and 

identification of compounds in ethyl acetate fraction of Galium tricorne has been documented. From 

the biological assays it may also be inferred that the plant contains different allelochemical and 

anthelmintic secondary metabolites. The current findings of the research also substantiate the 

scientific background for the ethnomedicinal uses of Galium triocrne. These findings emphasize 

that the cytotoxic and anthelmintic potential of the plant might be due to the presence of bioactive 

compounds. 
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