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Abstract 

Ethnomedicinally, Galium elegans is a valuable species used to cure many indigenous ailments in Asia. This study explored 

the phytochemical, antioxidant, biofilm inhibition and cytotoxic properties of G. elegans extracts. The results showed that the 

ethanol extract was enriched in phenolic contents (151.12 ± 0.02 mg GAE/g) and demonstrated potent antioxidant activity (IC50 

57.95 μg/mL). Biofilm inhibition of E. coli showed that petroleum ether extract was more potent in the inhibition of biofilm 

(65.75 ± 0.3%). The nominal cytotoxicity of all the tested crude extracts ranged from 12.02 ± 0.40 to 32.03 ± 0.64%, revealed 

its safe usage as ethnomedicine. In thrombolytic study, only the acetone extract showed a very small anti-fibrinogen potential 

(3.07 ± 0.25). In conclusion, G. elegans qualifies preliminary in vitro evaluation as a potential source for antioxidant and 

biofilm inhibitory compounds. These findings license additional investigation to separate major bio-compounds from the 

extracts of G. elegans. 

 

Rezumat 

Galium elegans este o specie utilizată în medicina tradițională din Asia. Acest studiu a evaluat proprietățile fitochimice, 

antioxidante, de inhibare a biofilmului și proprietățile citotoxice ale extractelor de G. elegans. Rezultatele au arătat că extractul 

etanolic a fost bogat în constituenți fenolici (151,12 ± 0,02 mg GAE/g) și a demonstrat o activitate antioxidantă puternică (IC50 

57,95 μg/mL) iar extractul în eter de petrol a fost mai eficient în inhibarea biofilmului (65,75 ± 0,3%). Citotoxicitatea nominală 

a tuturor extractelor brute testate a variat de la 12,02 ± 0,40 la 32,03 ± 0,64%. În studiul trombolitic, doar extractul în acetonă 

a arătat un potențial antifibrinogenic foarte mic (3,07 ± 0,25). În concluzie, G. elegans reprezintă o sursă potențială de compuși 

antioxidanți și inhibitori ai biofilmelor și sunt necesare investigații suplimentare pentru a separa bio-compușii majori din 

extractele de G. elegans. 
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Introduction 

Oxidative stress is a leading cause of many diseases.  

Usually, it is caused due to difference between production 

and elimination of reactive oxygen species (ROS). 

Cells normally use endogenous antioxidants to quench 

ROS; however, over production of ROS can harm 

cellular constituents [37]. Several synthetic antioxidants 

are also available for this purpose, but there is a 

serious concern of negative health effects related to 

the use of synthetic antioxidants [15]. For example, 

synthetic antioxidants like butylated hyroxyanisole 

and butylated hydrozytoluene have shown carcinogenic 

activity [21, 22]. In contrast to these, natural anti-

oxidants in the form of phenols showed health friendly 

biological activities in human [46]. A large number of 

polyphenolics such as phenols and flavonoids have 

been identified so far, having diverse biological activities 

including antioxidant, antimicrobial, anticancer, and 

anti-inflammatory activities [25, 33]. Physiological 

and pharmacological properties of phenols depend 

largely upon their ability to scavenge free radicals [6]. 

Moreover, flavonoids also have the ability to transfer 

free radicals owing to their antioxidant activity and 

inhibition of enzymes oxidases [12, 17, 18]. In addition 

to synthetic antioxidants, synthetic antibiotics have 

also shown serious health concerns in human. The 

major drawback of synthetic antibiotics is the onset 

of resistance in microorganisms. Hence, this anti-

biotics are gradually being replaced by natural products 

with antibacterial effects [7, 28, 42]. In this regard, the 

discovery of medicinal plants with natural pharmacological 

activities is a need of the time for a better human health. 
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Galium L. is the largest genus of family Rubiaceae, 

with about 667 species distributed worldwide. It is 

characterized by numerous traits: usually subshrubs to 

perennial or annual herbs [52]. Pharmacologically, 

various species of this genus have been reported for 

biological activities i.e., G. verum L. is reported for 

immunomodulatory activity [47] and G. aparine L. is 

reported for antimicrobial, antioxidant and anticancer 

activities [4]. Galium elegans Wall. ex Roxb., locally 

known as booti pneumonia, is commonly distributed 

in the Himalayan region of Pakistan and Azad Jammu 

and Kashmir. Despite of its medicinal significance and 

traditional folklore, the plant is still not investigated 

for its pharmacological characteristics. Locally, Galium 

has many traditional uses i.e. root extract is used to 

treat pneumonia in children and whole plant is used as 

diuretic, blood cleanser and to remove kidney stones [9]. 

The paste of the plant is used as wound healing and 

to cure rheumatoid arthritis [13]. In this context, we 

have studied the in vitro pharmacological activities 

such as antioxidant, biofilm inhibition, cytotoxic and 

phytochemical screening of Galium elegans to sustenance 

further exploration of this plant for therapeutic purpose. 

As we know, this is the first study in this background. 

 

Materials and Methods 

Collection 

The whole plant of G. elegans was collected from 

Northern Pakistan (latitude 33°51'32.18"N, 

longitude 73° 45'34.93"E, elevation of 5374 feet). 

The plant was identified by a taxonomist Dr. Sajjad 

Hussain, and voucher specimen (UPR-Poonch 1112) 

was submitted to Herbarium, Department of Botany, 

University of Poonch Rawalakot. A sample of G. 

elegans was pressed, mounted on Herbarium sheet 

and deposited in the Herbarium. 

Extraction of plant material  

Ethanol (1.5 L) (Merk) was used initially to make the 

extraction of plant material. A 25 g fine powder of 

plant material was soaked in 100 mL of solvent (ethanol) 

for three days at room temperature. The extract was 

than filtered using Whatman filter paper no. 42. The 

filtrate was further evaporated using rotary evaporator 

into dried, crude ethanolic extract (EE). The same 

methodology was used to get the chloroform, petroleum 

ether and aqueous extracts named as CE, PEE and AE, 

respectively. Water soluble layer was freeze-dried to 

obtain aqueous fraction. For performing different 

bioassays and phytochemical analysis, these extracts 

were stored at 4°C. 

Yield of extract 

The obtaining yield of each extract was calculated by 

using formula (A). 

Yeild (%) =
weight of powdered extract (g)

weight of dried sample (g)
× 100, (A). 

Phytochemical screening 

For preliminary phytochemical analysis, plant extracts 

were evaluated for the presence or absences of tannins, 

saponins, alkaloids, glycosides, tri terpenoids, steroids, 

flavonoids and carbohydrates by using previously 

described methods [19, 26]. 

Total phenolic content (TPC) 

The TPC of each extract was measured by using the 

Folin-Ciocâlteu reagent method with certain modifications 

[11]. The methanolic solution of each crude (1 mg/mL) 

extract was used for analysis. An aliquot of 0.5 mL 

of each extract was mixed with 2.5 mL of 10% Folin-

Ciocâlteu reagent (in water) and kept in dark. After 

5 min, 2.5 mL of 6% sodium carbonate was added in 

the mixture and allowed to stand for 90 min at room 

temperature. The absorbance of each reaction mixture 

was measured at 750 nm. Gallic acid (GA) was used as 

a standard and a calibration curve was prepared in the 

range of 0 - 200 μg/mL. The results were expressed 

as mg gallic acid equivalent (GAE) per gram of extract. 

Total flavonoid content (TFC) 

Aluminum chloride colorimetric method with some 

modifications [49] was used to calculate the total 

flavonoid content with catechin as a standard. Briefly, 

1 mL of the plant extract was mixed with 4 mL of 

distilled water followed by the addition of 0.3 mL 10% 

ALCl3 and 0.3 mL 5% NaNO3. After the incubation 

of 6 min, 2 mL of 1 M sodium hydroxide was added, 

and the final volume was made up to 10 mL with de-

ionized waster. The absorbance of each reaction was 

measured at 530 nm after 15 min of incubation at room 

temperature. The calibration curve for catechin in the 

range of 0 - 200 μg/mL was prepared in the same manner 

and TFC was expressed as mg catechin equivalent 

(CAE) per gram of extract. 

Antioxidant activity 

The antioxidant activity was determined as ability of 

the extracts to scavenge free radicals through 2, 2-di-

phenyl-1-picrylhydrazyl (DPPH) assay as previously 

described by [1] with some modifications. In brief, 1 M 

DPPH solution was prepared as a stock and stored at 

-20ºC until further use. A series of concentrations in 

the range of 25 - 250 μg/mL was prepared for each 

extract. For % inhibition activity, 1.5 mL of each 

concentration was placed in different test tubes and 

1.5 mL DPPH working solution was added. After 30 

min of incubation in the dark, absorbance was measured 

at 517 nm. The absorbance of a blank (1.5 mL DPPH + 

1.5 mL methanol) was also measured at a same wave-

length. The % inhibition activity was calculated using 

equation (B). 

IC50 (μg/mL) value was calculated for each extract, 

which was used to assess the antioxidant activity of the 

extracts. All the testes were carried out in triplicates. 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
Absorbance of control−Absorbance of sample 

Absorbance of control
× 100,  (B).
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Biofilm inhibitory activity 

Escherichia coli, a well-known bacterium for colonization 

on human associated surfaces and medical devices, was 

obtained for the biofilm inhibition effect of Galium 

elegans fractions. The strain was cultured at 37°C and 

maintained on nutrient agar slant at 4°C. For biofilm 

inhibition assay, a microtitration method was used 

with 96-well plates. The wells were treated in according 

a predefined plate layout where all the fractions were 

applied to diluted bacterial cultures at a concentration 

of 100 μg/mL with a final well volume of 220 μL. 

Nutrient broth was taken as negative control, while 

antibiotic drug rifampicin was taken as positive control. 

The plates were incubated at 37ºC for 24 h. After 

incubation, the well plates were washed with sterile 

phosphate buffer thrice to remove all non-adherent 

bacteria. Then the emptied wells were filled with equal 

volume of methanol and left for half an hour so that 

biofilms (if formed in any triplicate could be fixed). 

The plates were stained with crystal violet dye for 25 

min and treated with 33% (v/v) glacial acetic acid to 

ensure that dye has essentially bonded with biofilms. 

Treated plates were loaded to a microtiter plate reader 

(Biotech, USA) and optical density (OD) was measured 

at 630 nm (BioTek, USA). All the tests were carried 

thrice times against both selected bacterial strain and 

the results were averaged [45]. The biofilm inhibition 

was measured using formula (C). 

Minimum Biofilm Inhibitory Concentration (MBIC) =
100−OD630 sample 

OD630 control
× 100, (C).

Cytotoxicity 

Hemolytic activity 

Fresh heparinized bovine blood (3 mL) was collected 

from the Department of Clinical Medicine and Surgery, 

University of Agriculture, Faisalabad, Pakistan. Blood 

was centrifuged for 5 min at 1000x g, the plasma 

obtained was discarded, and the cells were washed 

thrice with 5 mL chilled (4ºC) sterile isotonic phosphate-

buffered saline (pH 7.4). The cells were maintained 

at a confluence of more than 80%. The standardized 

cells were re-suspended in fresh media using flat bottom 

96-well plates (Thermo Fisher Scientific) and treated 

with ethanolic, chloroform, petroleum ether and aqueous 

fractions of G. elegans at room temperature. Phosphate-

buffered saline (PBS) was taken as negative control 

while the triton X-100 was taken as positive control 

and pass through the same process. After treatment, 

the cells were incubated and agitated for 10 min and 

then the treated plates were centrifuged for 5 minutes 

at 1000x g and were placed over an ice block. From 

each tube, the supernatant of 100 μL was taken and 

diluted 10 times with chilled PBS. The optical density 

was measured at 576 nm using uQuant (Biotech, USA). 

The calculation was made at the end for % RBCs 

lysis for each sample [44]. 

Thrombolytic activity 

Venous blood from five volunteer was acquired and 

incubate at 37℃ for 40 min. Five different pre-weighed 

sterile micro centrifuge tube were used to take 5 mL 

of blood sample. From each centrifuge tube, the fluid 

was completely released after 175 clot formation and 

the clot weight was determined by subtracting weight 

of clot containing tube from weight of tube alone. 

The cells clots were exposed to all four fractions of 

Galium elegans where 100 μL of each treatment was 

applied to the clots formed in a blood volume of 5 

mL. Thrombolytic enzyme streptokinase was used as 

positive control whereas distilled water was the negative 

control. The centrifuge tubes with the treatment and 

control were incubated for an hour at room temperature. 

The cellular contents released due to lysis was carefully 

separated and tubes were weighed again [38]. Overall 

thrombolytic activity was determined using the formula 

(D). 

% Clot Lysis =
wt of released clot 

clot wt
× 100,   (D). 

 

Results and Discussion 

Yield of the extract 

The extraction of phytochemicals in different solvents 

is based on the solubility of these phytochemicals in 

solvents. The ethanol extract gained high extraction 

yield (15.21 ± 0.2% w/w) as compared to other solvents 

(Table I). The lowest extraction yield was obtained 

with petroleum ether (3.08 ± 0.3% w/w). The ascending 

order of the extraction yield in different solvents was 

as ethanol ˃ aqueous ˃ chloroform ˃ petroleum ether. 

Phytoconstituents have variable solubility based on 

the polarity of extraction solvents, thus biological 

activity of a plant it generally depends upon the type 

of extraction solvent [2]. 

Table I 

Preliminary phytochemical screening for the 

presence of different bio-compounds in the extracts 

of G. elegans 

 EE CE PEE AE 

Alkaloids + + + + 

Flavonoids + + + + 

Glycosides + + + + 

Saponins + + + + 

Steroids ─ ─ ─ ─ 

Tannins + + + + 

Ttriterpenoids + + + ─ 

Carbohydrates ─ ─ ─ ─ 

Protein + + ─ + 

Amino acid + ─ ─ + 

Polyphenols + + + + 

EE = ethanol extract; CE = chloroform extract; PEE = petroleum 

ether extract; AE = aqueous extract; “+” = presence of phyto-

chemicals, “–“ = absence of phytochemicals 

 

Phytochemical screening 

Preliminary phytochemical screening for the presence 

of different phytochemicals in different extracts of G. 

elegans is shown in Table II. The TPC and TFC were 
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also determined in each extract (Table III). The EE 

showed more TPC (151.12 ± 0.02 mg GAE/g) followed 

by PEE (37.31 ± 0.15 mg GAE/g). The maximum TFC 

were found in PEE (140.21 ± 0.1 mg CAE/g) followed 

by CE (115.11 ± 0.1 mg CAE/g). The presence of 

different phytochemicals are the reasons to have great 

medicinal values of this plant. For example, alkaloids 

are well known as powerful poison and plants derived 

alkaloids have many biological applications such as 

antimicrobial, antiplasmodial, anti-inflammatory and 

cytotoxic activity [5, 8, 16, 48]. 

Table II 

Yield of the extract, bioactive compounds and antioxidant activity of G. elegans extracts 

 Yield of extract 

(% w/w) 

TPC  

(mg GAE/g) 

TFC  

(mg CAE/g) 

Antioxidant acidity by DPPH 

IC50 (µg/mL) 

EE 3.08 ± 0.3 151.12 ± 0.02  55.18 ± 0.15 57.95 

CE 8.94 ± 0.1 27.10 ± 0.2 115.11 ± 0.1 150.26 

PEE 15.21 ± 0.2 37.31 ± 0.15 140.21 ± 0.1 88.54 

AE 14.92 ± 0.4 30.73 ± 0.3 40.11 ± 0.13 107.58 

The values are means ± standard error of means (n = 3); EE = ethanol extract; CE = chloroform extract; PEE = petroleum ether extract; 

AE = aqueous extract; PTC = total phenolic content; TFC = total flavonoid content 

 

Table III 

Cytotoxicity in the form of clot lysis (%) and thrombolytic activity (%) of G. elegans extracts 

 Clot lysis (%) Thrombolytic activity (%) 

EE 21.06 ± 0.12 1.06 ± 0.15 

CE 32.03 ± 0.64 2.03 ± 0.25 

PEE 12.02 ± 0.40 3.07 ± 0.2 

AE 27.05 ± 0.75 1.03 ± 0.02 

Streptokinase 87.02 ± 0.12 98.06 ± 0.2 

Distilled water 2.01 ± 0.20  

The values are means ± standard error of means (n = 3); EE = ethanol extract; CE = chloroform extract; PEE = petroleum ether extract; 

AE = aqueous extract 

 

The recognition of high amount of phenolic contents 

in the EE of G. elegans clues that this plant has 

significant antioxidant activity. Phenolics are the major 

component of non-enzymatic antioxidant system of the 

cells, because of their unique structural features [41]. 

The capacity of phenol extraction depends upon the 

methods and solvents applied, so ethanol received more 

phenols than chloroform, petroleum ether and water 

extract [31, 35]. Like the phenols, flavonoids have also 

significant importance in living system. They are reported 

to have antimicrobial, antithrombotic, antiallergic, anti-

cancer and antioxidant activities [3, 51]. The flavonoids 

trigger their action by inhibition the membranous 

enzymes like ATPase and phospholipase and by effecting 

the permeability of membranes [29]. 

Antioxidant activity 

Plant based antioxidants have a vital role in improving 

the damaging effects of oxidative stress produced by 

ROS. A solid relationship exists between the pathogens 

and a degree of oxidative stress; therefore, the practice 

of plant-based antioxidants is reflected as an effective 

therapeutic tactic against numerous infectious diseases 

[32]. In this study, the DPPH assay was used to 

demonstrate the % scavenging activity of four extracts 

of G. elegans and the antioxidant activity was observed 

in the form of IC50 value, which corresponds to the 

concentration of extracts that are able to scavenge 

50% of free radicals present in the reaction mixture. 

Higher IC50 value represents the low antioxidant activity. 

In our results, the maximum antioxidant activity was 

shown by EE as it has least IC50 of 57.95 μg/mL in 

DPPH scavenging assay. These results can be elucidated 

by the high amount of phenolics in the EE of G. elegans 

in comparison with chloroform, petroleum ether and 

aqueous extract, and these phenolics were found to 

have strong association with antioxidant activity [36]. 

Moreover, a positive correlation (r = 0.787) between 

the phenolic contents and antioxidant activity further 

supports the idea that phenols are main phytochemicals 

involve in antioxidant activity. It is already known 

that antioxidant ability of plant extracts attributes to 

the TPC and TFC of the extracts [24, 30]. In detail, 

a particular structure of phenols allows them to give 

hydrogen, de-confine electrons, reduce singlet oxygen 

and react with free radicals [39, 40]. Flavonoids are 

also reported to have good antioxidant activity [51]. 

Our results are in good accordance with the findings 

that ethanol extract of Aloe vera leaf has more anti-

oxidant activity than n-hexane and aqueous extract 

[20, 43]. 

Biofilm inhibition 

Biofilm is actually surface-associated microbial 

communities that can tolerate high concentrations of 

antimicrobials by physically preventing occluding drug 

entry via the biofilm matrix [50]. This can lead to a risk 

of resistance in microbial growth up to many folds 

against conventional antimicrobial agents. Inhibiting 

the production of biofilms, then, would allow bio-

film-associated infections in order to be more easily 

resolved with antibiotic treatment. E. coli is a highly 
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versatile bacterium ranging from harmless gut commensal 

to intra- or extra- intestinal pathogens, including common 

colonizers of medical devices and the primary causes 

of recurrent urogenital infections [23]. To date, the 

mechanisms of action of the known anti-biofilm 

compounds may involve the inhibition of the bacterial 

adhesion, which is considered the initial steps in bacterial 

pathogenesis [10]. Herein we investigated the effect of 

EE, CE, PEE and AE of G. elegans against biofilm 

formation in E. coli. The results of biofilm inhibition 

activity are shown in Figure 1, where highest biofilm 

inhibition is shown by PEE (65.75 ± 0.3%) followed 

by CE (41.17 ± 0.2%) among the extracts. 

Microscopic visualization of PEE (Figure 2) illustrates 

a significant disruption of biofilm formed by E. coli as 

compare to negative control. It is observed that PEE 

attained more than 50% biofilm inhibition at a 

concentration of 100 μg/mL. Previously, medicinal 

plants such as Origanum majorana and Thymus zygis 

were reported from Saudi Arabia for significant 

biofilm inhibition against E. coli isolates [27]. 

 

 
Figure 1. 

Biofilm inhibition activity (%) of G. elegans 

extracts against E. coli 
The values are means ± standard error of means (n = 3), 

EE ethanol extract, CE chloroform extract, PEE 

petroleum ether extract, AE aqueous extract 

 

 
Figure 2. 

Microscopic images of biofilm inhibition of E. coli: a) Negative control (Nutrient broth only), b) Rifampicin 

(positive control) and c) Petroleum ether extract of G. elegans 

 

It was noted that organic fraction particularly PEE 

was more effective carrier for anti-biofilm agents. 

Similar findings were reported previously where crude 

extract of Lawsonia inermis in petroleum ether inhibited 

biofilm formation up to 80% at concentration of 256 

μg/mL. 

Cytotoxicity 

Toxicity of the active molecule is a key factor during 

drug designing and development. Assessing cytotoxicity 

is, therefore, inevitable to draw information on the 

interaction between molecules and biological entities 

at cellular level [34]. Hemolytic activity for example 

is a key measure to gauge general cytotoxicity towards 

normal healthy cells [14]. The cytotoxic activity was 

measured in the form of hemolytic (clot lysis) and 

thrombolytic activity. The results of hemolytic activity 

indicated that CE had a higher percentage of clot lysis 

(32.03 ± 0.64%) than all other extract, but significantly 

very low when compared with control (87.02 ± 0.12%), 

as shown in Table III. To validate the argument, the 

extract fractions were also applied to blood clots formed 

in vitro from venous blood of human volunteers. It 

was recorded that, none of the extract fractions could 

reach even a minimal level of lytic activity as compared 

to the control (Table III). This has ruled out the potential 

of chloroform fraction as cytotoxic agent which showed 

a modest hemolytic effect previously. It is important 

to note that chloroform has cytotoxic effects against 

living cells as it dissolves lipid bilayer, therefore 

hemolytic activity of chloroform fraction is more likely 

due to the toxicity of chloroform as solvent. Previous 

studies have reported chloroform fraction as the most 

cytotoxic against cancer cell lines [2]. 

 

Conclusions 

In conclusion, this research shows the presence of 

several phytochemicals such as tannins, saponins, 

alkaloids, glycosides, triterpenoids, steroids, flavonoids 

and carbohydrates in the EE, CE, PEE and AE of G. 

elegans. These extracts have also showed significant 

antioxidant and antibacterial activities, can be attributed 

to the phenolic and flavonoids content present in the 

extracts. However, the phytochemicals profile and 

biological activities are dependent on the polarity of 

the extraction solvents. The EE received the higher 

TPC and PEE received the higher TFC. Similarly, EE 

extract showed the higher antioxidant potential by 
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DPPH assay and PEE showed the higher antibacterial 

activity by biofilm inhibition assay against E. coli. 

These extracts were further investigated for their 

cytotoxic effect against normal cells and found to be 

safe with minimal toxic effect. Hence, this study is 

directed towards the targeted isolation of bioactive 

compounds and evaluation of their pharmacological 

activity and mechanism of action. 
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