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a b s t r a c t 

Background: In Southeast Asia, Gynura procumbens has been utilized as a traditional medicinal herb for 

many diseases. The nontoxic effects of the leaves of G procumbens can be consumed safely for the treat- 

ment of many diseases, especially diabetes mellitus. 

Objectives: This study aimed to assess the antibacterial, anti-inflammatory, and cytotoxic effects of G 

procumbens leaves through different extracts. 

Methods: Cold extraction was employed for G procumbens leaves. Disc diffusion, bovine serum albu- 

min denaturation, brine shrimp lethality assays, and microscopic examination of tissues (ie, liver, kid- 

ney, and heart) were performed to measure antibacterial, anti-inflammatory, and cytotoxic activities, and 

histopathologic analysis, respectively. 

Results: The distinct concentrations of aqueous, ethanol, and n-hexane extracts showed prominent an- 

tibacterial activity against four pathogenic bacterial strains ( Chromobacterium sp, Staphylococcus aureus , 

Enterococcus faecium , and Escherichia coli 0157:H7:LT). The aqueous extract of G procumbens at a concen- 

tration of 200 μg/mL showed potential antibacterial activities against S aureus and E faecium , with mean 

(SD) zones of inhibition of 15 (1.0) mm and 10 (0.55) mm, respectively. At a concentration of 40 μg/mL, 

the aqueous extract of G procumbens exhibited significant ( P < 0.01) anti-inflammatory activity compared 

with that of the other 2 extracts in the bovine serum albumin denaturation assay. The n-hexane extract 

showed moderate cytotoxic activity compared with that of vincristine sulfate. The median lethal concen- 

tration values of the aqueous, ethanol, and n-hexane extracts were 427.66, 218.56, and 114.51 μg/mL, 

respectively. The aqueous extract exhibited lower cytotoxicity than that exhibited by the ethanol and n- 

hexane extracts. The histopathologic analysis results showed that the aqueous extract of G procumbens 

had no harmful effects on the different organs of the experimental mice. 

Conclusions: The aqueous extract of G procumbens could be a potential source for treating various infec- 

tious and chronic diseases. (Curr Ther Res Clin Exp. 2021; 82:XXX–XXX) 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Gynura procumbens belongs to the family Asteraceae and is a 

ast-growing evergreen herb that commonly grows in Malaysia, 

ietnam, Thailand, Indonesia, and China. 1 It is widely used as 

n effective alternative medicine. The leaves of G procumbens 

re exploited as a traditional medicinal plant to treat many dis- 
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ases, such as diabetes, hypertension, hyperlipidemia, inflamma- 

ion, and cancer. 2 The phytochemicals (ie, flavonoids, terpenoids, 

annins, and saponins) present in G procumbens are responsible 

or its health benefits. 3 The polysaccharide compounds present in 

 procumbens possess effective biological activities for the treat- 

ent of diabetes mellitus, hypertension, rheumatism, constipation, 

ound healing, and kidney diseases. 1 , 4 Currently, the intake of 

onventional drugs with herbal medicines has been reported to in- 

rease the efficacy of traditional drugs. 3 

Plant products have attracted increasing attention for the de- 

elopment of alternative and novel drugs because some human 

nd animal infective bacteria have become increasingly resistant 
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o conventional medicines and some conventional medicines have 

egative side effects. Most medicinal plants have diverse remedial 

nfluence on different types of diseases and are cost-effective, have 

igh efficacy, and high availability. 2 , 5 Among medicinal plants, G 

rocumbens has the potential to decrease cholesterol levels and 

igh blood pressure. In addition, G procumbens can be used to 

reat dysentery, kidney failure, bleeding, throat infection, and men- 

trual cycle disturbances. 6 Glycosides and flavonoids present in 

 procumben s have beneficial health effects. 4 For primary health 

are, around 90% of rural people in developing countries are 

holly dependent on traditional medicines, and G procumbens can 

efend against many diseases. However, the dose-dependent an- 

ibacterial and anti-inflammatory effects of different extracts of G 

rocumbens have not yet been investigated . Thus, this study fo- 

used on evaluating the bioactivity of multiple doses of the novel 

xtracts of G procumbens leaves. 

aterials and Methods 

aterials and chemicals 

The reagents and chemicals used in this study were pro- 

ured from Thermo Fisher Scientific (Waltham, Massachusetts). 

incristine sulfate, dimethyl sulfoxide (DMSO) 78.13, and methanol 

ere purchased from Merck (Kenilworth, New Jersey) and BDH 

Purite-Suez Water, U.K), respectively. Ethanol, ether, anhydrous 

odium sulfate, sodium chloride, bovine serum albumin (BSA), and 

alicylic acid were purchased from Sigma Aldrich (St Louis, Mis- 

ouri). Nutrient broth and nutrient agar media were procured from 

erck. Whatman No. 1 filter paper was obtained from the Merck. 

ample collection and preparation 

Leaves of G procumbens were collected from the Daratana nurs- 

ry in Jashore, Bangladesh, and identified by the Bangladesh Na- 

ional Herbarium, Bangladesh. After washing, the leaves were dried 

t room temperature (25 °C), crushed into a fine powder, and stored 

t 4 °C. 

reparation of G procumbens leaf extracts 

The extraction of G procumbens leaf was carried out according 

o the method as described with slight modification. 7 The pow- 

ered plant material (200 g) was first extracted via maceration 

n 1.5 L water and kept at 50 °C in a water bath for 3 hours, fol-

owed by stirring (160 rpm) of the extract at 20-minute intervals. 

he aqueous extract was freeze-dried using a BR Biochem Life Sci- 

nces (New Delhi, India) freeze dryer to obtain the powder, and the 

owdered extract was stored at 4 °C until further use. For ethanolic 

nd n-hexane extraction, 200 g G procumbens powder was added 

o 95% ethanol (1.5 L) and n-hexane (1.5 L) for 7 days at room tem- 

erature with shaking at 250 rpm in a shaking incubator. A rotary 

acuum evaporator (260,0 0 0 0 Witeg, Germany) was used to con- 

entrate the extracted solvent at 40 °C to yield the ethanolic and 

-hexane extracts of G procumbens leaves, which were then stored 

t 4 °C. 

hytochemical analysis of G procumbens extracts 

ualitative phytochemical screening 

The extracts (ie, aqueous, ethanolic, and n-hexane) of G procum- 

ens were subjected to qualitative chemical tests for identification 

f various phytoconstituents following the methodology of Har- 
8 , 9 
orne and Kokate. f

2 
est for alkaloids 

Dragendorff’s test. Dragendorff’s reagent (1 mL) was added to 

he extract. An orange-red precipitate indicated the presence of al- 

aloids. 

est for carbohydrates 

Molisch test. α-Naphthol solution (1 mL) was added to the ex- 

ract, and concentrated sulfuric acid was added along the sides of 

he test tube. A purple or reddish-violet color at the junction be- 

ween the 2 liquids indicated the presence of carbohydrates. 

est for proteins 

Biuret test . The extract was added to 1 mL 40% sodium hydrox- 

de and 2 drops 1% copper sulfate solution. A violet color indicated 

he presence of proteins. 

est for phenols 

Distilled water (2 mL) followed by several drops of 10% ferric 

hloride was added to 1 mL extract. A green color indicated the 

resence of phenols. 

est for steroids 

Salkowski test. The extracts were dissolved in chloroform, and 

n equal volume of concentrated sulfuric acid was added. A bluish- 

ed to cherry red color is observed in the chloroform layer, and 

he acid layer is marked with green fluorescence, indicating the 

resence of steroids. 

est for glycosides 

Keller Killiani test. The extracts were dissolved in acetic acid 

ontaining a trace of ferric chloride and transferred to the sur- 

ace of concentrated sulfuric acid. At the junction, a reddish-brown 

olor is formed, which gradually becomes blue, indicating the pres- 

nce of glycosides. 

est for flavonoids 

Magnesium turnings were added to the extract, followed by the 

ddition of concentrated hydrochloric acid. A red color indicated 

he presence of flavonoids. 

est for tannins 

Ferric chloride was added to the extract. Dark-blue or greenish- 

lack colors indicated the presence of tannins. 

est for terpenoids 

A mixture of chloroform (2 mL) and concentrated tetraoxosul- 

ate acid (3 mL) was added to 5 mL of each extract to form a layer.

he presence of a reddish-brown coloration at the interface indi- 

ated the presence of terpenoids. 

est for saponin 

A mixture of distilled water (5 mL) and each extract (10 mL) 

as vigorously agitated to form a stable, persistent foam. The for- 

ation of an emulsion upon the addition of 3 drops of olive oil 

ndicated a positive result. 

est for caffeine 

Murexide test . Several drops of G procumbens extracts and 3 to 5 

rops of nitric acid were added in a small porcelain dish and evap- 

rated to dryness. After adding 2 drops of ammonium hydroxide, 

he development of a purple color indicated the presence of caf- 
eine. 
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ntimicrobial activity measurement 

reparation of the bacterial strains 

The bacterial strains ( Escherichia coli H7:LT04:0157, Staphylococ- 

us aureus , Enterococcus faecium , and Chromobacterium sp ) were ac- 

uired from the Department of Microbiology, Jashore University 

f Science and Technology, Jashore, Bangladesh. Luria-Bertani (LB) 

roth and nutrient agar media were used to culture the bacte- 

ial strains. For antibacterial testing, the frozen stock culture was 

hawed and then 100 μL was spread onto LB agar medium, and the 

ingle colony was cultured on LB agar medium. A single colony was 

hen inoculated into 25 mL LB broth and incubated at 37 °C with 

onstant agitation at 250 rpm for bacterial growth, unless the mid- 

og phase of absorbance at 600 nm was obtained at 0.4 (3.2 × 10 8 

ells/mL) using a spectrophotometer (V-1100; Mapada Instruments 

o, Ltd, Shanghai, China). 

isc diffusion assay 

The antibacterial action was implemented by disc diffusion 

echniques presented previously by Rahman et al 10 with a slight al- 

eration. A 6-mm-diameter disc of Whatman No. 1 filter paper was 

laced into a vial followed by autoclaving for 15 minutes at 121 °C 

nd 15 lb/in 

2 pressure. After autoclaving, the discs were dried in a 

rying oven. The different extracts of G procumbens leaves were 

issolved in DMSO to a final concentration of 100 mg/mL. Each 

isc was soaked with 10 μL 100 mg/mL (10 0 0 μg/disc) of the re- 

pective extracts and aseptically air-dried on a clean bench for use 

n the antibacterial assay. The negative control discs were soaked 

n 10 μL DMSO only. The bacterial broth culture of the mid-log 

hase was dispersed onto a nutrient agar plate, followed by incu- 

ation for 24 hours at 37 °C. The zones of inhibition were calcu- 

ated in millimeters to determine the antibacterial activity. Ampi- 

illin was used as the positive control. 

ssessment of in vitro anti-inflammatory activity 

nhibition albumin denaturation assay 

The anti-inflammatory activity of G procumbens extracts (ie, 

queous, ethanolic, and n-hexane) was determined in vitro to in- 

ibit the denaturation of BSA according to previously described 

ethods with some modifications. 11 , 12 In this assay, the reaction 

ixture consisted of test extracts of G procumbens leaves at dif- 

erent concentrations and 1% BSA solution prepared in phosphate- 

uffered saline (pH 7.4). The pH of the reaction mixture was ad- 

usted to 6.8 using a small amount of 1 N hydrochloride. The re- 

ction mixtures were incubated at 72 °C for 5 minutes and allowed 

o cool. The absorbance of the control and test samples was de- 

ermined using a spectrophotometer (V-1100; Mapada Instruments 

o) at 660 nm. The experiment was conducted in triplicate, and 

he percent inhibition of BSA denaturation was calculated as fol- 

ows: 

ercent inhibition ( % ) = ( ( A C − A S ) / A C ) × 100 

here A C is the absorbance of the control sample and A S is the 

bsorbance of the test sample. 

n vitro cytotoxicity assay 

rine shrimp lethality bioassay 

The in vitro cytotoxicity of G procumbens extracts (ie, aque- 

us, ethanolic, and n-hexane) was determined by a brine shrimp 

ethality bioassay as described by Naz et al 13 with some modifi- 

ations. Brine shrimp ( Artemia salina ) eggs were acquired from an 

quarium shop in Dhaka, Bangladesh, and hatched in a vessel with 

imulated seawater. Simulated seawater was prepared using 38 g 

odium chloride in 1 L water, and hatching was continued for 48 
3 
ours under constant aeration with direct light that warmed the 

essel to approximately 24 °C to 25 °C. After hatching, active nauplii 

ere collected and transferred to fresh seawater. Different concen- 

rations of the various solvent extracts of G procumbens leaves and 

ositive control (vincristine sulfate) were prepared in DMSO (not 

ore than 50 μL 10% DMSO in 5 mL solution) and seawater to at- 

ain diluted solutions at concentrations of 500, 250, 125, 75, 62.25, 

0, 31.25, 30, and 20 μg/mL. A vial containing 50 μL 10% DMSO 

iluted to a total volume of 5 mL simulated seawater was used as 

 negative control. Ten nauplii were placed in each vial, and the 

umber of surviving nauplii in each vial was calculated by obser- 

ation using a magnifying glass after 24 hours. The following for- 

ula was used to calculate the percent mortality of brine shrimp 

auplii at each concentration: 

ercent ( % ) mortality = ( NT − NL ) / NT × 100 

here NT is the number of nauplii taken (n = 10) and NL is the 

umber of nauplii alive after 24 hours of incubation. The LC 50 val- 

es were calculated by linear regression analysis of the percent 

ortality versus the concentrations of test samples using Microsoft 

ffice Excel 2010 (Microsoft Corp, Redmond, Washington). 

istopathologic analysis for toxicity test 

xperimental animals 

Swiss albino mice aged 6 weeks (weight 25–30 g) were ob- 

ained from Jahangirnagar University, Bangladesh. The mice were 

cclimatized to the laboratory environment for 7 days before the 

xperiments. 

nduction of diabetes in mice 

Alloxan was administered intraperitoneally at a concentration 

f 150 mg/kg to induce diabetes, which was confirmed by measur- 

ng blood glucose levels above 13 mmol/L using a glucometer. 14 

xperimental design 

Eighteen mice were randomly divided into 3 groups (n = 6). 

ice in the normal control group (negative control) were fed nor- 

al saline. Mice in the alloxan-induced diabetic mice group were 

reated with G procumbens aqueous extracts (treatment group) and 

ed an aqueous extract of G procumbens (200 mg/kg weight). The 

lloxan-induced diabetic mouse group (the positive control) were 

ed normal saline. The body weight and fasting blood glucose level 

f each mouse in each group were measured at day 0 and after 

8 days of treatment. After 28 days of treatment, overnight-fasted 

ice were euthanized to obtain heart, liver, and kidney samples 

or analysis. 

istopathologic examination 

Histopathologic examination of the vital organs of the mice in 

ll groups was performed as previously described. 15 

tatistical analyses 

Data were analyzed using Origin Lab version 7.0. One Round 

ouse plaza Northampton, MA 01060 USA Values are presented as 

ean (SEM). Analysis of variance followed by Tukey post-hoc test 

as used to calculate the statistical significance of the results. The 

evel of significance was expressed as P < 0.05, P < 0.01, and P < 

.001. 

esults and Discussion 

The diverse solvent extracts of G procumbens leaves containing 

arious phytochemicals are shown in Table 1 . Compared with the 

ther 2 extracts (ie, ethanolic and n-hexane), the aqueous extract 
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Table 1 

Preliminary phytochemical screening of the various ex- 

tracts of Gaultheria procumbens leaves. 

Phytochemical 

compound 

Extract ∗

Aqueous Ethanol n-hexane 

Carbohydrates + + + 

Proteins + + + 

Alkaloids + + + 

Phenols + _ _ 

Tannins + _ _ 

Saponins + + + 

Steroids + + + 

Flavonoids + + + 

Terpenoids _ + _ 

Glycosides _ + _ 

Caffeine _ _ _ 

∗ ( + ) indicates present and (–) indicates absence of 

the phytochemical compounds in the aqueous, ethanol, 

and n-hexane extracts. 
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Figure 1. Bovine serum albumin (BSA) denaturation inhibitory activity of the ex- 

tracts (ie, n-hexane, ethanol, and aqueous) of Gynura procumbens leaves. The anti- 

inflammatory effects of n-hexane, ethanol, and aqueous extracts of G procum- 

bens leaves were examined by BSA denaturation inhibitory activity. The anti- 

inflammatory activity of the aqueous extracts and reference (salicylic acid) was sub- 

stantially distinct from that of the n-hexane and ethanol extracts. The significance 

level was specified as ∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001 for aqueous extract 

versus salicylic acid (standard). The anti-inflammatory activity of the aqueous ex- 

tract was substantially distinct from that of the ethanol and n-hexane extracts. The 

significance level was set at # P < 0.05, ## P < 0.01, and ### P < 0.001 for aque- 

ous extract versus ethanol extract and $ P < 0.05, $$ P < 0.01, and $$$ P < 0.001 for 

aqueous extract versus n-hexane extract. Values are presented as mean (SD) (n = 3 

experiments). 
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ontained some pharmacologically important phytoconstituents. 

hytoconstituents, as active components in plant extracts, are 

menable to multifarious pharmacologic actions. Plant secondary 

etabolites influence the therapeutic and pharmacologic activities 

f medicinal herbs. Preliminary phytochemical screening experi- 

ents showed that the aqueous extracts of G procumbens leaves 

ontained phenolic compounds, such as tannins and flavonoids. 

n contrast, the ethanolic and n-hexane extracts of G procumbens 

eaves showed only the presence of flavonoids. This may be why 

he aqueous solvent has a strong capacity for extracting phenolic 

ompounds. 

Plant phenolic compounds possess potent antimicrobial 16 , 17 

nd anti-inflammatory activity. 12 , 18 Flavonoid compounds and 

heir derivatives, such as isovitexin 2 ′ ’-O-xyloside, 6,8-Di-C-beta- 

-arabinopyranosylapigenin, and homoesperetin 7-rutinoside, have 

een identified in the aqueous extracts of G procumbens, 19 and 

avonoids from plant extracts possess antimicrobial and anti- 

nflammatory properties. 20 , 21 Saponins and glycosides are vital 

lasses of secondary metabolites because some of them are car- 

ioactive and used in the treatment of heart disease, 22 and 

aponins have antimicrobial 23 and anti-inflammatory activity. 24 

he strong presence of tannins in plant extracts allows them 

o possess potent antimicrobial activities 16 and anti-inflammatory 

roperties. 25 In this study, we found that aqueous extracts were 

nriched with phenols and tannins. Therefore, the aqueous extracts 

f G procumbens leaves may have a potential health benefit. 

The antibacterial activities of different extracts of G procum- 

ens leaves against the gram-positive and gram-negative bacte- 

ia were examined on the basis of a clear zone of inhibition. As 

hown in Table 2 , among the 3 different concentrations (200, 250, 

nd 500 μg/mL) of the aqueous, ethanol, and n-hexane extracts, 

he 500 μg/disc exhibited significant antibacterial activity against 

he gram-negative bacteria E coli -H7, - LT04, and -0157 with zones 

f inhibition ranging from 3 to 21 mm. Moreover, E coli -H7 had 

he highest mean (SEM) zone of inhibition (10.00 [0.46] mm) in 

he aqueous extract; E coli LT04 had a men (SEM) zone of inhibi- 

ion of 21.00 (1.25 mm) in n-hexane, and E coli -0157 had a mean 

SEM) zone of inhibition of 20.00 (1.16) mm in the ethanol ex- 

ract. For gram-positive bacteria ( Chromobacterium sp, S aureus , and 

 faecium ), the aqueous, ethanolic, and n-hexane extracts at 500 

g/disc exhibited high potential antibacterial activity with a mean 

SEM) inhibition zone ranging from 10 (0.65) mm to 19 (1.45) mm. 

mong them, S aureus and E faecium had the highest mean (SEM) 

one of inhibition at 18 (1.25) mm and 19 (1.45) mm, respectively, 

n both the aqueous and n-hexane extracts, whereas Chromobac- 

erium sp showed the highest mean (SEM) zone of inhibition at 18 
4 
1.35) mm in both ethanol and n-hexane extracts. Unexpectedly, 

 aureus and E faecium exhibited mean (SEM) zones of inhibition 

anging from 10 (0.55) to 16 (1.35) mm at the 200 and 250 μg/disc 

oncentrations, which is comparable to those at the 500 μg/disc 

oncentration. As a positive control, ampicillin was employed and 

isplayed a mean (SEM) zone of inhibition extending from 10.00 

0.65) to 21.00 (1.86) mm. Antibacterial activity results obtained 

or Cucurbita maxima by the disc diffusion assay indicated that in- 

igenous pumpkin seed oil has more effective antibacterial activity 

gainst all pathogenic bacteria. 26 In addition, G procumbens extract 

xhibits antibacterial efficacy against both gram-positive ( Bacillus 

ereus ) and gram-negative ( Pseudomonas aeruginosa , Vibrio para- 

aemolyticus, and Salmonella typhi ) bacteria. 27 , 28 However, in this 

tudy, the antibacterial activity of G procumbens extract was ob- 

erved against the gram-negative bacteria E coli -H7 and -0157 and 

ram-positive bacteria ( S aureus , E faecium, and Chromobacterium 

p). 

As shown in Figure 1 , the n-hexane extracts of G procum- 

ens leaves at concentrations of 15, 20, 25, 30, 35, 40, and 45 

g/mL exhibited anti-inflammatory activity ranging from mean 

SEM) 76.32% (0.74%) to 86.05% (1.16%), whereas at the same con- 

entrations, the ethanol extracts of G procumbens leaves showed 

ean (SEM) 76.08% (0.43%) to 88.90% (0.68%) anti-inflammatory 

ctivity. The aqueous extracts of G procumbens leaves showed anti- 

nflammatory activity ranging from mean (SEM) 90.12% (0.66%) to 

3.00% (0.72%). The positive control (salicylic acid) exhibited anti- 

nflammatory activity, extending from mean (SEM) 89.46% (0.38%) 

o 90.65% (0.24%). The anti-inflammatory activity of G procum- 

ens was dose-dependent. The present study showed that all three 

ested extracts of G procumbens leaves markedly inhibited BSA 

enaturation. However, at a concentration of 40 μg/mL, aqueous 

xtracts exhibited the highest (92.13%) anti-inflammatory activ- 

ty compared with that of the reference standard salicylic acid 

90.40%; P < 0.01), which was significantly higher than that of 

thanol (89.02%; P < 0.05) and n-hexane (86.05%; P < 0.001) ex- 

racts ( Figure 1 ). Therefore, the BSA denaturation assay results re- 
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Table 2 

Antibacterial activity of the various extracts of Gaultheria procumbens leaf with different concentrations. 

Different bacterial strain 

Zone of inhibition ∗ (mm) Ampicillin 

Aqueous extractconcentration(μg/mL) Ethanol extractconcentration(μg/mL) n- hexane extractconcentration(μg/mL) 

Gram negative bacteria 200 250 500 200 250 500 200 250 500 10 μg/disc 

Escherichia coli H7 1 2.2 (0.0) 10 (0.460 2 (0.01) 4 (0.08) 7.5 (0.1) 0 0 3 (0.04) 10.00 (0.65) 

E coli LT 04 0 0 6 (0.6) 2.1 (0.01) 2.6 (0.02) 8 (0.6) 9 (0.65) 10 (0.7) 21 (1.25) 15.25 (1.05) 

E coli 0157 0 0 10 (0.5) 5 (0.02) 7 (0.45) 20 (1.16) 2 (0.01) 5 (0.85) 19 (1.05) 18.32 (1.44) 

Gram positive bacteria 

Staphylococcus aureus 15 (1.0) 16 (1.35) 18 (1.45) 0 0 10 (0.65) 7 (0.05) 10 (0.55) 18 (1.35) 12.66 (1.06) 

Enterococcus faecium 10 (0.55) 11 (0.65) 19 (01.45) 0 0 10 (0.65) 2 (0.02) 5 (0.05) 19 (1.42) 21.00 (1.86) 

Chromobacterium sp 0 0 10 (0.48) 7 (0.68) 7.5 (0.72) 18 (1.26) 2 (0.01) 7 (0.75) 18 (1.15) 16.12 (1.56) 

∗ The diameter of zones of inhibition of different doses of G procumbens leaf extracts with different concentration. Standard antibiotic ampicillin (10 μg/disc) was employed 

as a positive control. Values are presented as mean (SEM) of 3 independent experiments. 

Table 3 

Brine shrimp lethality bioassay of the various extracts of Gaultheria procumbens leaf 

Test materials Percent mortality at the concentration studied ( μg/mL) LC 50 

( μg/mL) 
w/v 10 20 31.25 50 62.5 75 125 250 500 

Aqueous extract 0 0 0 10 20 20 30 40 50 427.66 

Ethanol extract 0 0 10 30 30 40 60 70 80 218.86 

n-hexane extract 0 0 20 50 60 70 80 90 100 114.51 

w/v 0.125 0.25 0.5 1 5 10 

Vincristine sulfate ∗ 20 30 40 50 90 100 2.16 

v/v (%) 0.1 0.5 1 2.5 

Dimethyl sulfoxide † 0 0 0 0 0 

Values are presented as mean (SEM) of 3 independent experiments. 
∗ Positive control. 
† Negative control. 
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Table 4 

Measurement of blood glucose level of normal control mice (NCM), alloxan-induced 

diabetic mice (ADM), and GPAE-200 treated diabetic mice (GPAETDM) (after first 

and 28th days). 

Treatment group Body weight ∗ (g) Blood sugar level ∗ (mmol/L) 

Day 1 Day 28 Day 1 Day 28 

NCM 26.8 (0.23) 23.8 (0.17) 6.6 (0.12) 5.1 (0.06) 

ADM 27.2 (0.12) 21.2 (0.12) 16.0 (0.06) 14.0 (0.12) 

GAETDM 25.1 (0.12) † 22.5 (0.06) 6.9 (0.12) ‡ 4.36 (0.01) ‡ 

∗ Values are presented as mean (SEM) of the 3 experiments. 
† Indicates significant difference between day 0 and day 28 of same treatment 

group at P < 0.05. 
‡ Indicates highly significant difference between day 0 and day 28 of same treat- 

ment group at P < 0.001. 
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ealed that the aqueous extract of G procumbens has more pro- 

ective anti-inflammatory activity than that of the other 2 ex- 

racts. Bailey-Shaw et al 29 also reported BSA denaturation inhibi- 

ion, wherein aspirin was used as a standard anti-inflammatory 

rug. These results may indicate the existence of a high level 

f biologically active phytoconstituents in the aqueous extracts 

ompared with that in the n-hexane and ethanolic extracts of G 

rocumbens leaves. 

The brine shrimp assay is a fast, cost-effective, and effortless 

ioassay for analyzing plant extract mortality, which is related to 

ytotoxicity and antitumor activities. Usually, the required biolog- 

cal activity does not depend on a single component but instead 

epends on a combination of heterogeneous bioactive plant con- 

tituents. Therefore, it is necessary to screen novel extracts for de- 

ermining their biological activity. The brine shrimp lethality bioas- 

ay is a secure method for observing the biological activities of 

atural products. 30 None of the 3 extracts (ie, aqueous, ethanol, 

nd n-hexane) from 20 to 50 μg/mL exhibited a significant effect 

n cell viability (no death of nauplii after 12 hours) ( Table 3 ). In-

reasing the concentration of the extract proportionally increased 

he percentage cytotoxicity. Notably, at concentrations of 125, 250, 

nd 500 μg/mL, the aqueous extract exhibited 30%, 40%, and 50% 

ortality, respectively. At the same concentration, the ethanol and 

-hexane extracts showed 60%, 70%, and 80% and 80%, 90%, and 

00% mortality, respectively. Therefore, the aqueous extract showed 

0% mortality at 500 μg/mL, but the other 2 extracts (ie, ethanol 

nd n-hexane) exhibited 80% and 100% mortality. The LC 50 values 

f aqueous, ethanol, and n-hexane extracts were 427.66, 218.56, 

nd 114.51 μg/mL, respectively. Therefore, the n-hexane extract 

as more toxic than the others, and the aqueous extract exhib- 

ted the lowest mortality. The LC 50 value for the reference standard 

incristine sulfate was 2.16 μg/mL. However, no mortality was ob- 

erved in the negative control (1% DMSO) group. The cytotoxic ac- 

ivity assay of the methanolic extracts of Caesalpinia pulcherrima 

ood on brine shrimp larvae has little effect, but aqueous extracts 

ave a relatively toxic effect. 31 However, in this study, the cyto- 
5 
oxicity results suggested that compared with the other 2 extracts 

ie, ethanol and n-hexane), up to 500 μg/mL aqueous extract of G 

rocumbens is safe for intake as medication. 

To observe the organ-level toxic effects of G procumbens leaf 

xtract on alloxan-induced diabetic mice, a photomicrographi- 

al histopathology experiment was conducted. The collected mice 

ere induced by an intraperitoneal injection of alloxan (180 mg/kg 

ody weight), and diabetes was confirmed by testing fasting blood 

lucose levels exceeding 13 mmol/L using a glucometer. The blood 

lucose levels of the normal control mice, alloxan-induced diabetic 

ice, and alloxan-induced diabetic mice treated with G procum- 

ens aqueous extracts are presented in Table 4 . In this study, only 

 procumbens aqueous extracts at 200 mg/mL was used to treat 

iabetes mellitus because of the effective results of the aqueous 

xtracts of G procumbens leaves (200 mg/mL) compared with the 

ther 2 extracts (ethanol and n-hexane). 

The toxicities of the aqueous extracts of G procumbens leaves to- 

ard the liver, kidneys, and heart of the tested mice are shown in 

igure 2 . Microscopic histopathologic analysis of the liver, kidneys, 

nd heart of the mice in the administrative group fed with normal 
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Figure 2. Cytotoxic effect of the aqueous extract of Gynura procumbens leaves 

on the heart, kidneys, and liver of experimental mice (Swiss albino) determined 

through histopathologic analysis. (A) Photograph of a heart segment from a normal 

mouse (fed with 5 g common dried rice for 4 weeks) exhibiting no deteriorating 

effect. (a 1 ) Photomicrograph of a heart segment from a mouse (fed with 5 g of 

the aqueous extract of G procumbens leaves for 4 weeks) exhibiting no deteriorat- 

ing effect. (B) Photograph of the kidney segment from a normal mouse (fed with 

5 g common dried rice for 4 weeks) exhibiting no deteriorating effect. (B 1 ) Pho- 

tomicrograph of a kidney segment from a mouse (fed with 5 g aqueous extract 

of G procumbens leaves for 4 weeks) exhibiting no deteriorating effect. (C) Photo- 

graph of a liver segment from a control mouse (fed with 5 g normal dried rice for 

4 weeks) exhibiting no deteriorating effect. (C 1 ) Photomicrograph of a liver segment 

from a mouse (fed with 5 g aqueous extract of G procumbens leaves for 4 weeks) 

exhibiting no deteriorating effect. Each value represents the mean (SEM) (n = 3 ex- 

periments). ∗Indicates significant differences between days 0 and 28 in the same 

treatment group at P < 0.05. ∗∗Indicates highly significant differences between days 

0 and 28 in the same treatment group at P < 0.001. 
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090 . 
ried rice and cereal showed no changes ( Figure 2 A–C). In con- 

rast, in diabetes mellitus-induced experimental mice treated with 

he aqueous extracts of G procumbens leaves (5 g), no deteriorat- 

ng effect was observed in the heart, kidneys, or liver ( Figure 2 A1, 

 B1, and 2 C1). These results indicate that the aqueous extracts of 

 procumbens leaves have no toxic effects on the heart, kidneys, or 

iver of mice. These results are consistent with those reported by 

hmed et al. 32 

onclusions 

In this study, among the 3 distinct extracts (ie, aqueous, 

thanol, and n-hexane) of G procumbens leaves, significant antibac- 

erial and anti-inflammatory activities were observed for differ- 

nt concentrations of aqueous extracts that showed strong positive 

orrelations with phenolic and tannin contents. The aqueous ex- 

ract of G procumbens at a concentration of 200 μg/mL showed po- 

ential antibacterial activities against S aureus and E faecium , with 

ean (SEM) zones of inhibition of 15 (1.0) mm and 10 (0.55) mm, 

espectively. At a concentration of 40 μg/mL, the aqueous extract 

f G procumbens exhibited significant ( P < 0.01) anti-inflammatory 

ctivity compared with that of the other 2 extracts in the BSA 

enaturation assay. Compared with the ethanol and n-hexane ex- 

racts, the aqueous extracts also exhibited low cytotoxicity (LC 50 

alues of aqueous, ethanol, and n-hexane extracts were 427.66, 

18.56, and 114.51 μg/mL, respectively). The histopathologic anal- 

sis results also showed that the aqueous extract of G procumbens 
6 
ad no harmful effects on the different or gans of the experimen- 

al mice. Finally, the results of this study indicate that the aqueous 

xtract of G procumbens leaves can be a promising source of a lead 

ompound. 
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