Trop J Nat Prod Res, April 2024; 8(4):6814-6819 ISSN 2616-0684 (Print)

ISSN 2616-0692 (Electronic)

Tropical Journal of Natural Product Research

E Available online at https://www.tjnpr.org

¥
K
S
Phytochemical Composition, Antibacterial Activity and Acute Toxicity Studies of
Euphorbia resinifiera O. Berg

Basma Aghoutane*, Amal Naama?, Imane El Attar?, Otman EI-Gourrami®, Hanae El Monfalouti!, Badr Eddine Kartah*

!Laboratory of Plant Chemistry and Organic and Bio-Organic Synthesis. Faculty of Sciences, Mohammed-V University of Rabat, Morocco.

2Microbiology and Molecular Biology Unit, Plant and Microbial Biotechnology, Biodiversity and Environment Center, Faculty of Sciences, University Mohamed
V, Rabat, Morocco.

SLaboratory of Analytical Chemistry and Bromatology, Faculty of Medicine and Pharmacy of Rabat Mohamed V, University of Rabat, Morocco.

ARTICLE INFO ABSTRACT

Euphorbia resinifiera is a medicinal plant exploited by the native population to treat various
diseases. The study compared the effects of seven different extracts of Euphorbia resinifiera by
evaluating their antibacterial activity. The study reported the alkaloid percentage, total protein
content, carotenoid content, and tannin content in the aerial part of Euphorbia resinifiera. The
antibacterial activity of the seven extracts (100 mg/mL/disc) was evaluated by disc diffusion
method against six pathogenic bacteria: 2 Gram-positive (Staphylococcus aureus and
Microbacteriumresistant) and 4 Gram-negative (Klebsiella pneumonia, Escherichia coli,
Alcaligenesfaecalis, and pseudomonas chloritidismutans). Aqueous methanol extract obtained by
maceration showed the best antibacterial activity against all tested bacteria. Whereas the
percentage of total protein content was very low, 1.28%, and the alkaloid yield was 0.08+0.013
9/100 g of dry weight. The results revealed that the lethal dose (LDso) was higher than 300 mg/kg
for the aqueous extract obtained by maceration. For other extracts, the LDso was higher than 2000
mg/mL (maceration methanol, maceration Methanol-water, sonication methanol, sonication
water, sonication Methanol-water, infusion.). Overall, the results indicated that Euphorbia
resinifiera possesses antibacterial activity against the isolates studied.
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Introduction

More than 20,000 plant species are used for medical purposes
(WHO).! Medicinal plants contain a large number of phytochemicals
such as polyphenols, flavonoids, protein, and alkaloids,? with a potential
for use in the food, pharmaceutical, and cosmetics industries. Nowdays,
numerous microscopic organism have become resistant to antibiotic, it
is therefore very important to search for an alternative, that will take
over in anti-infection medicines, the information of plants and the study
of their therapeutic demonstrating that medicinal plants could be an
alternative source of new active principals with potential antibiotic
effects. 34
Euphorbia resinifiera grows in Morocco in the middle Atlas region. It
belongs to the Euphorbiaceae family, a large botanic family with many
species utilised as anti-diarrhea, anti-dysentery, and purgative.® This
plant is a rich source of polyphenols, flavonoids, and antioxidant
agents.®
This study examined the extraction yield using different methods and
extraction solvents. Also, the total protein content, the antibacterial
activity, and the toxic effects of the aerial part of Euphorbia resinifiera
were studied.
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Materials and Methods

Plant material

The plant was collectedfrom the Benimellal-khenifera region in
November 2021 in Azilal province. It was identified at the Department
of Botany and Plant Ecology, Scientific Institute Rabat, Morocco. A
voucher specimen (N RAB113340) was deposited at the Herbarium of
the same institute.

After removing all impurities, the thorns on the four sides of the plant
were removed and the latex was extracted from the stems by automatic
micropipette. The stems were cut into small pieces and dried in a
laboratory oven fixed at 30°C for ten days. Then, the dried small pieces
were ground with an electric grinder into powder and stored in food
bags at room temperature until use.

Extraction of plant material

The extraction methods used for extracting the biomolecules are
sonication, maceration and infusion. Methanol and water, which have
different polarities as solvents were used.® Also, aqueous methanol
(methanol-water 70/30 v/v) was used to test the effects of extraction
solvents on extraction yield, antimicrobial activity and acute toxicity of
Euphorbia resinifiera.

Sonication

Grounded powder (5g ) of Euphorbia resinifiera was mixed separately
with 50 mL of each solvent: Methanol, water, and methanol/water (70-
30 v/v). The samples were placed in an ultrasonic bath for 45 minutes
with a break of 10 minutes after each 15 minutes. The solvent was
eliminated under vacuum with a rotary evaporator to obtain the crude
extract. The extract was placed in Glass tubes and stored at 4°C for use
in biological analysis.*
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Maceration

The protocol adopted by Durazzo et al.!* was used with some
modifications. 10 g of the powder was mixed separately with 100 mL
of each extraction solvent, Methanol, water, and methanol/water (70-30
v/v). After filtration using Whatman filter paper, the solvent was
evaporated using a vacuum with a rotary evaporator to obtain the crude
extract. The extract was placed in glass tubes and stored at 4°C for use
in biological analysis.

Infusion

Infusion extraction was performed according to the protocol described
by Silva-Leiteet al.*? 2.5 g of the powdered material was placed in a
flask containing 75 mL of boiling water. Then, the mixture was kept at
room temperature to cool and filtered. After filtration with Whatman
filter paper, the solvent was eliminated under a vacuum with a rotary
evaporator to obtain the crude extract. The extract was placed in glass
tubes and stored at 4°C for use in biological analysis.

Extraction yield

The extraction yield was calculated by using the following formula:

%Yield= (W1/W2)*100

Where:

W1 is the weight of the dry extract (g)

WS is the dry weight of the plant sample (g).

Total protein content determination

Euphoria resinifiera powder (0.75 g) was put in Whatman paper and
placed in a test tube. Then, 2 g of the catalyst (copper sulphate,
potassium sulphate, and selenium in a ratio of 10:1:0.1) was added.After
which, 10 mL of sulfuric acid was added to the tubes and placed in a
mineralisation device. Then, the mixture was heated until a greenish
colour appeared. After 4 hours, the heating was stopped, and the test
tubes were left to cool. Then, 100 mL of distilled water and 80 mL of
caustic soda (NaOH 50%) were added. Then, the mixture was placed in
the distillation apparatus. The vapour actuates the distillate at the outlet
in a beaker already containing boric acid and colour indicator (Tashiro
contains methylene blue and methyl red) after the change of colour of
the indicator. Finally, 150 mL of the collected distillate was titrated with
HCL (0.1N) intel, and the same initial color was obtained as the
indicator. A blank was performed in the same conditions as the sample.”
The total protein content percentage was calculated using the following
formula:

%NM=((Vs-VB)NHcL*14*6.25)/Dw(mg)*100
Where: Vs: Volume of the sample in mL

Ve: Volume of blank in mL

NcL: Normality of HCL

Dw: weight of the sample

Total alkaloid extraction

The total alkaloid content of the aerial part of Euphorbia resinifiera was
extracted according to the method described byHaida et al., & with some
modifications.

100 g of powder of Euphorbia resinifiera was extracted with absolute
methanol three times at room temperature (25°C). After filtration, the
methanol extracts were combined and concentrated to dryness under
reduced pressure at 40°C. The remaining residue was acidified with 5%
hydrochloric acid solution, filtered, and the aqueous acidic solution was
then basified with 25% Ammonium hydroxide and extracted with
dichloromethane. The organic phase was filtered, dried over anhydrous
sodium sulphate, filtered again, and finally concentrated in vacuo. The
acid-base purification procedure was repeated three times to give a dark
brown semi-solid extraction of alkaloids. The results are expressed as g
of alkaloids equivalent per 100 g of the aerial part of the study plant.

Carotenoids content determination

The total carotenoid content of the powdered plant material was
determined using a spectrophotometer, following the method of
Barkiaet al.® with some modifications.A methanol solution (1 mg/ml )
of each extract was prepared, and then the absorbances were measured
at 470, 648, and 664nm using a UV-1800Pc UV-Vis spectrophotometer.
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Methanol was used as control, and the pigment content (chlorophyll a
(Chla), chlorophyll b (Chilb), and total carotenoids) was calculated
using the following formula:

Total carotenoids = (1000*Aas70-1.63*chla-104.96*chlb)/221
Where: Aaso is the absorbance at 470nm
Chla is 13.36*Ass4-5.19*Asas, and chlb is 27.43*A648-8.12*Asss.

Total tannin content

The total tannin content was determined using the method described
previously by Barhé&Tchouya.'* Briefly, 50 pL of each extract was
added to 1.5 mL of vanillin (4%). After 2 min, 750 pL of HCI (12M)
was added to the mixture. Then, after 20 min of incubation in the dark
at room temperature, the absorbance was measured at 500nm. In this
case, catechin was used as a standard to establish the calibration curve,
and the total tannin contents were expressed as mg CE/g dry weight.

Antibacterial activity of extracts of Euphorbia resinifiera

The disc-diffusion assay was used to evaluate the antimicrobial activity
of the different solvent extracts against clinical pathogens.'® A total of
6 human pathogenic bacteria were used and divided into gram-positive:
Staphylococcus aureus ATTC 25923 (Bacterial), Pseudomonas
chloritidismutans MW559720 (bacteria 2), Microbacteriumresistens
IMR1188 (Bacteria 3), and gram-negative: Klebsiella pneumonia
MW524112 (Bacteria 4), Escherichia coli dha (Bacteria 5), and
Alcaligenes faecalis 1172 (Bacteria 6). All the extracts
were sterilised by filtration using a 0.2 ummillipore filter. A 100 pL of
suspension containing 108 cells/mL of overnight bacterial cultures was
spread evenly onto Mueller—Hinton agar (MHA) plates. Sterile filter
paper discs (about 6 mm in diameter) were pressed onto the surface of
the agar plates, and then 100mg/ml of each extract was deposited onto
the respective discs. Petri dishes were incubated at 28°C and 37°C for
Escherichia coli for 24h. Antimicrobial activity was then evaluated by
the presence of an inhibition zone against the test microorganisms after
the incubation period. Antimicrobial activity was classified into three
levels: (3) strong activity, (2) moderate activity, (1) weak activity, and
no inhibition activity (0), and the translucent area around the disc was
measured. The results are expressed on mm. DMSO solution at a
concentration of 10% was included with each test as a negative control.

Oral acute toxicity

The acute oral toxicity assessment for each extract was performed
according to the guidelines established by the Organization for
Economic Cooperation and Development(OECD 423).'8 For each
extract of Euphorbia resinifiera, three non-pregnant and nulliparous
female mice weighing between 20 and 30 g fasted for 4 hr but had free
access to water. The mice were housed separately and individually in
sterile polypropylene cages. Each extract (Extractl: infusion, Extract2:
Maceration water, Extract3: Maceration mixture, Exttract4: Sonication
Water, Extract5: Sonication mixture, Extract 6: Maceration Methanol,
Extract 7: Sonication Methanol.) was administered orally at 2000
mg/kg. After the administration of the extracts, the animals were
observed for 30 minutes and then for 14 days. During this period,
variations in body weight, mortality as well as clinical signs
(convulsion, salivation, diarrhoea, lethargy sleep, and coma) were
noted.

Statistical analysis
The results obtained are average carried out in triplicates. The values
were expressed as mean + SD analysed using MS Excel 2007 software.

Results and Discussion

Determining the total content of different secondary metabolites in
plant materials helps in processing such materials as herbal products
and even in determining the isolation of pure compounds.

The extraction yields ranged from 20% to 65% and varied with the
solvent and method used (Table 1). The highest yield was obtained by
aqueous methanol (70%) followed by methanol, and the lowest yield
was obtained with water extract. The latter exhibited a similar and low
extraction yield regardless of the method used. The results illustrated
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that the maceration was more effective than the ultrasound extraction or
infusion. According to Stalikas,? the differences in extraction yield are
due to the polarity of the solvents, temperature, extraction time, the ratio
of plant material to solvents, and the extraction method used.

Results of the study showed that the percentage of total protein content
present in the aerial part of Euphorbia resinifierawas 1.28%.
According to the literature data, this percentage is considered very
low.7In general, this is due to some interspecies variability. This
variability is due to the function of the morphological composition of
the plant.'®

Liquid-liquid extraction of total alkaloid from the aerial parts of
Euphorbia resinifiera gave an extract with yellowish-brown colour and
a yield of 0.08 + 0.013 g/100g of dry weight. Andriambelosonet al.*’
reported similar results with a total alkaloids yield of 0.07+0.00245%.
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content (1.99+0.11 mg CE/g dry weight). In another study, Souhilaand
Mustapha,® reported that the Aqueous extract had the best tannin
content of 4.09 mg CE/g dry weight. Also, the infusion extract had the
highest content of tannins, which could be due to the use of high
temperature in infusion extraction, which contributed to the good
diffusion and solubility of the extract.*®

In the antimicrobial activity screening, the extracts showed antibacterial
activity with variable degrees of inhibition (Figure 3). The extracts from
maceration with either water or methanol showed low inhibition
activity. In contrast, their mixture produced the maximum zone of
inhibition among all extracts tested against Gram-positive and Gram-
negative bacteria (Table 3).

The total protein content and the pH.19 influence the production of .E 097

plant alkaloids Lo 08 1

Similarly, carotenoids play an important role in scavenging reactive s 0.7

species of oxygen generated during photosynthesis, especially singlet g o 06

oxygen.?! This study determined the total carotenoid content of the E® 45 |

methanol, aqueous-methanol (70%), and water extracts obtained by ;:: g ’

different extraction methods. The results showed that the Aqueous- € 04 1

Methanol (70%) extract obtained by sonication had the highest value § 0.3 1

(0.35+0.07 mg/g extract weight), followed by the methanol extract £ 0.2 - I
(0.25+0.04 mg/g extract weight). In contrast, the water extract had the K 01 -

lowest content (0.19+0.09 mg/g extract weight). Also, the carotenoid 0 . . .

content was highest in the Aqueous-Methanol (70%) extract obtained
by maceration (0.36+0.03 mg/g extract weight), followed by methanol
extract (0.22+0.06 mg/g extract weight), and water extract having the
least value (Table 2). The total carotenoid content recorded by infusion
was (0.34+0.09 mg/g extract weight) (Table 2). These results were
different from the results reported by Barkiaet al.'® Those differences
in carotenoid content could be due to the variation of species or to the
variation of climatic conditions which affect the carotenagenesis.?
The total tannin content was calculated using a calibration curve
(y=0.001x+0.031, R?>=0.997) obtained using catechin as standard. The
extract obtained by infusion had the highest content of total tannins
(0.99+0.01 mg CE/g dry weight). The tannins content of the extract
obtained by sonication was (0.625+0.03 mg CE/g dry weight) for the
methanol extract, which was higher than the water extract but lower
than the Aqueous-Methanol (70%) extract (0.735+0.05 mg CE/g dry
weight) (Figure 1). For the maceration, the higher extract value was
(0.855+0.04 mg CE/g dry weight) for Aqueous-Methanol (70%), and
the lowest extract value was (0.155+0.02 mg CE/ g dry weight) for
Water extract (Figure 2). The results are similar to those obtained by
Lopez-Fernandez et al. %, who reported that methanol extract obtained
by maceration gives the highest total tannin content (1.99+0.11mg CE/g
dry weight).

The results are similar to those of Mansouri et al.?4, who found that the
methanol extract obtained by maceration gives the highest total tannins

water Methanol

Figure 1:Tanins content of Euphorbia resinifiera extract
obtained by sonication.
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Figure 2: Tanins content of Euphorbia resinifiera extract
obtained by maceration.

Aqueous-Methanol

Table 1: Results of extraction yield

Extraction Maceration Xlageegﬁglon Maceration Sonication ior:;ggﬂ:n Sonication Infusion
method Water q Methanol Water d Methanol

methanol methanol
Yield (%) 27.5 £ 0.004 63.5 £ 0.004 62.13 £ 0.004 23.6 £ 0.004 58.94 + 0.02 32.03 £0.05 244 +04

Table 2: Carotenoids content of Euphorbia resinifiera extract obtained by sonication, maceration, and infusion

Extraction method Extraction solvent Total Carotenoids content(mg/g extract weight)

Aqueous-Methanol (70%) 0.35 £ 0.07
Sonication Methanol 0.25+0.04
Water 0.19 £0.09
Aqueous-Methanol(70%) 0.36 £ 0.03
Maceration Methanol 0.22 +0.06
Water 0.19 +0.04
Infusion Water 0.43+0.09
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It has been reported that extracts obtained through maceration present
high bactericidal activity against various bacterial pathogens, including
Staphylococcus, E. coli, and Pseudomonas, which were also used in this
study.?® Moreover, the strains used in this study were less susceptible to
water extract obtained by maceration. Indeed, several studies have
documented that plant water extracts showed less antibacterial
inhibitory action.?’ It is suggested that low polar compounds present in
the active plant extracts may be responsible for this antimicrobial
activity.?®

On the other hand, extracts produced by sonication exhibited moderate
to high levels of growth inhibition of all tested bacteria. Unlike the
maceration mixture, the combination of methanol and water sonication
extracts did not exhibit a potent inhibitory effect. The best effect was
observed by extract obtained from water and methanol maceration
mixture, which efficiently suppressed the growth of all pathogenic
strains, producing larger inhibition zones. Methanol extracts of different
plant species have been reported to show strong antibacterial activity
against a wide range of bacteria since they possess the highest
antibacterial and significant antioxidant activities.?>*Moreover, it has
been indicated in  previous studies that  sonication-
assisted extracts exhibited the best antimicrobial properties.*-*?Results
also showed that the lowest inhibitory effect was recorded with the
extract obtained by infusion (extract 7) against E. coli, Mycobacterium,
and Pseudomonas. In contrast, no inhibition effect was shown on
Klebsiella, Staphylococcus, and Alcaligenes.
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Staphylococcus aureus -
Pseudomanas chloritidismutans -

Micrabacterium resistens -

Bacteria

Klebsiella pneurnonia -

Esherichia coli-

Alcaligenes faecalis -

Extracts

Figure 3: Heatmap representation of the antimicrobial activity
of water and methanol extracts of Euphobiaresinefera against
test bacteria. Dark colours indicate effective inhibition, whereas
light colours indicate little to no inhibition, with 3 being the
most effective and 0 being the least effective growth inhibitors.
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Table 3: Antibacterial Activity of the extract of Euphorbia Resinfiera by the disc diffusion method

Microorganisms

Inhibition zone diameter (mm)

Extracts
Maceration Maceration Maceration Sonication Sonication Sonication Infusion:
water: Extract  Mixture: Extract Methanol: Water: Mixture: Methanol: Extract 7
1 2 Extract 3 Extract 4 Extract 5 Extract 6

Bacterial 21+03 15.3+0.0 6.7+0.4 76+0.2 5.8+0.1 29.7+0.4 Negatif

Bacteria2 34104 16.4+0.3 53+0.1 74+03 9.3+0.1 235+0.3 Negatif
Bacteria3 45+04 17.2+0.1 6.2+0.1 89104 8.7+0.1 6.1+£0.3 9.3+£0.0
Bacteria4 6.7+0.3 18.9+0.2 2.6+0.0 3.1+04 6.9+0.2 59+04 8.9+0.0
Bacteriab 3.2+0.2 23.1+0.1 3.7+0.4 24+03 74+0.2 27.4+0.3 43+0.3

Bacteriab 41+0.2 29.3+0.3 49+0.1 7.6+0.0 9.3+0.2 6.7+0.4 Negatif

Kirbaget al.,*® researched 8 Euphorbia species and reported that the
tested extracts inhibited the growth of several pathogenic
microorganisms in different ratios. These authors suggested that
Euphorbia extracts may possess compounds with antibacterial and
antifungal properties that can be used as antimicrobial agents in
developing new drugs to treat infectious diseases.
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Figure 4: Changes in the body weight of the animals treated
with extract 1 and of the control group.

As for Euphorbia resinifiera, only a few studies investigated the
antimicrobial effect of plant extracts; namely, Benmehdiet al.,* studied
the effect of the aerial part extracts, and Zarshenaset al.,® investigated
the root extracts effect. Both studies reported significant effects in
suppressing the growth of pathogenic microorganisms with variable
potency, which aligns with the results obtained in the present study.
Moreover, according to the results, mixed methanol, water maceration
extract, and methanol extracts obtained by sonication showed effective
growth inhibition. Hence, these extracts could be exploited in medicinal
chemistry as broad-spectrum antimicrobial agents.
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Figure 5: Changes in the body weight of the animals treated
with extract 2 and the control group.
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It could also be stated that methanol sonication and mixed maceration
extractions have proven to be efficient extraction procedures for better
antimicrobial efficiency.

The results of acute toxicity at the dose of 2000 mg/kg showed no
clinical signs of toxicity. All animals tested survived during the 14 days
of observation, and their behavior remained normal except for the
extract obtained by water maceration, which showed a reduction in
body weight and sedation. Therefore, the dose was lowered to 300
mg/kg, and the study was repeated. According to OECD No. 423,
increasing the dose above 2000 mg/kg for animal protection is not
permitted, except in justified cases. These results show that the lethal
dose (LDso) is higher than 2000 mg/kg for maceration aqueous-
methanol (Figure 5), maceration methanol (Figure 6), sonication water
(Figure 7), sonication aqueous-methanol (Figure 8), sonication
methanol, infusionextracts and for water maceration extract(Figure 4),
the LDso is higher than 300 mg/kg. During the 14 days of follow-up, the
mean body weight of each group did not change, especially after 10
days (Figure 4). Therefore, based on these results and EOCD No. 423
guidelines, the extracts are considered non-toxic for single oral
administration at 2000 mg/kg. No study of the oral toxicity of
Euphorbia resinifiera has been reported in the literature.

Conclusion

The extract obtained by maceration with aqueous methanol was the
most efficient in inhibiting the growth of all tested bacteria (gram-
positive and gram-negative). Also, it exhibited the highest extraction
yield and the best results for acute oral toxicity. This demonstrates that
Euphorbia resinifiera extracts could be a great natural remedy for
treating infections caused by the studied bacteria. Further in vitro and
in vivo studies are required to identify the active compounds for
possible utilization as new natural products with potential antibacterial
activity.
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Figure 6: Changes in the body weight of the animals treated
with extract 3 and of the control group
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Figure 7: Changes in the body weight of the animals treated
with extract 4 and the control group.
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Figure 8: Changes in the body weight of the animals treated
with extract 5 of the control group.
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