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TECNOLOGÍA EXPERIMENTAL YACHAY

Escuela de Ciencias Biológicas e Ingenieŕıa
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Resumen

Recientemente, diversas plantas medicinales han sido una fuente natural de compuestos

farmacológicos. En el presente estudio, extractos vegetales (L001-M, L002-E, L003-M and

L004-E) se obtuvieron mediante extracción por maceración en metanol y etanol como sol-

vente. Los compuestos bioactivos se caracterizaron mediante screening fitoqúımico para

identificar sus metabolitos secundarios. Se identifico a través de FT-IR los grupos fun-

cionales correspondientes a alcaloides, saponinas, terpenos, flavonoides, fenoles y taninos.

Además, se utilizó técnicas de cromatograf́ıa de capa fina y el espectro UV/Vis espectro

para referir la diversidad de componentes en los extractos. Esta investigación también

evaluó la actividad biológica de los extractos en ensayos antimicrobianos, antioxidantes

y anti-inflamatorios con el fin analizar su potencial aplicación farmacéutica. La concen-

tración mı́nima bactericida de las muestras L001-M y L002-E en bacteria Gram negativa

Escherichia Coli fue a 2.5 mg/mL. La actividad antioxidante in vitro se evaluó mediante

el ensayo del Poder Reductor Férrico y la Actividad Antioxidante Total demostrando que

los extractos metanólicos (L001-M y C003-M) fueron mejores compuestos antioxidantes

comparado con los extractos etanólicos (L002-E y C004-E). Además, la inhibición de la

hemólisis inducida por hipotonicidad resultó positiva para L001-M, L002-E y C004-E. Los

hidrogeles de celulosa de algodón (NRC) y celulosa microcristalina (MCC) formulados con

los cuatro extractos se estudiaron cinética, estructural y morfológicamente. La incorpo-

ración de los extractos en los hidrogeles se verificó mediante el ensayo FT-IR, y su análisis

mediante estereoscoṕıa. Los estudios cinéticos revelaron que el tipo MCC mostró mejores

valores de hinchamiento (45% a 140%) que los hidrogeles NRC (49% a 95%). También

se estudiaron los perfiles de liberación de los extractos en PBS con pH 7.4 donde el tipo

NRC (50%) mostró mejores resultados que el hidrogel MCC (30%). La actividad biológica

eficaz de los hidrogeles en la ĺınea celular DH5-α (E. Coli) fue registrada . Los resultados
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globales sugieren la efectiva encapsulación de los extractos naturales en hidrogeles como

sistemas de liberación controlada que sugiere su posible aplicación biomédica.

Palabras Clave: sistema de liberación de extractos, actividad antioxidante, actividad

anti-inflamatoria, actividad antibacteriana, metabolitos secundarios.
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Abstract

Nowadays, several medicinal plants have been a natural source of pharmacological com-

pounds. The present study extracted plant extracts (L001-M, L002-E, L003-M, and L004-

E) by maceration in methanol and ethanol as solvents. The bioactive compounds were

characterized by phytochemical screening to identify their secondary metabolites content.

The functional groups corresponding to alkaloids, saponins, terpenes, flavonoids, phenols,

and tannins were identified by FT-IR. In addition, thin layer chromatography techniques

and UV/Vis spectra were used to analyze the components in the extracts. This research

also evaluated the biological activity of the extracts in antimicrobial, antioxidant, and

anti-inflammatory assays to analyze their potential pharmaceutical application. The mini-

mum bactericidal concentration of samples L001-M and L002-E on Gram-negative bacteria

Escherichia Coli was 2.5 mg/mL. The in vitro antioxidant activity was evaluated by the

Ferric Reducing Power and Total Antioxidant Activity assay showing that the methano-

lic extracts (L001-M and C003-M) were better antioxidant compounds compared to the

ethanolic extracts (L002-E and C004-E). In addition, inhibition of hypotonicity-induced

hemolysis was positive for L001-M, L002-E, and C004-E. Cotton cellulose (NRC) and mi-

crocrystalline cellulose (MCC) hydrogels formulated with the four extracts were studied

kinetically, structurally, and morphologically. The incorporation of the extracts into the

hydrogels was verified by FT-IR assay and their analysis by stereoscope. Kinetic studies

revealed that the MCC type showed better swelling values (45% to 140%) than the NRC

hydrogels (49% to 95%). The release profiles of the extracts were also studied in PBS at pH

7.4, where the NRC type (50%) showed better results than the MCC hydrogel (30%). The

effective biological activity of the hydrogels on the DH5-α cell line (E. coli) was recorded.

The overall results suggest the effective encapsulation of the natural extracts in hydrogels

as controlled release systems suggesting their possible biomedical application.
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Chapter 1

Introduction

1.1 Background

The inflammatory phoneme and the oxidative estres are linked physiologically to several

inflammatory disorders such as rheumatoid arthritis, autoimmune diseases, cancer, dia-

betes, and other diseases. The disorders affect millions of patients around the world. Also,

the inflammatory process results after damaged tissue, in which infectious agents activate

the immune system defense. The symptoms of an inflammatory process are pain, heat,

redness, swelling, and loss of function [1].

Several synthetic anti-inflammatory drugs are available commercially, but their high

cost and side effects can produce complications associated with the disease. Steroidal

and nonsteroidal is the classification of anti-inflammatory drugs; even though they have

efficient activity, side effects that affect the patients, limiting their use. Side effects include

damage to the gastrointestinal fluid, liquid retention, increased blood pressure, and other

symptoms like dizziness and headaches[1].

Some medicinal plants of Ecuador have been used for anti-inflammatory applications to

treat affections to the population as traditional medicine. For this reason, plant-derivated

drugs have been studied for their potential application as a source of new drug products

due to the large variety of species and the identification of unknown metabolites secondary

with anti-inflammatory, antioxidant, and antibacterial therapeutic properties [2].

The ethnobotanical effects conferred by human history are linked to the toxic effects

of pure chemicals. To increase the bioavailability of drugs with anti-inflammatory, antioxi-
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dant, and antibacterial activity, the use of a polymeric system for controlled extract release

can be used. Hydrogels are three-dimensional polymeric with crosslinked structures with

the capacity to absorb water [3]. Hydrogels can be obtained from natural or synthetic

polymers. Natural polymers such as chitosan, starch, and cellulose have advantages of bio-

compatibility, mechanical properties, density, and swelling degree. Also, cellulose hydrogels

have been successfully implemented as a drug delivery system and tissue engineering.

This investigation was focused on studying two plants whose medicinal application in

Ecuador corresponds to anti-inflammatory and antiseptic in the community. Literature

reports indicate that plants still represent an important pool for the discovery of novel

drugs and therapeutic compounds [4, 5]. Overall, the chemical characterization to identify

the molecules that have therapeutic properties and performance, some in vitro antioxidant,

anti-inflammatory, and antibacterial essays. The main objective is to search for alternatives

for plant extracts application inside of polymeric biomaterials such as cellulose hydrogels

to increase pharmaceutical applications.

This research project presents the synthesis and characterization of two plant extracts.

It uses hydrogels as machinery for delivering anti-inflammatory, antioxidant, and antibac-

terial therapeutics from the plant diversity of Ecuador. Different solvents was used for

extraction, and their incidence on the compounds obtained will be studied by identifying

secondary metabolites such as phenols, polyphenols, steroids, and others with phytochem-

ical tests. In addition, a chemical analysis of the extracts will be performed through

UV-VIS spectrum, FT-IR spectroscopy, HPLC analysis, and Thin Layer Chromatography.

Indeed, three different in vitro antioxidant activity assays, the application of a standard-

ized protocol for anti-inflammatory activity, and two antibacterial studies, quantitative

and qualitative, respectively, will also be performed. Finally, for the hydrogel design, the

mechanical, chemical, and biological properties of the cellulose hydrogels loaded with the

extracts will be studied by studying the density, swelling, release, and wear of the cellulose

hydrogels.
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1.2 Problem statement

Ecuador’s medicinal plants have been used with therapeutic effects due to their high bioac-

tive content. These plants have been used in inflammation, fever, and pain. However,

there is no data available about the identification of bioactive molecules such as flavonoids,

alkaloids, steroids, and other secondary metabolites [3]. This type of biomolecules would

confer anti-inflammatory and antioxidant performance, and their identification in the plant

extracts is critical.

Anti-inflammatory and antioxidant activity has been reported in several plants by

the natural compounds characterized by polyphenolic structure and synergy with other

metabolites. For this reason, medicinal plants are studied for therapeutic purposes in

medicine and the application of drug delivery systems to encapsulate the bioactive com-

pound. The current challenge is to find the optimal encapsulation method with the fol-

lowing characteristics: low-cost, excellent delivery performance, and easy fabrication [3].

Furthermore, hydrogels have been reported to have excellent performance and easy fab-

rication for biomedical applications [3]. Therefore, it is necessary to identify hydrogels’

biocompatibility and mechanical properties and the correct polymer, plant extract concen-

tration, and chemical composition valid for the plant extracts analyzed in this research.

1.3 Hypothesis

To investigate whether bioactive compounds from Ecuadorian plants with anti-inflammatory,

antioxidant and antibacterial properties can be identified and encapsulated in polymeric

hydrogel matrices.

1.4 Objectives

General Objective

The present research aims to obtain chemical profiling and biological properties from

two plant extract from Ecuador to design and synthesize hydrogels as machinery for the

controlled delivery of antibacterial, antioxidant, and anti-inflammatory therapeutics.

Specific Objective
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To perform two ethanolic and methanolic plant extraction using the maceration method

and conduct the phytochemical screening.

To characterize the secondary metabolites of several extract plants from Ecuador to

understand the bio-active compounds.

To analyze the in vitro antioxidant and anti-inflammatory properties of several extract

plants from Ecuador.

To study the qualitative and quantitative antimicrobial activity of plants through in

vitro essays.

To design hydrogels mixed with the active compounds of several extract plants from

Ecuador.

To characterize the extract-loaded hydrogel’s hydrogel morphology, density, and swelling

degree.

To analyze the kinetics properties of swelling and release process of the active com-

pounds in the hydrogel and other mechanical studies.

To evaluate the biological activity of loaded hydrogel by antibacterial in vitro assay.

1.5 Justification

Before selecting the medicinal plants of Ecuador, population analysis of their use and

therapeutic application was carried out. It allows firsthand empirical knowledge of the

extracts and their medicinal use linked to the Ecuadorian community. Knowing that

plant extracts are a precursor for discovering active biomolecules later used to generate

new drugs. For this purpose, chemical analysis tools are required to take advantage of

the small molecules produced by the plant to defend themselves that are recognized as

secondary metabolites and obtain plant extract. Therefore, it is intended to evaluate

with in vitro assays the antioxidant, anti-inflammatory, and antibacterial activity of the

secondary metabolites present after their identification and characterization.

Thus, this work seeks to enhance the potential therapeutic use of the medicinal plant-

based natural compounds studied through an encapsulation method to achieve easy ad-

ministration, low production cost, and controlled release.
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Chapter 2

Theoretical Framework

2.1 Phytomedicine

Drugs whose active ingredient is a plant extract elaborated by traditional pharmaceutical

forms and presenting a proven biological activity. In other words, a phytomedicament is

a standardized, normalized, and stabilized plant extract that offers a defined, known, and

quantified pharmacological action [6].

2.2 Secondary metabolites

Secondary metabolites of plants are produced for essential cellular functions, metabolic

pathways, and various physiological processes [7]. These metabolites protect the plant

from microorganisms, infectious agents, and pathogens that affect growth and development

and are responsible for each plant’s color, odor, and flavor characteristics[8, 9]. Elicitors

are the defensive compounds of plants against microorganisms, pests, and environmental

factors. Specific secondary metabolites identified in plants were used for several pharma-

ceutical industry studies. They generate their immunity for the potential suppression of

pathogens [10]. Polyphenols and flavonoids are phenolics compounds within the group of

secondary metabolites with antioxidant and anti-inflammatory properties in medicine [11].

In addition, alkaloids and polyphenols have been identified as the possible responses for

the antibacterial activity as the main components for antibiotics [12].
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2.3 Action mechanism of plant extracts against bac-
teria

Plants produce antibacterial molecules to protect against predaction of herviros, insects

and microorganism [13]. The antibacterial activity of a molecule occurs by chemical inter-

ference of the bacterial components, and by bypassing conventional antibacterial resistance

mechanisms [14]. For example, Gonelimali et al. [15] report that plant extracts modify

the microbial cell cytoplasmic pH of cells (Gram-positive and Gram-negative bacteria) by

decreasing their value as well as cell membrane hyperpolarization. Kot et al. [16] also

describe a bactericidal activity by p-CA hydroxycinnamic acid. It increases the plasma

membrane permeability and processes related to DNA disruption. A phenolic acid such as

CA shows high nucleophilic properties. Otherwise, ketone, aldehydes, ethers, and alcohols

show high antibacterial activity.

2.4 Action mechanism of antioxidant activity of plant
extracts

The plant produces antioxidant molecules for protection from ultraviolet light from the

sun and reactive oxygen species during the photosynthesis process [17]. Oxidative stress is

related to pathologies such as cancer, cardiac, neuronal problems, and aging because free

radicals may interact with DNA, proteins, lipids, or carbohydrates [18]. Therefore, sev-

eral investigations aim to identify the antioxidant activity of various plant extracts based

on techniques of estimation of lipoprotein oxidation or the counting of free radicals scav-

enged [19]. Specifically, the exogenous antioxidants are characterized by secondary metabo-

lites such as low molecular weight antioxidants (phenolic acids, flavonoids, carotenoids) or

high molecular weight antioxidants (tannins) [20]. The reduction-oxidant reaction can be

recorded, for example, with the ferric-reducing antioxidant power method by measuring

the single electron transfer using reference antioxidants like gallic acid or ascorbic acid [21].

Total phenolic content assay by Folin-Ciocalteu reagent is related to non-enzyme assays,

and also a single electron transfer mechanism and depends on phenolic compounds into

alkaline medium depending on phenolic concentration compounds[22].
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2.5 In vitro anti-inflammatory action mechanism of
plant extracts

Secondary metabolites protect the plant from biotic stresses, maintain healthy growth

or warn of deciduous behavior [7]. Although the inflammatory process is considered a

defense mechanism for humans, it can generate serious diseases such as cancer, diabetes,

y cardiovascular diseases if the inflamation process is not controlled. Some secondary

metabolites belonging to the phenol, flavonoid, steroid, and glycoside groups are related

to antiinflammatory activity [23]. Specifically, polyphenolic compounds from plant-based

extract are of pharmacological interest by the modulation action of inflammasomes [24].

For instance, Ayertey et al. demonstrated that flavonoids minimize specific mediators of

the inflammatory process such as histamine and decrease specific cytokines (TNF − α)

and free radicals. Meanwhile, Fylaktaktakidou et al. [25] argue that coumarins reduce

tissue bulge by stimulating decreased edema and affecting lymphoedema. Also, coumarins

increase the activation of macrophages and proteolysis by lysosomal enzymes.

2.6 Novel delivery systems loaded with bioactive plant
compounds

Nowadays, secondary metabolites with anticancer, antibacterial, anti-inflammatory and/or

antioxidant activity can be obtained from extracts, essential oils, and other natural re-

sources [26]. Nevertheless, environmental factors, pH, and metal ions in the process di-

rectly affect the chemical preservation of the molecules besides their degradation. On the

other hand, pharmaceutical applications of the compounds may be limited by low bioavail-

ability, solubility, and high volatility [27]. In particular, the molecular structures of the

bioactive compounds, such as molecular weight or charge, affect the internalization by the

cell, decreasing their therapeutic effects. One strategy for bioactive herbal medicine is to

use a carrier for a controlled and specific release of the compounds. Various materials such

as nanoparticles, lipids, or hydrogels have been developed as drug delivery systems [28].
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Chapter 3

Phytochemical and
spectrophotometric characterization
of extracts

3.1 Reagents and equipment

The reagents used for extract synthesis and characterization correspond to methanol (≥

99% , Merck), ethanol (≥ 96%, Merck), chloroform (99,8%, Merck), hydrochloric acid

(37%, Merck), sodium chloride (99,9%, Merck), sulphuric acid (95-97%, Merck),ammonia

solution (25%, Merck), sodium hydroxide (≥ 98%, Sigma-Aldrich), dimethyl sulfoxide

(≥ 99%, Sigma-Aldrich), sodium carbonate (99,8%, Thermo Scientific), ferric chloride

(98%, Sigma-Aldrich), and Benedict’s reagent (SCIENCE Company). Previously preparing

the solution of Dragendorff’s and Mayer reagents were obtained from Chemical Science and

Engineering School.

The analysis and characterization equipment used was: Cycle type rotor mill R-TE-

651/2 (TECNAL, Brasil), Nanodrop 2000 Spectrophotometer (Thermo Scientific, USA),

Cary 630 Fourier Transform Infrared Spectroscopy Spectrometer (Agilent, USA), UV/Vis/NIR

Spectrophotometer Lambda 1050 (PerkinElmer, USA)

9



School of Biological Sciences and Engineering Yachay Tech University

3.2 Ethanolic and methanolic extract preparation

The code used to identify the plant’s extracts of Type 1 is L001-LOO2 and for Type

2 is C003-C004. The code corresponds to methanolic (M) and ethanolic (E) for solvent

identification. The L001-M and L002-E correspond to plant 1, such as C003-M and C004-E

to plant 2.

The two plants were collected in the Ibarra-Ecuador’s flowering market. First, it was

sun-dried for one day, and an oven-drying chamber was used for 24 hours. Then, it was

pulverized in the shredding machine until it obtained 1-5 mm particles (See Figure 3.1.).

The extraction procedure was the maceration method. First, a determined mass of

the pulverized plants was placed inside a 500 mL beaker. Then, a certain amount of

solvent was added to the beaker, and the mixture was put to macerate for 15 days at room

temperature. The mixture was filtered. Subsequently, the filtrates were rotoevaporated

until concentrate the plant extract was. The samples were stored at 4 °C protected from

sunlight until used for chemical analysis.

Figure 3.1: Maceration procedure to obtain the plant extracts

Yield of extraction procedure

The extract yield was calculated with the formula (1) [29]:

Y ield(g/100g) = (W1 ∗ 100)
(W2) (1)

W1 is the weight of dry extract and W2 is the weight of the dry plant extract.

Results and discussion

A strong smell and green color are obtained from C003-M and C004-E extract samples.

In contrast, brown color and faint odor in the L001-M and L002-E samples. Higher yields

are reported in the methanol extractions. Ethanolic and methanolic extracts yield were

obtained from 5,58 % to 8,97 % (See Figure 3.1). The methanolic extract showed a higher
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yield than the ethanol extracts in both plants. Additionally, the L001-M and L002-E

extracts had a high yield compared to the other plant samples.

Sample Dry plant (g) Solvent (mL) Dry extract (g) Yield (%)
L001-M 15.51 150 1.3926 8.97
L002-E 14.98 150 0.9540 6.37
C003-M 15.25 150 1.0860 7.12
C004-E 15.09 150 0.4221 5.58

Table 3.1: Ethanolic and methanolic yield of extracts

3.3 Phytochemical Screening

The methanolic and ethanolic extracts of phytochemical compounds were analyzed by

several methods to standardize the reported procedure in [30, 31, 32, 33, 34] with slight

modifications to secondary metabolites identification. All the experiments were carried out

in the fume extraction cabinet.

1. Quaternary alkaloids and/or free amino acids

(a) Mayer’s test: In the beginning, it was prepared 1 mL of acid extract (5 mg of

extract diluted in 1.50 mL of 1% hydrochloric acid). Then it was shaken and

filtrated. Also, 300 uL of Mayer’s solution was then filtrated. Positive result:

cream-colored [30].

(b) Dragendorff’s test:The three drops of Dragendorff’s reagent were added to 1 mL

of acidic extract (5 mg of extract diluted in 1.50 mL of 1% hydrochloric acid).

Positive reaction: orange or red precipitation [30].

(c) Wagner’s test: 300 uL of the Wagner solution was added to the filtrate of the acid

extract (5 mg of extract diluted in 1.50 mL of 1% hydrochloric acid). Positive

result: brown colour [30].

2. Coumarins and Lactones

• Sodium hydroxide was added to the extract until yellow color appeared indicated

the presence of coumarins [31].
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3. Saponins (Frothing Test)

• One aliquot of the methanolic and ethanolic extract was diluted five times,

respecting the volume of water. Then, it was stirred for 5 to 10 minutes. If

there is a layer of two centimeters of foam for two minutes, the saponins test is

positive [31].

4. Terpenes and steroids (Liebermann-Burchard Test)

• Evaporate the alcohol in a water bath; then, the extract was dissolved in 1 mL

of chloroform. Then, 1 mL of anhydride acetic and 2-3 drops of concentrated

sulfuric acid are added until a color change occurs to deep green color for positive

result [32].

5. Terpenoids (Salkowski Test)

• Two mL of chloroform were added to one mL of the ethanolic and methanolic

extract. Then, 0.5 mL of concentrated sulfuric acid was added drop by drop

and heated for two minutes until the color changed (distinct and clear colors)

depending of cholesterol reaction [32].

6. Reducing Sugars (Fehling Test)

• The solvent was evaporated from the extract with a water bath; the extract was

diluted in 2 mL of water. Therefore, 2 mL of Fehling reactive was added and

heated in water bath for 5-10 minutes. The formation of a reddish-brown colour

precipitate show a content of reducing sugars [32].

7. Flavonoids

(a) Alkaline reagent test: The extract was diluted in an aqueous solution and added

10% ammonium hydroxide to the solution until yellow fluorescence color oc-

curred.

(b) Shinoda test: The extract was diluted on 1 mL of concentrated hydrochloric

acid and magnesium tape. After 5 minutes, 1 mL of amyl alcohol was added,
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and the two phases were mixed and waited until they separated from red to

pink color for positive result [32].

8. Quinones

(a) Borntrager test: The solvent was evaporated in a water bath, and the residue was

dissolved in 1 mL of chloroform. Add 1 mL of 5% ammonium. The two phases

were stirred and then waited until separated with a changed color reaction.

Occurrence of red color in alkaline phase for quinones.

(b) Acid-base test: Two drops of concentrated hydrochloric acid were added to

the extract. Then, zinc powder and two drops of sodium hydroxide at 40% in

another tube. The orange color indicates the presence of quinones [33] .

9. Phenols and tannins (Ferric chloride test)

• Three drops of 5% ferric chloride in physiological saline solution (sodium chloride

at 0,9%) were added to the alcoholic extract and a positive result is a blackish

precipitate [34].

10. Glycosides test

• The 50 mg of extract was added to the concentrated hydrochloric acid for two

hours in a bather bath. Then, it was filtrated, added chloroform, and shook

until the chloroform layer separated, thus ammonia solution. The pink color

indicate the presence of glycosides [32].

11. Mucilages (Mucilages test)

• One aliquot of the extract gets cold to 0-5 °C, and if the solution becomes

gelatinous consistency is mucilage positive result [34].

12. Carbohydrates (Benedict test)

• 1 mL of Benedict reagent was added to the 2 mL of extract. If green/yellow

appears the amount of carbohydrates is low and red if it is high content [32].
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Results and discussion

The secondary metabolites were identified by applying several reagents to the alcoholics.

The phytochemical screening of L001-M, L002-E, C003-M, and C004-E (See Table 3.2.) was

applied. The L001-M extract has a high concentration of quaternary alkaloids, saponins,

terpenoids, and phenols; the compounds have a high pharmacological interest. On the

other hand, sample L002-E has a high content of amino acids by the Dragendorff test and

saponins, steroids, terpenoids, quinones, and phenols. In the final analysis between L001-

M and L002-E, although these are similar plants, it can be said that the solvent influences

the secondary metabolites obtained in the extract.

Secondary Metabolite Performed Test L001-M L002-E C003-M C004-E
Quaternary

alkaloids and / or
free amino acids.

Mayer Test ++ + +++ +++
Dragendorff Test +++ ++ + +

Wagner Test ++ + ++ ++

Coumarins and Lactones Coumarins and
Lactones Test + + + -

Saponins Frothing Test +++ +++ + +

Terpenes and steroids Libermann-Buchard
Test + ++ + +

Terpenoids Salkowski Test +++ +++ + +

Flavonoids
Alkaline

Reagent Test + + + +

Shinoda Test + + ++ ++

Quinones Borntrager Test - +++ - -
Acid-base Test - + + -

Phenols and Tannins Ferric chloride Test +++ ++ ++ ++
Glycosides Test - + - +
Mucilages Mucilages Test - - - -

Carbohydrates Benedit Test + + ++ -
(+) means the presence of the secondary metabolite
(-) means the absence of the secondary metabolite

Table 3.2: Phytochemical screening of methanolic and ethanolic extracts.

In comparison, extracts C003-M and C004-E reflect a similar composition of secondary

metabolites with a high content of quaternary alkaloids and free amino acids, as well as

flavonoids with the Shinoda test, as well as phenols and tannins with the ferric chloride

test. Indeed, the four extracts also show a lower proportion of coumarins, lactones, and

carbohydrates. Phenolic compounds, such as flavonoids, are well-known as antioxidants

and many other important bioactive agents [35]. According to Babbar et al. [36], if
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secondary metabolites such as phenols and flavonoids are required, methanol is a suitable

solvent. For this reason, the phytochemical screening shows polar compounds such as

polyphenols and flavonoids when methanol is the solvent in contrast with ethanol.

Extracts solubility

The L001-M and L002-E extracts were poorly soluble in water. For this reason, extracts

were diluted at 1% dimethyl sulfoxide (DMSO). On the other hand, C003-M and C004-E

extracts were entirely soluble in distilled water.

3.4 Thin Layer Chromatography (TLC)

The four plant extracts were used for the thin-layer chromatography assay. In TLC, pre-

coated plates (silica gel 60F254) were applied 2-3 uL of the concentrated extract with a

capillary tube. Plates were marked about 1 cm with a pencil on the bottom side and waited

until ¾ parts of the solvent covered the plates. The TLC was carried out in a chromato-

graphic tank using the solvents systems as chloroform/acetone/formic acid (7.5:1.65:0.85)

[37]. After drying, the TLC plate was revealed by a UV-light lamp (365 nm) and sulfuric

acid/vainillina chemical developer.

The Retention factor (Rf) values were calculated with the equation (2) [38]:

Rf = Distance traveled by the solvent system
Distance traveled by the sample (2)

then results were obtained.

Results and discussion

The thin layer chromatography of L001-M, L002-E, C003-M, and C004-E extracts was

applied in the silica gel 60F254 for 30 minutes to separate extremely non-polar substances

and analyze particular polar substances. This result shows a first approximation of the

extract analyzed by extraction method and extracts content. The solvent used is chloro-

form/acetone/formic acid (7.5:1.65:0.85) [39].

The Rf corresponding to L001-M and L002-E is the same plant with different solvents

in the extraction process (See Figure 3.2.). It could affect the secondary metabolite content

in the samples. As expected, the TLC in the figure showed several Rf values that pointed

out the solvent was useful. As a result, the methanolic showed more compound separation
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(a) L001-M (b) L002-E

Figure 3.2: UV-light lamp 365 nm (blue plate) and the sulfuric acid/vainillina (cream
plate) revealing of extract.

based on polarity than ethanolic extracts. It was registered that 0.06 in L001-M and Rf 0.02

in L002-E correspond to the same compound. Meanwhile, the Rf 0.16 and Rf 0.24 value

in L001-M correspond to the RF 0.20 compound in L002-E when sulfuric acid/vainillina

revealing. Also, it was identified that a high concentration of compounds was exhibited at

0.16 and 0.20 in L001-M and L002-E, respectively, when using a UV-light lamp (365 nm).

As discussed above, the TLC of the methanolic extract reflects a major mixture of

chemical components than the ethanolic extraction [40]. Using the ultraviolet light lamp

at 365 nm in L001-M, the outstanding chemical compound of the extracts was obtained

at Rf 0.16, while in L002-E, was at 0.20 Rf value. Also, it was identified a compound

at Rf 0.95 in C003-M with UV-light lamp 365 nm revealing which is not present in the

C004-E extract (See Figure 3.3.). The Rf values in both extracts describe the same com-

pounds except in (Rf 0.47, Rf 0.55, Rf 0.97) in the C003-M extract compared to C004-E.

The sulfuric acid/vanillin chromogenic reagents allow the appearance of a large number

of chromatographic bands. Eventually, some chemical components were visualized only

under the use of a UV-light lamp (365 nm). In figure 3.2. and 3.3. observing the region
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(a) C003-M (b) C004-E

Figure 3.3: UV-light lamp 365 nm (blue plate) and the sulfuric acid/vainillina (cream
plate) revealing of extract.

corresponding to the range Rf ≥ 0.95% belongs to the ”impurity front” since it is the loca-

tion of the impurities or compounds that, due to their polarity, are not retained previously

[38]. To conclude, the TLC for L001-M, L002E, C003-M, and C004-E provides a rapid

separation compound that indicates the nature of the plant extract components, which are

subsequently characterized by UV-VIS spectrum and FT-IR.

3.5 Spectrophotometric characterization

3.5.1 UV/Vis spectrum and NanoDrop analysis

UV/Vis/NIR Spectrophotometer Lambda 1050 aims to analyze the phytoconstituent’s

presence in the L001-M, L002-E, C003-M, and C004-E samples. The UV/VIS spectrum of

the plant extracts allows the identification of the profile by scanning samples in the Visible

UV-visible region to obtain the characteristic peaks [41]. For the UV/Vis spectrum, the

dried extracts were diluted in different concentrations to obtain the pick of the curve where

there is significant absorbance. The corresponding amount of the extract was diluted
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in distilled water to obtain the 0.10, 0.25, 0.50, and 1.00 mg/mL concentrations. The

absorbance was measured with a quartz cell at room temperature. The wavelength range

used for chemical analysis was from 250 nm to 800 nm.

Correspondingly, samples were analyzed with the Nanodrop 2000 Spectrophotometer,

where a new method with the parameters of absorbance range of 190 - 340 nm and the

concentration of the bioactive compounds was obtained. Extract at 1mg/mL were prepared

and measured to corroborate the UV/Vis spectrum of the plant extractions performed and

as a control of the profile of the samples. Therefore, the nanodrop used in the extracts

allowed to quickly identify the extracts’ UV-Vis profile during the preparation of total

extract concentrations for the other assays and accessible verification of the components

after each extraction.

Results and discussion

UV-Vis spectra of extracts

The UV-Vis spectra obtained showed the presence of phytoconstituents in methanolic

and ethanolic extracts in the 250 - 800 nm range. The raw data were processed with Origin

Pro 2021b, the peaks, and the proper baseline with a slit width of 5 nm. Corresponding

to L001-M sample showed peaks in 295 nm (2.1366), 320 nm (1.9977), 410 nm (0.7915),

615 nm (0.1304), 675 nm (0.2917) at 1.00 mg/mL. The absorbance of 0.10 mg/mL was not

registered due to the system’s sensitivity. L002-E extract shows peaks in 285 nm (2.0127),

325 nm (1.764), 405 nm (1.0545), 615 nm (0.1264), 675 nm (0.4029) at 1.00 mg/mL (See

Figure 3.4).

In the Figure 3.4, the C003-M sample shows peaks in 410 nm (1.7553), 535 nm (0.4338),

615 nm (0.3251), 670 nm (0.6191) [1.00mg/mL]. While the C004-E extract show peaks in

415 nm (1.9286), 535 nm (0.4612), 615 nm (0.3473), 670 nm (0.6804) at 1.00mg/mL.

UV-Vis spectra analysis corresponds to recognizing peaks in the 200 to 400 nm. This

region indicates the presence of sulfur (S), nitrogen (N), and oxygen (O), the presence of

these elements indicate heteroatoms and unsaturated groups [42].

It used ethanol and methanol as solvents for our extracts because their maximum

wavelengths are transparent in the UV-VIS region [43]. The L001-M and L002-E extracts

have three peaks in this spectrum range, while C003-M and C004-E have one peak at 410

and 415 nm, respectively. These peaks confirmed the presence of chromophores. In fact,
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(a) L001-M (b) L002-E

(c) C003-M (d) C004-E

Figure 3.4: UV-VIS spectra of extract samples

the UV-VIS spectrum was used to identify components containing σ -bonds, π -bonds,

alone electron pairs, and aromatic compounds [44]. According to the results of the two

plants, it can be deduced that similar UV/Vis profiles are obtained, although the extraction

solvent is different since the compounds are similar. Therefore the same entity is obtained

in the signal. Therefore, corresponding to the data presented in Table 3.3., the wavelength

number allowed identified the presence of different secondary metabolites [43, 44].

UV-Vis spectrum possibly identified metabolites corresponding to flavonoids at 320 nm

and phenolic compounds at 280 and 360nm for extracts L001-M and L002-E. Notwithstand-

ing C003-M and C004-E, the content of tannins, carotenoids, and terpenoids is highlighted.

The peak absorbance of chlorophyll at 670 nm corresponds to the green/brown color that
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Wavelength (nm) L001-M L002-E C003-M C004-E Metablites

234-676

295
320
410
615
675

285
325
405
615
675

410
535
615
670

415
535
615
670

Alkaloids,
flavonoids
and phenol

230-350 295
320

285
325

Flavonoids and
their derivates

350-500 410 405 410 415
Tannins,

carotenoids
and carotenoids

400-550 535 535 Terpenoids

600-700 675 615
675

615
670

615
670 Chorophyll

Table 3.3: UV-VIS profiles of secondary metabolites.

characterizes the extracts.

NanoDrop analysis of extracts

The extracts were analyzed with the Nanodrop 2000 Spectrophotometer with the pa-

rameters of 1mm absorbance in a UV-visible wavelength range of 190 - 340 nm. It should

also be noted that both extracts used were at a 1 mg/mL concentration using water type

1 to dilute for C003-M and C004-E and DMSO (1%) for L001-M and L002-E.

Figure 3.5 shows the spectrum for L001-M and L002-E, determined to have an ab-

sorbance peak at 200 nm near a 1.2 absorbance value. Both extracts have a similar ab-

sorbance profile; therefore, it showed they come from the same plant with different sol-

vents of extraction in the maceration process. Evidence illustrates that certain secondary

metabolites were found in higher proportions in the methanolic extract L001, confirmed in

Figure 3.4.

Indeed, the C003-M sample (See Figure 3.6) has an absorbance of 0.5 at 200 nm, while

C004-E shows an absorbance of 0.6 at the same wavelength. There was a higher absorbance

in the 200-220 nm range in sample C003-M concerning C004-E. It was also identified that

a peak was recorded at 240 nm, which may be related to the absorbance peak in Figure

3.4.

Nevertheless, each plant extract shows a similar profile across the spectrum, corre-

sponding to extracts L001-M and L002-E corresponding to one plant and extracts C003-M
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(a) L001-M (b) L002-E

(c) C003-M (d) C004-E

Figure 3.5: NanoDrop spectra of extract samples

and C004-M corresponding to another. The NanoDrop profile helped verify the samples’

content after each extraction and characterization process.

3.5.2 FT-IR spectrum

The spectrum of FT-IR of all extracts was obtained in the infrared region with a wavelength

of 4000cm-1 and 400 cm-1. This method is used for functional group identification by %

transmittance value in the spectrum. A small quantity of L001-M, L002-E, C003-M, and

C004-E were placed in the Cary 630 Fourier Transform Infrared Spectroscopy Spectrometer

to elucidate the structure of the unknown composition, and the intensity of absorption

spectra associated with molecular composition or chemical functional groups [45]. The
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spectrum was registered from 4000 to 400 cm-1 for each plant extract.

Results and discussion

The FT-IR spectrum of the extracts is helpful to identify functional groups of the

bioactive compounds by analyzing the % transmittance infrared radiation in the region

registered. FT-IR spectra of L001-M (Figure 3.7) show a peak of 3389.62 cm-1 (63.241)

assigned to the O-H stretching vibration designated to hydroxyl compounds, alcohols, and

phenols. The peak at 2927.76 cm-1 (36.028) corresponds to the asymmetric stretching of

-CH (CH2) vibration identified as lipids or saturated aliphatic compounds. The peak of

2858.42 cm-1 (63.332) corresponds to symmetric stretching of -CH (CH2) like fatty acids.

The 1696,98 cm-1 (54,499) value corresponds to the C=O stretch assigned to a carbonyl

group. The peak of 1602.28 cm-1 (68.896) belongs to the C=O stretching of the ketone

compound. Indeed, the peak 1518.93 cm-1 (84.303) and 1453.85 cm-1 (67.143) is to C=C-C,

and the aromatic ring corresponds to the aromatic compound. The 1379.97 cm-1 (69.760)

corresponds to the O-H bend and alcoholic group for phenol or tertiary alcohol. The peak

of 1261.65 cm-1 (63.625) corresponds to the C-O stretch, and the C-N stretch corresponds

to acid or amino. The peak of 1170.09 cm-1 (65.950) corresponds to the C-H wag (-CH2X).

The peaks 1067.89 cm-1 (64.83) correspond to the PO3 stretch characterized by phosphate

ions. Also, the peaks 889.92 (93.304), 818.68 (96.049), and 756,07 cm-1 (90.636) represent

the =C-H, banding from alkanes. The peak 710.90 cm-1 (92.449) and 602,90 cm-1 (93.610)

corresponding to =C-H and C-Cl are designated halogen compounds [46]. Values between

brackets are their respective transmittance.

(a) L001-M (b) L002-E

Figure 3.6: FT-IR of plant extracts

FT-IR spectra of L002-E (Figure 3.8) show a peak in 3386.94 cm-1 (88.048) assigned to

the O-H stretch, carboxylic group, acidic, H-bonded, O-H stretch designated to carboxylic
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acids, and hydroxy compounds, alcohols phenols. Indeed, the peak 2927.77 cm-1 (24.999)

assigned to the asymmetric stretching of -CH (CH2) vibration was designated to saturated

aliphatic compound and lipids. The peak at 2857.59 cm-1 (55.259) which are designated to

the symmetric stretching of -CH (CH2) vibration corresponding to fatty acids, lipids, and

protein. The 1736.89 cm-1 (6.717) and 1695.54 cm-1 (46,755) is related to C=0 stretching

of carbonyl group. The peak of 1607.38 cm-1 (86.557) belongs to the C=O stretching of

the ketone compound. The peak is 1457.97 cm-1 (70.166) which is assigned to the C=C

stretching corresponding to the aromatic compound. In addition, the peak of 1379.67 cm-1

(78.149) is the O-H band, and the alcoholic group corresponds to phenol or tertiary alcohol.

The 1270.78 cm-1 (73.885) corresponds to the C-O stretch, C-N stretch corresponds to acid

or amino. The peak 1171.15 cm-1 (72.633) is assigned to the C-N stretch, C-H wag (-CH2X)

of Amina, and alkyllulides. The peaks 1038.91 cm-1 (80.506) correspond to PO3 stretching

characterized by phosphate ions. Also, the peaks 889.20 (87.782), 832.23 (95.341), 756.75

(82.620) and 715.62 cm-1 (92.947) represent the =C-H, banding from alkanes. 1261.65

cm-1 (63,625) corresponds to the C-O stretch, and the C-N stretch corresponds to acid

or amino. The peak of 1170.09 cm-1 (65.950) corresponds to the C-H wag (-CH2X). The

peaks 1067.89 cm-1 (64.83) correspond to the PO3 stretch characterized by phosphate ions.

Also, the peaks 889.92 (93.304), 818.68 (96.049), and 756,07 cm-1 (90.636) represent the

=C-H, banding from alkanes. The peak 710.90 cm-1 (92.449) and 602,90 cm-1 (93.610)

corresponding to =C-H and C-Cl are designated halogen compounds [47]. Values between

brackets are their respective transmittance.

FT-IR spectra of C003-M (Figure 3.9) show a peak in 3352.40 cm-1 (18.838) and 3010.64

cm-1 (53.463) assigned to the O-H stretch, carboxylic group, acidic, H-bonded, O-H stretch

designated to carboxylic acids, and hydroxy compounds, alcohols phenols. The peak at

2926.86 cm-1 (9.922) and 2854.80 cm-1 (35.885) is designated to the asymmetric stretching

of -CH (CH2) vibration corresponding to saturated aliphatic compound and lipids. The

1741.07 cm-1 (64.853) value corresponds to the C=0 stretch assigned to the carboxyl group.

The peak of 1600.45 cm-1 (60.709) is the C=0 stretching assigned to the ketone compound.

The peak 1453.27 cm-1 (61.191), assigned to the C=C-C, corresponds to the aromatic ring

by the aromatic compound. The peak 1377.78 cm-1 (61.780), assigned to the O-H band,

is related to the alcoholic group corresponding to phenol or tertiary alcohol. The 1272.40
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cm-1 (69.146) corresponds to the C-O stretch, and the C-N stretch corresponds to acid or

amino acids. The peak 1162.03 (61,354) cm-1 is assigned to the C-H wag (-CH2X) and

C-N stretching of amine and alkyllulides. Also, the peak 1068.57 (42.149) cm-1 is assigned

to PO3 stretching characterized by phosphate ions [48]. Values between brackets are their

respective transmittance.

(a) C003-M (b) C004-E

Figure 3.7: FT-IR spectra of extract samples

FT-IR spectra of C004-E (Figure 3.7) show a peak in 3377.99 cm-1 (64.982) which is

assigned to the H-bonded and O-H stretching vibration designated to hydroxy compounds,

alcohols, and phenols. It shows a peak in 3010.33 cm-1 (86.463), assigned to the C-

H stretching designated to an aromatic group. The peak at 2926.03 cm-1 (22.950) is

designated to the asymmetric stretching of -CH (CH2) vibration corresponding to saturated

aliphatic compound and lipids. The 2854,29 cm-1 (57.084) value corresponds to the C-H

stretch assigned to the alkanes and symmetric stretching of -CH (CH2) to fatty acids, lipids,

and protein. The peak 1742.89 cm-1 (70.706) is assigned to the C=O, corresponding to

the carbonyl. The peak 1651.70 cm-1 (88.792) is related to C=C stretching corresponding

to the alkanes. Also, the peaks 1455.82 cm-1 (83.559) are C=C stretching corresponding

to the aromatic group. The peak 1377.85 cm-1 (87.175) is assigned to the O-H band,

and the alcoholic group corresponds to phenol or tertiary alcohol. The 1162.75 cm-1

(84.177) is assigned to the C-N stretch, C-H wag (-CH2X) of Amina, and alkyllulides. The

peaks 1067.45 cm-1 (80.270) correspond to PO3 stretching characterized by phosphate

ions. Values between brackets are their respective transmittance.

Thus to summarise, the results obtained are related to Table 3.2. corresponding to

the phytochemical screening. The characterization of the secondary metabolites by FT-IR

allowed evaluating of the possible functional groups of the chemical compounds of interest.
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The 0-H, -CH, O-H, C-O, C-N, PO3, C-Cl, C=C-C bonds may correspond to the stretching

vibration designated hydroxyl compounds, alcohols, phenols, and aromatic phenols, amino

groups, alkanes or phosphate ions by wavenumber [46]. Extracts L001-M and L002-E (see

Figure 3.7.) are samples from the same plant with different solvents in the extraction

step and showed similar peaks from 3600 cm-1 to 2000 cm-1. The recorded result shows

distinctive patterns in the fingerprint region (L001-M: C=C-C, phosphate, =C-H and C-Cl)

compared to L002-E (C-O stretch, -CH2X). In comparison, the difference in transmittance

(%) between samples C003-M and C004-E of the extract in the region (2500-3500 cm-1)

could be affected by chlorophyll (type A and B) and carotenes, while in the fingerprint

region, it was registered in C003-M (C-O stretch) corresponds to acids or amino acids.
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Chapter 4

Biological activity: antibacterial,
antioxidant and anti-inflammatory

4.1 Reagents and equipment

The reagents used for in vitro antibacterial, antioxidant and anti-inflammatory activity

correspond to sodium chloride (≥ 99.5%, Merck), potassium ferricyanide (≥ 99%, Merck),

sodium chloride (99.9%, Merck), hydrochloric acid (37%, Merck), trichloroacetic acid (99%,

Merck), sodium phosphate (≥ 99%, Sigma Aldrich), dimethyl sulfoxide (≥ 99%, Sigma-

Aldrich), chloroform (≥ 99.5%, Sigma-Aldrich), potassium chloride (99%, Sigma-Aldrich),

ferric chloride (≥ 98%, Sigma-Aldrich), Kanamicyn sulfate (powder, Sigma-Aldrich), dis-

odium hydrogen phosphate (99.5%, Scharlau), potassium dihydrogen phosphate (≥ 98%,

Fisher scientific), commercial tube EDTA-K3 VanTubo° sterile (Van Chiang IND. CORP.),

Luria Bertani Broth, Miller (Titan Biotech LTD), and Luria Bertani Agar, Miller (Titan

Biotech LTD).

In vitro antibacterial, antioxidant and anti-inflammatory activity equipment used was

UV/Vis/NIR Spectrophotometer Lambda 1050 (PerkinElmer, USA), NanoDrop™ 2000

Spectrophotometer (Thermo Scientific™, USA) and MaxQ™ 4450 Benchtop Orbital Shaker

(Thermo Scientific™, USA).
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4.2 Antibacterial activity: Minimum Bactericidal Con-
centrations (MBC’s)

Bacterial strain and inoculums preparation

The antibacterial potency of each plant extract was evaluated using the bacterial strain

of Gram-negative bacteria (E. coli) called TG1, DH5-α, and E410A5. The media Luria

Bertani Broth, Miller showed is suitable for growing the bacteria. Using Luria Bertani

Broth, Miller, the bacteria TG1, DH5-α, and E410A5. were subcultivation overnight at 37

°C with 160 revolutions per minute [49].

Antibacterial screening

The L001-M, L002-E, C003-M, and C004-E plant extracts were dissolved in 3 mL of dis-

tilled water to evaluate the antimicrobial activity. and the concentration from the extract

used was 0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1.0 mg/mL, 1.5 mg/mL, 2.5 mg/mL, 5

mg/mL, 10mg/mL, 15mg/mL and 20mg/mL. Based on the standard McFarland turbidity

values, a value of 3 was obtained, approximate cell density (1X108 CFU/mL) by a factor

of 9. This value was obtained after measuring OD600 equal to 0.602 absorbance mea-

surement on NanoDrop™ 2000 Spectrophotometer. [50]. Luria Bertani agar medium (250

mL) was pured in several sterile Petri dishes (approximately 35 mL), and 300 ul of bacteria

strain was seeded in a medium previously prepared with bacterial suspension. Then, dif-

ferent extracts concentrations were placed on the top of Luria Bertani Agar, Miller plates.

Kanamycin was used as the positive control for well-known antibacterial capacity at 50

mg/mL. The samples were incubated at 37 °C for 24 hours. If there is an inhibition halo,

it is considered an indication of antibacterial activity.

Results and discussion

The antibacterial activity of the extracts was assayed by the qualitative method with

TG1, DH5-α, and E410A5 cell lines. The extracts showed the inhibition halo (ZI) against

all gram-negative bacteria. The extract L001-M and L002-E were effective against DH5-

α (See Figure 4.2.). The same extracts showed no activity against TG1 and E410A5

(gram-negative bacteria). None of the extracts C003-M and C004-E showed antimicrobial

activity. The L001-M showed excellent antibacterial activity against DH5-α at a 2.5 mg/mL

concentration, as the L002-E (See Figure 4.1.).
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Inhibition halo (mm) Positive
Control

Negative
Control

Plant
extract

1.5
mg/mL

2.5
mg/mL

5
mg/mL

10
mg/mL

15
mg/mL

20
mg/mL

K* 50
mg/mL W-1**

L001-M - 1.9 2.6 2.8 2.3 2.5 13.0 -
L002-E - 0.9 2.1 2.3 2.0 1.8 15.0 -
*Kanamycin **Water type 1 sterile

Table 4.1: Antimicrobial screening test of effective extract against DH5-α.

The inhibition zone was measured, and the results are shown in Table 4.1. The different

inhibition zone values depend on the concentration of the extract and the chemical and

volatile nature of the bioactive constituents (See Figure 4.1.). It is detailed that the

Minimum Bactericidal Concentration is 2.5 mg/mL for L001-M and L002-E extracts. This

suggested that the functional groups identified by FT-IR in the methanolic and ethanolic

extract of L001-M and L002-E efficiently suppress the DH5-α cell line.

(a) L001-M in DH5 (b) L001-M in E410A5 (c) L001-M in TG1

(d) L002-E in DH5 (e) L002-E in E410A5 (f) L002-E in TG1

Figure 4.1: Antibacterial activity of the plant extract.

Microsoft Excel 2016 statistical package was used to analyze the data using the t-
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test statistic with a significance level of 0.05. The significant antimicrobial effects were

expressed in Table 4.1. they correspond to the L001-M extract compared to the effect

of the positive control. Similarly, L002-E shows a significant difference concerning the

antibacterial effect of kanamycin. As put forward by [15], the difference in the inhibition

halo value corresponded to the variation of chemical constituents and the volatile nature

of plan extract components.

(a) C003-M in DH5 (b) C003-M in E410A5 (c) C003-M in TG1

(d) C004-E in DH5 (e) C004-E in E410A5 (f) C004-E in TG1

Figure 4.2: Antibacterial activity of the plant extract.

It was observed that C003-M and C004-E extract had no antibacterial activity for TG1,

DH5-α, and E410A5 cell lines (See Figure 4.2.). This method of antibacterial activity is

affected by the complex bioactive components of extracts. Therefore, factors such as inocu-

lum size and concentration may produce a large area of inhibition at lower concentrations,

while a thick layer of cells may produce a much smaller inhibition halo or false negatives

[51]. These bacteria were chosen due to E. coli had been isolated from infected wounds and

wound infections. Moreover, gram-negative showed quite high resistance to the majority

Biomedical Engineering 30 Capstone Project



School of Biological Sciences and Engineering Yachay Tech University

of antibiotics [52]. As a result, extracts L001-M and L002-E can be used in biomedical

applications related to wound infections.

4.3 Relative Antibacterial Capacity

Bacterial strain and samples preparation

The relative antibacterial activity of L001-M and L002-E plant extracts was evaluated

using one Gram-negative strain (Escherichia coli) called DH5-α because qualitatively an-

tibacterial essays show inhibition of this bacteria growth. For cell culture optical density

measurements, NanoDropTM 2000 Spectrophotometers were used based on in vitro time-

kill methodology bioassay experiments [53]. The blank was an LB-broth culture medium,

and the wavelength measurement was 600 nm. The positive control was Kanamicyn at 20

mg/mL concentration for this antibacterial essay. In the same way, the negative control

was LB broth culture plus bacteria without antibiotics and extract. Therefore, the plant

extract was prepared at 20 mg/mL of concentration for L001-M and L002-E samples.

Inoculation and procedure

Using Luria Bertani broth agar slants, the 25 uL of DH5-α bacteria were cultivated at

37°C with 160 revolutions per minute for 24 hours [49]. The volume taken from the initial

bacterial suspension was calculated with the following formula of concentration-optical

density correlation. In the beginning, the OD600 value of DH5-α was 0.456, but it needed

0.02 as the initial concentration for this experiment. Therefore, to calculate the inoculation

volume for dilution, equation (3) is:

C1 ∗ V1 = C2 ∗ V2 (3)

where C1 and V1 refer to stock cell concentration which is the initial bacterial suspen-

sion, and C2 and V2 are the final concentration for the experiment, which in this case, the

absorbance obtained from DH5-α is the initial absorbance and it is proportional to the

concentration modifying the formula equation (4) is obtained:

A1DH5 ∗ V1DH5 = A2DH5 ∗ V2DH5 (4)
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Where A1DH5 is the stock bacteria absorbance (0.456), V1DH5 is the stock bacteria vol-

ume which is necessary to add for final concentration, A2DH5 is OD600 required absorbance

value (0.02), and V2DH5 is the final volume in the cell culture tubes (2 mL)—replacing the

values in the equation, the tubes were filled with 89 L of DH5-α initial bacterial suspension.

Results and discussion

After inoculation, cell culture tubes were taken to the MaxQ™ 4450 Benchtop Orbital

Shaker at 180 rpm and 37 °C. Once there, an aliquot of 9 uL was used from each cell

culture tube every half hour to measure the OD600 value. The results were processed and

rotted in Figure 4.3. The total time of experimental measurements was 5 hours.

(a) L001-M (b) L002-E

Figure 4.3: Bacterial growth curves formed from OD600 measurements of extracts

As a matter of fact, the cell density is directly proportional to the optical density.

Therefore, as predicted, the negative control OD600 value where LB broth culture with

bacteria usually grows. In particular, L001-M showed an antibacterial activity similar

to that of kanamycin positive control at 20 mg/mL of concentration. However, sample

L002-E showed low antibacterial activity with values intermediate between the positive

and negative control. The results were analyzed using t-test statistical tool, indicating a

significant difference between the L001-M and antibiotic activity. In other terms, there

was no relationship between plant extract L001-M and kanamycin antibacterial activity.

Indeed, it was statistically analyzed that the L002-E extract is significantly different for

both the positive and negative control. Regarding, results suggested the antibacterial

activity of L002-E decreases with respect to time, demonstrating that methanolic solvent
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extraction had a better antibacterial effect than ethanol extraction (See Figure 4.3).

These antibacterial results demonstrated the previously reported L001-M and L002-E

extracts’ antibacterial activity and verified that the studied plant is a potential resource

with potential antibiotics applications in the pharmacological field.

4.4 In vitro antioxidant activity

Preparation of extracts and standard

Extracts samples L001-M, L002-E, C003-M, and C004-E were evaluated by ferric reduc-

ing power and Total antioxidant activity by phosphomolybdenum methods. The four plant

extracts were prepared on the concentrations of 0,05 mg/mL, 0,1 mg/mL, 0,25 mg/mL, 0,5

mg/mL, 1 mg/mL, 1.5 mg/mL and 2.5 mg/mL in distilled water. The standard reagent was

ascorbic acid at 0.001 mg/mL, 0.05 mg/mL, 0.1 mg/mL, 0.25 mg/mL and 0.50 mg/mL for

the assays. Three replicates of each sample were prepared for assay. A blank was prepared

without adding the extract to the antioxidant complex.

4.4.1 Ferric Reducing Power assay (FRP)

Ferric reducing antioxidant power was performed to determine Fe3+ to Fe2+ by measuring

the absorbance of sample and standard in 700 nm by UV-VIS spectrophotometer because

it is the absorption maximum to the ferric, ferrous complex [54] (See Figure 4.4.). The

antioxidant compound in the extracts was recognized by the antioxidant assay activity

recorded for forming complexes with the metal atoms present, specifically copper and iron

[55]. The increase in absorbance value is proportional to the antioxidant activity.

The calibration curve equation for FRP analysis based in the resulting absorbance

versus concentration was obtained using equation (5):

y = mx + b (5)

where m is the slope and b is the y-intercept.

The reduction phenomena was expressed in µg ascorbic acid equivalents/g by the equa-

tion (6) [56]:
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Figure 4.4: Ferric reducing power assay procedure

AEACmgAA
g

= (registeractivityextract)(factordilution)(Vsample(mL))
gsample

(6)

with AEAC = ascorbic acid equivalent antioxidant activity, µgAA microgram of as-

crobic acid and. Further, activity is obtained from calibration curve with the equation

(7):

ActivityXmg
mL

= y − b

m
(7)

Therefore, the percentage of reducing power (%RP) calculated from the following equa-

tion (8) [56]:

%RP = [1 − (1 − Ae

Aa

)] ∗ 100 (8)

where RP is reducing power, Ae is absorbance of extract and Aa is absorbance of

ascorbic acid.

Results and discussion

To measure the reductive ability, the Fe3+ to Fe2+ transformations in the presence of
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the four plant extract with the complex of potassium ferricyanide, trichloroacetic acid, and

ferric chloride was investigated. The yellow color changed to green or blue depending on

antioxidant power presented in the experiment result from [57].

(a) L001-M (b) L002-E

(c) C003-M (d) C004-E

Figure 4.5: The absorbance of plant extract in Ferric Reducing Power determination.

The method showed to be useful for antioxidant capacity through a screening and

comparison of the extraction solvents. Ferric reducing antioxidant reaction shows good

linear relation in both ascorbic acid as standard and sample extract (See Figure 4.5.).

Indeed, L001-M showed more absorbance value as a signal of antioxidant activity compared

to L002-E in the FRP assay. The reducing power increase according to the increasing

concentration of the extracts. The R2 value for L001-M is 0.89 and for L002-E is 0.97,

indicating that the second extract adjusted better to the linear behavior as the standard.

On the other hand, the ferric reducing power of C003-M and C004-E show an an-
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tioxidant ability for the transformation of Fe3+ into Fe2+ when yellow transforms into

blue/green [58]. The measurement of Perl’s Prussian (blue color) at 700 nm reflects good

linearity of C003-M (0.96) compared to C004-E (0.82). To analyze FRP results was nec-

essary to perform a calibration curve from ascorbic acid (See Figure 4.6.).

Figure 4.6: Ferric Reducing Power assay procedure

Replacing the ascorbic acid values in the equation (5):

y = 3.77104x + 0.15311

with excellent R2 value of 0.99.

Then the reduction phenomena was obtained reemplazando los valores de m y b en la

equation (7):

ActivityXmg
mL

= absorbance − 0.15311
3.77104

In this essay, the absorbance value of the sample at 2.5 mg/mL was used to analyze

antioxidant activity. The percentage of reducing power (%RP) was calculated using the

equation (8). The results are presented in Table 4.2:

Plant extract FRAP value in AEAC (mg AA/g) Reducing power (%RP)
L001-M 7.96161 68.40925
L002-E 7.600568 65.68412
C003-M 5.790381 51.78725
C004-E 5.060821 46.20219

Table 4.2: FRAP value in AEAC (mg AA/g) and Reducing power (%RP)
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Evidence illustrates that the extract L001-M had a remarkable potency to donate elec-

trons to the reactive free radicals; this causes the non-reactive species to become more

stable, culminating in the chain reaction characterized by free radicals [59]. The %RP of

L001-M and L002-E is higher than the C003-M, and C004-E extracts, and the methanolic

extractions, show higher antioxidant activity. There was no statistically significant dif-

ference between the reducing power of L002-E and L001-M. Consequently, differences are

statistically significant if the reducing power percentage of L001-M is compared with the

C003-M and C004-E. Correspondingly, the reducing power in the FRP assay is dependent

on the plant’s chemical components due to the previous characterization.

(a) L001-M, L002-E and Ascorbic Acid (b) C003-M, C004-E and Ascorbic Acid

Figure 4.7: Ferric Reducing Power results comparison of plant extract and standard

The FRP is under the standard reagent in the case of L001-M and L002-E extract.

However, excellent antioxidant activity was recorded compared to the extracts C003-M

and C004-E (See Figure 4.7.). Thus, the antioxidant ability of the extracts in inhibiting

the oxidative effects of reactive oxygen species found in the reaction mixture was tested

through the colorimetric method.

4.4.2 Total Antioxidant Activity (TAC) by phosphomolybdenum
method

The chemical principle to assess the total antioxidant capacity based on the plant extract

possessing antioxidant compounds through reduction of Mo (VI) to Mo (V) [60]. The
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chemical complex allowed to measure of the Total antioxidant activity by phosphomolyb-

denum method (TAC). The extracts were evaluated according to the method described in

[61] for antioxidant capacity (Figure 4.8). Samples and standards were prepared at the

same concentration that the previous FRP assay.

Figure 4.8: Total antioxidant activity by phosphomolybdenum method

Results and discussion

After the extracts were added to the solution, Mo (VI) was reduced to Mo (V). This is

shown by the green coloration change indicating phosphomolybdenum complex V whose

absorbance was measured at 695 nm using UV/VIS/NIR Lambda 1050 spectrophotometer

[62]. The total antioxidant activity is expressed in the gram equivalent of ascorbic acid

[63] as well as the calibration curve was with ascorbic acid.

The samples L001-M and L002-E show suggest that the extracts had the potential as

free radical scavengers (See Figure 4.9.). First, L001-M showed excellent total antioxidant

activity compared to L002-E. The R2 of L001-M is 0.98 and for L002-E is 0.99, which

shows that extracts used in the assay have a good linear fit, as was expected.

The TAC essay of C003-M and C004-E plant extract had similar antioxidant activity.

The value of R2 for C003-M is 0.98, while C004-E was 0.95.

Total antioxidant activity is compared with the values of the ascorbic acid calibration

curve to express in gram equivalent of ascorbic acid (See Figure 4.6.). Using the same

procedure as in ferric reducing power assay, with the slope-order y = 3.77104x + 0.15311

as well as an R2 equal to 0.99. The total antioxidant activity was calculated for the extracts’

highest concentration and the standard’s highest concentration. The following results are

obtained in Table 4.3.

The results could suggest the plant extracts’ antioxidant capacity, highlighting that

the sample L001-M has the highest TAC compared to others. The compounds of the
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(a) L001-M (b) L002-E

(c) C003-M (d) C004-E

Figure 4.9: Total antioxidant activity of plant extracts

extracts that may be involved in the TAC are flavonoids, carotenoids, and cinnamic acid

derivatives [61, 60]. This type of assay allows for determining the antioxidant activity of

the extract, although more specific techniques are suggested to understand the activity of

each secondary metabolite and its identification.

The t-Test was used to analyze the difference between the four extracts with a con-

fidence level of 95%. Overall, the L001-M extract (99.76%) showed the highest total an-

tioxidant ability compared to the other extracts. L002-E, C003-M, and C004-e were non-

significantly correlated compared to L001-M. Otherwise, the methanolic extractions were

found to contain more antioxidant agents compared to ethanolic extractions. However,

L001-M and L002-E were the same plants and detected the same classes of phytochemi-

cals. The quantitative difference could result from the heterogeneous concentration of the
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Plant extract Total antioxidant activity (%)
L001-M 99.76168
L002-E 51.23863
C003-M 62.67481
C004-E 55.24929

Table 4.3: Total antioxidant activity of plant extracts

phytochemicals. The overall antioxidant findings warrant further studies on the differ-

ent isolation techniques and characterization of the secondary metabolites responsible for

antioxidant activity.

4.5 In vitro anti-inflammatory activity

Preparation of extracts

The required concentrations of 0.05 mg/mL, 0.1 mg/mL and 0.25 mg/mL of plant

extracts were prepared. The same concentration for the positive control was aspirin. In

addition, the negative control of samples L001-M and L002-E samples were diluted with

DMSO (1%), while for extracts C003-M and C004-E, it was water type 1.

Preparation of blood samples for membrane stabilization tests

Human red blood cell (HRBC) has been used for anti-inflammatory in vitro studies

[64]. Blood was obtained from a volunteer with the restriction to not consume any anti-

inflammatory drug fourteen days before the test. Therefore, a 5 mL commercial tube with

EDTA-K3 VanTubo and a sterile needle were employed; 15 mL (3 dips) of human blood

was obtained and slowly mixed between the coagulant and the blood. The Solca Hospital

Ethics Committee has already approved the experiment.

Therefore, it was centrifuged at 3000 rpm for 5 minutes, and the supernatant was

eliminated. Next, the cell suspension was washed with saline solution (0.9% w/v NaCl)

and centrifuged at 3000 rpm for 5 minutes; threefold. Finally, the last resuspension with

40% (v/v) of phosphate-buffered saline solution (1x PBS Buffer) at pH 7.4.

Hemolysis induced by hypotonicity

For this procedure, 2 mL of saline solution at 0,9%, 1 mL of phosphate-buffered saline,

and 1 mL of L001-M, L002-E, and C004-E extract, respectively. Subsequently, 500 µL of

the blood process was added to the falcon tube. For the L001-M and L002-E samples,
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the negative control contains a DMSO (1%) in distilled water. The negative control for

C003-M and C004-E was water type 1. Also, aspirin was used as a positive control at the

same concentrations of plant extracts (0.05 mg/mL, 0.1 mg/mL and 0.25 mg/mL). Then,

samples were incubated for 30 minutes at 37 °C, and tubes were centrifuged for 20 minutes

at 3000 revolutions per minute. The supernatant was collected, and the absorbance of each

solution was measured on a 560 nm as an indicator of the degree of hemolysis [65].

Percentage of hemolysis inhibition

The equation (9) was used to calculate the percentage of inhibition of hemolysis [66]:

Inhibition of hemolysis = [(ODW − ODE)
(ODW ) ] ∗ 100 (9)

Where ODW is the optical density of the hypotonic buffer without extract, and ODE

is the optical density of the hypotonic buffer with the extract.

Results and discussion

The analysis for L001-M and L002-E was applied using the formula of percentage inhi-

bition of hemolysis; the following results have been analyzed. In the Figure 4.10. aspirin,

L001-M, and L002-E extract demonstrated anti-inflammatory activity. The range of in-

hibition of hemolysis induced by hypotonicity at different concentrations of LO01-M and

L002-E is in the range of 8% to 30% of inhibition of hemolysis. Specifically, L001-M,

which is the methanolic extract of the plant at 0.05 mg/mL, represented the highest value

of inhibition of hemolysis, while at higher concentrations, possibly the synergism of var-

ious metabolites decreases, as working with complete extracts may result in all at high

concentrations.

The results show increasing antioxidant and anti-hemolytic activity of L001-M plant

extract. The plant extract’s anti-inflammatory effect reduced the hemolysis magnitude

when red blood cells were exposed to toxic reagents. The statistical analysis was applied

using 0.05 mg/mL of aspirin as a positive control. The L001-M was not significantly

different from aspirin’s anti-inflammatory effect. In contrast, extract L002-E showed a

significant difference compared with the control.

Indeed, the anti-inflammatory activity of C004-E extract had the effect of inhibiting

the hypotonicity-induced hemolysis in healthy erythrocytes. The trend is the same as in
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Figure 4.10: Anti-inflammatory activity of the plant extract comparing its effectiveness
with the commercial Aspirin.

the previous case; the optimum concentration of the extract was 0.05 mg/mL.

Figure 4.11: Anti-inflammatory activity of the plant extract comparing its effectiveness
with the commercial Aspirin.

In Figure 4.11., C004-E extract showed higher anti-inflammatory activity than L001-M

and L002-E. Indeed, small dips are made in each centrifuge, and it does not shake because

the erythrocyte membrane breaks. Through t-Test, it was founded that Aspirin and C003-

E extract did not show significant differences. Results may be related to the different

chemical compounds of the extract and the functional groups previously identified in the

characterization process.

However, the extracts were shown to decrease the stress induced on the plasma mem-

brane to be destroyed. The presence in the extracts of biomolecules such as flavonoids
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and phenols may be responsible for this biological activity [67]. However, the therapeutic

mechanism of the extracts on erythrocytes is not precisely understood.
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Chapter 5

Development of hydrogels using
botanical extracts

5.1 Reagents and equipment

The reagents used for the hydrogels samples using botanical extracts corresponds to Sigma

Cellulose Type 101 Cellulose (Sigma Aldrich, USA); microcrystalline cellulose (Alfa Aesar,

USA), potassium chloride (99%, Sigma-Aldrich), disodium hydrogen phosphate anhydrous

(99.5%, Scharlau), potassium phosphate monobasic (≥ 99.6%, Fisher scientific).

The hydrogel synthesis and characterization equipment used were Cary 630 Fourier

Transform Infrared Spectroscopy Spectrometer (Agilent, USA); UV/Vis/NIR Spectropho-

tometer Lambda 1050 (PerkinElmer, USA), MaxQ™ 4450 Benchtop Orbital Shaker (Thermo

Scientific™, USA) and M205-C Stereo Microscope (LEICA, Switzerland)

5.2 Synthesis and characterization of hydrogel

5.2.1 Cellulose hydrogel synthesis

This section aims to create cellulose hydrogels with the L001-M, L002-E, C003-M, and

C004-E to study their use in biomedical applications. Sigma Cellulose Type 101/cotton

cellulose (NRC) and Microcrystalline cellulose (MCC) were used to analyze the difference

between chemical and physical cellulose structures with and without encapsulation. Cel-

lulose hydrogels were synthesized to encapsulate the bioactive compounds of the extracts.

The synthesis hydrogel process is described in Figure 5.1:
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Figure 5.1: Synthesis of cellulose hydrogel with plants extracts

The hypothetical encapsulation of the extracts in the cellulose hydrogel is illustrated

in the figure 5.2.:

Figure 5.2: Extract loaded-hydrogels relative structure.

5.2.2 Fourier-Transform Infrared spectroscopy

Samples preparation

Fourier-transform infrared (FT-IR) spectra were recorded using a Cary 630 Fourier

Agilant spectrometer in the 4000–450 cm1 frequency range, at a resolution of 4 cm1 [68].

FT-IR spectroscopy of the lyophilized L001-M/NRC, L001-M/MCC, L002-E/NRC, L002-

E/MCC, C003-M/NRC, C003-M//MCC, C004-E/NRC, and C004-E/MCC hydrogels were

carried out compared with WE/NRC and WE/MCC samples, WE mean without extract.

Results and discussion

Figures 5.3 and 5.4. the red line spectrum corresponds to WE/NRC and WE/MCC

samples. The 3100-3600 cm-1 peak corresponds to O-H stretching; meanwhile, the 2700-

3000 cm-1 peak refers to C-H stretching. Similarly, the peak near 1700 cm-1 is related to

Biomedical Engineering 46 Capstone Project



School of Biological Sciences and Engineering Yachay Tech University

C=0 stretching. Finally, the peak 900-1100 cm-1 corresponds to the functional group C-O

stretching cm-1 [69]. These functional groups are presented as NRC and MCC hydrogels

without extract, but their difference lies in the higher intensity range between 900-1100

cm-1 in the NRC hydrogels.

(a) L001-M/NRC (b) L001-M/MCC

(c) L002-E/NRC (d) L002-E/MCC

Figure 5.3: FT-IR Spectrum of plant extract (green line=spectrum with extract) compared
with WE hydrogels (red line=spectrum without extract).

The characteristic peaks (green line) of L001-M in 1663.91 cm-1 and 1447.38 cm-1 for

the NRC hydrogel type (a) (See Figure 5.3). Meanwhile, 1661.39 cm-1 and 1437.28 cm-

1 peaks are visible in L001-M/MCC (b) hydrogels which are not present in the xerogel

spectrum. Therefore, the spectrum of extract L002-E (c,d) needs to be repeated because

the difference is not detected. The peaks of C003-M/NRC (e) are 1663.25 cm-1 and 1445.41

cm-1, and C003-M/NRC (f) shows 1659.92 cm-1 and 1438.76 cm-1 (See Figure 5.4.). In

addition, peaks 1629.44 cm-1 and 1441.34 cm-1 are also identified. Similarly, for C004-

E/NRC (g) it is 1667.40 cm-1 and 1460.56 cm-1 for C004-E/MCC (h).

Evidence illustrated that the spectrum without extract hydrogels differs from the ex-

tract loaded hydrogel. The peak between 2700 − 3000 cm-1 present in the without extract

hydrogels of NRC and MCC type corresponds to the C-H stretching [69]. This peak is not

visible in the hydrogels in the extracts, according to Figure 5.4. While the peak in the

region 3300−3400 cm-1 is related to the O-H stretching functional group in the WE/NRC

and WE/MCC with strong absorption. This peak is visualized in both the hydrogels

with and without extract. On the other hand, the 1600 − 1700 cm-1 corresponds to C=0
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stretching in the cellulose hydrogels. The % transmittance of this peak increases when the

hydrogels with the extract. Finally, 1000 − 1100 cm-1 wavelength corresponds to the C-O

stretching peak, whose transmittance decreases when in hydrogels loaded with the extract.

(a) C003-M/NRC (b) C003-M/MCC

(c) C004-E/NRC (d) C004-E/MCC

Figure 5.4: FT-IR Spectrum of plant extract (green line=spectrum with extract) compared
with WE hydrogels (red line=spectrum without extract).

FT-IR could indicate that there is an optimal encapsulation of the extracts in the

polymeric matrix of the hydrogel. It was evident that the encapsulation of the functional

groups of the extracts differed from the without extract cellulose hydrogels. In addition,

the Fourier-transform infrared characterization between the NRC and MCC cellulose types

differed only in the peak % transmittance of the previously analyzed functional groups.

5.2.3 Surface morphology of hydrogel

The M205-C Stereo Microscope was used to analyze the morphology of the hydrogels and

observe their surface in detail [70]. A magnification of 1.5 and 4 was used on L001-M/NRC,

L001-M/MCC, L002-E/NRC, L002-E/MCC, C003-M/NRC, C003-M//MCC, C004-E/NRC,

and C004-E/MCC, WE/NRC and WE/MCC for surface analysis. The three-dimensional

structure of the cellulose hydrogel suffered swelling in the presence of an aqueous medium

and the ability to retain different volumes of water. The hydrogels loaded with the ex-

tracts L001-M, L002-E, C003-M, and C004-E were hydrophilic and had a hyper-branched

polymer network.
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(a) L001-M/NRC
(M=1.25)

(b) L001-M/NRC (M=4) (c) L001-M/MCC
(M=1.25)

(d) L001-M/MCC (M=4)

(e) L002-E/NRC
(M=1.25)

(f) L002-E/NRC (M=4) (g) L002-E/MCC
(M=1.25)

(h) L002-E/MCC (M=4)

Figure 5.5: Surface morphology of plant extract loaded-hydrogel through stereoscope

In Figure 5.5, the yellowish surface color may suggest, at first glance, the encapsulation

of the extracts in the NRC and MCC hydrogels. Through the stereoscope, it is visualized

on the non-uniform surface. Indeed, samples showed a consistent structure.

Figure 5.6. corresponding to C003-M/MCC with different M, shows a more compact

structure with the normal cellulose than the crystalline one. The extract particles were

observed at a magnification of 4 since the sample is not 100% soluble in water. In contrast,

these extract particles were not found in the C003-E cellulose type. It could be related to

the water’s 100% solubility or the sample chemical structure and the hydrogel components.

Furthermore, the yellow color is more intense on the surface compared to the samples in

Figure 5.5.

surface of the cellulose hydrogel between microcrystalline cellulose and cotton cellulose.

The difference in color between the cellulose without the extracted compared to L001-

M/NRC, L001-M/MCC, L002-E/NRC, L002-E/MCC, C003-M/NRC, C003-M//MCC, C004-

E/NRC, and C004-E/MCC indicated encapsulation of extract compared to the WE/NRC

and WE/MCC hydrogels. Unique features such as the surface morphology of the loaded

hydrogels developed in this research may limit their potential biomedical applications. The

Biomedical Engineering 49 Capstone Project



School of Biological Sciences and Engineering Yachay Tech University

(a) C003-M/NRC
(M=1.25)

(b) C003-M/NRC (M=4) (c) C003-M/MCC
(M=1.25)

(d) C003-M/MCC (M=4)

(e) C004-E/NRC
(M=1.25)

(f) C004-E/NRC (M=4) (g) C004-E/MCC
(M=1.25)

(h) C004-E/MCC (M=4)

Figure 5.6: Surface morphology of plant extract loaded-hydrogel through stereoscope

physical integrity of the extract-loaded hydrogels could also be related to their mechanical

strength, functionality, and adaptability [71].

5.3 Density and swelling of hydrogel

Cellulose hydrogel density was determined by the equation (10) based on the mass per unit

volume, then hydrogels samples were weighed and dimensions calculated with the volume

equation (11) [72]:

ρ = m

V
(10)

V = π ∗ r2 ∗ h (11)

where m means mass, V is the volume, r means radio and h is height.

Correspondingly, the swelling degree of hydrogel was studied in order to analyze the

maximum level of liquid that can be absorbed depending on the degree of swelling. It used

the phosphate buffer saline (PBS) adjusted to a pH of 7.4 at 37°C. The measure started
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(a) WE/NRC (M=1.25) (b) WE/NRC (M=4) (c) WE/MCC (M=1.25) (d) WE/MCC (M=4)

Figure 5.7: Surface morphology of plant extract through stereoscope

with a dried hydrogel and weight measure. Then, samples were immersed in PBS at 37°C

and weighed at 0, 3, 6, 9, 12, 24, and 28 hours. The objective of this procedure is to study

the absorption capacity.

The degree of swelling is calculated with the equation (12) [73]

Degree of swelling = ms − md

md

∗ 100 (12)

where md corresponds to the weight of the dry hydrogel and ms is the weight of the

swollen hydrogel at a specific time.

Results and discussion

The Table 5.1. along with the hydrogel density based on water density, the value of

which is (0.9978g/cm3) at 4°C [74]. The reference literature reports values of 1.028g/cm3

value density of microcrystalline cellulose and the cotton cellulose density corresponds to

1.44g/cm3. [75, 76].

For the experimental analysis, the density of the hydrogels including the extracts con-

centration of 2.5 mg/mL is higher than 1 mg/mL in both cellulose types (See Table 5.1.).

Evidence illustrates that increasing the concentration of the extracts therefore increases

the number of molecules stored in the three-dimensional matrix of the hydrogel.

Results demonstrated that the density of the loaded-hydrogel of MCC is higher than

NRC. Also, the density of the hydrogels without the extracts (WE) is relatively higher,

being 1.054g/cm3 for NRC and 1.208g/cm3 for MCC (See Table 5.1.). In the final analysis,

hydrogels loaded with C003-M and C004-E extracts of each cellulose type showed higher

density than their counterparts L001-M and L002-E. This suggests that phytochemical
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Hydrogels
Plant extract concentration

1 mg/mL of extract 2.5 mg/mL
Volume

(cmˆ(3))
Mass
(g)

Density
(g/cmˆ(3))

Volume
(cmˆ(3))

Mass
(g)

Density
(g/cmˆ(3))

L001-M/NRC 1.135 0.850 0,749 1.272 0.970 0.763
L001-M/MCC 1.866 1.085 0.967 1.701 1,714 1,008
L002-E/NRC 1.155 0.994 0.861 1.344 1.206 0.897
L002-E/MCC 1.900 1.873 0.986 1.909 1.989 1.042
C003-M/NRC 1.128 0.853 0.756 1.005 0.874 0.869

C003-M//MCC 1.586 1.395 0.880 1.418 1.494 1.054
C004-E/NRC 1.021 0.900 0.881 1.135 1.029 0.906

C004-E//MCC 1.586 1,477 0.931 1.571 1.731 1.102
WE/NRC 1.362 1.435 1.054 1.362 1.435 1.054
WE/MCC 1.589 1.920 1.208 1.589 1.920 1.208

NRC: Cotton cellulose; MCC: Microcrystalline cellulose; WE: without extract

Table 5.1: Cellulose hydrogel density.

compounds from the second plant could modify the density value. The density of hydrogel

is related to the swelling ratio of hydrogels and other mechanical properties. Density is an

influential factor in the dimensional change, and the release patterns of extract from these

carriers [77]. After analysis, the loaded-hydrogel swelling hydrogel study is important for

future biomedical applications.

The degree of diffusion of the extract components through the hydrogel is relevant for

biomedical used extract delivery system [78]. The influence of the extract concentration

on the swelling ratio of cellulose hydrogel in PBS at pH 7.4 was shown in Figure 5.8.

The WE/NRC and WE/MCC exhibited a high equilibrium swelling ratio, indicating the

hydrogels were superabsorbent without extract hydrogels. The amount of water stored by

the hydrogels depends on the pH of the medium and the ionic strength characterized by

the ionic groups, and the level of crosslinking of the polymer network [79]

The results showed significant differences between WE/NRC and WE/MCC hydrogels

and loaded-hydrogels containing the extracts at different concentrations (See Figure 5.8.).

Although the chemical components of the L001-M/NRC and L001-E/NRC extracts are

similar, the swelling degree was significantly different, even at 1 mg/mL. The same sta-

tistical analysis was founded when L001-M/NRC and L001-E/NRC were compared at 2.5

mg/mL. It indicated that the swelling degree is affected by the solvent from which the

extract is obtained. In addition, the percentage of swelling degree decreased when the
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(a) NRC hydrogel at 1 mg/mL (b) NRC hydrogel at 2.5 mg/mL

(c) MCC hydrogel at 1 mg/mL (d) MCC hydrogel at 2.5 mg/mL

Figure 5.8: Degree of swelling of NRC and MCC hydrogels type in PBS solution.

concentration of the extract L001-m and L002-E was increased. It may be due to the in-

crease of bioactive compounds in the three-dimensional matrix of the hydrogel. The same

statistical analysis was used to compare the L001-M/MCC and L001-E/MCC, having sim-

ilar statistical results for loaded-hydrogel at 1 mg/mL and 2mg/mL. Furthermore, it was

observed that swelling loaded-hydrogels corresponded to the 25 − 85% range, while the

hydrogel without extract in NRC and MCC hydrogel showed a swelling degree of 300%.

Analyzing the C003-M/NRC and C004-E/NRC swelling degree, there is a significant

difference in swelling percentage at 1 mg/mL and 2.5 mg/mL extract concentration. The

evidence illustrated that the swelling capacity increased as the C003-M and C004-E con-

tent incremented. Whereas the C003-M/MCC and C004-E/MCC hydrogels maintain a
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similar swelling degree profile as the extract concentration increases, statistically, there is

a significant difference when the hydrogels are compared at the concentration of 1 mg/mL

and 2.5 mg/mL.

Results showed optimal release of extracts under conditions of a dynamic pH-based

study with phosphate buffer solutions (pH 7.4). The microcrystalline cellulose demon-

strated a higher degree of swelling than NRC cellulose hydrogels. The WE/MCC was

swelling up to 375%. Also, the extract-loaded MCC hydrogel showed a higher swelling

value than NRC samples. The swelling values of the hydrogel increased considerably in

the first 5 hours, followed by augmenting steeply up to 24 hours. Thus, the degree of

swelling is inversely proportional to the concentration of the extract [80] for L001-M and

L002-E. The swelling had different behavior for C003-M and C003-E loaded-hydrogel. Hy-

drogels with methanol extracts show better swelling than ethanolic extracts. Finally, the

swelling process depends on the extract concentration because it could affect the rate and

speed of release.

5.4 Loaded-hydrogel release profiles

Extract-loaded hydrogel L001-M/NRC, L001-M/MCC, L002-E/NRC, L002-E/MCC, C003-

M/NRC, C003-M//MCC, C004-E/NRC, and C004-E//MCC at a concentration of 1mg/mL,

also xerogel WE/NRC and WE/MCC were dried at 45 °C. Then cellulose hydrogels were

immersed in 4 mL of phosphate buffer pH 7.4. The experiment was carried out in the

MaxQ™ 4450 Benchtop Orbital Shaker at 25 revolutions per minute for 72 hours at 37 °C.

The samples were replicated by triplicate, and the weight variation of the hydrogels with

an approximate value of 500 mg and 850 mg, respectively.

NanoDrop™ 2000 Spectrophotometers measured the amount of extract released through

periodic measurements applying spectrophotometry. A 5 uL aliquot was taken from the

buffer where the hydrogels were immersed. The absorbance values correlating to the release

profiles were fitted to the following linear regression equation (13).

Mt

M∞
= K ∗ tn (13)

where Mt

M∞
the ratio of extract released and t corresponding to the time.
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The equation (13) corresponding to Korsmeyer-Peppas mathematica model was based

on the drug released from the cellulose hydrogel literature reference [81, 82]. The ab-

sorbance of the extracts at the following wavelengths was recorded according to Table 5.2.

values.

Sample Maximum peak (nm)
L001-M λ = 295
L002-E λ = 285
C003-M λ = 410
C004-E λ = 415

Table 5.2: Maximum peak based on UV-Vis spectra of plants extracts

Results and discussion

The experimental result of the in vitro extract released from the cotton cellulose and

crystalline cellulose in PBS at a pH of 7.4 is shown in Figures 5.9 and 5.10. The release

studies were conducted by keeping two different hydrogels weights. After fitting experimen-

tal data with the Korsmeyer-Peppas equation (13), it was determined that the increased

extract amount released is proportional to the hydrogel weight. However, a considerable

difference between the release achieved by cotton cellulose and microcrystalline cellulose

could be influenced by the degree of crosslinking of the polymers and the physical prop-

erties [83]. The extract’s release occurred owing to the pore size increase of the matrix

network due to swelling loaded-hydrogel beads [80] affecting the extract release. Extract

release profiles differ between NRC and MCC loaded-hydrogel types.

Figure 5.9. indicated that L001-M/NRC and L002-E/NRC demonstrate an extract

releasing up to 80%. Meanwhile, extract release in L001-M/MCC, and L002-E/MCC only

achieved less than 30% in both hydrogel types. Moreover, the L001-M/NRC and L002-

E/NRC samples are significantly different in other terms, demonstrating that the release

profiles are independent of the amount of hydrogel used. In contrast, the L001-M/MCC

released profile was not different scientifically at 0.5175g and 0.8500g. in view of this,

the release of the L001-M extract shows the same trend in percent release. Nevertheless,

L002-E/MCC did not show a significant difference at 95%.

Results in the Figure 5.10. are related to the delivery percentage of C003-M/NRC,

C003-M/MCC, C004-M/NRC, and C004-E/MCC samples. C003-M and C004-E extract
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(a) L001-M/NRC hydrogel delivery (b) L001-M/MCC hydrogel delivery

(c) L002-E/NRC hydrogel delivery (d) L002-E/MCC hydrogel delivery

Figure 5.9: Plant extracts releasing data from the NRC and MCC loaded-hydrogel in PBS
pH (7.4)

releasing were until 60% in NRC hydrogel type; at the same time, releasing reached 30%

for MCC samples. Statistically, the data showed a significant difference between hydrogel

size and the amount of extract released for C003-M/NRC and C004-E/. In comparison, the

delivery of C003-M/MCC hydrogel showed a significant difference. The delivery of C004-

E/MCC hydrogel was not statistically different, so the hydrogel weight does not influence

the liberation of C004-E extract from MCC hydrogel.

The release profile can be influenced by the extract’s solubility and the hydrogel’s size

or shape, which directly influence the data’s model fit of the data [28]. Through the results

of the release profiles, the dissociation of the trapped particles through the mechanism of
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(a) C003-M/NRC hydrogel delivery (b) C003-M/MCC hydrogel delivery

(c) C004-E/NRC hydrogel delivery (d) C004-E/MCC hydrogel delivery

Figure 5.10: Plant extracts releasing data from the NRC and MCC loaded-hydrogel in
PBS pH (7.4)

diffusion through the hydrogel was verified.

5.5 Biological activity of loaded-hydrogel

The antibacterial activity of the loaded-hydrogel with the plant extract using the Gram-

negative bacteria (E. coli) called DH5-α because the antibacterial activity of the extract

alone was found in this cell line. For the inoculums preparation, in 2ml of Luria Bertani

agar, 25 ul of the DH5-α bacteria were added and then incubated at 37 °C with 160

revolutions per minute for 24 hours.

Hydrogel preparation
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The Kirby–Bauer (KB) method was applied in the L001-M/NRC, L001-M/MCC, L002-

E/NRC, and L002-E/MCC to evaluate the antimicrobial activity of WE/NRC and WE/MCC

loaded-hydrogel against DH5-α [84]. For loaded-hydrogel testing, disc-shaped samples were

prepared with a height of 0.7 cm and a diameter of 1.9 cm. The hydrogel loaded with the

extract was washed until it reached a pH close to 7. To the medium was added a volume

of 300 ul of inoculums preparation. The hydrogel was placed over Luria Bertani Agar solid

in sterile Petri dishes. After 24 h of incubation at 37 °C, the inhibition halo was measured.

Results and discussion

The inhibition halo reported the antibacterial activity of cellulose hydrogel. The pos-

itive control was kanamycin as a commercial antibiotic at 5 mg/mL, while the extract

concentration of hydrogel was 2.5 mg/mL for L001-M and L002-E. Figure 5.11 showed the

inhibition halo of extract loaded-hydrogel after 24 hours of incubation. Then, halo forming

on the microcrystalline cellulose hydrogels demonstrated the antibacterial activity of the

hydrogels loaded with the plant extract against DH5-α cell line [85]. These results are

consistent with the well-known antibacterial activity of kanamycin [86]. In contrast, the

WE/NRC and WE/MCC-loaded hydrogel had no antibacterial activity as was expected.

Also, it was evident that average cell growth in the negative control section (See Table

5.3.).

Sample Hydrogel type
/NRC /MCC Positive C.

L001-M/ NA 3.17236 3.43003
L002-E/ NA 2.93102 3.49799

WE/ NA NA 3.52462

Table 5.3: Antibacterial activity of extract loaded-hydrogel, NA = non active

The difference in antibacterial activity detected in the MCC-type hydrogels compared

to the NRC type may be related to the amount of extract released by the hydrogel and,

therefore, to the swelling rate ratio. The L001-M/MCC hydrogel produces an inhibition

halo of 3,172 cm for DH5-α. Meanwhile, the L002-E/MCC formed an inhibition halo of

2,931 cm for the same cell line. In particular, the positive control (kanamycin) shows an

inhibition halo of 3,430 for L001-M/MCC and 3,498 for L002-E/MCC. Through t-Test was

determined that the L001-M/MCC and L002-E/MCC are not significantly different, i.e.,
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there is no difference in the antibacterial activity of the extract-loaded-hydrogel. Similarly,

compared to the biological activity recorded by the extract-loaded hydrogel of type MCC

compared to its positive control, at a significance level of 95%, it is determined that they are

not significantly different. Therefore, the 2.5 mg/mL extract and 5 mg/ mL of kanamycin

delivered from the microcrystalline cellulose hydrogels showed the same antibacterial effect.

(a) L001-M/NRC and L001-
M/MCC

(b) L002-E/NRC and L002-
E/MCC

(c) WE/NRC and WE/MCC

Figure 5.11: Antibacterial activity of the extract-loaded hydrogels.

The ability of L001-M/MCC and L002-E/MCC hydrogel to inhibit the growth of bac-

teria could be due to one specific presence of a secondary metabolite or the synergy

[12]. The diverse chemical groups interact with bacterial membranes due to hydrophobic-

hydrophobic interactions, thus enhancing cell membrane outgrowth and harming the struc-

ture of bacterial cells [15]. Finally, the positive antibacterial result of extract loaded-

hydrogel could be useful for cellulose-based biomedical devices.
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Chapter 6

Conclusions

Extract synthesis and characterization

It was determined that the natural extracts L001-M, L002-E, C003-M, and C004-M were

successfully obtained through methanol and ethanol extractions with positive results in the

in vitro studies of antibacterial, antioxidant, and anti-inflammatory activity. In addition,

the components of the extracts were encapsulated in two types of cellulose hydrogels.

The characterization results, swelling, release profile, and biological activity suggest their

potential application as a controlled release system of natural compounds.

The outcomes provide insight that the synthesis and characterization of the four ex-

tracts allowed the qualitative identification of various secondary metabolites with possible

bioactive interest, making the used species plants good candidates for drug development.

• The phytochemical profile of plant extracts showed that the extraction solvent influ-

ences the secondary metabolites obtained, principally alkaloids, coumarins, lactones,

terpenes, flavonoids, phenols, tannins, and quinones. TLC also demonstrated the

presence of this complexity of functional groups.

• The FT-IR and UV-Vis spectra supported as evidence the presence of previously

identified functional groups in the phytochemical screening.

Biological activity results may suggest the promising medical use of plant extracts for

pharmacological applications due to their ability to break the membrane of cell lines, could

be a source of natural antioxidants, and ability to prevent the breakdown of the erythrocyte

membrane.
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• The L001-M and L002-E extract showed antimicrobial activity against E. coli DH5-

α. L001-M extract presented a more efficient relative antibacterial activity through

time compared with L002-E.

• The antioxidant TAC and FRP assays indicated that L001-M extract has a strong

antioxidant capacity.

• High antioxidant and antibacterial activity were reported when concentration in-

creased. Results demonstrated that the best extraction solvent for antioxidant molecules

is methanol.

• The C004-E extract showed a higher anti-inflammatory response.

The hydrogel formulation allowed the encapsulation conditions of the bioactive com-

pounds of plant extracts to be tested through the characterization of the loaded hydro-

gels as well as the swelling, release, and antibacterial activity assays and their potential

biomedical application. There was an effective enclosure of natural extracts in cotton and

microcrystalline cellulose hydrogels.

• The concentration of 1 mg/mL and 2.5 mg/mL optimize the desired therapeutic

effect while preserving the mechanical and kinetic properties of the hydrogel.

• Evidence illustrated the interaction of the hydrogel with the extracts supported by

the FT-IR spectra. The morphology visualized exhibited a crumpled surface in the

hydrogel.

• The NRC cellulose type is a more suitable material for developing these hydrogels

due to its better release capacity.

• L001-M/MCC and L002-E/MCC loaded-hydrogel inhibited the growth of the DH5-α

cell line.

Future work

The limitations of analysis and characterization developed in the research study have

indicated the following areas as recommendations for further work.
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• Develop chemical analysis tools for secondary plant metabolites such as high-performance

liquid chromatography, nuclear magnetic resonance spectroscopy, and liquid chro-

matography mass spectrometry.

• Perform in vitro antibacterial activity assays with gram-positive cells and other an-

tioxidant activity assays such as DPPH, ABTS, and CUPRAC.

• Characterize the hydrogels loaded with the extracts through a scanning electron mi-

croscope for visualization of pores and morphology, perform other studies such as

differential scanning calorimetry, and explore the potential pharmacological applica-

tions of the same.
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[83] N. S. Nemeş, C. Ardean, C. M. Davidescu, A. Negrea, M. Ciopec, N. Duţeanu, P. Ne-
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