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 ملخص

 مركسباتإستخلاص  تم. (السليكو في دراسة) سكريلل ةكسسدة االمضادللأ ةلمضادا للبكتيريا، ةالمضاد نشطةةالهدف من عملنا هو دراسة مساهمة القرفة في الأ
أن خواصه  الأساسيالزيت  ، اقد أظهر تحليل٪1.214الدراسة عن استخلاص زيت أساسي بعائد  أسفرت .االنقعبةريقتي التقةير المائي النبات 

  DPPHالفيزيائية االكيميائية تتوافق مع المعايير اتطير إلى عدة مكونات مسؤالة عن أنشطةة بيولوجية معينة. أظهر نشطاط مضادات الأكسسدة بفحص
ميكراغرام /مل للزيت الأساسي امستخلص القرفة على التوالي، مقارنشة بمضاد الأكسسدة القياسي،  41.68ميكراغرام /مل ا 12.89تبلغ  50IC قيم

ت للميكرابا كسطفت هذه الدراسة عن قدرة تخفيض مهمة للزيت الأساسي. أظهر النطاط المضاد .لم ميكراغرام/ IC50 12.77 الأسكوربيكحمض 
أكسثر تثبيةاً بواسةة الزيت  وكسانش  ماستهالتي تمت در العنقودية الذهبية موجبة الغرام  االبكتيرياتا الغرام سالب (االزائفة الزنجاريةشرريكية القولونشية الإ)لتين أن السلا

اسي سالأساسي امستخلص الإيثانشول بينما كسانشت بقية المستخلصات غير مثبةة. أظهرت الدراسة في المختبر لمكافحة مرض السكري أن زيت القرفة الأ
 27من بين يليكو أنشه الس دراسة بينما لوحظ في كراغرام / ملمي IC 50 22.8مع قيمة amylase -αضد نشطاط ٪83.7له تأثيرات مثبةة بنسبة 

 .عملية محاكساة الالتحام الجزيئي في PPARα/γ مركسبًا مختلفًا تم تحديدها، كسانشت سبعة مركسبات نشطةة بيولوجيًا اتفاعلت بطكل كسبير مع
 .PPARα/γ، في السيليكو، DPPHالقرفة، زيت أساسي، مضاد البكتيريا، مضاد الأكسسدة، مضاد السكري،  :الكلمات المفتاحية

Résumé 

L'objectif de notre travail est d'étudier la contribution de la cannelle dans les activités antibactérienne, 

antioxydant et antidiabétique (Étude in silico). Les composés de la plante ont été extraits par la méthode 

d'hydrodistillation et la macération. L'étude a abouti à l'extraction d'une huile essentielle (HE) avec un 

rendement de 1,214 %, l'analyse de l’HE a montré que ses propriétés physico-chimiques sont conformes 

aux normes et indiquent plusieurs composants responsables de certaines activités biologiques. L'activité 

antioxydant par dosage DPPH a montré des valeurs IC50 de 12,89 μg/ml et 41,68 μg/ml pour l’HE et 

l'extrait de cannelle respectivement, par rapport à l'antioxydant standard (IC50 ~ 12,77 μg/ml). Cette 

étude a révélé une capacité réductrice très importante pour l'HE. L'activité antimicrobienne a montré 

que les deux souches (E. coli et Pseudo.aeruginosa) Gram-négatif et la bactérie S. aureus gram-positive 

étudiées étaient plus inhibées par l’HE et l'extrait de l'éthanol alors que le reste des extraits n'était pas 

inhibé. Une étude antidiabétique in vitro montre que l’HE de cannelle a 83.7% d'effets inhibiteurs contre 

l'activité α-amylase avec une valeur IC50 de 22,8 μg/ml, Alors qu'il a été noté dans l'étude in silico que 

parmi 27 composés différents identifiés, sept composés étaient biologiquement actifs et ont fortement 

interagi avec PPARα/γ dans les simulations d'amarrage moléculaire. 

Mots clés : huile essentielle, antibactérienne, antioxydant, DPPH, antidiabétique, in silico, PPARα/γ. 

Abstract 

The objective of our work is to study the contribution of cinnamon in the antibacterial, antioxidant and 

antidiabetic activities (in siluco study). The study resulted in the extraction of an essential oil (EO) with 

a yield of 1.214 %. The analysis of the EO has shown that its physico-chemical properties comply with 

the standards and indicate several components responsible of certain biological activities. The 

antioxidant activity by DPPH assay showed IC50 values of 12.89 μg/ml and 41.68 μg/ml for EO and 

extract of cinnamon respectively, compared with standard anti-oxdiant (IC50~ 12.77 μg/ml). This study 

revealed a very important reducing capacity for the cinnamon essential oil (CEO). Antimicrobial activity 

showed that the two strains (E. coli and Pseudo.aeruginosa) Gram-negative and the gram-positive S. 

aureus bacteria studied were more inhibited by CEO and ethanol extract while the rest of the extracts 

were uninhibited. In vitro anti-diabetic study shows that the CEO has 83.7 % inhibitory effects against 

α-amylase activity with an IC50 value 22.8 μg/ml while it was noted in the in silico study that out of 27 

different compounds identified, seven compounds were biologically active and have highly interacted 

with PPARα/γ in molecular docking simulations.  

Key words : essential oil, antibacterial, antioxidant, DPPH, antidiabetic, in silico, PPARα/γ 
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General introduction 

 

 

 

At present, The development of new therapeutics is an expensive and time consuming 

process. Normally it will take years to get the newly developed drug for the treatment. Drug 

repurposing is an efficient strategy in medicinal chemistry to bring faster and effective solutions 

to the unmet medical needs [1]. Given the rapid development of diabetes throughout the world, 

repurposing pharmaceuticals originating from natural sources is seen as a critical therapeutic 

method for its treatment. 

Diabetes is a chronic metabolic disorder characterized by elevated blood glucose level 

resulting from a defect in insulin secretion, insulin action, or both. Long-term complications of 

diabetes mellitus (DM) include retinopathy, nephropathy, neuropathy, periodontal disease, 

sexual dysfunction, and increased risk of cardiovascular diseases. Over 90% of all DM cases 

are type 2 DM (T2DM).   

Management of T2DM involves the use of modern antidiabetic drugs. However, the anti-

diabetic drugs are expensive, have significant adverse effects and fail to effectively control the 

glycemia. Herbal medicines become the alternative way for DM management as they have few 

adverse effects and readily accessible to the majority of the populations [2]. 

In vivo and in vitro studies constitute the experiments for simulating them in the wet lab 

whereas in silico (computer aided) methods do not need animal models or enzymatic methods 

[3]. In silico computational models are one of the fastest and newest approaches that are 

involved in the process of drug discovery and development. Due to the accelerated development 

in the field of pharmaceutics, an increasing demand has arisen regarding the development of 

more reliable techniques for predicting the pharmacokinetic properties of the new drug 

candidates as a way to reduce costs and the time that are usually associated with the 

development of new drugs [4]. 

In our study we have chosen Cinnamon, which is among the many herbal medicines used 

for the treatment of DM where clinical trials evaluated the efficacy of cinnamon in glycemic 

control among people with T2DM [2]. 

In this context we aim to answer the following questions : 

 has cinnamon the ability to lower blood sugar and helping manage common diabetes 

complications ? 

 What does cinnamon contain that is responsible for its antidiabetic properties ? 



                                                                                                                   General Introduction 

 

2 

 Is it possible to assess the pharmacological qualities of our plant through molecular 

docking simulations (in silico approach), and what are the possible mechanisms of 

glucose metabolism modulation by cinnamon essential oil ?  

What reinforces our thesis, is the Studies before on cinnamon essential oil which 

demonstrate improvement of fasting blood glucose, fasting insulin, and improvement in both 

anatomy and function of kidney and liver cells. Improvement in enzyme function, both enzymes 

involved directly in glucose metabolism and enzymes involved in excretion, was also 

consistently noted. Studies including cinnamaldehyde also showed improvement of fasting 

blood glucose, increased insulin sensitivity, decreased appetite, and both up- and down-

regulation of myriad proteins associated with glucose metabolism [5]. 

The following aspects are covered in our thesis : 

 First part deals with the literature review which includes 3 chapters : 

1. General information about cinnamon ; 

2. diabetes mellitus ; 

3. silico approach ; 

 Second part defines the experimental study which includes 3 parts : 

1. Extraction methods and physico-chemical characterizations of cinnamon extract ; 

2. Study of the antibacterial and antioxidant activity of Cinnamon extracts ; 

3. In vitro and in silico study of cinnamon extract on antidiabetic activity. 

 The last part contains the general conclusion 

 

 

 

 

 



 

Chapter 1 
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CHAPTER 1 :Cinnamon 

 

 

 

1.1. Introduction 

Cinnamon is a spice mainly obtained from cinnamon bark and leaves. It is an evergreen 

tree belonging to the Lauraceae family [6]. The bark of various cinnamon species is one of the 

most important and popular spices used worldwide not only for cooking but also in traditional 

and modern medicines. Overall, approximately 250 species have been identified among the 

cinnamon genus, with trees being scattered all over the world [7, 8]. There are two types of 

cinnamon in the world market. The first is the inner bark of C. zeylanicum blume which is 

called Ceylon cinnamon, Sri Lankan cinnamon or true cinnamon (fig 1.1) and is grown only in 

Sri Lanka, Madagascar and the Seychelles. The other type is generally known as cassia or cassia 

cinnamon, and is derived mainly from two other species of the genus Cinnamomum: C. cassia 

(L) from China and Vietnam (fig 1.2) [9]. Cinnamon is mainly used in the aroma and essence 

industries due to its fragrance, which can be incorporated into different varieties of foodstuffs, 

perfumes, and medicinal products [10]. 

 

  

 

  

Figure 1.1. Cinnamomum verum, from Koehler's Medicinal-Plants 

(1887) and Close-up view of raw cinnamon bark 

Figure 1.2. Cinnamomum cassia from Koehler's Medicinal-Plants 

(1887) Dried cassia bark  
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1.2. Etymology 

  There are several possible derivations for the name cinnamon. One school of thought is that 

it comes from Phoenician through the Greek word kinnámōmon, meaning sweet wood [11].  

Table 1.1 shows some of the appellation of cinnamon according to several languages of the 

world.  

Table 1.1 : Different appellations of cinnamon in several languages [11]. 

 

1.3. History 

Historically, the presence of cinnamon has attracted foreign invaders to Sri Lanka 

(previously known as Ceylon). Arabs were involved in the trading of cinnamon across the globe 

until the 10th– 15th century and were careful to keep the origin of the product a closely guarded 

secret [12] Gaining access to cinnamon was a prime motivation for the Portuguese to invade 

Sri Lanka in the early 16th century [13, 14]. The Dutch commenced systematic cultivation of 

cinnamon in plantations after they captured the island in the mid 17th century and this was 

prompted when the Sri Lankan king obstructed the collection of cinnamon from the forests [13]. 

After the British captured Sri Lanka in 1796, cinnamon exports to Europe continued, with 

the British East India Company being the main exporter [15]. Because of high export duties 

imposed by the Dutch, there was a significant reduction in the export of Ceylon cinnamon, 

which was replaced by the Dutch, there was a significant reduction in the export of Ceylon 

cinnamon, which was replaced by cheaper Cassia cinnamon. Sri Lanka still continues to be an 

important supplier of Ceylon cinnamon to customers throughout the world cheaper Cassia 

Language Local name 

Arabic Qurfar 

English Cinnamon 

French Cannelle 

Hindi Elavagnum, vayana, karu va, karuwa, twak 

Indonesian Kayu manis 

Malay kayu manis 

Spanish Kanelero, canela legítima,canela 

Luganda Budalasini 

Sri Lankan Kurundu 
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cinnamon. Sri Lanka still continues to be an important supplier of Ceylon cinnamon to 

customers throughout the world. 

1.4. Botanical Description 

Although the Cinnamomum genus consists of many species of trees and shrubs distributed 

in the world, it belongs to one family (Laureaceae family). Regarding the cinnamon trees system : 

1.4.1. Taxonomic Hierarchy 

 Kingdom : Plantae  

 Subkingdom : Viridiplantae 

 Infrakingdom : Streptophyta  

 Super division : Embryophyta 

 Division : Tracheophyta 

 Sub division : Spermatophytina 

 Class : Magnoliopsida 

 Super order : Magnolianae 

 Order : Laurales 

 Family : Lauraceae 

 Genus : Cinnamomum 

1.4.2. Description of cinnamon 

Cinamomum tree is evergreen, grows to around 10 m (30 ft). Its branches are strong and 

bark is smooth and yellowish in colour. It has leathery leaves, 11 to 16 cm (4.5 to 6.25 in) 

Cinnamon 169 long, with pointed tips. The leaves are dark green on top and light green at the 

bottom. The inconspicuous yellow flowers with a disagreeable odour, which are tubular with 6 

lobes, grow in panicles (clusters) that are as long as the leaves. The fruit is a small, fleshy berry, 1 

to 1.5 cm (0.25 to 0.5 in) long, that ripens to black, partly surrounded by a cup like perianth 

(developed from the outer parts of the flower) [16]. 

1.5. Cultivation and Consumption 

Since both cinnamon and cassia have similar requirements of soil, agro climate, and, 

agricultural practices, the cultural practices described below are applicable to both the crops [17]. 
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 Soil and Climate: Both cinnamon and cassia fourish in humid tropical regions 

receiving an annual rainfall of 150–250 cm with an average ambient temperature of 

27 degree centigrade ; 

 They can come up in places from almost sea level to an elevation of 1000 m above 

msl [17] ; 

 Soil conservation, weed control, manuring, pest and disease management, and 

training of the plant are important aftercare operations [18] ; 

 The stems are ready for the first harvest in about 2.5–3 years, when the bark turns a 

brown color ; 

  The subsequent shoots are ready to be harvested in about 1.5 years. Traditionally, 

harvesting takes place when the new leaves turn a light green color because, at this 

stage, the bark is easier to peel ; 

 Peeling is difficult at times when plants bear red-colored immature leaves, flowers 

or fruits, and during dry periods [19] ; 

 Stems are cut during rains to facilitate peeling. The best time for peeling is when new 

fushes and leaves are hardened after rains. 

The following table represents the different world cinnamon production areas : 

                       Table 1.2 : Top 5 cinnamon producing countries [20] 

 

1.6. Parts Used 

Bark (quills), bark powder, bark essential oil, leaf essential oil, and oleoresin. The part of 

the plant which is most commonly used for the production of cinnamon includes the thin inner 

bark of the evergreen tree. Cinnamon oil and powder are commonly acquired from the dried bark 

of the plant [21, 22]. 

Producing country Production in tons 
Percentage of world 

production 

Chine 47000 44.00% 

Indonesia 39000 37.00% 

Sri Lanka 12200 11.00% 

Vietnam 6000 6.00% 

Madagascar 1500 1.00% 
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1.7. Active Constituents 

Cinnamon bark contains essential oil (up to 2%), with cinnamaldehyde (60–80%) as the 

major constituent. Other minor constituents are trans-cinnamic acid, o -

methoxycinnamaldehyde, eugenol, and monoterpenoids. The bark also contains procyanidins, 

diterpenes, phenylpropanoids, mucilage, and polysaccharides. The leaf oil has eugenol (70–

90%) as the major constituent. The methanol extract had tannins, fl avonoids, glycosides, 

terpenoids, coumarins, and anthraquinones [23]. 

1.8. Cinnamon Oil Extraction Methods 

The essential oils of cinnamon can be extracted using different extraction techniques used 

to isolate volatile constituents. The methods given below can be employed to extract the 

essential oils from cinnamon in small scale. Cinnamon stem bark, leaf, root, and fruits are the 

common parts used for extraction of essential oils, and chemical constituents in essential oils 

of the four parts are different from each other [24]. 

Among the different extraction processes (Fig1.5), we’ll mainly quote the most used of 

them ; 

1.8.1. Hydro-distillation : 

Hydro-distillation is relatively cheap, simple, ecofriendly, and produce great oil quality 

[25]. The drawback of using hydro-distillation is the slow extraction process. Furthermore, it 

usually requires four hours to extract the essential oil as it took three hours to obtain the peak 

yield percentage (fig 1.4) [26, 27, 28].  

 

Figure 1.3. Part of cinnamon bark tree 
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1.8.2. Solvent extraction : 

Common solvents used for bioactive compounds extraction are ether, methanol and hexane. 

It is often used for heat sensitive and fragile material such as flowers which would not be able to 

handle the heat of high temperature extraction such as steam distillation. It is one of the simplest 

methods for isolating volatile compounds, but it uses a large amount of solvent [29]. 

 

 

Figure 1.4. Essential oil extraction by hydrodistillation 

Figure 1. 5. Essential oil extraction methods 
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1.9. Basic pharmacological properties of cinnamon 

Cinnamon is a medicinal plant and has been used as a traditional remedy around the world. 

The potential pharmacological effects of cinnamon in modern medicine such as antidiabetic, anti-

inflammatory, antioxydant and antimicrobial activities are summarized As following : 

1.9.1. Pharmacological properties : 

Cinnamon is well known in Western natural medicine as a natural species with healing 

properties. Nowadays, it is also reported as a plant with special attributes used to treat many 

disorders (Fig1.6). 

It is a traditional remedy for dyspeptic conditions like flatulence, gastrointestinal spasms, 

loss of appetite, and diarrhea. It is also used to improve the flavor of other nonmedicinal products. 

In folk medicine it is used to treat colds, nausea, inflammation, rheumatism, vomiting, and 

menstrual disorders. it has carminative and astringent properties. 

The available in vitro and animal in vivo evidence suggests that cinnamon has anti-

inflammatory [30], antimicrobial [31, 32], antibacterial [33], antioxidant, antitumor, 

cardiovascular, cholesterol-lowering, and immunomodulatory effects [34, 35, 36, 37]. 

Cinnamaldehyde from cinnamon displayed significant antiproliferative effects on human 

colon cancer cells in concentration and kinetic-dependent manners [38]. 

The essential oil of cinnamon showed promising larvicidal and repellant agent against C. 

tritaeniorhynchus and A. subpictus [39]. 

Cinnamon oil had a regulative role in blood glucose level and lipids, and improved the 

function of pancreatic islets and thus may be useful in the treatment of type 2 diabetes mellitus 

[40]. 

Cinnamon bark is effective in the alleviation of diabetes because of its antioxidant and 

insulin-potentiating activities, and other activities, and this is attributed to the water-soluble 

polyphenolic oligomers [41, 42]. 
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1.9.2. Biological activities 

1.9.2.1. Antioxidant Activity 

Cinnamon spice is a source of natural antioxidants that play a key role in the process of aging 

and diseases. Cinnamomum zeylanicum and Cinnamomum cassia (L.) J. Presl have the highest 

potential. Extract from the bark of this kind contains biologically active compounds such as 

eugenol, trans-cinnamaldehyde, and linalool. Phytonutrients have been investigated in the 

stabilization of palm oil. They prevent the generation of alcohols, ketone, aldehyde, acids, and 

hydrocarbons. The addition of antioxidants inhibits episodes of the oxidation process of oil, 

reducing the production of dangerous oxidative derivates and free fatty acids [43]. 

1.9.2.2. Antidiabetic Activities 

In the water extract of Cinnamomum zeylanicum prepared using high pressure and the 

decoction method, benzoic acid, (E)-cinnamaldehyde, trans-cinnamic acid, eugenol, and o-

methoxy-cinnamaldehyde were found. These bioactive compounds extracted by this method have 

huge potential to inhibit α-glucosidase and control hyperglycemia [44]. 

 

Figure 1.6. Cinnamon in the treatment of diseases and disorder 
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1.9.2.3. Anti-infammatory Activities 

Several studies on medicinal plants and their components have indicated the anti-

inflammatory activities of cinnamon [45, 46]. Various studies reported the anti-inflammatory 

activity of cinnamon and its essential oils [47, 48]. To date, there are several flavonoid compounds 

(e.g., gossypin, gnaphalin, hesperidin, hibifolin, hypolaetin, oroxindin, and quercetin) that have 

been isolated and have anti-inflammatory activities [49, 50]. 

1.9.2.4. Antimicrobial Activity 

To date, several antimicrobial activities of cinnamon and its ils have been reported in various 

studies [51, 52, 53]. For example, Matan et al. reported the effects of cinnamon oils on different 

bacterial (Pediococcus halophilus and Staphylococcus aureus), fungal (Aspergillus flavus, Mucor 

plumbeus, Penicillium roqueforti, and Eurotium sp.), and yeast species (Candida lipolytica, Pichia 

membranaefaciens, Debaryomyces hansenii, and Zygosaccharomyces rouxii) [54], indicating that 

cinnamon is a natural antimicrobial agent. 

1.9.3. Mechanism of Action 

The anti-diabetic activity of cinnamon has been established using various in  vitro and in  

vivo models. Bark is the most investigated part for antidiabetic activity. The in vivo anti-diabetic 

activity of bark has been shown to be mediated through various mechanisms [55,56]. 

These mechanisms included reduction of postprandial intestinal glucose absorption 

inhibiting the activity of pancreatic α-amylase and α-glucosidase enzymes, stimulation of glucose 

metabolism, glycogen synthesis, insulin release and cellular glucose uptake (membrane 

translocation of GLUT-4), inhibition of gluconeogenesis (affects key regulatory enzymes) and 

potentiating of insulin receptor activity. 

Further, the in  vivo studies confrmed that the anti-diabetic activity observed works through 

multiple mechanisms. Such mechanisms include reduction in fasting blood glucose and HbA1c, 

increase in circulating insulin levels, attenuation of weight loss associated with diabetes and 

reduction of LDL cholesterol and increase of HDL cholesterol [55]. 

In addition, bark of Cinnamon also demonstrated benefcial effects against diabetic 

neuropathy and nephropathy [57]. 
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1.10. Toxicity 

Evidences exist, though very few, on safety concerns and toxicity of cinnamon consumption.    

Dugoua et al., (2007) reported that cinnamon is safe to be used in medicinal amounts but may be 

of concern when it is used in excessive amounts or in long term [58], while Anderson et al., (1996) 

specified that the amount of cinnamaldehyde consumption should not exceed 700µg/kg [59, 60 

,61]. Research conducted by Shah et all., (1998) stated that there was no significant acute and 

chronic mortality during their toxicity study on the ethanolic extract of Cinnamomumzeynalicum 

bark [62]. According to the United States Food and Drug Administration (USFDA), Cinnamomum 

spp., including common and cassia cinnamon are generally recognized as safe when used in 

amounts commonly found in food.  Cao et al., (2008) also reported that there have been no adverse 

events accounted in all human studies involving cinnamon, or aqueous extracts of cinnamon [63, 

64]. 

Finally, after taking this part, we will try to answer the following questions empirically in 

order to better understand the benefits of cinnamon : 

1. Does cinnamon have therapeutic effects on human health ? 

2. Does cinnamon extract really reduce blood sugar ? 

3. What are the compounds responsible for determining the properties of cinnamon ? 

 

 



 

Chapter 2 

 Diabeties Mellitus  
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Chapter 2 : Diabetes Mellitus 

2.1. Definition 

Diabetes mellitus is a combination of heterogeneous disorders commonly presenting with 

episodes of hyperglycaemia and glucose intolerance, as a result of lack of insulin , defective insulin 

action, or both [65]. Such complications arise due to derangements in the regulatory systems for 

storage and mobilization of metabolic fuels, including the catabolism and anabolism of 

carbohydrates, lipids and proteins emanating from defective insulin secretion, insulin action, or 

both [66]. 

In addition, a key factor in the development of diabete complications is glycemic level, both 

at diagnosis and an “upward drift” (Table 2.1)  in glycemic level over time. People with higher 

initial Hb A1c levels had higher cumulative costs than people with lower levels [67]. 

                Table 2. 1 : Blood sugar and Hemoglobin A1c optimal levels [68]. 

 

 

2.2. History  

Diabetes mellitus has been known since antiquity, its treatments were known since the 

Middle Ages, and the elucidation of its pathogenesis occurred mainly in the 20th century [69]. 

  The discovery of the role of the pancreas in diabetes was made by Joseph Von Mering and 

Oskar Minkowski in 1889. They found that upon complete removal of the pancreas from dogs, the 

dogs exhibited all the signs and symptoms of diabetes and died shortly afterwards. In 1910, Sir 

Edward Albert Sharpey-Schafer (Fig 2.1) of Edinburgh in Scotland suggested that diabetics lacked 

   Hypoglycemia        Excellent    Hyperglycemia   Diabetes   

HbA1C 0.04 0.05 0.06 0.07 0.08 0.09 .10 .11 .12 .13 .14 

Mean 

Blood  

mg/dl 

50 80 115 150 180 215 250 280 315 350 380 

Glucose 

mmol/l 

2.6 4.7 6.3 8.2 10.2 11.9 13.7 15.6 17.4 19.3 21.1 
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a single chemical which was normally produced by the pancreas. Name of this chemical was later 

proposed to be insulin [70]. 

Following these discoveries, other landmark discoveries followed viz ; identification of 

sulfonylureas in 1942, the radioimmunoassay for insulin, as discovered by Rosalyn Yallow and 

Solomon Berson, Reaven's introduction of the metabolic syndrome in 1988, and identification of 

thiazolidinediones as effective antidiabetics in the 1990s [69]. 

 

 

 

 

 

 

 

 

 

2.3. Classification of Diabetes Mellitus  

There are two main kinds of diabetes, type 1 and 2. Type 1 diabetes (T1DM) or Insulin-

dependent Diabetes Mellituss (IDDM) is due primarily to autoimmune-mediated destruction of 

pancreatic-cell islets, resulting in absolute insulin deficiency.  

People with this kind of diabetes must take exogenous insulin for survival to prevent the 

development of ketoacidosis. The onset of T1DM is rapid, with classical symptoms, as described 

below [70].  

The onset of type 2 diabetes (T2D) or  non Insulin-dependent Diabetes Mellitus (NIDDM) 

is usually slow, with an asymptomatic stage that may last for several years. As glucose levels 

gradually increase, classic symptoms appear, such as increased thirst (polydipsia), an increased 

need to urinate (polyuria), increased appetite (polyphagia), weight loss and, to some extent 

certain infections [71]. T2DM usually develops in adulthood and is primarily related to obesity, 

lack of physical activity, and unhealthy diet [70].  

Figure 2.1. Sir Edward Albert Sharpey-Schafer 

(2 June 1850 – 29 March 1935). 
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2.3.1. Type 1 Diabetes Mellitus (T1DM)   

Type 1 Diabetes Mellitus (T1DM) is one of the most common chronic childhood conditions, 

with a prevalence of 3 per 1000 in Europe and rising at approximately 2-5% per year [72]. which 

results from autoimmune beta-cell destruction in the pancreas and is characterized by a complete 

lack of insulin production [73]. 

T1DM is characterised by a nonexistent supply of insulin, such that the body cannot control 

blood glucose levels. Individuals are advised to regulate their own blood glucose levels through 

daily monitoring and injections of insulin, and matching insulin to diet and exercise [74]. 

2.3.2. Type 2 Diabetes Mellitus (T2DM) 

T2DM accounts for between 90% and 95% of diabetes, with highest proportions in low- 

and middleincome countries. It is a common and serious global health problem that has evolved 

in association with rapid cultural, economic and social changes, ageing populations, increasing 

and unplanned urbanization, dietary changes such as increased consumption of highly processed 

foods and sugarsweetened beverages, obesity, reduced physical activity, unhealthy lifestyle and 

behavioural patterns, fetal malnutrition, and increasing fetal exposure to hyperglycaemia during 

pregnancy. T2DM is most common in adults, but an increasing number of children and 

adolescents are also affected [75]. 

β-cell dysfunction is required to develop T2DM. Many with T2DM have relative insulin 

deficiency and early in the disease absolute insulin levels increase with resistance to the action of 

insulin [76]. 

For most people with T2DM, insulin treatment is not required for survival but may be 

required to lower blood glucose to avert chronic complications. T2DM often remains 

undiagnosed for many years because the hyperglycaemia is not severe enough to provoke 

noticeable symptoms of diabetes [77]. 

2.4. Diabetes Symptoms  

Diabetes may present with characteristic symptoms such as thirst, polyuria, blurring of 

vision, and weight loss. Genital yeast infections frequently occur. The most severe clinical 

manifestations are ketoacidosis or a non-ketotic hyperosmolar state that may lead to dehydration, 

coma and, in the absence of effective treatment, death. 
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However, in T2DM symptoms are often not severe, or may be absent, owing to the slow 

pace at which the hyperglycaemia is worsening. 

As a result, in the absence of biochemical testing, hyperglycaemia sufficient to cause 

pathological and functional changes may be present for a long time before a diagnosis is made, 

resulting in the presence of complications at diagnosis [78]. 

2.5. Diabetes complications 

The most common complication of diabetes is vascular disease, which is also the main cause 

of morbidity and mortality in diabetic patients [79]. Vascular complications are mainly divided 

into macrovascular complications including cerebrovascular, cardiovascular and peripheral 

vascular disease, and microvascular complications including retinopathy, nephropathy, and 

diabetic foot (Fig 2.2) [80]. 

2.5.1. Macrovascular complications 

Despite the well-known increased risk of CVD among individuals with diabetes, the 

pathophysiology linking the two conditions is poorly understood. Depending on the cardiovascular 

event or disease (for example, coronary heart disease (CHD), myocardial infarction, heart failure 

or stroke) and diabetes subtype, individuals with diabetes have anywhere from a twofold to tenfold 

increased risk of a cardiovascular event compared with individuals without diabetes [81- 84]. 

2.5.2. Microvascular complications 

Although hyperglycaemia-induced damage of the macrovascular system, including the 

coronary and cerebrovascular arteries, is the leading cause of death in individuals with diabetes 

[85], hyperglycaemia-induced damage to the microvascular network in the kidney, eyes and nerves 

is by far more common [86] and also has a substantial effect on mortality [85]. 

2.5.2.1. Diabetic nephropathy 

Diabetic nephropathy (DN) is the most common and frequent microvascular complication 

in the later stage of diabetes, and it is also a common cause of end-stage renal disease [87]. 

2.5.2.2. Diabetic retinopathy 

Diabetic retinopathy (DR) is a common microvascular complication of diabetes, and it is 

also the main cause of blindness in the vision of 20e 75-year-olds worldwide [88]. 
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2.5.2.3. Diabetic foot 

Diabetic foot (DF) is one of the serious complications of diabetes. The main reason is that 

the sustained hyperglycemia in the patient will cause damage to the endothelial cell membrane, 

and a large number of lipid deposits in the intima, increasing blood coagulation and hardening the 

arterial wall. DF microvascular and neurogenic lesions are vulnerable to infection and invasion, 

resulting in the diabetic foot [89]. 

2.5.2.4. Diabetic neuropathy 

Diabetic neuropathy is one of the chronic complications of diabetes. This condition is 

relatively hidden and can involve any part of the whole nervous system, including a variety of 

neurological syndromes such as diabetic peripheral neuropathy (DPN), autonomic neuropathy, 

small fiber neuropathy, and multiple radiculopathies. Among them, DPN is one of the most 

common types [90]. 

 

 

 

 

 

 

 

 

2.6. Management of Diabetes Mellitus 

Life style management is apparently the cornerstone of management of diabetes mellitus. It 

is recognized as being an essential part of diabetes and cardiovascular disease prevention. Life 

style modification programs have demonstrated encouraging improvement in risk factors for 

diabetes; however, the effect on diabetes incidence has not been reported [91]. The dietary 

management of diabetes mellitus is a complement of lifestyle management. In type 2 diabetes, the 

dietary objective is for improved glycemic and lipid levels and weight loss as appropriate [92]. 

complications 
diabetes

microvascular 
complications

Diabetic 
nephropathy 

Diabetic 
retinopathy

Diabetic foot 

Diabetic 
neuropathy

macrovascular 
complications

cardiovascular 
disease

Figure 2.2. Vascular complication of diabetes 
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In spite of the underscored importance of lifestyle measures in diabetes therapy, most 

diabetics cannot escape the value of pharmacotherapy to achieve target glucose concentrations. 

Different oral hypoglycemics have been in use to aid in maintenance of blood glucose level at the 

requisite threshhold in diabetics through distinct mechanisms [93] : 

 Sulfonylureas and the nonsulfonylurea secretagogues establish normoglycemia by 

upregulating endogenous insulin secretion ; 

 Alpha-glucosidase inhibitors work by delaying intestinal carbohydrate absorption ; 

 Thiazolidinediones (TZDs) maintain normoglycemia by enhancing insulin sensitivity 

primarily by increasing peripheral glucose disposal, and suppressing hepatic glucose 

production ; 

 Metformin works by decreasing hepatic gluconeogenesis while at times also increasing 

peripheral glucose mobilization and disposal [94] ; 

 Synthetic insulin injections are also a therapy against type I diabetes mellitus ; 

[94] reports that despite many effective oral hypoglycemic agents available to manage type 

2 diabetes, 5% to 10% of the population with diabetes experience secondary failure. This 

bottleneck can be arrested if clinicians understand the limitations of some therapies currently in 

use. Secondary failure arises as a result of deteriorating beta cell function, poor compliance to 

treatment, weight gain, reduced exercise, dietary changes, or illness. 

2.7. Medicinal Plants For Treatment Of Diabetes Mellitus 

A major drawback associated with hypoglycemic agents is that they are expensive and 

harbor adverse effects on patients Plant derived medications have also found immense use in the 

management of diabetes mellitus. 

Njagi et all., (2012)  notes that there is a new trend in the world to turn to phytodrugs to 

avoid the adverse effects associated with conventional hypoglycemic agents. Many plant species 

have been used to treat lifethreatening diseases including diabetes mellitus. A World Health 

Organization (WHO) study shows that 80% of the world population solely relies on medicinal 

plants for their primary health care needs [95]. 

To date, the catalogue of antidiabetic medicinal plants is growing at a pleasantly high rate 

particularly in the African continent. Perhaps this is advised by the economic situation in 

African, which has driven African diabetics to seek cheaper treatment and management options. 

This overreliance on antidiabetic medicinal plants has probably invoked scientists to bioassay    
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these plants in an effort to elucidate more hypoglycemic medicinal plants. The antidiabetic 

potential of some medicinal plants extracts has been demonstrated in human and animal models 

of type II diabetes. However, more detailed research on the antidiabetic plants is inevitable to 

ameliorate the concerns of in vivo safety and efficacy [95]. 

Lasty, after having touched on diabetes in general in this chapter and especially the last part 

of it, we will try to answer the following questions empirically as usual in order to understand 

more about the mechanism of diabetes treatment by medicinal plants : 

1. Are medicinal plants considered a real alternative to treatment for diabetic ? 

2. Which type of diabetes is most affected by this type of treatment ? 

3. Being a popular plant in the popular market for diabetics, is cinnamon a natural alternative 

to lowering blood sugar ? 

 



 

Chapter 3 

 In Silico Approach  
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Chapter 3 : In Silico Approach 

3.1. Introduction 

Classically, scientific research has been divided into two types – in vivo (‘within the living’) 

and in vitro (‘within glass’). The development of in vitro techniques was a response to several 

considerations, including the ethics of experimenting on live subjects, the cost (time and resources) 

associated with experimenting on live subjects and the inability to control conditions properly. 

The invention of the microprocessor and subsequent development of the personal computer 

has led to numerous scientific advances. One of the most exciting, and least developed, is in the 

field of in silico (Fig 3.1) (‘in silicon’) research [96]. 

 

 

 

 

 

 

 

3.2. Definition 

Imitating the common biological terms in vivo and in vitro, the term in silico refers to 

performing experiments using computers. Although the historical origin of this term is not clear, 

it is safe to assume that silico is a reference to the chemical element Silicon (Si), a key component 

of computer chips. The majority of the in silico methods are primarily used in parallel with the 

generation of in vivo and in vitro data for accurate modeling and validation of a wide range of 

applications from the ligand design and optimization to the characterization of fundamental 

pharmacological properties of molecules such as absorption, distribution, metabolism, excretion 

and toxicity [97].  

Figure 3.1 : A forest of synthetic pyramidal dendrites generated in 

silico using Cajal's laws of neuronal branching 
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3.3. Origin of the term 

Origin of the ‘in silico’ term is poorly defined, with several researchers claiming their 

role in its origination. However, some of the earliest published examples of the word include 

the use by [98, 99]. In a more recent book, A. Danchin, (2002) provides a quotation that offers 

a concise and cogent depiction of the potential of computational tools in chemistry, biology and 

pharmacology : 

‘‘[…] Informatics is a real aid to discovery when analyzing biological functions […]. […] 

I was convinced of the potential of the computational approach, which I called in silico, to 

underline its importance as a complement to in vivo and in vitro experimentation’. [100]. 

3.4. In Silico modelling properties 

 In silico modelling, in which computer models are developed to model a pharmacologic or 

physiologic process, is a logical extension of controlled in vitro experimentation. It is the 

natural result of the explosive increase in computing power available to the research 

scientist at continually decreasing cost ; 

 In silico modelling combines the advantages of both in vivo and in vitro 

experimentation, without subjecting itself to the ethical considerations and lack of 

control associated with in vivo experiments. Unlike in vitro experiments, which exist in 

isolation, in silico models allow the researcher to include a virtually unlimited array of 

parameters, which render the results more applicable to the organism as a whole ; 

 In silico modelling is best known for its extensive use in pharmacokinetic 

experimentation, the best-known example of which is the development of the three-

compartment model. In addition, complex in silico models have been applied to 

pathophysiological problems to provide information which cannot be obtained 

practically or ethically by traditional clinical research methods [101]. 

3.5. Comparing In silico with the different modelings In vitro and In vivo 

In silico modeling seems to be the next natural development of in vivo and in vitro 

modeling (fig 3.2). Where in vivo represents the ultimate and most comprehensive model 

environment to examine a complex biological phenomenon, in vitro tries to convert the complex 

in vivo models to smaller, simpler, and well-defined in vitro models that can represent an in 

vivo phenomenon [102]. In-silico promises to overcome problems involved with in vivo and in 

vitro modeling. In silico experiments allow precise observation and control of experimental 

conditions while modeling the ‘‘process’’ of interest in the full biological contex [103]. 
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Thus in theory, once an investigator fully understands the behavior of a biological process, 

by precise manipulation and experimentation in vitro, an ‘in silico model’’ of that process can be 

created. If an investigator can abstract models for all of the components involved in a complex 

biological system, it will be possible to synthesize a model of the whole complex by linking 

together the various models (or levels of complexities in a hierarchically organized system) -

outputs of one to inputs of other- and iterating them forward in each other’s presence in a computer. 

Therefore, an in silico model will not have the drawbacks of in vitro models of being merely 

abstracted from complex in vivo systems [102]. However, examples of this modeling approach in 

different modeling contexts are rare. To date, the most emergent advances of in silico modeling 

are reported by pharmaceutical approaches to predict toxic and ADME (absorption, distribution, 

metabolism, and elimination) values of different chemical compounds [104]. 

 

3.6. Application of In Silico approach 

As the number of in silico tools has expanded, so too has their application across different 

industrial and regulatory sectors. This is advantageous, as new information on the development or 

application of tools in one sector can be leveraged by another. This cross disciplinary sharing of 

ideas and practice enables more rapid advancement, acceptance and uptake of new in silico 

methods [105].  Historically, in silico models have been widely used for predicting the toxicity of 

chemicals to environmental species, particularly fish, aquatic invertebrates, algae and more 

recently bees [106]. However, there are multiple examples of their application within medicinal 

chemistry, in the design of bioactive chemicals, predictive toxicology and safety assessment [107]. 

In the pharmaceutical industry, models have been used extensively to maximise the efficiency of 

the drug discovery process industrial and herbal [105]. 

In vivo

• Translate directy to 
"in life" meaning 
the study takes 
place in a living 
cell or model 
organism

In vitro

• Translates directly 
to "in glass 
"meaning the study 
takes place in a test 
tube, rater than in a 
model organism

In silico

• An in silico 
expriement is one 
done in a" virtual 
setting", such as a 
computer or virtuel 
simulation

Figure 3.2. In vivo, in vitro, in silico and outs of research 
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Pharmacodynamics (PD) Events 

 (What the drug does to the biological system) 

3.6.1. In silico methods and tools for drug discovery 

In silico pharmacology (also known as computational therapeutics, computational 

pharmacology) is a rapidly growing area that globally covers the development of techniques for 

using software to capture, analyse and integrate biological and medical data from many diverse 

sources. More specifically, it defines the use of this information in the creation of computational 

models or simulations that can be used to make predictions, suggest hypotheses, and ultimately 

provide discoveries or advances in medicine and therapeutics [97]. 

Basically, there are two outcomes when bioactive compounds and biological systems 

interact (Fig 3.3) [108].  Note that ‘biological system’ is defined here very broadly and includes 

functional proteins (for example, receptors), monocellular organisms and cells isolated from 

multicellular organisms, isolated tissues and organs, multicellular organisms and even populations 

of individuals, be they uni- or multicellular. As for the interactions between a drug (or any 

xenobiotic) and a biological system, they may be simplified to ‘what the compound does to the 

biosystem’ and ‘what the biosystem does to the compound.’ A drug that acts on a biological system 

can elicit a pharmacological and/or toxic response, in other words a pharmacodynamic (PD) event 

[97]. 

 

  
-Bioactivity  

-Toxicity 

-Absrption 

-Distribution 

-Metabolism 

-Exccretion 

Figure 3.3. Bioactive compounds and biological systems interact [108]. 

Drug 
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(What the biological system does to the drug) 
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3.6.1.1. History and evolution of in silico approaches 

Drug design and related disciplines in drug discovery did not wait for the advent of 

informatics to be born and to grow as sciences [97]. As masterfully summarised by Albert (1971, 

1985) [109, 110], he earliest intuitions and insights in structure–activity relations can be traced to 

the nineteenth century. A relation between activity and a physicochemical property was firmly 

established by Meyer., (1899) and Overton., (1901) [111,112], who proposed a ‘Lipoid theory of 

cellular depression’ such that the higher the partition coefficient between a lipid solvent and water, 

the greater the depressant action. Such papers paved the way for the recognition of lipophilicity 

and electronic properties as major determinants of PD and PK responses, as best illustrated by the 

epoch-making and still ongoing work of Corwin Hansch [113, 114], a founding father of drug 

design. In parallel with our growing understanding of the concept of molecular structure, a few 

visionary investigators in the late nineteenth and early twentieth centuries (for example, John 

Langley, Paul Ehrlich and Alfred Clark; reviewed by (Arı¨ens, 1979; Parascandola, 1980) [115, 

116] developed the concept of receptors, namely the targets of drug action. The analogies between 

receptors and enzymes were outlined by Albert (1971) [109]. 

Such was the birth of quantitative structure–activity relationships (QSARs), followed in the 

1980s and 1990s by computer graphics and molecular modelling. However, computer sciences 

rapidly ceased to be a simple tool in drug discovery and pharmacology and became a major 

contributor to progress. The chemistry– biology–informatics triad has now evolvedin to a life of 

its own and is bringing pharmacology to new heights [97]. 

3.6.1.2. Increase in biological data on chemical molecules for drug discovery 

Over the past few decades, large-scale data has been generated on hundreds of thousands of 

small molecules through biological screening, and this data is compiled in online repositories that 

are available for research [117]. For example, due to advancements in HTS techniques, largescale 

experiments of >1 million chemicals have been generated [118]. In addition, this biological assay 

data has been compiled in chemical library databases, and the amount of data is increasing rapidly 

due to advancements in chemical synthesis and HTS techniques. This accumulating data and its 

public availability have enabled the development  of machine learning models and facilitated 

modern in silico drug discovery [117]. 
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Traditional prediction methods, such as quantitative structure activity relationship (QSAR) 

models, can be used in the early stages of drug discovery to prioritize drug candidates by their 

pharmacological properties and potential adverse effects [119]. Recently, due to increasing public 

resources, many machine learning-based prediction methods have been developed to predict drug-

target interactions [120], the blood-brain-barrier permeability of compounds [121], and ADMET-

Tox properties of drug candidates [122, 123]. 

3.6.1.3. Target identification 

A drug target is defined as a biological entity, usually a protein, that can modulate disease 

phenotypes [124]. Thus, the identification of prime drug targets is the first and most important step 

in drug discovery. Conventional drug target identification strategies are performed experimentally, 

such as identifying differentially expressed genes between normal and diseased cells or tissues and 

proteins that are highly interconnected with disease-related proteins [117]. 

a. Experimental approaches : Conventional experimental approaches for target 

identification require molecular and biochemical studies of disease pathophysiology. 

Although such studies expand our knowledge of diseases, they can be time-intensive 

methods for finding promising drug targets [117]. 

b. Computational target identification : Experimental approaches are expensive and are 

generally conducted at low-throughput scale because of their complexity. To overcome 

these hurdles, in silico methods have been developed to identify potential drug targets 

performed on computer or via computer simulation [125].  

c. Target validation : Once a target is identified, the next step is to confirm whether the 

modulation of the biological function of the target affects the disease phenotype [126]. 

In such cases, animal models in which the target gene is deleted or mutated can be more 

informative for target confirmation [117]. 
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3.6.1.4. Successful applications of in silico drug design 

The development of new therapeutic drugs is an expensive and time consuming process. 

In silico technology has become essential in the contemporary pharmaceutical industry because 

it can reduce the time and resources required for drug discovery. Due to advancements in 

computational algorithms and accumulated knowledge databases, computational prediction 

tools have now been integrated into every stage of the drug discovery process [117]. 

Computational drug discovery methods have been successfully used in the design and 

identification of drug compounds to treat various diseases, including cancer [127, 128], diabetes 

[129, 130], and viral [131] and bacterial infections [132, 133]. 

3.6.2. In silico methods and tools for Phytochemical Research 

Phytochemicals (Greek, phyton means plants) are chemical compounds procured from 

plants. They are essential for the overall metabolic functioning of the plants, and defend them 

against microbial infection, infestation by pests, herbivores as well as changes in environmental 

conditions, thus they have disease preventive and healing properties.  

Apart from affecting the physiology of plants, phytochemicals show different types of 

effects on other organisms exposed to these chemicals. They can be beneficial or deleterious to 

other organisms including human beings [134]. Although they are not essential nutrients, many 

plants are exploited for preparation of traditional herbal medicines in less developed countries 

[135] since ancient times for treating numerous chronic diseases like diabetes, blood pressure 

anomalies, central nervous system disorders, cancer etc. 

The study of phytochemicals includes their separation, extraction, purification, 

identification, structural as well as functional analyses. The frequently used techniques used for 

phytochemical research involve different chromatographic techniques along with mass 

spectrometry as well as nuclear magnetic resonance [134]. 

  Most of the phytochemicals are unexplored because their biological effects are not 

known. In-silico methods could be exploited for discovering the actions of un-investigated 

phytochemicals by identification of their molecular targets using an amalgamation of chemical 

informatics and bioinformatics along with systems biology approaches (Fig.3.4), hence 

advantageous for drug discovery [136]. 
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3.6.2.1. Medicinal plant databases  

The databases of medicinal plants are collections of particular information about plants 

used in folk medicine. Dozens databases and Internet sources partially containing such 

information became available during the last decade. Most of the databases contain information 

like: 

a) Availability (freely accessible or commercial). 

b) Plant name. 

c) Traditional uses. 

d) Plant parts which are used for treatment. 

e) Phytoconstituents. 

f) Phytoconstituents with their 2D/3D structures. 

g) Pharmacological and toxic activities of the phytoconstituents. 

h) Possibility of download of phytoconstituent structures and properties [137]. 

Recent initiatives requiring greater use of in silico technologies have called for 

transparency and development of strong database information that is available to the public at 

no cost. Electronic information on chemical structure, pharmacological activity, specificity 

against known molecular targets and traditional uses of the herbs are always helpful and the 

first learning step to establish a phytochemicals as a drug. This information can serve a wide 

variety of purposes in the field of virtual screenin [138]. 

 

Phytochemical (lead)

Database

Target-
prediction & 
Toxicity testing 

Drug discovery

Figure 3.4. Flow-chart representing the use of phytochemical in 

drug discovery using chemo- and bioinformatics approach 
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3.6.2.2. Quantitative structure activity relationship 

In the modern drug design and drug discovery era, application of QSAR is extended to 

molecular design, prediction of different biological activities, lead compound optimization and 

virtual screening, classification, diagnosis and elucidation of mechanisms of drug action, 

toxicity prediction of environmental toxicants and prediction of drug-induced toxicity [139]. 

The methods that correlate the molecular structure to a specific activity or property 

derived either in vitro or in vivo are known as QSAR, that is, mathematical relationships linking 

chemical structure and pharmacological activity in a quantitative manner for a series of 

compounds [140]. A simple mathematical relationship as noted below is established in any kind 

of QSAR relations : 

Biological activity = f (chemical structure or property) 

QSAR analysis statistically connects one or multiple molecular descriptors with the 

molecular activity. The statistical models hence created are exploited for prediction of the 

biological activity of newly discovered chemical compounds yet to be tested experimentally. It 

is also very important to the study of ADME/T (absorption, distribution, metabolism, excretion, 

and toxicity) properties of phytochemicals used for drug development. There are many software 

packages available with appropriate QSAR models for the evaluation of ADME/T properties 

for chemicals including phytochemicals based on their structures [134]. 

  The step-wise processes involved in the development of a QSAR model are : 

a. Selection of the database of compounds with known functions ; 

b. Calculation of molecular descriptors ; 

c. Statistical model designing for relating the activity with calculated descriptors ; 

d. The assessment of the generated model with a mock set [141]. 

Finaly, after we have done a general study for In silico approach and explain some of its 

applications, We will try as usual pose the following points or questions to answer later : 

1. Is it really possible for The Approach of in silico to be a reliable alternative in scientific and 

pharmaceutical studies in particular ? 

2. Phytochemicals are of great importance as a reservoir of chemical diversity aimed at new 

drug discovery, does this approach facilitate the detection of that reservoir and determine 

the pharmacological properties of any plant ? 
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3. Does in silico approach have a special effect on chronic diseases such as diabetes ? 



 

Chapter 4 

 Materials and Methods  
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Chapter 4 : Methods and Materials 

4.1. Introduction 

Our study project was carried out at the process engineering laboratory, analysis 

laboratory and research laboratory of khemis miliana, at the level of the Bio-Ressources 

Naturelles Locales BORN at Chlef University and also at the level of the analysis laboratory of 

Dr. Zibouche's medical. 

The aim of our study is to identify the physico-chemical properties of cinnamon essential 

oils and its antibacterial and antioxidant activities and finally the Evaluation of hypoglycaemic 

effect by carrying out two different studies aimed at verifying the antidiabetic activity of our 

plant substrate represented in cinnamon 

Our study is based on the use of essential oil of Vietnamese cinnamon (Cinnamomum 

loureiroi). The part used of cinnamon in this study is the barks 

Cinnamon is known for these medicinal characters, their great use by the population and 

their interesting therapeutic virtues. 

4.2. Extraction methods 

This part is devoted to the extraction of the essential oil of cinnamon plant by two 

extraction processes : water distillation or hydro-distillation and Solvent Extraction Method 

(Maceration). 

Bark of Cinnamomum loureiroi was obtained from shops. Unfortunately, this species is 

not planted in Algeria. However, the material is easy to get since cinnamon is commonly used 

as spice in Algeria's cooking. 

The extraction methods used are summarized as shown in the following flowchart : 
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4.2.1. Steam distillation : (Hydrodistillation) 

Steam distillation is the simplest method to extract the essential oil from cinnamon. Steam 

distillation is mostly used to extract various types of essential oils. The process is cheaper than 

other extraction methods. It does not require any solvent and is safer than other methods [142]. 

 

  

Figure 4.7. Flowchart representing the two extraction methods using 
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 Apparatus :  

 Flask (1000 ml) ; 

 Graham condenser ; 

 Beaker ; 

 Heating mantle (1000 ml) ; 

 Separatory funnel (250 ml) ; 

 Reagents :  

 Distilled water ; 

 Cinnamon bark (we used Vietnamese cinnamon) ; 

 Hydro-distillation is carried out using « Clevenger apparatus » (fig 4.2) ; 

 Procedure : 

The volatiles organic compounds of cinnamon bark were obtained using clevenger 

apparatus as shown in following figure : 

 

 

 

 

 

 

 

 

 

The Bark of Cinnamon used in this study was purchased from a local supermarket. The 

fresh sample was washed with the flowing deionized water for 5 min and then dried naturally 

at an ambient temperature of 25-30 °C for 24 hr. After that, the samples were crushed and 

ground physically. Cinnamon bark powders were dried until the weight did not change (fig 4.3).  

A finely-weighted quantity of 150 gm of cinnamon bark powder was put into a 1L distillation 

flask, and 500 ml of distilled water was poured into the flask, which was connected to the steam 

generator via a glass tube and to a condenser to retrieve the oil. The essential oils were 

Figure 4.2. shematic of steam distillation extraction process 
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volatilized with boiling water for 2 to 3 hours. The recovered mixture was allowed to settle, and 

the oil was withdrawn.  

 

 

 

 

 

After the steam distillation process, the product was collected and separated using a 

separatory funnel. The essential oils settled at the upper layer of the separatory funnel and were 

separated several times until no oil was left in the separatory funnel (fig 4.4) [143]. Essential 

oils are recovered and stored in the refrigerator at 4 oC. 

 

 

 

 

 

 

 

 

The percentage of essential oil yield was defined as the weight of essential oils divided 

by the weight of bark powder [144]. 

The yield was calculated using the equation bellow : 

 

Where : 

 ME.O : Mass of the extracted oil (g) 

 Bm : Initial plant biomass (g) 

Figure 4.3. Weighing of cinnamon bark powders 

Figure 4.4. Separator the essential oil of cinnamon 

Yield(%) = ( 
ME.O

Bm
 )× 100            (4.1)      
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4.2.2. Solvent Extraction Method (Maceration) :  

Maceration is one of the conventional methods of extraction that is very simple and the 

cheapest because it only requires a simple container as the place for extraction with the 

disadvantage of long extraction time [145]. 

 Apparatus : 

 Blender ; 

 Erlenmeyer flask with stopper ; 

 vacuum filtration ; 

 rotary vacuum evaporator ; 

 Reagents :  

 Ethanol ; 

 Acetone ; 

 Distilled water ; 

 Procedure :  

The bark of cinnamon sample was ground to powder by using a blender. Twenty grams 

of sample plant in powder form was weighed in an Erlenmeyer to which 100 ml of each solvent 

"ethanol, acetone and distilled water" (fig 4.4). The erlenmeyer flask is placed in dark for three 

days at room temperature. The mixture was recovered by filtration. This process need the 

vacuum filtration (fig 4.5) is used to separate the waste and filtrate. The filtrate was separated 

using a rotary vacuum evaporator RE 200 (fig 4.6), to partially separate the bioactive 

compounds in the extracts. 

 

 

 

 

 

 

 

 

Figure 4.5. Solvent Extraction Method (Maceration). 
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With : 

(1) : Distilled water 

(2) : Acetone 

(3) : Ethanol 

 

 

 

 

 

 

The filtrate was separated using a rotary vacuum evaporator RE 200 (fig 4.7), to 

partially separate the bioactive compounds in the extracts. 

 

 

 

 

 

 

 

 

The filter residue was dried in the open air for 4 days and then weighed, the yield is 

calculated as follows [146] : 

 

Where : 

 W0 : Initial weight 

 W1 : Weight after extraction and drying 

 

Figure 4.6. Vacuum Filtration System for General Filtration in Lab. 

Figure 4.7. Rotary vacuum evaporator process RE 200 

Yield(%) = ( 
𝑊0−𝑊1

W0
 ) x 100         (4.2)      
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4.3. Characteristics of cinnamon essential oil  

In order to evaluate the quality and composition of the extracted essential oils of 

cinnamon during this study, analyzes were carried out to determine their organoleptic and 

physico-chemical properties, these properties constitute a means of checking and controlling 

the quality of the EO. 

4.3.1. Organoleptic properties of cinnamon : 

The organoleptic test used the scoring tests on taste, texture, color, and aroma. 

4.3.2. physico-chemical properties of cinnamon 

Today, the physico-chemical properties (density, refractive value, optical value, acid 

and ester value) are required for their commercial evaluation. 

4.3.2.1. physical properties of cinnamon 

This analysis aims to determine the physical properties of EO such as density, relative 

humidity, relative calcination, refractive index and pH according to international standards. 

a. Relative density : 

Relative density is the ratio of the mass of a given volume of the oil at 20 °C to the mass 

of an equal volume of distilled water at 20 °C. This quantity is dimensionless and its symbol is 

RD [147]. 

 Apparatus : 

 Eppendorf Tubes (3 ml) ; 

 Electronic Balance ; 

 Procedure : 

Using an electrical balance, we consecutively weigh equal amounts of oil and water at a 

temperature of 20°C. 

Relative density is calculated as follows : 

 

With : 

 RD : The value of the relative density according to the standards. 

 mo : the Mass in grams of empty eppendorf. 

RD= 
(𝑚2−𝑚0)

(𝑚1−𝑚0)
                        4.3                          

4.3 
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 m1 : The mass in grams of eppendorf, filled with distilled water. 

 m2 : The mass, in grams of eppendorf, filled with the EO.  

b. Refractive index : 

The refractive index of an essential oil is a unique number which is the ratio of the sine 

of the angle of incidence to the sine of the angle of refraction, when a ray of light of defined 

wavelength passes from air into the essential oil kept at a constant temperature [147]. 

 Apparatus : 

 Abbe refractometer ; 

 Procedure : 

Refractive indexes of the essential oils were measured by Refractometer (Reichert, 

AR200) according to the method described by Chophi and Pirbalouti [148, 149]. The prism of 

the Digital refractometer was cleaned and the red button was pressed first to ensure that it was 

cleaned well. The cinnamon EO sample was applied to the prism of a Digital refractometer 

using a micropipette. Finally, the result of the refractive index was read and recorded. 

Refractive index is calculated as follows : 

 

Where :  

 nt’
D: The value obtained at the temperature t’= 20°C. 

 t’: Refraction temperature (20°C). 

 t : Exprement temperature (20°C). 

 

 

 

 

 

 

 

𝑛𝐷
𝑡 = 𝑛𝐷

𝑡′+0.004 (t’-t)            4.4 

Figure 4.8. Abbe refractometer 
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c. pH value of cinnamon 

In chemistry, pH denoting "potential of hydrogen, is a scale used to specify the acidity or 

basicity of an aqueous solution. Acidic solutions (solutions with higher concentrations of H+ 

ions) are measured to have lower pH values than basic or alkaline solutions [150].  

There are two methods for measuring pH: colorimetric methods using papers, and the 

more accurate electrochemical methods using electrodes and a millivoltmeter (pH meter). 

i. colorimetric methods (pH paper) : 

 Apparatus : 

 pH-indicator strips 

 Procedure : 

Firstly, we Remove a pH-indicator strip from its container and then Dip one end of the 

universal indicator strip into the cinnamon essential oil for which we want to test the pH level 

(fig 4.9). After that, we Set the universal indicator on a dry surface for 60 seconds to allow the 

pH reading to take place. When the paper dries, we compare the changed color of the universal 

indicator paper to that of the pH chart that accompanied the paper's packaging. 

 

 

 

 

 

 

 

ii. Electrochemical methods (pH meter) : 

 Apparatus : 

 pH meter. 

 Procedure : 

Before starting we calibrate the pH meter then we take 3 cinnamon bark and put them in 

a bottle filled with distilled water, after we dropped out it for 15 min, then the pH measurement 

cell (electrode) is immersed in it to read the pH value at a temperature of 25 C° (fig 4.10) [151]. 

Figure 4.9. pH paper 
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d. Relative humidity : 

 Apparatus : 

 Electronic Balance ; 

 Beaker ; 

 Oven laboraory ; 

 Desiccator ; 

 Procedure : 

Analysis of water content was conducted using a thermogravimetric method. We weight 

5 g of sample in the form of powder in a beaker. Then we dried the refined material in an oven 

with a temperature of 100-105oC for 2-3 hours, afterwards we cooled in a desiccator with 

weighed (fig 4.11). Pre-heat oven for 30 minutes longer cooled and weighed [152]. 

 

 

 

 

 

 

 

    The relative humidity is calculated as follows : 

 

 

Figure 4.10. pH meter 

Figure 4.11. Moisture content test 

RH(%)= 
(𝑚0−𝑚1)

𝑚
 ×100       4.5 
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Where : 

 m0 : beaker +5g of the sample. 

 m0 : beaker after desiccator. 

 m : mass of powder. 

e. Relative calcination (Ashes) : 

 Apparatus : 

 Platinum crucible ; 

 Desiccator ; 

 Electronic Balance ; 

 Bunsen burner ; 

 Procedure : 

At first, we calcined 1g of cinnamon powder in a Platinum Crucible; then, we passed the 

hollow over the bunsen burner (fig 4.12) until white ash was obtained. Lastly, we Meter dug it 

in a desiccator and weighed the residue [152]. 

 

 

 

 

 

 

 

     Relative calcination is calculated as follows : 

 

 

Where : 

 P1 : Platinum Crucible + ashes 

 P2 : Platinum Crucible empty 

 m : Mass of powder. 

Figure 4.12. Calcination process 

Calcination (%)= 
𝑃1−𝑃2

𝑚
×100          4.6 
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4.3.2.2. Chemical properties of  cinnamon : 

a. Acid value (neutralization number) : 

Acid value (AV) is the milligrams of potassium hydroxide required to neutralize the free 

faty acide (FFA) in one gram of fat. It is independent of molecular weight and, coincidentally, 

is almost twice the FFA% when the latter is expressed on an oleic-acid basis [153].  

 Apparatus : 

 Flask 50 ml ; 

 Burette ; 

 Electronic balance ; 

 Reagents : 

 Ethanol 5ml ; 

 Phenolphthalein indicator ; 

 Ethanolic solution of potassium hydroxide (0.1M) 

 Procedure : 

Firstly we dissolve 100 mg of cinnamon EO in a mixture of 5 ml ethanol (96%) and 3 to 

5 drops of Phenolphthalein. The solvent must be neutralized beforehand with a 0.1M ethanolic 

potassium hydroxide solution. After dissolution, we titrate with Potassium Hydroxide (fig 

4.13). The titration is complete when the pink color persists for at least 15s. 

 

 

 

 

 

 

 

 

 

  

Figure 4.13 : Volumetric analysis process 
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Acide value is calculated as follows : 

 

Where : 

 56.5 : Molar mass of KOH (g/mol). 

 M : Molarity of the base (mol). 

 V : Volume of titre for EO sample (ml). 

 W : weight of essential oil sample (g). 

b. Saponification value : 

  The saponification value corresponds to the mass in mg of potassium hydroxide (KOH – 

commonly known as caustic potash or potash lye) needed to neutralize the free fatty acids and 

saponify the esters contained in a gram of material [154]. 

 Apparatus : 

 Flask 50 ml ; 

 Graham condenser ; 

 Magnetic Hotplate Stirrer ; 

 Laboratory water bath ; 

 Burette ; 

 Reagents : 

 Ethanolic solution of potassium hydroxide (0.5N) ; 

 Phenolphthalein indicator ; 

 Hydrochloric acid ; 

 Procedure : 

The EO sample of 0.5 g was taken into a 250 ml distillation flask and dissolved in 25 ml 

of ethanolic 0.5 normality of KOH. The same procedure was followed to prepare the blank 

sample without the fat sample. Then, both the samples were attached to the reflux condenser 

and heated up to 70oC for about 90 min. After that, the samples were allowed to attain room 

temperature. Finally, 3 to 5 drops of phenolphthalein indicator were added to samples and 

titrated against 0.5 normality of hydrochloric acid (fig 4.14). 

 

 

AV= 
56.5.M.V

W
                  4.7 
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Saponification value was estimated using the following equation : 

 

Where : 

 N : the normality of HCI solution. 

 c : the 0.5 N HCI solution required for titration of the blank (ml). 

 d : the 0.5 N HCI solution required for titration of the sample (ml) 

 w : the weight of sample (g). 

 

 

 

 

 

 

 

 

 

c. Ester Value (EV) : 

The ester value of a lipid is the mass of potassium hydroxide, expressed in milligrams, 

needed to saponify the esterified fatty acids contained in a gram of fatty substance. 

The ester value is equal to the saponification value for pure glycerides and is found by 

calculating the difference between the saponification value and the acid value. Therefore, it is 

not a property that can be found experimentally [154]. 

Ester value can be obtained by the following formula : 

 

 

 

SV= 
56.11.N.(c−d)

w
              4.8 

Figure 4.14. Saponification value determination process. 

EV=SV- AV                   4.9 
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Where : 

 EV : Ester value. 

 SV : Saponification value 

 AV : Acide value. 

d. Peroxide Value (POV) : 

Peroxide Value (POV) determines all substances that oxidize potassium iodide under the 

conditions of the test in terms of milliequivalents of peroxide per 1000 g of sample. These 

substances are generally assumed to be peroxides or other similar products of fat oxidation.  

 Apparatus : 

 Electronic balance ; 

 Iodine flask or flask (250 ml) with glass stopper ; 

 Burette ; 

 Magnetic Stirrer ; 

 Reagents : 

 Chloroform ; 

 Glacial acetic acid ; 

 Potassium iodide ; 

 Sodium thiosulfate solution (0.01 M) ; 

 Starch solution 

 Procedure : 

Firstly, approximately 1g of the sample is Transferred accurately into a 250 ml flask 

closed immediately with a glass stopper; then, we dissolve it in 5 ml of acetic acid chloroform 

(3:2, v/v) and add 0.5 ml a saturated aqueous potassium iodide solution. The mixture is shaken 

vigorously for exactly 1 min before distilled (5 ml) water and a magnetic stirrer bar are added. 

The mixture is titrated with 0.01M sodium thiosulfate solution with constant stirring until the 

yellow color almost disappears when a starch indicator solution (0.5 ml) is added. The 

thiosulfate solution is added drop-wise until the blue color just disappears. A sample blank is 

analyzed similarly. 
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Peroxide value is obtained from the formula : 

 

 

Where : 

 e : the titration of sample (ml). 

 f : the titration of blank (ml). 

 M : the molality of thiosulfate solution (mol/l) 

 w : the weight of sample (g). 

4.3.3. Analysis of the chemical composition of Cinnamon essential oil 

With the improvements in instrumental analytical chemistry, the characterization of EO 

has allowed the scanning of a greater number of molecular constituents of EO. In order to 

comprehensively analysis of an EO sample, chromatographic procedures which enable 

component separation and identification should be applied. 

Therefore, in this study, we aim to analyze the chemical compounds present in the bark 

cinnamon EO using Thin-layer chromatography (TLC) and Gas Chromatography-Mass 

Spectrometer (GC-MS). 

4.3.3.1. Thin-layer chromatography analysis (TLC) : 

Thin layer chromatography (TLC) is a quick, sensitive, and inexpensive technique used 

to determine the number of components in a mixture, verify the identity and purity of a 

compound, monitor the progress of a reaction, determine the solvent composition for 

preparative separations, and analyze the fractions obtained from column chromatography [156]. 

 This part of the study mainly aimed to describe the strategies and principal steps for 

performing a TLC analysis for cinnamon EO in order to obtain and understand the results 

accurately. 

 Procedure : 

a) Sample application (spotting the TLC plate) 

Firstly, we obtain two papers of TLC (20 x 9) and (20 x 5) cm square, in this case, a thin 

layer of powdered silica gel that has been coated onto a plastic sheet. Using a pencil (not ink 

from a pen), we draw a line ~1 cm from the edge of the bottom side of the paper.  

POV= 
(𝑒−𝑓).𝑀.1000

𝑤
                4.10 
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We make seven pencil dots along this line, about 2.5 cm apart. Underneath each dot, then 

we label the sample we will test on that spot, but because we won't have space to write the full 

name, we Try for example, "A" for distilled water extract and continue that in the same way 

with the capital letters. We put 5 μl (100 mg/ml) of each extract by micropipette into the Letter 

corresponding to each sample. We have to try to keep each dot as small as possible. 

b) Development of TLC plates : 

In most cases, ascending TLC is applied in a TLC chamber for development once with a 

single solvent system (single development). In this case, we use a small wide-mouth 

flatbottom glass jar/bottle with a lid large enough to fit the TLC plate and the mixture of 

Butanol, acetic acid and distilled water as a mobile phase. 

First, we fill the chamber with development solvent to a depth no greater than 0.5 cm, 

After that, we use tweezers to place the two TLC plates in the prepared development chamber 

with ts back layer leaning against the chamber’s inside wall, and we immediately cover the 

chamber with the lid fig (4.15). 

Development starts once the TLC plate is immersed; when the solvent front has reached 

an appropriate level (usually within 2 cm of the top of the plate), quickly we remove the lid, 

and taking out the plate with tweezers, and mark the solvent front with a pencil. At last, we 

Allow the plates to dry before proceeding to the visualization step. 

c) Visualization of colored compounds : 

The silica gel on the TLC plate is impregnated with a mixture (50% sulfuric acid and 50% 

distilled water). When the spots interfere with the mixture and appear as dark spots on a glowing 

background, we can outline them with a pencil to mark their locations. 

 

 

 

 

 

 

 Figure 4.15. Thin-layer chromatography analysis (TLC) 
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d) Retention factor (Rf) : 

The Rf value is used to quantify the movement of the materials along the plate. Rf is equal 

to the distance traveled by the substance divided by the distance traveled by the solvent. Its 

value is always between zero and one [156]. 

Retention factor is obtained from the formula : 

 

Where : 

 Rf : Retention factor. 

 di : Distance travelled by component (cm). 

 D : Distance travelled by solvent front (cm). 

4.3.3.2. Gas Chromatography-Mass Spectrometer analysis (GC-MS) : 

Gas chromatography-mass spectroscopy (GC-MS) is one of the analytical techniques 

which are combined to form a single method of analyzing mixtures of chemicals. Gas 

chromatography is used to separate the components of a mixture and mass spectroscopy is 

applied to characterize each of the components individually [156].  

We used  Gas Chromatography (GC) and Mass Spectrometry (MS) in our study because 

they are excellent tools for the analysis of cinnamon EO and because the semi-volatile and 

volatile analytes that make up essential oils are readily separated, identified and quantified. 

 Procedure : 

The essential oil of cinnamon bark was carried out using the Shimadzu GC-MS system 

(GCMS-TQ8030) (fig 4.16) consisting of a mass selective detector (EIMS, electron energy, 70 

eV) and an (Agilent ChemStation) data system. The GC column was an HP-5ms fused silica 

capillary with a 5% phenyl methylpolysiloxane stationary phase, a film thickness of 0.25 𝜇m, 

a length of 25 m, and an internal diameter of 0.25 mm. The GC settings were as follows : the 

initial oven temperature was held at 50 °C for 3 min and then heated at 180 °C at a rate of 2 

°C/min, held for 1min, and then heated to 260 °C at 10 °C/min and held for 5 min. The injector 

temperature was maintained at 250 °C. The sample (1𝜇l, diluted 100: 1 in Hexane) was injected 

with a split. The carrier gas was helium at a flow rate of 1.0 ml/min. The mass spectral detection 

was carried out in electronic ionization mode by scanning at 40 to 600 (m / z). Finally, the total 

time required to analyze a single sample was 35 min. 

Rf = 
di

D
              4.11 
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Most constituents were identified by gas chromatography by comparison of their 

retention indices with those of the literature or with those of authentic compounds available in 

our laboratories. Further identification was made by comparison of their mass spectra with those 

stored in NIST 08 and Wiley 275 libraries or with mass spectra from the literature [157]. 

 

 

 

 

 

 

 

4.4. Antioxidant Activitie 

Essential oils are gaining increasing interest due to their multiple biological activities and 

great potential for therapeutic use. The antioxidant effect of EO is of special interest in diseases 

with inflammatory aspects. In our thesis, the antioxidant activities of cinnamon essential oil 

extract were examined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

4.4.1. Free radical scavenging activity : DPPH test : 

One of the most popular colorimetric assays to estimate the radical scavenging capacity 

of plants and extracts is the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. This method is 

accurate, easy to perform, and economical, providing a screening of the general activity of the 

antioxidants and is based in a stable and synthetic radical, DPPH [158]. 

 Mechanism of DPPH test : 

An antioxidant, or any molecule with a weak X−H bond, reacts with the colored and 

persistent radical DPPH (2,2-diphenyl-1-picrylhydrazyl, λmax between 515 and 517 nm) 

causing discoloration of the solution from violet to yellow (eq 4.11) [159, 160]. 

 Antioxidant activity of standard or essential oils was expressed as IC50, defined as the 

concentration of the test material required to cause a 50% decrease in initial DPPH 

concentration [161]. 

Fig 4.16. Gas Chromatography-Mass Spectrometer analysis (GC-MS) 
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Because it depends on the reaction time, taken alone this parameter does not provide 

meaningful information of the actual reactivity of the antioxidant ; furthermore, data can only 

be compared when obtained under identical settings [162]. 

 

 

 

 

 Apparatus : 

 Test tubes + holes wooden test tube ; 

 Volumetric flasks ; 

 Electronic balance ; 

 Micropipette ; 

 Pipette tips + pro pipette ; 

 UV-Visible Spectrophotometer. 

 Reagents : 

 Ethanol ; 

 DPPH ; 

 EO and extract of Cinnamon ; 

 Distilled water. 

 Procedure : 

Free radical-scavenging activity of the EO and extract cinnamon of was evaluated with 

the modified DPPH (1,1-diphenyl-2-picrylhydrazil radical) assay [163, 164] which is based on 

the measurement of the reducing ability of antioxidants toward the DPPH radical.  

Briefly, The DPPH is prepared in 4 mg which is weighed using an electrical balance and 

then dissolved in 100 ml of methanol. 100 μl of various dilutions of cinnamon essential oil 

sample diluted in different concentrations (5%,10%,20%,40%,60%,80%100%) were mixed 

with  ml of 0.024 mmol/l methanolic DPPH solution. After an incubation period of 30 min at 

25 ◦C, the absorbance at 515 nm was measured. (We prepare the diluted cinnamon extract and 

return it similarly).  
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The decrease in absorbance of each essential oil and cinnamon extract was measured at 

517 nm using UV/Vis spectrophotomer. Ascorbic acid, a well known antioxidant was used as 

positive control while DPPH radical solution with 1 ml ethanol was taken as blank [161]. 

The percentage of radical scavenging (%) was calculated by the following formula :  

 

 

Where : 

 A(blank) : Absorbance of solution without the test material 

 A(sample) : absorbance of sample. 

 

 

 

 

 

 

 

4.5. Antibacterial Activitiy 

In the present study, the antibacterial activity of EO and the three extracts of cinnamon 

were examined against three bacterial strains (fig 4.18) which were obtained from the medicals 

biologicals analysis laboratory of Dr. A.Zibouche, by two different methods : 

- Antibacterial Activity Screening. 

- Micro atmosphere assay. 

 Bacterial strains : 

 Escherichia coli ATCC 8739 « Gram-negative bacteria ». 

 Pseudomonas aeruginosa ATCC 9027 « Gram-negative bacteria ». 

 Staphylococcus aureus ATCC 6538 « Gram-positive bacteria ». 

 

% Inibition : ([A(blank)-A(sample]/A(blank)) x 100      4.13 

Figure 4.17. DPPH test. 
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These bacteria were selected because they are frequently reported in human infection and 

are multiresistant to several antibiotics. Strains were maintained in Kligler agar at +4°C. 

 Testing solutions : 

 EO of cinnamon bark extract. 

 The different extracts of cinnamon extracted by maceration. 

 

 

4.5.1. Antibacterial Activity Screening 

The antibacterial activity of the EO and diffrents extracts of cinnamon was evaluated by 

the disk diffusion method which is recognized as reliable and reproducible; it is mainly used in 

a preliminary stage of the in-depth studies because it gives access to qualitative results [165, 

166]. The method was used with slight modifications [167]. 

 Mechanism of disk diffusion test : 

This method is based on depositing a sterile disk, pre-soaked in EOs, on a bacterial carpet 

at the beginning of the growth and measuring the zone where the bacteria could not develop: 

the inhibition zone diameter value, which reflects the antibacterial activity of the EOs. 

 Preparation of bacteria inoculate : 

Bacteria inoculate were prepared by growing cells in Triptic Soy Broth for 24 h at +37°C. 

The cell suspensions were diluted with peptone water to provide initial cell counts of about 107 

to 108 colony forming unit (CFU)/ml. 

 Procedure : 

Firstly we prepared a bacterial suspension in Physiological Sterile Solution [Sodium 

Chloride 0.9%] and then diluted it to 1/100. 15 ml of Mueller-Hinton agar medium was poured 

E. coli P.aeruginosa Staph.aureus

Figure 4.18. Bacterial strains used 
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per Petri dish. 2 ml of the inoculum was deposited on each Petri dish. After 5 minutes of 

impregnation, the excess inoculum was removed. On the surface of each Petri dish, four sterile 

filter paper discs of 6 mm (Whatman paper) were impregnated with 15 μl essential oil and The 

three extracts of cinnamon, then we placed them on the inoculated Petri dishes. After remaining 

at 4°C for 2 h, the Petri dishes were incubated at 37 °C for 24 h. After incubation, we measured 

the inhibition zone diameter in millimeters. 

4.5.2. The micro-atmosphere method [168] 

This method evaluates the activity of essential oils vapors on the same strains, technically 

near the disc diffusion method. It is used to define essential oils' activity, which is to be 

employed as atmospheric preservatives. 

 Procedure : 

Solidified medium was inoculated with 100 µl of bacterial inoculums. Then, 10 µl of 

each testing solutions were added to 6 mm diameter sterile blank filter discs and placed in the 

center of the cover of the Petri dish in which was previously cast a thin layer of medium to 

avoid adsorption of testing solutions onto the plastic material of the cover. The dishes were 

then sealed using sterile laboratory parafilm to avoid eventual evaporation of the essential 

oils, followed by incubation at 37 °C for 24h.  

Finally, the effectiveness of the essential oils was calculated by measuring the diameter 

(in mm) of the zone of microorganism growth inhibition above the disc.   

4.6. Andiabetic Activitie 

Diabetes mellitus (DM) is one of the leading metabolic disorder, due to the insufficient 

or lack of insulin or its action [169]. The anti-diabetic medications, including sulfonylurea, 

meglitinide analogue, a-amylase inhibitors, and a-glucosidase inhibitors are generally utilised, 

which may cause side effects and unfavourable impacts [170]. 

Medicinal plants are used as raw material for the extraction of active secondary 

metabolites, which is used in the synthesis of the new drugs. Cinnamon is one of the most 

significant species used by people all over the world. It is extensively utilised in different types 

of nourishment stuff as well as medicinal products [171]. 
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This study gives an overview of in vitro and in silico approaches of various compounds 

as inhibitors on two proteins related to diabetes mellitus which are α-amylase and Peroxisome 

proliferators activated receptor gamma (PPARα/γ). 

4.6.1. In vitro anti-diabetic study : 

This research was designed to evaluate the α-amylase inhibitory activities of CEO on the 

level of Bio-Ressources Naturelles Locales LBRN at Chlef university.  

- Determination of alpha-amylase inhibition activity : 

Alpha amylase inhibitor plays major role in the management of postprandial 

hyperglycemia [172]. It inhibits the action of alpha amylase enzyme leading to a reduction in 

starch hydrolysis to maltose and consequentially lower postprandial hyperglycemia. 

The present investigation was undertaken to make a comparative study on the ability of 

the cinnamon extract to inhibit α-amylase activity. 

 Apparatus : 

 Test tubes + holes wooden test tube ; 

 Electronic balance ; 

 Micropipette ; 

 UV-Visible Spectrophotometer. 

 Reagents : 

 1% Starch solution ; 

 α-amylase (2.5 mg/ml) ; 

 potasium phosphate buffer 0.02 M with pH=6.9 ; 

 50% Citric acid. 

 Procedure : 

The assay was carried out following the standard protocol of Sindhun et al., 2013 with 

slight modifications. The assay mixture containing 0.6 ml of potassium phosphate buffer (0.02 

M), 40 µl of α-amylase (2.5 mg/ml) and the essential oils over a various concentrations range 

(12.5, 25, 50 μg/ml) were incubated for 15 minutes at room temperature, followed by addition 

of 0.2 ml of starch 1% in all test tubes. The reaction was terminated with the addition of 4 ml 

Citric acid 50% reagent and placed in a boiling water bath for 5 minutes, cooled and diluted 
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with 15 ml of distilled water and absorbance was measured at 450 nm using a UV-VIS 

spectrophotometer. The control samples were prepared without the essential oils.  

The inhibition (%) was calculated according to the following formula : 

 

 

Where : 

 A (control) : the absorbance of the control at wavelength 450 nm. 

 A (EO) : the absorbance of essential oils at wavelength 540 nm. 

4.6.2. In Silico anti-diabetic study : 

Recently, the strong anti-hyperglycemic effect of cinnamon on mice models has reported 

but the action mechanism of its bioactive compounds has remained unknown. This study aimed 

to evaluate molecular interactions existing between various bioactive compounds in cinnamon 

essential oil and targeted protein related to diabetes mellitus. To do this, we used the following 

materials : 

 Micro-computer  

We used a micro-computer with a RAM of 4 GB and all the programs used are installed 

on Windows 10 operating system. 

 Programs  

In this study, several programs were used to carry out the practical part (table 4.1) : 

Table 4.1. Programs used to carry out in silico study. 

Programs  Using Logo 

AutoDockTools 

V1.5.6 

an interactive graphical user interface (GUI) for 

coordinate preparation, docking and analysis [173] 

 

Discovery Studio 

Visualizer V21.1.0 

Molecular modeling environment for both small molecule 

and macromolecule applications, targeted mostly towards 

the needs in drug discovery and pharmaceutical industry 

[174].  

Inhibition of α-amylase activity (%)= 
A(control)−A(EO)

A(control)
  x 100         4.14 
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PyMOL Molecular 

Graphics System 

V2.3.2 

A cross-platform molecular graphics tool, has been 

widely used for three-dimensional (3D) visualization of 

proteins, nucleic acids, small molecules, electron 

densities, surfaces, and trajectories [175].  

AutoDock Vina 

V1.1.2 

a turnkey computational docking program that is based 

on a simple scoring function and rapid 

gradientoptimization conformational search [173]. 

/ 

 

 Preparation of the receptor/target and ligand for the docking  

 Receptor preparation : 

Three-dimensional structure of the target protein peroxisome proliferator-activated 

receptor gamma (PPARα/γ) for the treatment of type II diabetes (PDB ID : 3G9E) were 

retrieved from Protein Data Bank (www.rcsb.org) (fig 4.19) [176]. 

 

 

The PDB file (3G9E.pdb) contains protein, water, ligands, cofactors, ions, etc., these 

protein structure inhibitors (water, ligands, cofactors, ions) were separated by releasing 

atomic coordinates of the PDB file 

Firstly, start the ADT program, and use a text editor to remove these Protein structure 

inhibitors that should not be included in the protein. The file protein.pdb is provided for use as 

a tutorial for this protocol and it includes protein coordinates taken from PDB entry 3G9E. 

Figure 4.19. Downloading the pdb format file of protein. 

 

http://www.rcsb.org/
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   Open the file by selecting “Grid->Macromolecule->Open”, use the “Files of type” 

menu to choose “all files”. Click on coordinate file, in this case, protein, and click “Open”. 

ADT will read coordinates. Add Kollman charges, merge the polar hydrogens (fig 4.20) 

because they are required for appropriate treatment of electrostatics during docking, delete 

water and assign appropriate atom types. Click “OK” to accept the changes. A window will 

pop up to write the PDBQT file. Click “Save” to register a file protein.pdbqt. 

 

 Ligand preparation : 

In the drug discovery field, some public repositories (e.g., PubChem) can collect and store 

chemical information and their biological activities in accessing free of charge to researchers.. 

The PubChem (https://pubchem.ncbi.nlm.nih.gov/ ) (fig 4.21) is a free and open resource, 

which contains information on small molecules and their biological activities [177]. 

The volatile cinnamon compounds (Ligands) are selected according to their therapeutic 

properties, especially their anti-diabetic activity, Lipinski's Rule of Five are used In order to 

identify these compounds. 

 Lipinski's Rule of Five : 

The Lipinski Rule of Five [178], was originally conceived to aid the development of 

orally bioavailable drugs, and was not designed to guide the medicinal chemistry development 

of all smallmolecule drugs.  

 

Figure 4.20. Addition of polar hydrogens to protein structure. 

https://pubchem.ncbi.nlm.nih.gov/
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The rule states that poor absorption and permeation of a drug is more probable when the 

chemical structure fulfils two or more of the following criteria :  

 Molecular weight (MW) is greater than 500. 

 The calculated log P value is above five. 

 There are more than five hydrogen bond donors (–NH–, –OH). 

 The number of hydrogen bond acceptors (–N ¼, –O–) is greater than ten. 

In our work, these parameters were calculated using the SwissADME site 

(www.swissadme.ch). 

 

 

After downloading the ligand from PubChemin in sdf format, we change its format to 

pdb by using a pymol program as follows :  

In Pymol open the sdf file then click on File > Export Molecule > Save and enter the 

file name (fig4.22), at last, change the option of SDF and save it as ligand.pdb (fig 4.22). The 

next step is the preparation ligand.pdbqt file.  

Note : Be careful with case sensitive of letter and naming of protein, naming as it may affect 

the follow-up commands execution. 

- Close and re-open AutodockTool to avoid any confusion. 

- Open Ligand and Click on Input and then Open. 

- Change file format from pdbqt to pdb in next pop-up window. 

Figure 4.21. Snapshot of the PubChem homepage 

http://www.swissadme.ch/
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- Select ligand.pdb and then click Open. 

- Again, Open Ligand menu then Click on Output, followed by clicking Save as PDBQT. 

- Save Ligand file as ligand.pdbqt in specified working folder where protein.pdbqt was 

saved. 

After preparation and saving of protein.pdbqt and ligand.pdbqt files, next step is the 

Preparation of Grid Parameter File. 

 

 

 Preparation of Docking Parameter File (conf.txt) : 

Generate a configuration file (Box 1) for AutoDock Vina that specifies the PDBQT files 

for the ligand and protein, and defines the docking parameters. To do this, restart ADT and set 

the default working directory.  

 Select “Grid->Macromolecule-> Open Protein PDBQT file, click “Yes” to preserve 

the existing charges in the file, and “OK” to accept. There may also be a warning window if 

there are slight irregularities in charges. Click “OK” if it appears. 

Select “Grid-> GridBox”, opens a window for defining the center and size of the 

search space (Fig 4.23). Other options are available, or the values may be changed manually 

with the thumbwheels.  

Important : when finished, choose “File->output Grid dimensions file” write the 

configuration file (Grid.txt) then click on “Save”. 

Figure 4.22. convert Sdf format to PDB using Pymol 
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Make sure to save conf.txt in the same folder or working directory where protein.pdbqt 

and ligand .pdbqt files were already saved. 

 

 

 

 

 

 

 

 

 

 

 Running Autodock Vina : 

First, locate the installed vina in our default installation directory. Default installation 

directory could be “C:\Program Files (x86)\The Scripps Research Institute” Copy that vina.exe, 

Figure 4.23. The best docking site on our protein using Autodock Tools 1.5.6 

Box 1 | Vina configuration file                                                           

receptor = protein.pdbqt 

ligand = ligand.pdbqt 

center_x = 3.321 

center_y = 26.529 

center_z = 28.131 

size_x = 40 

size_y = 40 

size_z = 40 

energy range = 4 

exhaustiveness = 8 

Figure 4.24. Docking parameter file (conf.txt). 
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vina_licence.rtf and  vina_split.exe files from the installation folder into the working directory 

(In current case, it is working directory on Desktop\tutorial file” 

Next step is running vina command using Command Prompt (command line in window) 

for Molecular Docking (fig 4.25). 

Open CMD, from Window START search for CMD and click on Command prompt. 

Go to the working directory where required files are present using the command : 

« cd C:\Users\HP\Desktop\tutorial file » in this case study, Press enter and then type the 

following commands « vina.exe - -config conf.txt - -log log.txt » . 

It will take quite some time to complete (from seconds to minutes) depending on the 

performance of system, when processing is finished, the results are saved in the log.txt file and  

and will go shift back to the working directory location. 

 

 Evaluation of Docking and Virtual Screening : 

For analyzing the docking results and retrieving the binding interaction of the Ligand-

protein complex, Open protein.pdbqt in Discovery Studio, then drag and drop ligand.pdbqt 

from the working directory into the graphical window of discovery studio as shown in Figure 

4.26.  

Click Receptor-Ligand Interactions in DS followed by clicking Ligand Interactions on 

left hand side to show the 3D interaction. 

Figure 4.25. Command line window before execution of autodock vina commands. 
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For Saving the interactions diagrams as an Image file, go to File and then Save As, 

Change the file format from Discovery Studio files to Image Files.  

Name the new file as ligand, Click Save and then OK to Save in the working directory. 

To show the 2D interaction, click on Show 2D Diagram on left-hand side in the ligand 

interaction window ; this will also generate the 2D image of the binding interaction between 

our ligands and protein. 

Figure 4.26. Opening and displaying the protein and ligand in DS. 



 

Chapter 5 

Results and Discussion 
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Chapter 5 : Results and Discussion 

5.1. Introduction : 

In this work, we extracted essential oils from cinnamon bark and examined their 

organoleptic, physico-chemical characterizations, biochemical and biological activity, and anti-

diabetic effects using two approaches (in vitro and in silico) Then we discussed the results that 

were obtained. 

5.2. Extraction methods 

5.2.1. Steam distillation : (Hydrodistillation) : 

 Yield results (%) :  

The first quantification to be made is the yield of essential oil obtained by the steam 

distillation method. The percentage of cinnamon EO yield is calculated from the weight of the 

EO compared to the dry weight of the bark powder mass used in the steam distillation; the 

results are present in the table and the figure below: 

Table 5.1. Masses used in steam distillation method 

 

- Yield value : 

 

 

            Table 5.2. Percent yield results in steam distillation method. 

 

 

 

Mass of 

initial plant 

Mass of the 

extracted oil+ 

eppendorf tube 

Mass of 

eppendorf 

empty 

Mass of the 

extracted oil 

150 g 2.7403 g 0.92 g 1.8203 g 

Type of Cinnamon The percent yield standards 

Vietnamese cinnamon 1.214% 0.2-0.4% [179] 

Yield(%) = 
1.8203

150
 x 100 = 1.214% 
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 Yield Discussion : 

According to the results and as shown in the table and the figure above, the cinnamon 

essential oil has yellowish color with a spicy odor, and it has also been extracted with the 

resulting 1.214% yields.  

Compared to other species of the same family (fig 5.2)  studied in our laboratory, our 

yield is considered superior compared to that obtained by Taibi and Ben-Hadj-Tahar., (2018) 

which is about 0.8668% for Chinese cinnamon and about 0.8666 % for Moroccan cinnamon. It 

should be noted that all of these essential oils were obtained by hydrodistillation in a Clevenger 

for 3 hours. 

 

 

 

 

 

 

 

 

 

 

Figure 5.1. Essential oil obtained of cinnamon by steam distillation. 
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Figure.5.2. Graphic representation of the different yields (%) of the 

essential oils of the three types of cinnamon. 
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These differences are due to several factors, Seu-Saberno et Blakeway, (1984) ; Svoboda 

et Hampson, (1999) explain that the chemical composition and the yield of essential oils vary 

according to various conditions, wich is as follow : 

 Climatic environment ; 

 Localization ; 

 Genotype ; 

 Geographical origin ; 

 Harvest period ; 

 Place and duration and temperature of drying ; 

 Parasites ; 

 Viruses and weeds ; 

The yield of Vietnamese cinnamon essential oil which recorded in this study was found 

to be relatively higher. This has revealed that this type of cinnamon spice can be regarded as 

oil crops. 

5.2.2. Solvent extraction method (maceration) 

The extraction is carried out with different solvents (at room temperature 25°C) in order 

to select the best extraction solvent. The solvents that were tested in this part of our research 

are listed in the following table : 

Table 5.2. Some properties of the solvents used. 

Solvents 

used  

Chemical 

formula  

Density 

(20°C) 

Boiling 

point (°C) 

Polarity  water 

solubility 

Ethanol C2H5OH 0.81 78.5 highly polar Miscible 

Acetone CH3COCH3 0.79 56.53 Polar Miscible 

water H2O 1 100 Polar Miscible 
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 Results : 

We have classified the results in the table and figures below : 

 

 

- Influence of the nature of the solvent on the yield : 

Table 5.3. Results of the extraction of Cinnamon by maceration 

Type of sample Solvent 
Initial weight 

(in g) 

Final quantity 

(in g) 

Yield 

(%) 

Powder Ethanol 20 g 16.95 g 15.25% 

Powder Acetone 20 g 17.02 g 14.9% 

Powder Water 20 g 18.47 g 7.65% 

 

 

 

 

 

 

 

 

 

Figure 5.3. Extracts obtained by maceration method 
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Figure 5.4. Variation in cinnamon yield according to the type of solvent. 
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 Discussion : 

We used in our study three solvents with decreasing polarity: Ethanol 96%, Acetone 96% 

and distilled water. After studying the table above, it becomes clear to us that the best yields 

are obtained respectively for the three solvents ; Ethanol 96% (15.25%), Acetone 96% (14.9%) 

and Water (7.65%). 

Reading the extraction yields shows that the highest yields were obtained with polar 

solvents (96% ethanol and 96% acetone) and the lowest yield is observed for water (7.65%). 

These results (fig 5.4) can be explained by the differential solubility of different phenolic 

compounds or polar aromatic plants which are soluble in polar solvents. 

In terms of yield, we can say that Ethanol and acetone are the best extraction solvents. 

5.3. Characteristics of cinnamon essential oil 

5.3.1. Organoleptic properties of cinnamon : 

 Taste : Spicy and sweet. 

 Texture : Mobile and mildly viscous liquid. 

 Color : Golden Yellow. 

 Aroma : Good smell and woody 

5.3.2. Physico-chemical properties of cinnamon : 

5.3.2.1. physical properties of cinnamon : 

a. Relative density : 

The value of cinnamon EO density is calculated from the ratio of the mass of a given 

volume of the essential oil at 20 °C divided by the mass of an equal volume of distilled water 

at 20 °C.  The results are present in the tables below : 

 Results : 

Table 5.4. Relative density of cinnamon essential oil. 

sample 

type 

mass of 

EO+eppendorf, 

mass of 

water+eppendorf, 

Mass of 

empty 

eppendorf 

Relative 

density 

Standars 

[180] 

CEO 2.6025 g 2.5659 g 0.92 g 1.022 1.000-1.030 
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 Discussion : 

At the beginning of the applied study and after we extracted the essential oil of 

Vietnamese cinnamon, we put the distillate in the separating funnel and we noticed that it was 

sinking at the bottom of the separatory funnel until we added sodium chloride to make the water 

denser, This proves that cinnamon essential oil is denser than water and it can be said that the 

oil conforms to international standards (According to the European Pharmacopoeia., (2011)).  

Our result are same to those found by Poaty et al., 2015 where they calculated the density 

of essential oils of plants extracted by steam distillation method and found that two of these oils 

had a higher density than water which are the essential oil of cloves (1.0561) and Chinese 

cinnamon (1.0495) and this confirms our results [181]. 

b. Refractive index : 

 Results : 

The refractive index were calculated and brought to 20 °C using a refractometer and are 

shown in the following table and figure : 

Table 5.5. Refractive index for cinnamon essential oil 

Sapmle type nt’
D nT

D Standars 

Cinnamon EO 1.615 1.6138 
1.600-1.615 

[182] 

 

 

 

 

 

 

 
Figure 5.5. Refractive index as shown on refractometer 
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 Discussion : 

Compared to these results, we note that IR of Cinnamon essential oil 1.615 is higher than 

IR of water 1.333. 

This value depends on the chemical composition of the oils and the temperature. It also 

indicates the ability of essential oils to reflect light (Hellal, 2011). It essentially varies with the 

content of monoterpenes and oxygenated derivatives (Chouitah, 2012). High content of mono 

terpenes will give a high index. So we can say that the essential oil of cinnamon is rich in 

monoterpenes and has the power of refraction to light.  

c. pH value : 

The pH measurement is done by two methods, the results are shown in the figures below 

: 

 

 

 

 

 

 

 

The figures show the results obtained with the pH meter is 5.86, while the results of 

using the pH paper showed a change in the color of the paper between [5-6]. 

 Discussion : 

The determination of the pH is carried out using a pH paper for the essential oil and the 

pH meter for Cinnamon bark, where Cinnamon has a pH of 5.86. Our pH of bark and essential 

oil is acidic, this conformity is due to the purity of our oil (well separated from water). 

 

 

Figure 5.6. pH measurement by pH paper and pH meter 
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d. Relative humidity : 

 Results : 

The moisture content results are classified in the following table : 

Table 5.6. Moisture content results are classified in the following table : 

Sample type  Beaker +5g of 

the sample 

Beaker after 

desiccator. 

Relative 

humidity 

Standars 

Powder of 

cinnamon bark 

45.52 g 44.955 g 11.3% 10% to 12% 

[183] 

 

 

 

 

 

 

 

 

 Discussion : 

The analysis results of our sample revealed that the moisture content of cinnamon bark is 

11.3%. 

According to these results, vietnamese Cinnamon contains few water molecules. What 

indicates that This cinnamon is of better quality because of several factors such as the method 

of conservation, the climate, the region or the nature of the soil. 

 

 

 

 

 

Water
11%

Cinnamon 
89%

Relative humidity of cinnamon bark

Water Cinnamon

Figure 5.7. Water content in cinnamon. 



Chapter 5                                                                                                Results and Discussion 

 

70 

e. Relative calcination (Ashes) : 

 Results : 

The relative calcination results are classified in the following table : 

Table 5.7. Represents the calcination for the cinnamon. 

 

 Discussion : 

The quantity of ashes present in the cinnamon sample which is 3.55% indicates that this 

value meets the standards (<6). These results indicate that this type of cinnamon contains more 

organic matter which also means that it is poor in minerals.  

5.3.2.2. Chemical properties of cinnamon : 

a. Acid value (neutralization number) : 

 Results : 

 

 

 

 

 

 

 

Sample type 

Platinum 

crucible + 

ashes 

Platinum 

Crucible 

empty 

Mass of 

powder 

Relative 

calcination 

(%) 

Standars 

Powder of 

cinnamon 

bark 

49.3127 g 49.2771 g 1.0002 3.55% ≤ 6 [183] 

Figure 5.8. Acide value results. 
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The results of acid value are shown in the following table : 

Table5.8. Represents the cide value for the cinnamon EO. 

Sample type Volume AV Standars 

Cinnamon EO 0.3 ml 16.83 mgKOH/g <20 [184] 

 Discussion : 

The acid values for cinnamon was found to be 16.83 mg KOH/g and it complies with the 

standards [184]. This acid index indicates the behavior and quantity of free acids present in our 

oil, which provides informations about the quality susceptibility to alterations of essential oils. 

Actually, the higher the acid index, the lower the quality of essential oils because it 

represents the total concentration of free fatty acids found, this acidity is influenced by the 

microorganisms and their enzymes and the quantity of water found in the oil. According to our 

results, the cinnamon essential oil has a low acid value; this shows that our essential oil has an 

excellent storage quality. 

b. Saponification value : 

 Results : 

 

 

 

Figure 5.9.Saponification value for titration of the blank and 

for titration of the essential oil 
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The results of saponication value are shown in the following table : 

Table 5.9. Represents the saponification value for the cinnamon EO. 

Sample type 
Mass of 

sample 
Volume (c) Volume (d) SV Standars 

Cinnamon 

essential oil 
0.5010 g 24.3 ml 23.2 ml 61.71mgKOH/g 33.6 [180] 

 Discussion : 

The saponification value of the Cinnamon EO was 61.71 mg KOH/g, which means that 

it has potential for soap production. This indicates that the EO could be used in soap making 

since its saponification value is high. 

c. Ester Value (EV) : 

 Results : 

The results of the ester index are classified in the following table : 

Table 5.10. Result of the ester index for the essential oil of cinnamon 

Sample type Acid value 
Saponification 

value 
Ester value Standars 

Cinnamon 

Essential oil 
16.83 61.71 44.88 20.14 [185] 

 

 Discussion : 

The result obtained shows that our ester index which was measured  higher than that of 

the maximum value of the pharmacopeia standard which is 20.14, which indicates that our oil 

is rich in esters and FFA which combined in the form of triglycerides. 

 

 

 

 

 

 



Chapter 5                                                                                                Results and Discussion 

 

73 

d. Peroxide value (POV) : 

 Results : 

 

 

 

 

 

 

The results of peroxide value are shown in the following table : 

Table 5.11. Results of the POV for the essential oil of cinnamon 

Saple type Volume (e) Volume(f) POV Standars 

Cinnamon 

essential oil 
20.4 ml 18.1 ml 22.94 meq/kg <80 [180] 

 

 Discussion : 

Peroxide value measures the deterioration of oil from oxidation. Therefore, the low 

peroxide value of 22.94 meq/kg obtained from Cinnamon essential oil indicates that the oil can 

be kept for a long period of time. The peroxidation rate differed from oil to oil according to the 

different treatments to which the oils were subjected. Experts see that the Oils exposed to both 

atmospheric oxygen and light showed a much more significant increase in peroxide value 

during storage. 

However, this index is only an indicator of the start of oxidation, which makes it possible 

to evaluate the quantity of peroxides present in the oil, which provides information on the 

relative of fatty acids (Diramanetal., 2010). 

 

 

 

 

Figure 5.10. Result of POV value  
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5.3.3. Analysis of the chemical composition of Cinnamon essential oil : 

5.3.3.1. Thin-layer chromatography analysis (TLC) : 

 Results : 

The present study was conducted to isolate the main bioactive compounds from the bark of 

Cinnamon; the results of the characterization of these compounds appear in the figure below: 

 Mobile phase :  

 

 

 

 

 

 

 

 

 (A) Distilled water extract. 

 (B) Acetone extract. 

 (C) Ethanol extract. 

 (A’) Cinnamon EO. 

The retention factors (Rf) values for the different extracts are presented in Table 5.12. 

Table 5.12. Retention factors (Rf) values for the different extracts. 

Sample type Distilled water 

extract. 

Acetone 

extract. 

Ethanol 

extract. 
Cinnamon EO. 

di (cm) 6.7 cm 

3.6 cm 4.9 cm 

17.8 
6.5 cm 7.9 cm 

10 cm 11.5 cm 

15.3 cm 15.3 cm 

Figure 5.11. Thin layer chromatography chromatogram of cinnamon 

essential oil after development. 
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17.4 cm 17.8 cm 

Rf 0.37 

0.2 0.27 

0.98 

0.36 0.43 

0.55 0.63 

0.85 0.85 

0.96 0.98 

  

 Discussion : 

 Identification by comparison of Rf values of cinnamon compounds 

The Rf  values can be affected by a number of different factors such as : layer thickness, 

moisture on the TLC plate, vessel saturation, temperature, depth of mobile phase, nature of 

the TLC plate, sample size, and solvent parameters. 

 From the conclusions based on the Rf-values of cinnamon components compiled from 

literature, the following compounds (β-caryophyllene; cinnamaldehyde; eugenol; coumarin; 

linalool; and methyl chavicol) were identified and we matched it with compounds found in 

our cinnamon extracts.  

A summary of comparison of the experimental Rf values of cinnamon powder 

components to those from literature is tabulated in Table 5.13 below [186] : 

Table 5.13. Summarized table of visualized cinnamon compounds from literature review 

compound Rf value Standars 

β-caryophyllene 0.9 [186] 

Cinnamaldehyde 0.5 [186] 

Eugenol 0.47 [186] 

Coumarin 0.40 [186] 

Linalool 0.30 [186] 

Methyl chavicol 0.20 [186] 

Carvone 0.50 [186] 

 

The elution solvent system used 1% vanillin in ethanol and 5% ethanol solution in 

sulphuric acid. 
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We noticed that our three extracts contain several compounds of brown color, represented 

by a single spot for the extract of distilled water, five spots for the extract of acetone and other 

five spots for the extract of ethanol.  

  And for the cinnamon essential oil, we noticed two spots of different colors, one of them 

is green and is one of the compounds of our oil and the other is pink and it is a reference spot. 

After comparing the references in table 5.13, the working conditions and our results we 

see that our Rf is very close to those of reference,  

 At first, we can notice just the Linalool spot in water extract and it can be observed in 

the lower zone  (Rf ~0.37) on the standard chromatogram. In the acetone extract, we were able 

to identify some spots which are as follows: Methyl chavicol (Rf ~0.2), Linalool (Rf ~0.36), 

Carvone or Cinnamaldehyde with (Rf ~ 0.55) and β-caryophyllene (Rf ~0.96). We noticed in 

the ethanol extract the presence of several spots, some of which we identified by literateur 

references, which are : Methyl chavicol (Rf ~0.27), Eugenol or Coumarin (Rf ~0.43), 

Cinnamaldehyde (Rf ~ 0.63) and β-caryophyllene with (Rf ~0.98). Finaly, β-caryophyllene can 

be identified in the upper zone as a red light zone (Rf ~0.98) in our oil extract. 

 As a final result, it can be concluded that the spots of the same extract having a difference 

of Rf >0.2 can be easily separated by TLC using the appropriate mobile phase (Still et all., 

1978) [187]. 

5.3.3.2. Gas Chromatography-Mass Spectrometer analysis (GC-MS) : 

 Results : 

The volatile components collected from the SD method were separated and identified by GC-

MS. Total ionization chromatograms (TIC) of the volatile constituents of CEO  extracted  are 

shown in (Fig 5.12), and the identification results of volatile components are listed in (Table 

5.14). 
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Figure 5.12. Total ions chromatograms (TIC) of cinnamon essential oil 

extracted by steam distillation. 
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Table 5.14. Volatile components (%) of cinnamon essential oil extracted 

C:\GCMSsolution\Data\Projet1\SLIMI TEST\TTEST HE CAM.QGD 

Peaks Ret.Time 

(min) 

Compound Synonym Formula Erea 

% 

1 6.325 Styrene  C8H8 0.03 

2 7.385 Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl- α-Pinene C10H16 0.09 

3 7.767 Camphene   C10H16 0.06 

4 8.022 Benzaldehyde  C7H6O 0.16 

5 8.483 β-Pinene   C10H16 0.02 

6 9.805 Cyclohexane, 1-methyl-4-(1-methylethenyl)- DL-Limonene C10H16 0.04 

7 9.919 1,8-Cineole   C10H18O 0.06 

8 12.898 2-methylbenzofuran    C9H8O 0.13 

9 13.320 Benzenepropanal   C9H10O 0.55 

10 13.484 Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)- Borneol C10H18O 0.15 

11 13.703 2-methylbenzofuran   C9H8O 0.03 

12 14.091 3-Cyclohexene-1-methanol, α,α4-trimethyl- α-Terpineol C10H18O 0.07 

13 14.806 2-Propenal, 3-phenyl- cinnamaldehyde C9H8O 0.80 

14 16.279 2-Propenal, 3-phenyl- cinnamaldehyde C9H8O 93.16 

15 16.479 Benzene, 1-methoxy, 4-prop-2-enyl Estragole C10H12O 0.12 

16 18.707 Copaene   C15H24 0.57 

17 20.123 (E)-Cinnamyl acetate   C11H12O2 1.29 

18 
20.972 Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-methylethyl)-, 

(1α,4aβ,8aα)- 

γ-Cadinene C15H24 0.06 

19 21.479 α-Muurolene   C15H24 0.44 

20 21.972 Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1S-cis)- δ-cadinène C15H24 0.71 

21 22.046 2-Propenal, 3-(4-methoxyphenyl)- 4-Methoxycinnamaldehyde C10H10O2 0.44 

22 22.190 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 1,4-Cadinadiene C15H24 0.12 

23 22.43 1-Isopropyl-4,7-dimethyl-1,2-dihydronaphthalene α-Calacorene C15H20 0.06 

24 24.216 α-Cubebene    C15H24 0.13 

25 24.475 tau-Muurolol   C15H26O 0.34 

26 
24.551 Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-methylethyl)-, 

(1α,4aβ,8aα)- 

γ-Cadinene C15H24 0.17 

27 33.855 Tetrapentacontane   C54H110 0.20 
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 Discussion : 

 Identification of volatile compounds of CEO : 

TIC results (Fig 5.12) showed that the retention time of the volatile components ranged 

between 6 and 35 min, most of which were concentrated between 22 mins to 40 mins.  

As outlined in the figure above, 26 peaks were observed in our sample.  we can note the 

two highest peaks than the rest of the compounds which are cinnamaldehyde (16.279 min)  then 

followed by The  (E)-Cinnamyl acetate (16.279 min). 

Table 5.14 shows that many kinds of compounds were identified, including aldehydes, 

esters, alcohols, terpenes and aromatics. The major abundant component of CEO was 

cinnamaldehyde 93.96 %, otherwise, the minor compounds were (E)-Cinnamyl acetate 

(1.29%), Benzenepropanal (0.55%), Copaene (0.57%), δ-cadinène (0.71%), α-Muurolene and 

4-methoxycinnamaldehyde (0.44%), and other compounds (0.03~0.34%). 

2-propenal, 3-phenyl or cinnamaldehyde (93.16%) of the essential oil extracted from 

cinnamon bark is the compound most responsible for the cinnamon’s ragrant odor. The quantity 

of phytochemical present in cinnamon bark that is grown in vitenam is different from other 

area. This is due to geographical position, cultivation, variety of cinnamon; harvesting time and 

extraction method affect the actual yield and composition of the essential oil [188]. 

 Biological activity of volatile compounds of CEO : 

The cinnamon essential oil are used in the manufacture of perfumes,soaps and also as a 

flavoring in dentifrices. Besides these, cinnamon has a broad spectrum of medicinal and 

pharmacological application [189]. 

 Table 5.15 is a guide showing some of the biological activities of some of the compounds 

that we obtained in our CEO : 

Table 5.15. Biological activities of cinnamon essential oil compounds 

volatile compound Biological activities References 

α-Pinene 
anti-inflammatory, antimicrobial, 

antioxidant, antidiabetic. 
[190, 191] 

Camphene Antioxidant, antidiabetic, antifungal [192, 193, 194] 
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Benzaldehyde Antioxidant, antimicrobial, [195] 

β-Pinene antimicrobial, antiinflammatory,  [196] 

DL-Limonene Antioxidant, antidiabetic, anticancer [197] 

1,8-Cineole anti-inflammatory , antioxidant [198] 

2-methylbenzofuran 
anti-microbial, anti-diabetic, anti-

cancer 
[199] 

Benzenepropanal 
Antibacterial, antidiabetic, 

antitumour 
[200] 

borneol 
Antimicrobia, antiinflammatory, 

antiviral 
[201] 

α-terpineol 
Antioxidant, antiulcer, 

anticonvulsant 
[202] 

Cinnamaldehyde 
antioxidant, antibacterial, anti-

mutagenic, antidiabetic 
[203] 

Estragole antioxidant and antimicrobial [204] 

Copaene 
Antimicrobial, antifungal, 

antioxidant 
[205] 

(E)-Cinnamyl acetate

  

Antidiabetic, antioxidant, 

antimicrobial 
[206] 

γ-Cadinene 

α-Muurolene 

δ-cadinene 

1,4-Cadinadiene 

α-Calacorene 

α-Cubebene  

tau-Muurolol  

-Antitumor (anticancer). 

- Anti-inflammatory 

- Antibacterial 

-Antiviral 

-Antiparasitic 

-Antiulcer 

-analgesic 

[207] 

4-

Methoxycinnamaldehyde 

Antimicrobial, antiviral, anti-

inflammatory,  
[208] 
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1.1. Antioxidant activity  

1.1.1. Free radical scavenging activity (DPPH test) : 

 Results : 

 The antioxidant activity of our oil and extract has been evaluated by the DPPH test. The 

evaluation of the antioxidant activity of essential oil and extract was made in comparison with 

the standard antioxidant ascorbic acid which was prepared in the same conditions as presented 

in the following figures, tables and curves: 

 

 

 

 

 

 

 

The Table 5.16 presents the percentages of inhibition of free radicals DPPH at different 

concentrations in comparison with the synthetic antioxidant ascorbic acid (vitamin C) (Fig 

5.14), (fig 5.15), (fig 5.16). 

Table 5.16. presents the variation of the absorbance of ascorbic acid according to different 

concentration. 

C (μg/ml) 5 10 20 40 60 80 100 

Inhibition% (CEO) 43.44 50.63 54.23 59.09 64.25 67.41 73.90 

Inhibition% (CE) 37.88 41.73 43.98 50.56 55.3 59.55 67.73 

 

 

 

Figure 5.13. DPPH test results for the CEO (purple) and cinnamon extract 

(yellow) 
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Figure 5.14. Percentage inhibition of cinnamon essential oil 

by DPPH test. 
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Figure 5.15. Percentage inhibition of cinnamon extract by 

DPPH test. 
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Figure 5.16. Percentage inhibition of ascorbic acid by DPPH 

test. 
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 Determination of IC50 : 

From these curves, we can determine the percentages of inhibition obtained according 

to the concentrations used as well as the value of IC50 of each extract (CEO+CE). The IC50 

value was calculated to determine the concentration of the sample required to inhibit 50% of 

radical. 

The lower the IC50 value, the higher the antioxidant activity of samples [215]. 

The values of the effective concentrations of the oil and the extract where ascorbic acid 

was used as positive control are reported in the table and the following figure : 

Table 5.17. represents the IC50 result of the CEO, CE and ascorbic acid 

sample type IC50 (μg/ml) 

Cinnamon essential oil  12.89 

Cinnamon extract 41.68 

Ascorbic acid 12.77 

 

 

 

 

 

 

 

 

 Discussion : 

 

 Figure 5.17 presents the IC50 values of cinnamon studied, although standard ascorbic 

acid had higher scavenging activity (IC50~ 12.77 μg/ml) than the CEO and the CE, the CEO 

still showed good free radical scavenging activity (IC50~ 12.89 μg/ml), compared with a 

cinnamon extract which showed weak inhibition of the extract (IC50~ 41.68 μg/ml). 
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Figure 5.17. IC50 values obtained from the different samples. 
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Cinnamaldehyde which is a major compound of our essential oil with a rate of (93.16%) 

has a big antioxidant activity [203]. The influence of the high content of phenolic compounds 

in essential oil and the low it in the extracts is the reason that explains these results.  

A previous study found that the antioxidant potency of a phenolic compounds depends 

on their chemical structure, mainly due to their redox properties, which can play an important 

role in free radical adsorption and neutralization [216].  

1.2. Antibacterial Activitiy 

The antibacterial activity of our essential oil extracted by steam distillation and the 

extracts by maceration was studied on three strains by two methods, both of which showed 

almost different results, but at the same time, they confirmed that our plant has antibacterial 

activity. 

The three strains included : 

 Escherichia coli ATCC 8739 ; 

 Pseudomonas aeruginosa ATCC 9027 ; 

 Staphylococcus aureus ATCC 6538. 

Reading is done by measuring the diameter of the inhibition zone around each disc. The 

diameter value needs to be checking and comparing to the prescribed values. This conforms 

whether the bacteria is susceptible or not. The results can be symbolized by signs [209, 210]. 

 

 Resistance (-) : D≤ 9 mm. 

 Sensitive (+) : 10 mm≤ D ≤ 15 mm. 

 Intermediate strain (++) : 16 mm ≤ D ≤ 20 mm. 

 Very sensitive (+++) : D > 20 mm. 

1.2.1. Antibacterial Activity Screening : 

 Results : 

The measurement of the Zone of Inhibition is carried out by using a physical ruler 

(fig5.18). 
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- The zones of inhibition of the strains are identified in the following table : 

Table 5.18. Results of the antibacterial activity of essential oil and different cinnamon 

extracts 

 

 

 

 

 

 

 

Strains Time (h) 

Zone diameter of inhibition (mm) 

Essential 

oil 

Water 

extract 

Ethanol 

extract 

Acetone 

extract 

Escherichia 

coli 

24h 50mm 0mm 20mm 0mm 

48h 50mm 0mm 20mm 0mm 

Pseudomonas  

aeruginosa 

24h 36mm 14mm 19mm 0mm 

48h 36mm 14mm 19mm 0mm 

Staphylococcus 

aureus 

24h 70mm 0mm 30mm 20mm 

48h 70mm 0mm 30mm 20mm 

Figure 5.18. Zones of inhibition results of each strain 
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Figure 5.19. Variation in zone diametre of inhibition according to the type of extract. 
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 Discussion : 

From previous results, we try to summarize the activity of our EO and various CE on 

the tested strains in the following table : 

Table 5.19. Estimation of the antibacterial activity of our EO and various CE. 

Strains 
Bacteria sensitivity 

essential oil Water extract Ethanol extract Acetone extract 

E.coli 
Very sensitive 

(+++) 
Resistance (-) 

Intermediate 

strain (++) 
Resistance (-) 

P.aeruginosa 
Very sensitive 

(+++) 
Sensitive (+) 

Intermediate 

strain (++) 
Resistance (-) 

Staph.aureus 
Very sensitive 

(+++) 
Resistance (-) 

Very sensitive 

(+++) 

Intermediate 

strain (++) 

Depending on the figures above and the results noted in Table 5.19, CEO shows 

remarkable antibacterial activity where we can see a variation in the zone diameter of inhibition 

of which CEO prevented the growth all of strains tested. According to the classification made 

by Ponce et al., (2003), the three bacterial strains tested on EO are classified as “Extremely 

sensitive” [212] (Table 5.19). 

Friedman et al. (2004) shows that there are major factors influencing the results of testing 

the antibacterial activities of an essential oil and which are : 

- The composition and solubility of the essential oil. 

- The microorganism and the speed of its growth [224]. 

On another side, we note that the CE has different activities on the tested strains. The 

water and acetone extracts showed activity on P. aeruginosa and Staph.aureus respectively, 

but they had no effect on the rest where a zone of inhibition was almost 0 mm , while ethanol 

extract had an effective role in inhibiting all tested strains especially Staph.aureus strain with 

a record inhibition diameter of 30mm. 

As a simple explanation, the antibacterial activity of CEO oil is mainly due to the   

majority compound in our EO (cinnamaldehyde component 93.16%), which have hydrophobic 

properties and can react with bacterial cell membranes, contributing to damage to the 
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membrane, another action is the ability to inhibit bacterial peptide and protein synthesis, thus 

having gram-positive and gram-negative bacteria action [212, 213]. 

1.2.2. Micro-atmosphere assay : 

 Results : 

Micro-atmosphere results for CEO and CEs are shown in the following table and figure : 

 

Table 5.20. Results of the antibacterial activity of EO and different CEs (micro-atmosphere) 

strain Time (h) 

Zone diameter of inhibition (mm) 

Essential oil 
Water 

extract 

Ethanol 

extract 

Acetone 

extract 

Escherichia 

coli 

24h 65mm 0mm 24mm 0mm 

48h 65mm 0mm 24mm 0mm 

Pseudomonas  

aeruginosa 

24h 40mm 0mm 0mm 0mm 

48h 40mm 0mm 0mm 0mm 

staphylococcus 

aureus 

24h 50mm 0mm 30mm 0mm 

48h 50mm 0mm 30mm 0mm 

 

 

 

 

Figure 5.20. Micro-atmosphere results for CEs 
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 Discussion : 

After studying the activity of our EO and various CE by micro-atmosphere assay, we try to 

summarize the results  in the following table : 

Table 5.21. Estimation of the antibacterial activity of our EO and various CEs (micro-

atmosphere). 

Strains 
Bacteria sensitivity 

Essential oil Water extract Ethanol extract Acetone extract 

E.coli 
Very sensitive 

(+++) 
Resistance (-) 

Very sensitive 

(+++) 
Resistance (-) 

Figure5.21. Micro-atmosphere results for CEO 

 

0

10

20

30

40

50

60

70

EO water extract Ethanol extract Acetone extract

E,coli P,aeruginosa Staph,aureus

Figure5.22. Variation in zone diametre of inhibition (micro-atmosphere). 
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P.aeruginosa 
Very sensitive 

(+++) 
Resistance (-) Resistance (-) Resistance (-) 

S.aureus 
Very sensitive 

(+++) 
Resistance (-) 

Very sensitive 

(+++) 
Resistance (-) 

 

Depending on table 5.21 and on the results obtained in the table 5.20 and figures 5.21 and 

5.22. we can see the effect of the CEO on the growth inhibition of the tested strains. The bacteria 

were very sensitive to the essential oil where we observed an important activity found for the 

three strains with a record inhibition diameter ranging from 40mm to 65mm. 

On the other side, we noticed a weak effect of the extracts, where we recorded the largest 

diameter of inhibition was for the ethanol extract against Escherichia coli and staphylococcus 

aureus with a record inhibition diameter ranging from 24mm to 30mm While we did not record 

any effect of the rest of the extracts against the tested strains where the inhibition diameter was 

0mm. The excessive sensitivity of bacteria may occur due to a high number of monoterpenes 

in the vapor of EO, where they can attack the bacteria easily. Thus, cinnamon can be used as 

air decontaminant in fields and it can be a good candidate to be used in agriculture as bio 

bactericide [214]. 

1.3. Antidiaberic Activity  

1.3.1. In vitro anti-diabetic study : 

 Result : 

In the present study, essential oil of cinnamon bark with known antidiabetic activity was 

investigated for its potential to inhibit α-amylase activity. Three different concentrations viz., 

12.5, 25 and 50 mg/ml  of essential oil tested for the inhibition of α-amylase activity (Table 

5.22). 

  The results are summarize in the following table and figure : 

Table 5.22. Represent the α-Amylase inhibitory activity of CEO 

Plant extracts Concentrations (μg/mL) Inhibition % IC50 value (μg/mL) 

CEO 

12.5 26.74 

22.8 25 66.27 

50 83.7 
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Cinnamon EO (at a concentrations 50 μg/mL) showed 83.7% inhibitory effects against 

α-amylase activity with an IC50 value 22.8 μg/mL (table 5.22). 

 Discussion : 

Inhibiting digestion enzyme activity is a favoured therapeutic approach for reducing 

postprandial glycaemia through retarding starch digestion. Many herbal extracts have been 

reported to have antidiabetic activities, they have been used directly or indirectly for the 

preparation of many modern medicines. . Compared to other spices, cinnamon is recorded to 

have inhibitory effects [218].  

In this study, in vitro inhibitory effect of cinnamon essential oil on alpha amylase 

activities was evaluated where we compared IC50 values with results obtained in previous 

studies for the same type of cinnamon estimated at 12.6 μg/ml [219].  

By comparison, our cinnamon essential oil showed a higher IC50 value (22.8 μg/mL) that 

was statistically different from Vietnamese cinnamon (previously studied) which showed the 

lowest IC50 at 12.6 μg/ml.. 

Although both cinnamon types showed appreciable α-amylase inhibitory effects but the 

Previous studies have observed that the IC50 value is probably due to the correlations between 

the polyphenol content of natural products and inhibitory enzyme effects. 

From the results, it can be concluded that the use of these plant extracts will be greatly 

beneficial in reducing the rate of digestion and absorption of carbohydrates and thereby 

contribute to the effective management of diabetes by decreasing postprandial hyperglycemia. 

y = 1,4015x + 18,025
R² = 0,8407
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Figure 5.23. α-Amylase inhibitory activity of CEO 
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Future studies will provide an insight into the molecular mechanisms by which these plant and 

their active compounds regulate glucose homeostasis [220]. 

1.3.2. In Silico anti-diabetic study  

 Result : 

 Receptor preparation  

In our study, we used the protein peroxisome proliferator-activated receptor gamma 

(PPARα/γ) in PDB format (ID: 3G9E), it is downloaded from "Protein data bank" and prepared 

from autodock tools program in PDBQT format (fig 5.1). 

 

 

 

 

 

 

 

 

 Ligands preparation : 

The 7 cinnamon volatile compounds (CVCs) or (Ligands) having activity against diabetes 

melitus along  were submitted to the SwissADME server to check whether they had potential 

properties to pass the Lipinski’s rule of 5 (Table 5.23). 

Table 5.23. Results of Lipinski's rule on 7 compounds 

Compounds PubChem ID MW (g/mol) Log po/w HD HA 

α-Pinene 6654 136.23 3.44 0 0 

Camphene 6616 136.23 3.43 0 0 

DL-Limonene 22311 136.23 3.37 0 0 

2-methylbenzofuran 20263 132.16 2.59 0 1 

Benzenepropanal 7707 134.17 1.91 0 1 

Cinnamaldehyde 637511 132.16 1.97 0 1 

Figure 5.24. PDBQT format of PPARα/γ (ID : 3G9E) 
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(E)-Cinnamyl acetate 5282110 176.21 2.33 0 2 

 

After submitting 7 ligands, all of them passed the Lipinski’s rule of 5 and showed no 

violations in SwissADME filters and were predicted to be having drug-like properties. 

The 7 ligands which in pdb format, they were submitted on the autodock tools program to 

convert it to pdbqt format and to check after if they had potentially interacted with PPARa/ γ. 

Table 5.24. Represents 3D structure of ligands used for docking showing by DS. 

Ligands  PDBQT format 

α-Pinene (PubChem ID : 6654) 

 

Camphene (PubChem ID : 6616) 

 

DL-Limonene (PubChem ID : 22311) 
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2-methylbenzofuran (PubChem ID : 

20263) 

 

Benzenepropanal (PubChem ID : 7707) 

 

 

Cinnamaldehyde (PubChem ID : 637511) 

 

(E)-Cinnamyl acetate (PubChem ID : 

5282110) 

 

 

 AutoDock Vina results : 

To see the bond strength of the ligands studied against the (PPARα/γ) Protein., their 

binding affinity has been analyzed using the Autodock Vina program, and the results are shown 

in the following Table : 
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Table 5.25. Binding Energy results for Ligands Docked With (PPARα/γ) Protein. 

ID compounds Binding Energy (kcal/mol) 

1 α-Pinene -6.7 

2 Camphene -6.8 

3 DL-Limonene -7.0 

4 2-methylbenzofuran -5.9 

5 Benzenepropanal -5.2 

6 Cinnamaldehyde -5.9 

7 (E)-Cinnamyl acetate -5.6 

 

The calculated binding free energies for the compounds 1–7 are in the range between -

7.0 and -5.2 Kcal/mol. The binding energy strength for the compounds obeys the order of: 

3>2>1>4>6>7>5, where the DL-Limonene showed the highest binding affinity (-7.0 

kcal/mol) using Autodock Vina than the rest of the compounds. 

 Molecular dockig study : 

The Results of the interaction details of the compounds (ligand) studied with target protein 

PPARα/γ (PDB=3G9E) are summarized in the following table : 

Table 5.26.  Results of the interaction details of the target enzyme PPARα/γ 

compounds 
Ligand 

type 

Receptor 

pocket 

Interactions 

Category 
Distance(Å) 

α-Pinene 

C = O ILE249 Hydrophobic 5,25855 

C = O ILE341 Hydrophobic 5,34314 

C = O PHE247 Hydrophobic 5,4488 

Camphene 

C = O ILE249 Hydrophobic 5,05778 

C = O ILE341 Hydrophobic 5,24202 

C = O ILE249 Hydrophobic 5,11084 

C = O ILE341 Hydrophobic 5,39094 

C = O PHE247 Hydrophobic 5,23112 

DL-Limonene 
C = O ARG288 Hydrophobic 4,62993 

C = O ALA292 Hydrophobic 3,88971 
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C = O LEU330 Hydrophobic 4,14183 

C = O ILE326 Hydrophobic 4,35993 

C = O MET329 Hydrophobic 4,58437 

2-methylbenzofuran 

CZ - NH1 ARG288 Electrostatic 3,23545 

CZ - NH2 ARG288 Hydrogen Bond 2,55872 

C = O MET329 Hydrophobic 4,54852 

SD - CE MET329 Other 5,36621 

C = O MET329 Hydrophobic 3,50969 

C = O LEU330 Hydrophobic 4,42734 

CA - C ALA292 Hydrophobic 3,6933 

C = O ALA292 Hydrophobic 4,0916 

C = O LEU333 Hydrophobic 5,28651 

CA - C ILE296 Hydrophobic 4,93345 

CA - C ILE326 Hydrophobic 4,82902 

C = O ILE326 Hydrophobic 4,7108 

Benzenepropanal 

HG - OG SER342 Hydrogen Bond 2,16352 

HE21 - O GLN345 Hydrogen Bond 2,24099 

CD – OE1 GLU259 Electrostatic 3,8908 

CG1 - CD1 ILE341 Hydrophobic 3,91769 

Cinnamaldehyde 

CB - OG SER332 Hydrogen Bond 3,55072 

C = O LEU228 Hydrogen Bond 3,29913 

HE - NE ARG288 Hydrogen Bond 3,8236 

C = O MET329 Hydrophobic 4,51275 

C = O ALA292 Hydrophobic 5,30025 

C = O ILE326 Hydrophobic 5,48393 

C = O LEU330 Hydrophobic 4,46984 

(E)-Cinnamyl 

acetate 

HG - OG SER342 Hydrogen Bond 2,5009 

CD - OE1 GLU259 Electrostatic 3,75584 

 

The compounds showed different bonds after docking using Discovery Studios program. 

The 3D and 2D results are shown in Figures 5.25(A)-5.31(A) and 5.25(B)-5.31(B) respectively, 

while the interpolated charge surfaces around the ligand are shown in figures 5.32-5.37. 
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Figure 5.25. Interaction of alpha-pinene with target protein PPARα/γ 

 

A B 
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Figure 5.26. Interaction of Camphene with target protein PPARα/γ 

 

A 
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Figure 5.27. Interaction of DL-Limonene with target protein PPARα/γ 

 

A B 
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Figure 5.28. Interaction of 2-methylbenzofuran with target protein PPARα/γ 

 

A B 
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Figure 5.29. Interaction of Benzenepropanal with target protein PPARα/γ 

 

A B 
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Figure 5.30. Interaction of Cinnamaldehyde with target protein PPARα/γ 

 

A B 
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Figure 5.31. Interaction of (E)-Cinnamyl acetate with target protein PPARα/γ 

 

A B 
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Figure 5.32. Molecular electrostatic potential map between α-Pinene and PPARα/γ 
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Figure 5.33. Molecular electrostatic potential map between DL-Limonene and PPARα/γ 
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Figure 5.34. Molecular electrostatic potential map between 2-methylbenzofuran and PPARα/γ 
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Figure 5.35. Molecular electrostatic potential map between Benzenepropanal and PPARα/γ 
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Figure 5.36. Molecular electrostatic potential map between Cinnamaldehyde and PPARα/γ 
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Figure 5.37. Molecular electrostatic potential map between (E)-Cinnamyl acetate and PPARα/γ 
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 Discussion : 

The therapeutic potential of many target proteins is now studied by structure 

determination [221]. Computational methodologies have become a crucial component of many 

drug discovery programs for hit identification, lead optimisation followed by approaches such 

as ligand or structure-based virtual screening techniques [222]. PPARα/γ is a target protein, 

which is associated with intervening lipid digestion, furthermore, glucose homoeostasis, and it 

has been generally utilise for the treatment of dyslipidemia and diabetes [223].  

In this study, The attempting of ligands to dock against the target protein (PPARα/γ) 

seems obvious. Totally 7 compounds were subjected for the docking against PPARα/γ (PDB 

ID : 3G9E ; Figures 5.25-5.31).  

These 7 compounds present in cinnamon essential oil were checked by analysis of the 

Molecular surface of PPARα/γ; this analysis is divided into two sections : hydrogen bonding 

and Interpolated charge. 

Hydrogen bonds are the most crucial bonds which need to be considered while searching 

for active sites, mainly because H bonds are the most essential contributors in the stability of 

the protein structure. This is due to the fact that proteins are made of NH and OH groups that 

can donate H bonds and other groups that will accept them. Thus, H bonds help in the specificity 

of protein-ligand interactions stabilizing the ligand in the binding pockets [217].  

Initially, we observed that the residue of amino-acid of target protein forming 

Hydrophobic bonds interaction with the ligands (α-Pinene, Camphene, DL-Limonene) 

represented in pink dotted lines (Fig 5.25-5.27), the Cinnamaldehyde interacted with the residue 

of PPARα/γ forming three hydrogen bonds (Fig 5.30). As for Benzenepropanal, it has formed 

two hydrogen bonds that were all conventional which are represented in green dotted lines (Fig 

5.29). On the other side, (E)-Cinnamyl acetate and 2- methylbenzofuran have formed one 

hydrogen bond that was conventional bonds (Fig 5.31, 5.28) respectively. 

The molecular electrostatic potential (MEP) is used to predict the relative reactivity 

positions of a molecule for electrophilic and nucleophilic attack. The electrostatic potential is 

considered predictive of chemical reactivity because regions of negative potential are expected 

to be sites of protonation and nucleophilic attack, while regions of positive potential may 

indicate electrophilic attack [225]. 
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The electrostatic potential (electron density) surface of the 7 ligands except Camphene 

component is shown in Fig 5.32-5.37. The color code of the compound lies in the range of -

0.100 to +0.100. Red and blue color in the MEP surface point to more electron rich (negative) 

and electron poor region (positive) respectively. Nitrogen, oxygen and fluorine positioned 

surfaces are colored red indicating electron rich area and the other region are slightly blue 

indicating positivity area [225].  

We note that the surface of the electrostatic potential around the ligands is colored red 

indicating that the region is rich in electrons, these large negatively charged patches is formed 

due to the mediation of polar interactions in the formation of the complex ligand-PPARα/γ 

[226]. 

In silico screening and docking studies proved that the compounds studied have better 

binding affinity and also bind to the functionally important active site of PPARα/γ as predicted 

by BIOVIA DS program.  

From this study, we understood that the cinnamon essential oil has the ability to interact 

with PPARα/γ, thereby it enhances insulin secretion and reducing the risk of diabetes. So, the 

7 ligands studied may be the reason for the anti-diabetic potential of Cinnamon, thus validating 

the in vitro results. Hence, further studies may be warranted. 
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General conclusion 

 

The purpose of our thesis is to figure out the physico-chemical, and antibacterial features 

of a Laurasia plant, and its antioxidant activity, as well as an assessment of its hypoglycemic 

impact. We chose the Vietnamese cinnamon plant for the study. 

Organoleptic properties show that cinnamon is a mildly viscous liquid, hydrophobic and 

yellowish. It has a sweet, spicy, woody aroma. The physical properties of cinnamon indicate 

that it has a density greater than water (1,022) ; it also has the ability to reflect light with a 

refraction value of 1.615. pH of our oil is 5.86, which indicates its purity. Cinnamon represents 

a low water content (11.3%) and low minerals (3.55%). According to Chemical properties 

results, the cinnamon essential oil has a low free acid but is rich in esters and FFA where SV 

=61.71 mgKOH/g. 

Analysis of the extracts and the essential oil by TLC chromatography allowed us to 

identify seven compounds otherwise. The qualitative and quantitative analysis carried out by 

GC/MS shows that there are many kinds of compounds identified, including aldehydes, esters, 

alcohols, terpenes and aromatics with a total of 27 compounds. The major abundant component 

of CEO was cinnamaldehyde 93.96%. 

CEO showed significantly higher antioxidant activity than the extract, where the IC50 

value for both is 12.89 μg/ml and 41.68 μg/ml respectively. The influence of the high content 

of phenolic compounds in our essential oil and the low it in the extract is the reason that explains 

these results. 

The evaluation of the antibacterial activity of essential oil and the three extracts was 

carried out in vitro on three bacterial strains by two different methods (Escherichia coli, 

Pseudomonas aeruginosa and Staphylococcus aureus ) which where obtained from the 

medicals biologicals analysis laboratory of Dr. A.Zibouche. 

The two methods revealed that our Essential Oil has a high inhibitory power against the 

three strains. Nevertheless, the ethanol extract is the only extract that has an inhibitory capacity 

for all three strains.  

The evaluation of the anti-hypoglycemic effect of Cinnamon essential oil has been studied 

by in vitro and in silico approach with two proteins  related to diabetes mellitus which are α-

amylase and Peroxisome proliferators activated receptor gamma (PPARα/γ).  
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In vitro study was carried out at the level of the Bio-Ressources Naturelles Locales BORN 

at Chlef University. Cinnamon EO (at concentrations of 50 μg/ml) showed 71.93% inhibitory 

effects against the α-amylase activity with an IC50 value of 22.8 μg/ml; in addition to in silico 

analysis, out of 27 compounds of cinnamon essential oil, just 7 have good glide score and also 

potentially interacted with PPARα/γ where the attempting of ligands to dock against the target 

protein seems obvious using BIOVIA DS program. The residue of amino-acid of target protein 

formed different bonds with the studied ligands, the most important of which was the hydrogen 

bonds, which were formed with only four ligands (2-methylbenzofuran, Benzenepropanal, 

Cinnamaldehyde, (E)-Cinnamyl acetate). 

According to in vitro and in silico results, volatile cinnamon oil and some of its 

components have anti-diabetic potential. 

This study demonstrated that cinnamon has various biologically active compounds, 

mainly cinnamaldehyde. These bioactive compounds have a wide range of effects on the human 

body and can be used to treat a variety of diseases and metabolic disorders due to their 

antioxidant, antimicrobial and activities antidiabetic.   
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من المتقين  يحًا، واجعلنعلمًا وعملًً صال ي، وزدنفي هذا العمل التوفيق ياللهم ارزقن

اللهم  .المخلصين، اللهم إني توكلت عليك وسلمت أمري إليك، لا ملجأ ولا منجى منك إلا إليك

 رب. تضاف إلى حسناتها ياارحم أمي واجعل هذا العمل وهذا التعب كله صدقة لها 


