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ABSTRACT 

EFFECTS OF Centella asiatica SAPONINS ON TELOMERASE 

ACTIVATION AND WOUND HEALING 

 

Centella asiatica L. is a well-known plant species endemic to Southeast Asia that 

has noteworthy biological effects. Triterpenoid saponins, comprising more than 80% of 

the content, are suggested to be the chief compounds responsible for the biological effects. 

A recent study has described that the extract of Centella asiatica exhibits telomerase 

activation. In line with these developments, as part of our studies on natural products 

demonstrating anti-aging properties, we decided to engage Centella asiatica and its 

components.  

Within the scope of this thesis, four major compounds, viz. madecassoside, 

asiaticoside, madecassic acid, and asiatic acid were isolated from the standardized extract 

of Centella asiatica, and their structures were elucidated by spectroscopic methods. Using 

in vitro methods, the effects of the extract and purified compounds on cell proliferation 

under standard culture and oxidative stress (H2O2) conditions, wound healing, and human 

Telomerase Reverse Transcriptase (hTERT) protein level were investigated. Our 

experiments were conducted on MRC-5 and HEKn cell lines. It was observed that the 

standardized extract of Centella asiatica increased the proliferation of the MRC-5 cells 

meaningfully between 5 to 100 µg/ml. Moreover, the extract showed protective effects 

on MRC-5 cells at 500 and 1000 ng/ml under oxidative stress conditions. Madecassoside, 

madecassic acid, asiaticoside, and asiatic acid exhibited the highest proliferative effects 

on MRC-5 cells at concentrations of 1000 nM (28%), 2 nM (66%), 300 nM (61%), and 

300 nM (56%), respectively. Asiatic acid and the extract accelerated cell migration in 

wound areas that were made on MRC-5 cells up to 32% and 36% in the range of 10 to 

300 nM or ng/ml, respectively. The immunoblotting assay studies showed that 

madecassoside and asiaticoside were increased the expression of hTERT protein level on 

HEKn cell line by 3.16-fold and 5.62-fold, respectively, at 30 nM concentration. 

Furthermore, the extract was observed to increase the protein level by 2.62-fold at 300 

ng/ml.  
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ÖZET 

Centella asiatica SAPONİNLERİNİN TELOMERAZ AKTİVASYONU 

VE YARA İYİLEŞMESİ ÜZERİNE ETKİLERİ 

Centella asiatica L., dikkate değer biyolojik etkilere sahip olan, Güneydoğu 

Asya'ya özgü, iyi bilinen bir bitki türüdür. İçeriğin %80'inden fazlasını oluşturan 

triterpenik saponinlerin, biyolojik etkilerden sorumlu başlıca bileşikler olduğu öne 

sürülmektedir. Yakın zamanda yapılmış bir çalışmada, Centella asiatica ekstraktının 

telomeraz aktivasyonu sergilediği açıklanmıştır. Bu gelişmeler doğrultusunda, yaşlanma 

karşıtı özellikler gösteren doğal ürünler ile ilgili araştırmalarımızın bir parçası olarak 

Centella asiatica ve bileşenlerini çalışmaya karar verdik.  

Bu tez kapsamında, dört ana bileşik, madecassoside, asiaticoside, madecassic acid 

ve asiatic acid, standardize Centella asiatica ekstraktından izole edildi ve yapıları 

spektroskopik yöntemlerle aydınlatıldı. İn vitro yöntemler kullanılarak, ekstrakt ve 

saflaştırılmış bileşiklerin standart kültür ve oksidatif stres (H2O2) koşulları altındaki hücre 

proliferasyonuna, yara iyileşmesi ve insan Telomeraz Ters Transkriptaz (hTERT) protein 

seviyesi üzerine etkileri araştırıldı. Deneylerimiz, MRC-5 ve HEKn hücre hatları üzerinde 

gerçekleştirildi. Standartlaştırılmış Centella asiatica ekstraktının, MRC-5 hücrelerinin 

proliferasyonunu 5 ile 100 µg/ml konsantrasyon aralığında anlamlı bir şekilde arttırdığı 

gözlemlendi. Dahası, oksidatif stres koşulları altında, ekstrakt, 500 ve 1000 ng/ml 

konsantrasyonlarında MRC-5 hücreleri üzerinde koruyucu etkiler gösterdi. 

Madecassoside, madecassic acid, asiaticoside ve asiatic acid bileşikleri, MRC-5 hücreleri 

üzerine en yüksek proliferatif etkilerini sırasıyla, 1000 nM (%28), 2 nM (%66), 300 nM 

(%61) ve 300 nM (%56) konsantrasyonlarında sergilediler. Asiatic acid ve ekstrakt, 

MRC-5 hücrelerinde oluşturulan yara bölgelerinde, hücre göçünü 10 ile 300 nM veya 

ng/ml aralıklarında sırasıyla, %32 ve %36’ya kadar arttırdı. İmmünoblotlama çalışmaları, 

madecassoside ve asiaticoside bileşiklerinin, HEKn hücre hattındaki hTERT protein 

seviyesi ekspresyonunu 30 nM konsantrasyonlarında sırasıyla 3.16 ile 5.62 kat artırdığını 

gösterdi. Buna ek olarak, ekstrenin ise, 300 ng/ml konsantrasyonda protein seviyesini 

2.62 kat arttırdığı tespit edildi. 
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CHAPTER 1 

 

INTRODUCTION 

 

Plants have been used as medicine to treat diseases since ancient times. Herbal 

medicine has been very important and popular in many ancient civilizations, especially 

in traditional Chinese medicine and Indian Ayurveda. In retrospect, archaeological 

excavations have shown that even the Sumerians, the known oldest society, used plants 

such as Carum carvi L. (Apiaceae) and Thymus vulgaris L. (Lamiaceae) for therapeutic 

purposes (Amiri et al., 2021). In line with this information, it can be deduced that plants 

have been used for therapeutic purposes since the beginning of humanity.  

The pharmaceutical industry has gained great momentum in line with the 

developments in sciences such as pharmacy, chemistry, biology, and medicine since the 

19th century. Many pharmacological properties of the plant have been enlightened, the 

isolation of active components of these plants have been successfully performed and 

resulting products have been put into use for humankind due to these scientific 

improvements (S.-Y. Pan et al., 2014). The concept of phytotherapy, introduced in the 

early 19th century, is a science and evidence-based definition of the use of plant sources 

in the therapy of diseases. The term phytochemistry is derived from the Greek word 

"Phyto" which means plant (Rao et al., 2012). Phytochemicals are naturally occurring 

non-nutritious biologically active molecules, found almost in any kind of plants, and 

protect their cells from diseases, animals, and environmental damages such as pollution, 

radiation, and stress. These molecules, known as secondary metabolites, have more than 

a thousand defined forms, are found in different parts of plants such as root, flower, fruit, 

seed, and leaf, and have many pharmacological properties (Saxena et al., 2013).  

Centella asiatica L. (C. asiatica) is an herb with many valuable secondary 

metabolites. It has been used for the treatment of diseases for many years and hundreds 

of scientific studies have been published related to this plant or its derivatives (Chandrika 

& Kumara., 2015). Saponins which are major bioactive compounds of C. asiatica and 

particularly their biological effects have attracted attention from scientists. These 

scientific studies have led to many commercial products (Madecassol, Madelab, etc.) of 

C. asiatica in many fields such as medicine, cosmetics, food, etc (Rush et al., 1993). 
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Although C. asiatica has many important pharmacological effects such as anti-

proliferative, anti-aging, and immunomodulator, its wound healing effect has always been 

prominent (B. Sun et al., 2020). In vitro and in vivo studies on many cell lines and living 

organisms have proven that C. asiatica has very effective wound healing activities (Azis 

et al., 2017).  

Our research group has been studying in the field of natural product chemistry and 

telomerase activity for many years. In a recent study, telomerase activity of C. asiatica 

extract formulation in human peripheral blood mononuclear cells (PBMCs) was found as 

3-4 times higher than Astragalus formulation and TA-65 (the only telomerase activator 

on the market) (Tsoukalas et al., 2019). This important finding encouraged us to focus on 

the telomerase activity of C. asiatica. In this thesis, major saponin glycosides 

(madecassoside, and asiaticoside) and their aglycone derivatives (madecassic acid, and 

asiatic acid) were isolated from the standardized extract of C. asiatica. The extract and 

major compounds were used to investigate the effects of the proliferation (MTT assay), 

and wound healing (scratch assay) on human lung fibroblast cell line (MRC-5), and 

human telomerase reverse transcriptase (hTERT) protein level on primary human 

keratinocyte cells, neonatal (HEKn).  

 

1.1. Natural Product Chemistry 

 

Natural products are organic molecules that contain at least one carbon atom in 

their structure, isolated from living organisms (Cooper & Nicola, 2014). They are often 

derived from plants, but they can also be isolated from fungi, animals, microorganisms, 

marine algae, marine sponges, and other marine environmental sources (Dias et al., 2012). 

These molecules are divided into primary metabolites, which are produced for vital 

activities like growth and reproduction, and secondary metabolites, which are mainly 

produced for non-vital purposes such as protection from environmental stress factors 

(Ray F. Evert, 2016). Pathways summarizing the relationship between primary and 

secondary metabolites were shown in Figure 1.  

Secondary metabolites, rare in nature compared to primary metabolites, are 

biomolecules that protect plants against environmental hazards like UV, pathogens, 

oxidative stress, pH, sudden changes of temperature and ensure their survival (Anulika et 

al., 2016). 

https://tureng.com/tr/turkce-ingilizce/environmental%20hazards
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Figure 1. Pathway summarizing the relationship between primary and secondary metabolites  

(Moore et al., 2020) 

 

It has been described that there are more than a hundred thousand varieties in 

nature (Mazid et al., 2011). Secondary metabolites can most commonly be grouped into 

four different classes as terpenes, S- and N-containing molecules, and phenolics as seen 

in Figure 2. Secondary metabolites, which were considered worthless wastes of plants in 

the past, are used in different fields as important sources. Although there are many 

competing drug discovery methods, due to advances in biotechnology, secondary 

metabolites still have great potential for new drug discovery candidates for the treatment 

of many important diseases, especially cancer, anti-aging, heart disease, and wound 

healing. For these reasons, commercial uses of secondary metabolites in the 

pharmaceutical industry represent a huge economic market worldwide (Butler, 2004). 
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Figure 2. Classification of secondary metabolites  

(Jamwal et al., 2018) 

 

The ratio of major secondary metabolite groups found in nature were shown in Figure 3. 

 
 

Figure 3. Pie chart representing the major groups of secondary metabolites 

(Saxena et al., 2013) 
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1.2. Saponins 

 

Saponins are high molecular weight secondary metabolites that have a lipophilic 

core and one or more oligosaccharide side chains, and their main sources are 

microorganisms, higher plants, and animals (Mahato, 2000). The name of saponin is 

derived from the Latin word "Sapo" which means soap since they exhibit strong soap-

like foaming properties in aqueous solutions (Osbourn, 2003). Saponins have a bitter taste 

and are protective of plants against environmental threats. Even though it is used for 

treatment, it is known that its high doses are toxic to humans (Milgate & Roberts, 1995). 

Saponins are synthesized from the mevalonic acid (MVA) pathway consisting of 

acetyl coenzyme-A. The main intermediate product is squalene consisting of geranyl 

pyrophosphate (GPP). Steroid or triterpenoid structures are formed by the cyclization of 

squalene-2,3 epoxide (Augustin et al., 2011; Haralampidis et al., 2002; Moses et al., 

2014). The biosynthesis of saponins through the MVA pathway was shown in Figure 4 

modified from literature (Augustin et al., 2011). 

 

 

Figure 4. Biosynthesis of steroidal and triterpenoidal saponins  

(Augustin et al., 2011) 

 

Saponins are classified as steroidal (C-27) and triterpenoid (C-30) saponins 

according to the structure of the aglycone moieties which are called sapogenin (Faizal & 



6 

 

Geelen, 2013). Aglycone carbon backbone contains various functional groups such as -

OH, -COOH, and -CH3 (Oleszek, 2002). The glycone moieties are formed from branched 

or straight sugars such as glucose, galactose, fructose, rhamnose, arabinose, xylose, which 

are linked to hydroxyl or carboxyl groups of aglycone (Beserra et al., 2016; T. K. Das et 

al., 2012). Saponins are called monodesmoside (single point binding), bidesmoside (two 

different binding points), and tridesmoside saponins (three different binding points) 

according to the number of places where sugars are attached (Mahato et al., 1988; 

Oleszek, 2002). Steroidal saponins either called spirostane, which has a hexacyclic 

skeletal structure, due to the spiro structure of the C-22, or furostane, of which hydroxyl 

group at the C-26 forms a glycosidic bond which makes it a pentacyclic ring (Kräutler & 

Sahu, 2008; Sparg et al., 2004). Triterpenoid saponins, which are found more in nature 

than steroidal saponins, are also pentacyclic molecules. Oleananes (β-amirin derivatives) 

and ursanes (α-amirin derivatives), which are important triterpenoid saponin groups, were 

shown in Figure 5 (Augustin et al., 2011; Basu & Rastogi, 1967). 

 

 

 

Figure 5. Triterpenoid sapogenin skeletons. (A) ursane type, (B) oleanane type 

(H. Sun et al., 2006) 

 

Saponins are used in personal care products, instant drinks, nutritional 

supplements due to their hydrophilic glycone and hydrophobic aglycone structure (Netala 

et al., 2015). Additionally, they have been reported to have various biological activities 

such as anti-tumor, anti-viral, anti-aging, anti-microbial, anti-inflammatory, antioxidant, 

anti-hypertensive, anti-hyperlipidemic, anti-hyperglycemic, and immunostimulant. These 
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pharmacological properties make saponins good candidates for the drug discovery 

processes (Thakur et al., 2011). 

 

1.3. Centella asiatica L. 

 

C. asiatica L. is a perennial herbaceous and tuberous plant of the Apiaceae 

(Umbelliferae) family (Figure 6). It can often be seen along the banks of rivers, streams, 

ponds, and irrigated fields. In the wild, it can grow (reaching 15 cm) in humid and shady 

places up to 7000 ft. According to morphological investigations, their roots are long 

knotted, stems are glabrous, leaves are greenish in a rosette form with long stems, flowers 

are pinkish to red and in the form of rounded bunches (umbels), and seeds have pendulous 

embryos (Chandrika & Kumara, 2015; James & Dubery, 2009; Seevaratnam et al., 2012). 

 

 

 

Figure 6. Image of Centella asiatica  

(Prasad et al., 2019) 

 

C. asiatica has been widely used for thousands of years as a culinary vegetable 

and medicinal herb in the treatment of various diseases, especially in Ayurvedic medicine 

and traditional Chinese treatments (Mangas et al., 2009; Mathur et al., 2007). It was 

known as the "brain food" in India (Chandrika & Kumara, 2015) and was considered one 

of the "miracle elixirs of life" in China (Prakash et al., 2017). It was also well known for 

promoting longevity in these cultures. It was also used in the treatment of many diseases 
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such as nerve disorders, madness, skin diseases, asthma, leprosy, ulcer, eczema, 

rheumatism, inflammation, syphilis, mental illness, epilepsy, hysteria, dehydration, and 

diarrhea, etc. (Brinkhaus et al., 2000; Pittella et al., 2009; Schaneberg et al., 2003). 

Apart from its taxonomic name of which classification was given in Table 1, C. 

asiatica is also known by many different names like Gotu Kola, Hydrocotyle asiatica L., 

Antanan, Pegagan, Brahmi, Indian Pennywort, Asiatic Pennywort, Thick-leaved 

Pennywort, etc. in various regions (Brinkhaus et al., 2000; Yu et al., 2006).  

 

Table 1. Systematic classification (Taxonomy) of Centella asiatica   

(A. J. Das, 2011) 

 

 

Classification 

 

Name 

Kingdom Plantae 

Division Angiosperm 

Class Dicotyledonous 

Order Umbelliferae 

Family Apiaceae 

Genus Centella 

Species Asiatica 

 

 

C. asiatica is endemic to the Southeast Asia Region and most abundant in China, 

India, Sri Lanka, Indonesia, Malaysia, Oceania, Madagascar, Pakistan, and Bangladesh 

(Alfarra & Omar, 2013). On the other hand, it can also be found in South Africa, the 

U.S.A., Mexico, Colombia, and Venezuela, which are close to the equatorial region 

(Mangas et al., 2009). The geographical distribution of C. asiatica was shown in Figure 

7.  

 

Figure 7. Geographic distribution of Centella asiatica  

(Azerad, 2016) 
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C. asiatica is a rich source of secondary metabolites, some of which are listed in 

Table 2 (Puttarak & Panichayupakaranant, 2012). 

 

 

Table 2. Some secondary metabolites of Centella asiatica   

(Roy et al., 2013) 

 

 

Main groups 

 

Secondary metabolites 

 

 

 

 

 

Phenols 

Flavonoids: kaempferol, quercetin, 

apigenin, rutin, naringin 

 

Phenylpropanoids: rosmarinic acid, 

chlorogenic acid, 4,5-di-o-caffeoyl 

quinic acid 

 

Tannin: phlobatannin 

 

 

Terpenoids 

Triterpenes: asiaticoside, 

madecassoside, centelloside, 

brahmoside, betulic acid, madecassic 

acid, asiatic acid 

 

 

Volatile oils and fatty oils 

β-caryophyllene, α-pinene, β-pinene 

 

Fatty acids: oleic acid, linolenic acid 

 

 

C. asiatica contains many ursane [asiaticoside (AS), madecassoside (MS), asiatic 

acid (AA), madecassic acid (MA)], and oleanane types of pentacyclic triterpenoid 

compounds [terminoloside (isomer of madecassoside), scheffoleoside-A, centelloside-

D]. The molecular structures of some important triterpenoid compounds found in C. 

asiatica were shown in Table 3 for ursane subtypes and Table 4 for oleanane subtypes 

modified from literature (Azerad, 2016). 
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1.3.1. Biological activities of Centella asiatica  

 

The biological and pharmacological effects of C. asiatica are well known in the 

literature. 

Pharmacological properties possessed by C. asiatica are as follows: anti-

proliferative (Yoshida et al., 2005), anti-ulcer (Gohil et al., 2010), anti-tumor (Babu et 

al., 1995), anti-bacterial (Pitinidhipat & Yasurin, 2012), neuroprotective activity (Nasir 

et al., 2011), cognitive function (Lin et al., 2013),  

 

Table 3. Structure of ursane type pentacyclic triterpenoid compounds found in Centella asiatica   

(Azerad, 2016) 

 

Backbone Sugar moieties 

 

 

S1 

 

S2 

 

S3 

 

S4 

 

R1 

 

R2 

 

R3 

 

R4 

 

R5 

 

Name 

 

IUPAC name 

 

 

-OH 

 

 

-OH 

 

 

-H 

 

 

-OH 

 

 

-S1 

 

 

asiaticoside 

2α,3β,23-

trihydroxyurs-12-

en-28-oic acid-O-

-L-

rhamnopyranosyl

-(1-4)-O--D-

glucopyranosyl-

(1-6)-O−-D-

glucopyranosyl 

ester 

(cont. on next page) 
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-OH 

 

 

-OH 

 

 

-OH 

 

 

-OH 

 

 

-S1 

 

 

madecassoside 

2α,3β,6β,23-

tetrahydroxyurs-

12-en-28-oic 

acid-O--L-

rhamnopyranosyl

-(1-4)-O--D-

glucopyranosyl-

(1-6)- O−-D- 

glucopyranosyl 

ester 

 

-OH 

 

-OH 

 

-H 

 

-OH 

 

-H 

 

asiatic acid 

2α,3β,23-

trihydroxyurs-12-

en-28-oic acid 

 

-OH 

 

-OH 

 

-OH 

 

-OH 

 

-H 

 

madecassic acid 

2α,3β,6β,23-

tetrahydroxyurs-

12-en-28-oic acid 

 

 

Table 4. Structure of oleanane type pentacyclic triterpenoid compounds found in Centella asiatica  

(Azerad, 2016) 

 

Backbone Sugar moieties 

 

 
S1 

 

R1 

 

R2 

 

R3 

 

R4 

 

Name 

 

IUPAC name 

 

-OH 

 

-OH 

 

-OH 

 

-S1 

 

asiaticoside B 

2,3β,6β,23-

tetrahydroxyolean-

12-en-28-oic acid 

O--L-

rhamnopyranosyl-

(1-4)-O--D-

(cont. on next page) 
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glucopyranosyl-

(1-6)-O−-D-

glucopyranosyl 

ester 

 

-OH 

 

-OH 

 

-OH 

 

-S2 

 

centelloside D 

2,3β,6β,23-

tetrahydroxolean-

12-en-28-oic acid 

O--D-

glucopyranosyl-

(1-6)- O−-D-

glucopyranosyl 

ester 

-OH -OH -OH -H terminolic acid 
2,3β,6β,23-

tetrahydroxyolean-

12-en-28-oic acid 

 

-OH 

 

-OH 

 

-H 

 

-S1 

 

scheffoleoside A 

2,3β,23-

trihydroxyolean-

12-en-28-oic acid 

O--L-

rhamnopyranosyl-

(1-4)-O--D-

glucopyranosyl-

(1-6)-O−-D-

glucopyranosyl 

ester 

 

 

cytotoxic activity (Van Loc et al., 2018), immunomodulatory activity (Punturee et al., 

2005), cardioprotective (Somchit et al., 2004), memory-enhancing activity (Nalini et al., 

1992), anti-viral (Yoosook et al., 2000), anti-allergic (George & Joseph, 2009). 

In addition, its healing effects on diseases of endocrine, skin, digestive, 

respiratory, gynecological, rheumatoid arthritis (B. Sun et al., 2020), leprosy, kidney 

trouble, blood-circulation, brain, asthma, urinary tract infection, and hypertension (A. J. 

Das, 2011) have also been reported. Some of these activities were also summarized in 

Figure 8. 

In a study, AA was reported to induce apoptosis in lung cancer cells (A549 and 

H1299) and also inhibited tumor volume in the mouse lung cancer xenograft model when 

administered orally (Wu et al., 2017). Additionally, the cytotoxic effect of AA against 

human melanoma cells (SK-MEL-2) was shown (Park et al., 2005). In another study, ten 

compounds were isolated from the methanol (MeOH) extract of C. asiatica and their anti-

proliferative effects on human gastric adenocarcinoma (MK-1), human uterine carcinoma 
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(HeLa), and murine melanoma (B16F10) cells were investigated. Among them, ursolic 

acid (GI50: 19 µM for MK-1, 65µ M for HeLa, and 14 µM for B16F10) showed the highest 

anti-proliferative activity (Yoshida et al., 2005). Ullah et al., 2009 showed in their study 

that fractions of MeOH extract of C. asiatica dissolved in different solvents  (n-hexane, 

carbon tetrachloride, chloroform) exhibit significant cytotoxic effects in the brine shrimp 

lethality bioassay (Ullah et al., 2009).  

 

 

 

 

 

  

 

 

 

                                                         Centella asiatica 

 

 

 

 

 

 

 

 

 

Figure 8. Pharmacological activities of Centella asiatica  

(Prakash et al., 2017) 

 

In addition to the cytotoxic effect, Zheng & Qin (2007) reported that the volatile 

extract shows a significant anti-bacterial effect against both Gram-negative and Gram-

positive bacteria (Zheng & Qin, 2007). In a study investigating the healing effect of C. 

asiatica, water extract and AS decreased the size of the ulcer on the 3rd and 7th days in 

acetic acid-induced gastric ulcer model in rats (Cheng et al., 2004). 
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Nalini et al. (1992) showed that the aqueous extract of C. asiatica significantly 

reduces norepinephrine, dopamine, and 5-HT levels and their metabolites in the brain, 

and therefore have a memory-enhancing effect (Nalini et al., 1992). According to another 

study, oral administration of water extract reduces lead-induced oxidative stress and 

restores suppressed reproductive health in male rats (Sainath et al., 2011). Bradwejn et 

al., (2000) demonstrated that a single oral dose of 12 g C. asiatica reduces the acoustic 

startle response in humans after 60 minutes (Bradwejn et al., 2000). In another study, oral 

administration of 200 mg/kg C. asiatica extract exhibited a cardioprotective effect against 

adriamycin-induced cardiac damage in adult male albino Wistar rats (Gnanapragasam et 

al., 2004). Lee et al., (2006) showed in their study that, AS stimulates the synthesis of 

type 1 collagen, a skin aging inhibitor, in human dermal fibroblast cells (Lee et al., 2006). 

Wound healing is the return of the deterioration in cellular, biochemical and 

systemic processes that started with trauma to its normal state with the formation of new 

tissue. There are many different types of wounds with complex structures. Four basic 

steps are required for wound healing: hemostasis, inflammation, proliferation, and 

remodeling. Many factors may affect the wound healing process in both ways such as 

oxygenation, infection, age and sex hormones, stress, diabetes, etc. Along with the 

technological developments in recent years, the methods used in wound treatment have 

also been improved and great progress has been made (Guo & DiPietro, 2010). 

In a study, the wound healing effect of ten AA derivatives, which were obtained 

by semi-synthesis, were examined via wound area and tensile strength assay. According 

to the results, the ethoxymethyl 2-oxo-3,23-isopropylidene-asiatate derivative showed the 

highest healing activity, and also the scar it left was very small (Jeong, 2006). In another 

study, AS was used in normal and delayed-type wound healing experiments in guinea 

pigs and streptozotocin-diabetic rats in which 0.2% and 0.4% AS solution increased 

hydroxyproline, tensile strength, collagen content, and epithelization in guinea pig punch 

and rat wounds, respectively (Shukla et al., 1999). 

Ruszymah et al. (2012) investigated the migration and proliferation of rabbit 

corneal epithelial (RCE) cells using C. asiatica aqueous extract. While there was a 

significant increase in the migration rate of RCE at 62.5 ppm, the extract did not show a 

significant effect at 500 ppm and caused inhibition at 1000 ppm which means that C. 

asiatica aqueous extract provides corneal epithelial wound healing at low concentrations 

(Ruszymah et al., 2012). 



15 

 

The wound healing effect of MeOH extract of C. asiatica on human dermal 

fibroblast (HDF) and human dermal keratinocyte (HaCaT) cells was evaluated using in 

vitro scratch assay and in vivo circular wound excision models. Based on the results, 

almost no toxicity was observed at concentrations ranging from 0.19 to 100 µg/ml and 

IC50 could not be determined in that range since there was no cytotoxicity. 3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) and scratch assay values 

exhibited significant stimulation at concentrations of 0.2 and 100 µg/ml on both HDF and 

HaCaT cell lines (Azis et al., 2017). 

Effect of MA, AA, and AS, which are major components of C. asiatica, on skin 

human fibroblast collagen I synthesis were evaluated both separately, in mixture form (all 

of them together), and the presence or absence of ascorbic acid. It was determined that in 

the absence of ascorbic acid, all compounds and the combination similarly triggered 

collagen I synthesis, whereas secretion was higher for all samples in its presence (Bonte 

et al., 1994). 

In an in vivo study on rabbits, a polyvinyl alcohol/polyethylene glycol (PVA/PEG) 

hydrogel formulation, rich in AS, was prepared, and using the incision method healing 

activity was observed. According to the results, the hydrogel did not cause any damage 

to the rabbit skin, and the wound healing of the hydrogel was found to be 15% faster than 

commercial creams. In addition, there was a 40% faster healing rate than untreated 

wounds (Ahmed et al., 2019). 

In addition to wound healing effects, C. asiatica, has potential anti-aging activity 

due to its telomerase activation property. Telomeres are regions composed of specialized 

DNA repeat sequences (TTAGGG) located on the chromosome ends of eukaryotic 

organisms which protects chromosome ends from fusion and degradation. Telomerase is 

a cellular reverse transcriptase (TERT, telomerase reverse transcriptase) enzyme that helps to 

repair the telomere ends by adding TTAGGG repeats using the complementary RNA 

components (AAUCCC). It consists of two main components in humans, human 

telomerase RNA (hTER) and human telomerase reverse transcriptase (hTERT) (Hiyama 

& Hiyama, 2007). While telomere length shortens with aging, telomerase activity also 

decreases over time. This phenomenon is associated with many diseases, including 

cardiovascular diseases, infections, and genetic diseases (Chin & Lansing, 2004; Giardini 

et al., 2014). In 2019, Tsoukalas et al. examined the effect of natural products (C. asiatica 

extract formulation – 08AGTLF, Astragalus extract formulation, TA‑65, oleanolic acid, 

maslinic acid, and three multi-nutrient formulas) on telomerase activity on human 
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peripheral blood mononuclear cells (PBMCs). 08AGTLF showed an 8.8-fold increase in 

telomerase activity against untreated cells, while the Astragalus formulation showed 4.3-

fold and TA-65 only 2.2-fold at concentrations of 0.02, 12.8, and 0.16 µg/ml, respectively 

(Tsoukalas et al., 2019). 
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CHAPTER 2 

 

MATERIALS AND METHODS 

 

2.1. Materials 

 

The isolation experiments carried out in this thesis were performed on the 

standardized extract of C. asiatica obtained from Kingherbs Limited Company (China). 

The materials used in this thesis were given in the following sections. 

 

2.1.1. Materials and equipment used in isolation studies 

 

The list of chemicals and solvents were as follows: 

 

• Methanol (MeOH): Sigma-Aldrich, Germany 

• Ethanol (EtOH): ISOLAB, Turkey 

• n-butanol (n-BuOH): Carlo Erba, Spain 

• n-hexane: Sigma-Aldrich, Germany 

• tert-butanol: Carlo Erba, Spain 

• Chloroform (CHCI3): VWR Chemicals, U.S.A 

• Ethyl Acetate (EtOAc): VWR Chemicals, U.S.A 

• Isopropyl alcohol (2-Propanol): ISOLAB, Turkey 

• Dimethyl Sulfoxide (DMSO): Carlo Erba, Spain 

• Acetonitrile (ACN): ISOLAB, Turkey 

• Acetic acid (CH3COOH): Sigma-Aldrich, Germany 

• Acetone (CH3COCH3): Carlo Erba, Spain 

• Distilled water (dH2O), Sartorius, Germany 

• Pyridine-d5: Sigma-Aldrich, Germany 

• 20% Sulfuric acid (H2SO4): Sigma-Aldrich, Germany 

• Sodium hydroxide (NaOH): Sigma-Aldrich, Germany 

• Sephadex LH-20: GE Healthcare Life Sciences, U.S.A 
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• RP-18 (Chromabond C18): Macherey-Nagel, Germany 

• RP-18 F254s Thin Layer Chromatography (RP-TLC): Merck, Germany 

• Kieselgel 60 F254 Thin Layer Chromatography (TLC): Merck, Germany 

• Kieselgel 60, 70-230 mesh silica: Merck, Germany 

 

The list of equipment was as follows: 

 

• Nuclear Magnetic Resonance Spectrometry (NMR): Varian AS 400; Bruker 

500, U.S.A 

• Mass Spectrometry (MS): Agilent 1200/6530 Instrument – HRTOFMS, 

U.S.A 

• SpeedVac Concentrator: Thermo Scientific Savant SPD 121P, U.S.A 

• Freeze Dryer: Labconco FreeZone Freeze Dry System, U.S.A 

• UV Imaging system: Vilber Lourmat, France 

• Autoclave: Nuve OT 90L, Turkey 

• Rotavapor: Heidolph, Germany; ISOLAB, Turkey 

• Vacuum Pump: Labnet, U.S.A 

• Peristaltic Pump: Thermo Scientific, U.S.A 

• pH Meter: Mettler Toledo, Even compact S 220, Turkey 

• Thermo-shaker: Biosan, TS-100C, Turkey 

• Vortex Mixer: Thermo-scientific, U.S.A 

• Hotplate with magnetic stirrer Hotplate: ISOLAB, Turkey 

• Ultrasonic bath: Bandelin, Germany 

 

2.1.2. Materials for cell proliferation and wound healing studies 

 

The cell line used on cell proliferation and wound healing studies was: 

 

• MRC-5: Human lung fibroblast cells 
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2.1.2.1. Chemicals used on cell proliferation and wound healing studies 

 

• Phosphate buffered saline (PBS): Sigma-Aldrich, Germany 

• Fetal Bovine Serum (FBS): Hyclone 

• Dimethyl Sulfoxide (DMSO) 

• Dulbecco's Modified Eagle Medium (DMEM) 

• Trypan Blue Solution: Sigma-Aldrich, Germany  

• EDTA-Trypsin: Sigma-Aldrich, Germany 

• L-glutamine: Sigma-Aldrich, Germany 

• MTT solution: Sigma-Aldrich, Germany 

 

2.1.2.2. Equipment used on cell proliferation and wound healing studies 

 

• CO2-Incubator: Thermo-scientific, U.S.A 

• Light Microscope: Euromex Oxion Inverso, OX.2003-PL, Holland 

• Centrifuge: Nuve NF 800R, Turkey 

• Laminar Flow Cabinet: Nuve MN 090, Turkey 

• Shaking Incubator: Hangzhou Miu, China 

• Plate reader: Thermo-scientific Multiskan Sky, U.S.A 

• ImageJ software: NIH, Bethesda, MD 

• TScratch software: CSElab, Zurich 

• GraphPad Prism 8 software: Graphpad Holdings, LLC 

• Water Baths: Wisd Laboratory Instruments, Germany 

• Neubauer Counting Chamber 

• 96-well plate, NUNC, Thermo Scientific, U.S.A 

 

2.1.3. Materials used in immunoblotting studies 

 

2.1.3.1.  Cells and antibodies 

 

The cell line used during immunoblotting studies was: 

 

https://www.google.com/search?rlz=1C1EJFC_enTR949TR949&sxsrf=AOaemvJRUZVSpq22DYyvUIvGuoUWriP59Q:1633515345885&q=graphpad+software+graphpad+holdings,+llc&stick=H4sIAAAAAAAAAOPgE-LSz9U3MM0wysjJUOLVT9c3NEzLzS3LySlI0TLIKLfST87PyUlNLsnMz9PPL0pPzMusSgRxiq0KEotS80oUkAUXsWqkFyUWZBQkpigU56eVlAOVKMBFMvJzUjLz0ot1FHJyknewMgIA7EeYeX0AAAA&sa=X&sqi=2&ved=2ahUKEwjfnbTvxrXzAhUznGoFHQfxCLYQmxMoAXoECDUQAw
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• HEKn: Primary human keratinocyte cells, neonatal (ATCC; PCS-200-010) 

 

 

Table 5. HEKn growth medium 

 

 

Components 

 

Concentrations 

Bovine Pituitary Extract 

(BPE) 

 

0.4% 

 

Rh-TGF-α 

 

0.5 ng/ml 

 

L-Glutamine 

 

6 mM 

 

Hydrocortisone 

Hemisuccinate 

 

 

100 ng/ml 

 

 

Epinephrine 

 

1 mM 

 

Rh Insulin 

 

5 mg/ml 

 

Apo-Transferrin 

 
1 mM 

 

 

The antibodies used during immunoblotting studies were: 

 

• hTERT: Origene, U.S.A 

• GAPDH: Cell Signaling Technology, U.S.A 

• Anti-β-Actin: Sigma-Aldrich, Germany 

 

2.1.3.2. Chemicals and equipment used in immunoblotting studies 

 

The list of chemicals was as follows: 
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• Protease Inhibitor Cocktail (PIC): Promega, U.S.A 

• Sodium Dodecyl Sulphate (SDS): Amresco, U.S.A 

• Bicinchoninic Acid (BCA) Protein Assay Kit: Thermo Scientific, U.S.A 

• β-Mercaptoethanol: Sigma-Aldrich, Germany 

• 2-Mercaptoethanol (βME): Sigma-Aldrich, Germany 

• Polyvinylidene Difluoride (PVDF) membrane: EMD Millipore, Thermo 

Fisher Scientific, U.S.A 

• Whatman Filter Papers 

• Horseradish Peroxidase (HRP) enzyme 

• ECL substrate: Biorad, U.S.A 

• Sodium azide: Sigma-Aldrich, Germany 

• Isopropyl alcohol (2-Propanol) 

• Dimethyl Sulfoxide (DMSO) 

• Methanol (MeOH): Sigma-Aldrich, Germany 

• Distilled water (dH2O): Sartorius, Germany 

 

 The list of technical devices was as follows: 

 

• CO2-Incubator: Thermo-scientific, U.S.A 

• Centrifuge: Nuve NF 800R, Turkey 

• Laminar Flow Cabinet 

• Vortex Mixer 

• Orbital shaker 

• Microplate Reader: VersaMax 

• Chemiluminescence Documentation System: Vilber Lourmat FX-7, Thermo 

Fisher Scientific, U.S.A 

• Protein Electrophoresis Equipment 

 

2.1.3.3. Buffers used in immunoblotting studies 

 

• 10x PBS: 87.5 g sodium chloride, 11.5 g sodium monohydrogen phosphate, 

and 2.3 g sodium dihydrogen phosphate, were dissolved in 1 L dH2O. Its pH 

was 7.4. 
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• 2x RIPA (Radioimmunoprecipitation Assay) Lysing Buffer: 40 mg SDS 

and 200 mg 7-DOC (deoxycholic acid) were dissolved in 0.4 ml NP-40, 4 ml 

10x PBS and completed to 20 ml with dH2O. 

• 10% AP (Ammonium persulfate) Solution: 1 g Ammonium persulfate was 

dissolved into 10 ml dH2O, separated into Eppendorf’s of 1 ml each one, and 

stored at -20 ºC. 

• 10x SDS-PAGE Running Buffer: 30.2 g Tris Base, 144 g Glycine, and 10 g 

SDS were dissolved in 1 L dH2O (For 1x running buffer; 900 ml dH2O + 100 

ml 10x running buffer). 

• 4x SDS-PAGE Resolving Buffer: 1.5 M Tris HCl (90.855 g), 0.4% h/h 

TEMED (2 ml), and 0.4% a/h SDS (2 g) were dissolved with dH2O, and the 

solution was completed to 500 ml. 

• 4x SDS-PAGE Stacking Buffer: 0.5 M Tris HCl (30.285 g), 0.4% h/h 

TEMED (2 ml) and 0.4% a/h SDS (2 g) were dissolved in 500 ml dH2O. Its 

pH was adjusted to 6.8. 

• 10x SDS-PAGE Transfer Buffer: 30.33 g Tris Base and 144 g Glycine were 

dissolved in 1 L dH2O (For 1x transfer buffer; 700 ml dH2O + 100 ml 10x 

transfer buffer + 200 ml MeOH). 

• 1x SDS-PAGE Washing Buffer: 100 ml 10x PBS and 1 ml Tween-20 were 

dissolved in 1 L dH2O. Its pH was adjusted to 7.4. 

• 5% Skimmed Milk Blocking Agent: 5 g skimmed milk powder was 

dissolved in 100 ml 1x washing buffer. Its pH was adjusted to 7.4. 

 

 

2.2. Methods 

 

2.2.1. Determination of proper solvent systems to be used in 

chromatographic separations 

 

The thin-layer chromatography (TLC) method was used to display the 

phytochemical content of the standardized extract of C. asiatica. To determine the mobile 

phase systems to be used in chromatographic separations, experiments were performed 

on both silica gel and reverse-phase silica gel (RP-C18) plates.  
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The standardized powder extract (10 mg) was weighed into a vial and dissolved 

in 5 ml MeOH, using an ultrasonic bath set to 50 °C. TLC plates were cut into 6-7 cm 

lengths, and spotting was applied using a glass Pasteur pipette approximately 1.5 cm 

above the bottom of the plates with intervals of 0.5-0.7 cm. TLC plate was put into tanks 

saturated with a mobile phase system, as mentioned in detail below, and the solvent was 

run to 1 cm below the top of the plate. The plate was then removed carefully from the 

tank, and the mobile phase was evaporated from its surface via air flow. The UV-active 

molecules were monitored under UV254 and UV365 lights (UV-active molecules were not 

detected). To visualize spots, the dried TLC plates were sprayed with 20% sulfuric acid 

in a fume hood and then heated on a hotplate which was set to approximately 110 °C, 

until the spots became visible. The spots that emerged were monitored under daylight and 

UV365 light.  

 

Mobile phase systems used on silica gel plates were as follows: 

 

1. CHCl3:MeOH                                   90:10 

2. CHCl3:MeOH:H2O                           80:20:2 

3. CHCl3:MeOH:H2O                           61:32:7 

4. EtOAc:MeOH:H2O                           80:25:20 

5. EtOAc:MeOH:H2O                           100:25:20 

6. EtOAc:2-propanol:H2O                     8:4:2 

 

Mobile phase systems used on reverse phase silica (RP-C18) plates were as 

follows: 

 

1. ACN:H2O                                         40:60 

2. MeOH:H2O                                      70:30 

3. MeOH:H2O                                      40:60 

 

Mobile phase systems used for silica gel plates after alkaline hydrolysis were as 

follows: 

1. CHCl3:MeOH:H2O                             80:20:2 

2. n-Hexane:EtOAc:MeOH                    10:10:3 

3. EtOAc:MeOH:H2O                             110:10:5 
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At the end of the mobile phases system trials, it was decided to use MeOH:H2O 

(40:60) mobile phase system for RP-C18 column system and CHCl3:MeOH:H2O 

(61:32:7) mobile phase system for TLC screenings of the fractions during the purification 

steps. In addition, n-Hexane:EtOAc:H2O (10:10:3) and CHCl3:MeOH:H2O (95:5:0.1) 

were decided to be used as mobile phase systems in column chromatography for alkaline 

hydrolysis products. Additionally, it was decided to use n-Hexane:EtOAc:H2O (10:10:3) 

and CHCl3:MeOH:H2O (85:15:1) as mobile phase systems in TLC screenings of fractions 

during the purification process for alkaline hydrolysis products. 

 

2.2.2. Alkaline hydrolysis and isolation studies 

 

2.2.2.1. Alkaline hydrolysis step 

 

In an ultrasonic bath, 200 mg the standardized powder extract of C. asiatica was 

dissolved in 20 ml of NaOH-H2O (1 M) alkaline solution [18 ml dH2O and 2 ml NaOH 

(10 M)]. Subsequently, the dissolved extract was divided into two separate reaction vials. 

The alkaline hydrolysis reaction was initiated on a hotplate that has a magnetic stirrer at 

700 rpm at 150-200 °C (Figure 9). When the reaction reached the reflux state, it was 

halted and allowed to cool. A pH meter was used to measure the pH value of the alkaline 

hydrolysis reaction solution. The pH value of the alkaline hydrolysis reaction solution 

had found to be around 13-14. After cooling, neutralization of the pH was done by adding 

a few drops of acetic acid in each vial. Solutions were then taken from both vials and 

transferred to four separate Eppendorf tubes (1 ml each). The samples were partitioned 

separately with n-BuOH or EtOAc. After separation of solvents using a separation funnel, 

both solvents were run on silica gel plates in different mobile phase systems (as 

mentioned in section 2.2.1.) resulting selection of the most suitable mobile phase system. 

It was decided to perform EtOAc partition, after alkaline hydrolysis. 

 

2.2.2.2. The EtOAc partition of alkaline hydrolysis solution 

 

After the neutralization of the alkaline hydrolysis solution, it was poured into a 

separatory funnel (the vials were washed three times with dH2O) and the final volume 

was adjusted to 50 ml by adding dH2O. For partition, an equal volume (50 ml) of EtOAc 
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was added to the solution in the separatory funnel. The separatory funnel was shaken 

gently to make sure that the solvents were well mixed without emulsifying them (Figure 

10). Due to the difference in density, the water phase (higher density than solvent) 

remained at the bottom and was poured directly from the bottom tap into an Erlenmeyer 

flask. 

 

 

 

Figure 9. Alkaline hydrolysis of the standardized extract of C. asiatica 

 

EtOAc phase was transferred from the funnel's upper chamber to a volumetric flask. This 

partitioning procedure was carried out three times. The EtOAc phase in the volumetric 

flask (250 ml) was evaporated at 45-50 ºC in the rotavapor. Following that, the volumetric 

flask was washed three times with MeOH, and the MeOH solution was transferred to a 

previously tared vial. The vial was placed in a vacuum-free Speedvac and centrifuged 

(1500 rpm, 4 h, 35 ℃) until no change in the weight was observed. The dry matter content 

in the vial was determined by precision balance. 

 

• Vial tare = 14.4483 g 

• The amount of substance = 121 mg 
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2.2.2.3. Purification of the EtOAc phase obtained from alkaline 

hydrolysis 

 

121 mg of the substance was dissolved with MeOH in a vial to purify the EtOAc 

phase, a small amount of silica gel was added and the mixture was reintroduced into the 

Speedvac for centrifugation. n-Hexane:EtOAc:MeOH (10:10:0.5) was used as the mobile 

phase. 37 g of silica gel was suspended with starting mobile phase system, loaded onto a 

glass column, and then the column was conditioned by passing about 500 ml of the mobile 

phase. The substance dried into the Speedvac was subjected to the column, and fractions 

were collected in test tubes that passed the mobile phase. 

 

 

 

Figure 10. EtOAc partition of the alkaline hydrolysis reaction 

 

n-Hexane:EtOAc:MeOH (10:10:3) system was used as mobile phase for all 

fractions for TLC screenings, and the samples were spotted 15 times, whereas the 

standard sample was spotted only once, due to its high concentration. The major bands 

began to be visible after Fr. 85 fraction. Therefore, the solvent system was polarized to 

n-Hexane:EtOAc:MeOH (10:10:1.5) as from Fr. 90. The column was halted at Fr. 168. 

The fractions having similar TLC profiles were combined and evaporated under 

vacuum at 50 ºC by the rotavapor. The evaporated fractions were dissolved with MeOH 

and transferred to the previously tared vials and centrifuged into Speedvac at 40 ºC. The 

purity of all fractions was screened by the TLC method (four spots for the samples and 
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one spot for the standard). The combined fractions and their amounts were given in Table 

6. 

According to the TLC images, four fractions from Fr.74-84 to Fr. 131-168 (47.2 

mg) were combined for further purification and evaporated under vacuum at 50 ºC. 

Evaporated samples were subjected to 13 g silica gel which was conditioned with 200 ml 

CHCl3:MeOH:H2O (95:5:0.1) starting mobile phase system. The mobile phase system 

was polarized (92:8:0.5) after Fr. 6 according to the TLC chromatogram of the fractions. 

It was figured out that the first substance started to show up at Fr. 12. The column was 

halted at Fr. 57 and washed with acetone. 

 

Table 6. The amounts of fractions 

 

 

Fractions 

 

Amount (mg) 

Fr. 1-19 5.5 

Fr. 20-22 0.5 

Fr. 23-24 0.1 

Fr. 25-47 5.3 

Fr. 48-63 6.2 

Fr. 64-73 2.5 

Fr. 74-84 7.1 

Fr. 85-104 16.3 

Fr. 105-130 18.1 

Fr. 131-168 5.7 

 

 

Overall TLC monitoring was performed for all fractions (shown in Figure 20). Fr. 

28-45 were combined and evaporated in rotavapor at 50 ºC. After evaporation, flasks 

were washed with MeOH (three times), the solution was then transferred to a pre-tared 

vial and coded as DD-GK-S(74-168)-S(28-45) since it was considered to be a pure 

compound. Precision balance was used to determine the amount of DD-GK-S(74-168)-

S(28-45) that was centrifuged into Speedvac in a vacuum-free environment. The isolation 

scheme of DD-GK-S(74-168)-S(28-45) was shown in Figure 12. 

 

• Vial tare = 14.4907 g 

• The amount of DD-GK-S(74-168)-S(28-45) = 22 mg 
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2.2.2.4. Isolation and purification of four major compounds from the 

standardized extract 

 

Medium pressure liquid chromatography (MPLC) column was prepared for the 

isolation process of the standardized extract of C. asiatica (Figure 11). 100 g of RP-C18 

silica gel was conditioned to the column after suspending it with approximately 250 ml 

MeOH:H2O (40:60). 3 g of the standardized extract of C. asiatica was dissolved in 

starting mobile phase system and was subjected to the column. The peristaltic pump was 

run at 15 rpm. TLC analysis was performed with CHCl3:MeOH:H2O (61:32:7) for each 

of the fractions that were collected. While non-polar bands were observed first 37 

fractions, more polar bands were observed after Fr. 38. The system was polarized after 

Fr. 38 with 45:55 (MeOH:H2O) mobile phase system. The column was halted at Fr. 225 

and washed with dimethyl sulfoxide (DMSO). 

 

 

 

Figure 11. Image of MPLC column system 

 

Combined fractions were given in Table 7. Combined fractions were dried under 

vacuum at 50 ºC by the rotavapor. Evaporated fractions were then dissolved in 65% tert-

BuOH:H2O mixture in an ultrasonic bath and were then transferred to pre-tared vials. 
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Samples were frozen at -80 ºC. Furthermore, the frozen samples were placed into the 

freeze dryer for lyophilization (-59 ºC, 0.33 mbar). 

70 mg specimens from saponin-rich lyophilized fractions (Fr. 64-74 and Fr. 151-

169 were encoded as DD-GK-01 and DD-GK-02, respectively) were taken to reaction 

vials and then dissolved with 5 ml NaOH-H2O (1 M) alkaline solution [4.5 ml dH2O and 

0.5 ml NaOH (10 M)] in an ultrasonic bath. The reaction was performed according to the 

alkaline hydrolysis procedure described in Section 2.2.2.1. TLC screenings were used to 

examine n-BuOH and EtOAc partitions. It was decided that partition would be carried 

out for both fractions using EtOAc. The hydrolysis residue of Fr. 64-74 was found to have 

sufficient purity and was coded as DD-GK-03. 

 

Table 7. The amounts of MPLC column fractions 

 

 

Fractions 

 

Amounts (mg) 

1) Fr. 0-2 35.3 

2) Fr. 3-5 18.7 

3) Fr. 6-14 55.1 

4) Fr. 15-28 42.2 

5) Fr. 29-35 19.7 

6) Fr. 36-41 55.4 

7) Fr. 42-43 42.1 

8) Fr. 44-52 296 

9) Fr. 53-63 572.7 

10) Fr. 64-74 452.4 

11) Fr. 75-89 314.2 

12) Fr. 90-126 307.3 

13) Fr. 127-143 76.8 

14) Fr. 144-150 154.3 

15) Fr. 151-169 147.6 

16) Fr. 170-188 99.8 

17) Fr. 189-206 33.5 

18) Fr. 207-224 12.5 

 

 

Vacuum liquid chromatography (VLC) was set up to remove hydrolysis residues 

of Fr. 151-169 with RP-C18 silica gel (Figure 13). 20 g of RP-C18 silica gel was 

suspended in MeOH and approximately 200 ml of MeOH was used to condition the 

column. The initial mobile phase system of the column was MeOH:H2O (60:40).
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Figure 12. The isolation scheme of DD-GK-S(74-168)-S(28-45)
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Fr. 151-169 was dissolved with MeOH, mixed with RP-C18 silica gel, and centrifuged in 

Speedvac under vacuum. The dried sample was subjected to column and the fraction 

profiles were monitored on TLC using CHCl3:MeOH:H2O (80:20:2) mobile phase 

system. Bands had become more visible since the first fraction where there was no 

separation. For this reason, the column was washed with MeOH, fractions were 

recombined and evaporated in rotavapor.  

Recombined fractions (Fr. 151-169) were subjected to silica gel (35 g) column 

using CHCl3:MeOH:H2O (95:5:0.5) mobile phase system and CHCl3:MeOH:H2O 

(85:15:1) mobile phase system was used for TLC. Bands were visible as from Fr. 10, Fr. 

11-25 were combined, and fractions RP(151-169)Hydrolysis-S(11-25) were coded as DD-

GK-04. 

 

 

 

Figure 13. Image of VLC column system 

 

Since DD-GK-01, DD-GK-02, DD-GK-03, and DD-GK-04 had impurities, they 

were weighed in vials separately 40, 40, 58.4, and 53.8 mg, respectively and dissolved 

with MeOH. The samples were subjected to Sephadex LH-20 (20 g) column using MeOH 

as mobile phase to get rid of the present impurities (Table 8). All fractions that were 

collected from columns were lyophilized [samples were frozen at -80 ºC, then frozen 

samples were placed into freeze dryer for lyophilization (-59 ºC, 0.33 mbar)]. The 

structures of four purified compounds (DD-GK-01, DD-GK-02, DD-GK-03, and DD-

GK-04) were elucidated by spectral methods (1D-, 2D-NMR, and HR-ESI-MS). The 

isolation scheme of the metabolites was given in Figure 14.
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Figure 14. The isolation scheme of DD-GK-01, DD-GK-02, DD-GK-03, and DD-GK-04
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Table 8. Fractions of metabolites collected from Sephadex LH-20 column and amounts of 

lyophilized substances 

 

 

Metabolites 

 

Combined 

fractions 

 

Amounts (mg) 

 

DD-GK-01 

 

Fr. 8-11 

 

29.5 

 

DD-GK-02 

 

Fr. 9-30 

 

27.3 

 

DD-GK-03 

 

Fr. 5-16 

 

31.2 

 

DD-GK-04 

 

Fr. 4-11 

 

29.9 

 

 

2.2.3. Bioactivity Studies 

 

 The bioactivity studies in this thesis were explained briefly in this section. 

 

2.2.3.1. Cell culture studies  

 

Cell viability of MRC-5 (Human lung fibroblast cell line) cells were investigated. 

Certain concentrations of compounds were applied to the cells under standard culture and 

oxidative stress (H2O2) conditions. Briefly, cells were grown in a 100 mm tissue culture 

petri dish with DMEM (supplemented with 10% FBS and 1% L-glutamine, without 

antibiotics) at 37 ºC in a humidified incubator with 5% CO2. When the cells reached 80-

90% confluency, they were detached from the surface using trypsin-EDTA solution 

(0.25% trypsin, 0.02% EDTA), counted using a hemocytometer (Neubauer) and seeded 

6 x 103 cells/well in 96-well plates, and incubated at 37 ºC in a humidified incubator with 

5% CO2 for 24 h. 

HEKn cells were cultured in a nutrient medium that contained the components 

mentioned in Table 5 and was incubated overnight at 37 ºC in an atmosphere of 5% CO2 

in a humidified incubator. Cells were seeded at 2.5-5 x 103 cell/cm2 and the medium was 

changed after 24 h. The next day metabolites dissolved in DMSO were subjected to cells 

and incubated for 24 h at 37 ºC in an atmosphere of 5% CO2 in a humidified incubator. 
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2.2.3.2. Cell proliferation studies (MTT assay) 

 

Stock solutions were prepared in DMSO (5 mg/ml or 5 mM) and stored at -20 ºC 

until use. Cells were subjected to metabolites with different concentrations in triplicates 

and incubated for 72 h in a humidified incubator at 37 ºC with 5% CO2. The final 

concentration of DMSO in media was 0.2%. Cell viability was determined by the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay at the end of each 

day (24, 48, and 72 h) according to the manufacturer’s instructions. Briefly, the existing 

media was replaced with 100 µl of fresh media including 10% MTT (5 µg/ml final 

concentration). After 3 h incubation time, MTT solution was removed and formazan 

crystals were dissolved with 100 µl DMSO for 15 minutes in a rotary shaker incubator at 

room temperature. Then, absorbance was measured at 570 nm via a micro-plate reader. 

The results were normalized to DMSO control (0.2%) and were represented as 

percentages. 

To evaluate the effects of compounds and the extract under oxidative stress, two 

methods were applied. Firstly, MRC-5 cells were exposed to H2O2 (50µM) for 2 h and 

H2O2 was removed and wells were washed with 1x PBS twice. After washing, media 

containing different concentrations of compounds were added to the wells and incubated 

for 24 h. Secondly, cells were treated with different concentrations of compounds for 4 

h. After incubation, existing media was removed and cells were exposed to H2O2 (50µM) 

for 2 h, then wells were washed with 1x PBS twice and different concentrations of the 

compounds were added to the wells again as described previously in the first condition.  

Finally, the MTT analysis was performed. 

 

2.2.3.3. Wound healing studies (Scratch assay) 

 

Wound closure effects of the extract and aglycone derivatives (DD-GK-03 and 

DD-GK-04) on MRC-5 cells were investigated via in vitro scratch assay. Briefly, MRC-

5 cells were cultivated with standard culture conditions and seeded on 48-well plates (5 

x 104 cells/well) and incubated at 37 ºC in a humidified incubator with 5% CO2 for 24 h. 

A linear scratch was created in the confluent monolayer by gently scraping with sterile 

200 µl pipette tips. Afterwards, the medium was removed and the surface was washed 

with PBS to remove cellular debris. After the washing step, compounds were added to 
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the wells at concentrations ranging from 2 to 300 nM and ng/ml (2, 10, 30, 100, 300 nM; 

and 2, 10, 30, 100, 300 ng/ml for the extract). DMSO (0.2%) was used as a control group. 

Promotion of the wound closures was observed by capturing micrographs (4x objective) 

with an inverted light microscope at 0, 24, and 36 h, respectively. The wound closure at 

each time point was analyzed by using the ImageJ and TScratch softwares and results 

were quantified by normalization to DMSO control and were represented as percentages. 

 

2.2.3.4. Immunoblotting studies 

 

The effects of the standardized extract of C. asiatica and major compounds to the 

hTERT protein level on the HEKn cell line were investigated by in vitro immunoblotting 

assay. 

 

2.2.3.4.1. Protein isolation 

 

After the treatment period, the cells were detached by trypsinization and were 

transferred to Eppendorf tubes with cold 1x PBS and were centrifugated at 10000 g at 4 

ºC for 3 minutes (three times) and the supernatant was discarded after centrifugation. 

Depending on the amount of cell pellet in isolation, the PBS+PIC mixture was added to 

the Eppendorf and vortexed for 15 seconds. Afterward, a volume of 2x RIPA+PIC 

mixture equal to PBS+PIC was added and vortexed for another 15 seconds. The aim here 

was to expose the cell contents by crashing the cell membrane with the detergent effect 

of RIPA and the physical effect of a vortex. The vortexing process was repeated every 5 

minutes fives times. After centrifugation at 15000 g at 4 ºC for 15 minutes, the supernatant 

(cell residues considered to pass into solution since the membrane integrity was disrupted) 

was carefully taken and transferred to new Eppendorf tubes. 

 

2.2.3.4.2. Determination of protein amount 

 

The amount of protein in the cell contents (lysate) released as a result of crashing 

the cell membrane was determined using the BCA protein assay kit. The BCA protein 

assay is a test to determine the total amount of protein in a solution. The total protein 

concentration is determined by measuring the color change from green to purple in the 
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sample solution. For this purpose, 8 µl dH2O and 2 µl samples were added to each well 

of the 96 well-plate with three replicates. 200 µl of BCA solution (reagent A and B in a 

50:1 ratio) was added to the wells and the plate was mixed in an orbital shaker for 1 

minute. The plate was wrapped with aluminum foil and incubated for 30 minutes so that 

it was not affected by light as it is a light-sensitive experiment. After incubation, 

absorbance was measured at 562 nm wavelength against the blank (1x PBS+2x RIPA). 

The average of the absorbance values was calculated and the protein concentrations were 

determined by entering the absorbances into the line equation drawn with the standard 

solution (bovine serum albumin). 

 

2.2.3.4.3. Separation of proteins by SDS-PAGE 

 

SDS-PAGE gel pouring apparatus and a separation gel with a 10% concentration 

were prepared. A strong oxidizing agent, Ammonium Persulfate, was added to gel 

solutions to initiate the polymerization process. As air contact prevents polymerization, 

the gel was covered with isopropyl alcohol as soon as it was poured. After polymerization, 

the supernatant was decanted and washed with dH2O (four times). Then the prepared 

stacking gel was poured onto the separation gel. A comb was placed on the gel,  forming 

the wells and the gel was allowed to solidify for 45 minutes. The gel was separated from 

the apparatus and placed into the electrophoresis tank. The tank was filled with 1x running 

buffer. Before use, 10% β-Mercaptoethanol was added to the required volume of 4x 

loading buffer and centrifuged short time. 

The total volume of the samples to be loaded was completed to 30 µl by adding 

dH2O (22.5 µl) and 4x loading buffer (7.5 µl) on top of the volume corresponding to 50-

100 µg of protein lysates. Prepared protein samples were denatured at 95 ºC for 5 minutes 

and centrifuged for a short time before loading onto the gel. The compositions of the 

stacking and resolving gels were shown in Table 9. Samples were carefully applied to the 

wells and electrophoresis was performed at 60 V for stacking gel and 120 V for separating 

gel for approximately 120 minutes. 
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Table 9. Preparation of stacking and resolving gels 

 

Resolving gel 

Gel percentage 10% 

Acrylamide (30%) 3.33 ml 

4x Resolving Buffer 2.5 ml 

Distilled water 4.1 ml 

AP (10%) 75 µl 

 

 

Stacking Gel 

Acrylamide (30%) 0.35 ml 

4x Stacking Buffer 0.75 ml 

Distilled water 1.9 ml 

AP (10%) 25 µl 

 

 

2.2.3.4.4. Transfer to Polyvinylidene Difluoride (PVDF) membrane 

 

Western Blot sandwich apparatus includes a sponge, two Whatman filter papers, 

gel on which proteins walk, and a PVDF membrane, respectively, were placed in the 

cassette for transfer. 1x transfer buffer was poured into the cassette, transfer of proteins 

onto the PVDF membrane was achieved by applying a current of 300 mA for 90 minutes 

on ice or at 20-40 mA overnight at room temperature. 

 

2.2.3.4.5. Blocking, primary and secondary antibodies labeling 

 

Non-protein binding sites were blocked after transfer to the PVDF membrane to 

prevent non-specific linkages between protein and antibodies. For this purpose, the 

membrane was incubated on an orbital shaker for 40 minutes at room temperature with 

5% milk solution prepared and 1x washing buffer. After blocking, the membrane was 

washed with 1x washing buffer for 5 minutes and incubated with a primary antibody for 
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1 h at room temperature or overnight in a cold room (+4 ºC). After the primary antibody 

treatment, the membrane was washed 5 times for 5 minutes with 1x washing buffer. Then, 

it was incubated with an HRP enzyme-linked mouse secondary antibody for 1 h at room 

temperature on an orbital shaker. After the last washing step for 30 minutes, 

chemiluminescence images were taken using an ECL substrate with a Vilber Lourmat Fx-

7 imaging system. 

 

2.2.4. Statistical analyses 

 

The data was represented as mean ± standard deviation (SD). The statistical 

significance was determined by One-way analysis of variance (ANOVA) with 

Dunnettpost-hoc correction (GraphPad Prism version 8). P < 0.05 was considered 

statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001). 
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CHAPTER 3 

 

RESULTS AND DISCUSSION 

 

In this section, results of isolation studies performed on the standardized extract 

of C. asiatica, spectral elucidation of the isolates, and biological activities were described 

and discussed in comparison with previous reports. 

 

3.1. Isolation and purification studies 

 

The isolation and purification studies of pure major compounds were explained 

briefly in this section. 

 

3.1.1. Determination of proper solvent systems to be used in 

chromatographic separations 

 

The sample was prepared by dissolving the standardized extract of C. asiatica 

with MeOH. TLC screenings were performed in various mobile phase systems along with 

different ratios. According to the product sheet of the standardized powder extract of C. 

asiatica [Kingherbs Limited Company (China)], the phytochemicals composition of the 

extract contains more than %80 triterpenoid saponins which are AS (23.91%), MS 

(31.75%) and terminoloside (25.41%). As terminoloside (oleanane) and MS (ursane) 

molecules are structural isomers. Because the bands of these two molecules overlap, only 

two major bands were observed on TLC profiles in Figures 15 and 16. The lack of polarity 

difference between the molecules prevents them to be differentiated in TLC screenings. 

Isolation of the metabolites studies mainly focused on the purification of major 

compounds which were not isomers (MS and AS). In a study, an HPLC system was 

developed to separate the isomers. Beta-cyclodextrin (β-CD) was added to the mobile 

phase as an additive, achieving separation providing a high resolution. The differences in 

molecular structures between isomers produce different inclusion forces, leading to 

different chromatographic behaviors. It was hypothesized that the separation of the 

isomers might be due to the different inclusion forces of complexes with β-CD (Kai et 
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al., 2008; J. Pan et al., 2007). This distinction was not achieved via liquid chromatography 

experiments that we performed throughout the thesis.  

CHCl3:MeOH:H2O system was chosen as a TLC mobile phase system with a ratio 

of 61:32:7 to separate glycosides from each other. (Figure 15). 

 

 

 

Figure 15. TLC chromatograms of the general phytochemical profiles of the extract dissolved in 

MeOH under UV365, using silica gel plate, mobile phases; 90:10; CHCl3:MeOH (A), 

80:20:2; CHCl3:MeOH:H2O (B), 61:32:7; CHCl3:MeOH:H2O (C) 

 

 

 

Figure 16. TLC chromatograms of the general phytochemical profiles of the extract dissolved in 

MeOH under UV365, using silica gel plate, mobile phases; 80:25:20; 

A B C 

A B C 

AS 

MS 
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EtOAc:MeOH:H2O (A), 100:25:20; EtOAc:MeOH:H2O (B), 8:4:2; EtOAc:2-

propanol:H2O (C) 

 

Phytochemical profiles were also screened on an RP-C18 silica gel plate to decide 

the column system which will use for isolation (Figure 17). According to the TLC images, 

MeOH:H2O system (40:60) was chosen to be the mobile phase for the RP-C18 silica gel 

columns. 

 

 

 

Figure 17. TLC chromatograms of the general phytochemical profiles of the extract dissolved in 

MeOH under UV365, using reverse phase (RP-C18) silica gel plate, mobile phases; 

40:60; ACN:H2O (A), 70:30; MeOH:H2O (B), 40:60; MeOH:H2O (C) 

 

RP-C18 columns were used to separate major glycosides. Alkaline hydrolysis was 

performed to obtain aglycones derivatives by hydrolyzing sugar moieties. TLC 

chromatogram for the products obtained using the alkaline hydrolysis method, mentioned 

in 2.2.2.1, was shown in Figure 18. 

 

3.1.2. Alkaline hydrolysis of the standardized extract of C. asiatica 

 

Two major saponin glycosides of the standardized extract of C. asiatica (MS and 

AS) contain an ester bond at C-28 position and three sugar moieties (glucose-glucose-

rhamnose) attached to this bond (Shao et al., 2017). Ester bonds are commonly found in 

A B C 
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several secondary metabolites. An ester bond is defined as a chemical bond between an 

alcohol group (-OH) and a carboxylic acid group (-COOH). 

 

 

 

Figure 18. TLC chromatograms of the extract for alkaline hydrolysis residues after n-BuOH and 

EtOAc partitions under UV365, using silica gel plate, mobile phases; 80:20:2; 

CHCl3:MeOH:H2O (A), 10:10:3; n-Hexane:EtOAc:MeOH (B), 110:10:5; 

EtOAc:MeOH:H2O (C) 

 

Ester bonds are relatively weak and can be easily hydrolyzed in acidic/alkaline 

environments. In an alkaline medium, hydroxides form a carboxylic acid at the C-28 

position by cleaving the ester bonds and thus creating an aglycone structure (Theodorou 

et al., 2007). 

In alkaline hydrolysis reaction, ester bonds in saponin glycosides of the 

standardized extract of C. asiatica were cleaved by NaOH (10 M) with a pH of about 13-

14, and aglycones were separated from the by-products using EtOAc partition. 

 

3.1.3. Isolation of DD-GK-S(74-168)-S(28-45) 

 

Sugar moieties of the standardized extract of C. asiatica were removed by alkaline 

hydrolysis followed by EtOAc partitioning. The EtOAc fraction was subjected to a silica 

gel column as mentioned in Section 2.2.2.2. The TLC chromatogram showing the 

combined fractions were described in Figure 19. 

A B C 

AA 

MA 
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Figure 19. TLC chromatograms of combined fractions; view under daylight and UV365 (A), after 

spraying (B), silica gel plate, mobile phase; 10:10:3; n-Hexane:EtOAc:MeOH 

 

One of the major saponin glycosides that were isolated (thick band indicated by 

an arrow on the TLC plate) did not appear to be pure enough. For this reason, fractions 

between Fr.74-168 that were thought the thick band is relatively pure were collected and 

subjected to a silica gel column to remove potential impurities. CHCl3:MeOH:H2O 

mobile phase system was used that provided substantially cleaning of the minor 

substances. TLC spotting for the collected fractions was shown in Figure 20. Purified 

fractions were combined and dried under a vacuum. 22 mg of DD-GK-S(74-168)-S(28-

45), predicted to be MA, was obtained. 

 

 

3.1.4. Major compounds isolated by reverse phase silica gel (RP-C18) 

column system 

 

MPLC is a preparative column system that allows separation under pressure, the 

use of smaller particle size supports and increases the variety of stationary phases. 

Std 

AA 

MA 

Std 

AA 

MA 

B 

n-Hexane:EtOAc:MeOH (10:10:3) 

n-Hexane:EtOAc:MeOH (10:10:3) 

A 
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Figure 20. TLC chromatograms of S(74-168) combined fractions; view under daylight (A) and 

UV365 (B), after spraying using silica gel plate, mobile phases; 85:15:1; 

CHCl3:MeOH:H2O 

 

Unlike open column chromatography, it allows for more advanced separations. Also, the 

solid phase can be reused in the MPLC column system (Hostettmann & Terreaux, 2000). 

This system was used to isolate major compounds as a more pure state. 

To reduce the retention time of the analytes in the column, the polarity of the 

mobile phase was reduced as of Fr. 38 which was seen as the major bands. TLC 

chromatograms where the minor bands were observed (between Fr. 0-35) were given in 

Figure 21. Furthermore, the TLC chromatogram where the fractions were numbered in 

Table 7 was given in Figure 22. 

 

CHCl3:MeOH:H2O (85:15:1) 

CHCl3:MeOH:H2O (85:15:1) 

A 

B 

MA 
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Figure 21. TLC chromatograms of minor bands under UV365 after spraying, using silica gel plate, 

mobile phases; 61:32:7; CHCl3:MeOH:H2O 

 

 

 

 

Figure 22. TLC chromatogram of all fractions numbered under UV365 after spraying, using silica 

gel plate, mobile phases; 61:32:7; CHCl3:MeOH:H2O 

 

In figure 22, the major compounds were observed to be quite pure. As it could be 

seen on the TLC plate, there were saponin-rich fractions between numbers 6-18. It was 

estimated that Fr. 6-12 represents MS and Fr. 13-18 represents AS. All collected fractions 

were frozen at -80 ºC with 65% tert-BuOH and were subjected to lyophilization. Powder 

forms (lyophilized) of Fr. 64-74, Fr. 75-89 (MS), and Fr. 144-150 (AS) were subsequently 

shown in Figure 23. 

A B 

AS 

MS 

Std Std 

CHCl3:MeOH:H2O (61:32:7) CHCl3:MeOH:H2O (61:32:7) 

CHCl3:MeOH:H2O (61:32:7) 
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 MS and AS, ursane-type triterpenoid saponin glycosides, are major components 

of C. asiatica. The only difference between the molecular structure of two major 

compounds is MS has an -OH functional group at the C-6 position (Figure 26), 

conversely, AS does not contain (Figure 27) (Inamdar et al., 1996). Purified MS was in a 

salt-like form. On the other hand, AS was in a more cotton form (Figure 23). MS readily 

dissolved in dH2O and MeOH. However, AS was insoluble in water, it only dissolved in 

MeOH under the influence of temperature. 

 

 

 

 

Figure 23. Image of lyophilized fractions (Fr. 64-74, Fr. 75-89, and Fr. 144-150) 

 

The presence of an -OH functional group increases the polarity of the compounds. 

Accordingly, the fact that AS which is less polar than MS did not dissolve with a highly 

polar solvent like water is consistent with our observed findings. In an intravenous 

administration to rats, the apparent volume of distribution of AS (2.30 L/kg) was higher 

compared to MS (1.28 L/kg). This was due to the superior lipophilic properties of AS. 

AS diffuses better in lipophilic tissues and internal organs. A study in mice using a water-

soluble titrated extract of C. asiatica (TECA) showed that the oral bioavailability of MS 

and AS was very low (approximately 6%) when TECA (41.6% MS, 46.3% AS, 3.0% MA 

and 1.7% AA) were administered orally. Precursor compounds with poor oral 

bioavailability can be further developed as therapeutic agents (Hengjumrut et al., 2018). 

Furthermore, an alkaline hydrolysis reaction was applied to 70 mg of Fr. 64-74 

and Fr. 151-169 as mentioned in Section 2.2.2.2. to obtain aglycone derivatives by 
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cleaving sugar moieties of the glycosides. NaOH directly attacked the ester bond at the 

C-28 position, cleaving the bond and forming a carboxylic acid at the C-28 position. 

Sugar moieties that were separated from the aglycone structure were removed from the 

reaction solution by the partition method. TLC chromatograms of EtOAc and n-BuOH 

partitions which were applied to remove alkaline hydrolysis residues were shown in 

Figure 24. TLC chromatogram which is related to EtOAc partition of RP(64-74)Hydrolysis 

and RP(151-169)Hydrolysis were shown in Figure 25. 

 

 

 

Figure 24. TLC chromatogram of alkaline hydrolysis residues under UV365 after spraying, using 

silica gel plate, mobile phases; 80:20:2; CHCl3:MeOH:H2O 

 

Sugar moieties of the glycosides linked by an ester bond at C-28 position were 

cleaved by alkaline hydrolysis, subsequently, aglycone derivatives (MA and AA) were 

obtained. Since aglycone derivatives did not contain any sugar moieties, they had more 

hydrophobic properties than glycosides. Hydrophobic molecules are generally non-polar. 

It was clear that these properties influenced the activities of the compounds in biological 

activity studies. The standardized extract of C. asiatica always had a higher solubility 

compared to pure major compounds.  

As RP(64-74)Hydrolysis turned out to be quite pure, was lyophilized without the need 

for further processing. As for RP(151-169)Hydrolysis, it was figured out that there were 

impurities. To remove impurities, RP(151-169)Hydrolysis was once again passed through 

the silica gel column and then lyophilized. 

CHCl3:MeOH:H2O (80:20:2) 

n-BuOH   EtOAc 

RP(151-169)Hydrolysis 

Extract 

Standard 

Aglycone 

Standard 

n-BuOH   EtOAc 

RP(64-74)Hydrolysis 
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Figure 25. TLC chromatograms of EtOAc partition; RP(64-74)Hydrolysis (A), and RP(151-

169)Hydrolysis (B), under UV365 after spraying, using silica gel plate, mobile phases; 

80:20:2; CHCl3:MeOH:H2O 

 

Finally, Fr. 64-74, Fr. 151-169, RP(64-74)Hydrolysis, and RP(151-169)Hydrolysis-S(11-

25) were passed through the Sephadex LH-20 column that was encoded as DD-GK-01, 

DD-GK-02, DD-GK-03, and DD-GK-04, respectively. Structure identification of coded 

pure compounds was elucidated by spectral methods (1D-, 2D-NMR and HR-ESI-MS). 

 

 

3.2. Structure elucidation studies 

 

Two known saponins and two known sapogenins were obtained by a combination 

of chromatographic steps from the standardized extract of C asiatica. These molecules 

were elucidated based on spectroscopic methods (1D-NMR, 2D-NMR, and HR-ESI-MS). 

 

 

 

 

 

CHCl3:MeOH:H2O (80:20:2) CHCl3:MeOH:H2O (80:20:2) 

RP(151-169)Hydrolysis 

Residue 
Residue 
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3.2.1. Structure elucidation of DD-GK-01 

 

 

 

Figure 26. Chemical structure of DD-GK-01 

 

The spectroscopic data of DD-GK-01 was presented in Table 10. In the HR-ESI-

MS spectrum of DD-GK-01, a major ion peak was observed at m/z 997.4965 [M+Na]+ 

indicating the molecular formula as C48H78O20 (calc. 997.4984 for C48H78O20Na). 

The 1H-NMR spectrum of DD-GK-01 demonstrated signals of primary alcohol 

protons δ 4.36 and δ 4.02 (each d, J = 10.6 Hz, H2-23) in the down-field region, four 

tertiary methyl groups at δ 1.06, 1.69, 1.70 and 1.77 and two secondary methyl groups at 

δ 0.84 (d, J = 6 Hz, H3-30) and δ 0.90 (d, J = 6 Hz, H3-29) in the up-field region, which 

were attributed to characteristic resonances of a ursane-type triterpenic aglycone, which 

was common in C. asiatica chemistry. Besides, a secondary methyl group at δ 1.66 (d, J 

= 6.4 Hz) was readily assigned to H3-6
’’’ of the L-rhamnose moiety. Moreover, the 1H 

NMR spectrum of DD-GK-01 displayed three anomeric protons at δ 4.94 (d, J=7.9 Hz, 

H-1’’), 5.82 (s, H-1’’’) and 6.10 (d, J=8.1 Hz, H-1’) in the down-field region, indicative 

of two β-linked and one α-linked sugar units. These protons were correlated to carbons at 

δ 105.1, 102.8, and 95.9, respectively, in the HSQC spectrum (see Spectrum 10). Also, a 

trisubstituted double bond system was evident in the 1H-, 13C-NMR and DEPT-135 
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spectra (δC-12 126.6, d; δC-13 138.0, s; δH-12 5.52, d). The position of the double bond was 

justified via the 2D-NMR spectra of DD-GK-01. When the spectral data of DD-GK-01 

was compared with those of C. asiatica saponins, the structure was unambiguously 

determined as madecassoside (Du et al., 2004). 

 

Table 10. 1H- and 13C-NMR spectroscopic data of DD-GK-01, a) (in C5D5N, δ ppm, 1H: 500 MHz, 

13C: 125 MHz) 

 

H/C δC (ppm) δH (ppm), (J in Hz) 

1 50.7 t 2.34b); 1.45b) 

2 69.3 d 4.41b) 

3 78.2 d 4.23b) 

4 44.8 s - 

5 48.6 d 1.96b) 

6 67.7 d 5.05b) 

7 41.5 t 1.97b); 1.85b) 

8 39.8 s - 

9 48.8 d 1.96b) 

10 38.3 s - 

11 24.1 t 2.23b); 2.11b) 

12 126.6 d 5.46 d (9.1) 

13 138.0 s - 

14 43.3 s - 

15 28.9 t 2.48b); 1.12b) 

16 24.9 t 1.99b); 1.91b) 

17 48.7 s - 

18 53.5 d 2.47 b) 

19 39.6 d 1.33b) 

20 39.3 d 0.81b) 

21 31.0 t 1.32b); 1.18b) 

22 37.0 t 1.86b); 1.69b) 

23 66.1 t 4.36 b); 4.02b) 

24 16.3 q 1.70 s 

25 19.5 q 1.77 s 

26 19.5 q 1.69 s 

27 24.0 q 1.06 s 

28 176.5 s - 

29 17.6 q 0.90 d (6.0) 

30 21.5 q 0.84 d (6.0) 

1’ 95.9 d 6.10 d (8.1) 

2’ 73.9 d 4.11b) 

3’ 78.7 d 4.17b)  

4’ 71.0 d 4.31b) 

5’ 78.0 d 4.04b) 

6’ 69.5 t 4.62b); 4.25b) 

(cont. on next page) 
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Table 10 (cont.) 

H/C δC (ppm) δH (ppm), (J in Hz) 
1’’ 105.1 d 4.94 d (7.9) 

2’’ 75.5 d 3.91b) 

3’’ 76.6 d 4.11b) 

4’’ 78.3 d 4.36b) 

5’’ 77.3 d 3.60b) 

6’’ 61.4 t 4.17b); 4.04b) 

1’’’ 102.8 d 5.82 s 

2’’’ 72.7 d 4.64b) 

3’’’ 72.9 d 4.53b) 

4’’’ 74.1 d 4.31b) 

5’’’ 70.5 d 4.94b) 

6’’’ 18.7 q 1.66 d (6.4) 

a) Assignments are confirmed by 2D-COSY, HSQC, HMBC, and NOESY experiments.  

b) Signal pattern was unclear due to overlapping 

 

 

 

 

 

 

Spectrum 1. 1H-NMR spectrum of DD-GK-01 
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Spectrum 2. 13C-NMR spectrum of DD-GK-01 

 

3.2.2. Structure elucidation of DD-GK-02 

 

 

 

Figure 27. Chemical structure of DD-GK-02 
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DD-GK-02 is another saponin that was isolated from the standardized extract of 

C. asiatica. The spectroscopic data of DD-GK-02 was presented in Table 11. In the 

positive mode of HR-ESI-MS spectrum of DD-GK-02, the base ion peak was seen at m/z 

981.5024 [M+Na]+ suggesting the molecular formula as C48H78O19 (calc. 981.5035 for 

C48H78O19Na). When the MS data of DD-GK-02 was compared to that of DD-GK-01, a 

16 atomic mass unit difference was seen indicating the removal of one oxygen atom. 

Also, the lack of peaks (C6:67.7 d, H6:5.05 m) suggested that one hydroxyl group was 

lacking at C-6 position of the skeleton, which was further confirmed by 2D-NMR spectral 

data.  

The 1H-NMR spectrum of DD-GK-02 revealed primary alcohol signals at 4.20 

and δ 3.70 (each d, J = 8.4 Hz, H2-23) in the down-field region, four tertiary methyl groups 

at δ 1.06, 1.07, 1.10 and 1.17 and two secondary methyl groups at δ 0.87 (d, J = 6 Hz, H3-

30) and δ 0.90 (d, J = 6.3 Hz, H3-29) in the up-field region which were ascribed to typical 

signals of a ursane-type triterpenic aglycone. Also, one secondary methyl group at δ 1.70 

(d, J = 6.2 Hz) belonging to H3-6
’’’ of L-rhamnose moiety was apparent. Additionally, the 

down-field region of the 1H-NMR spectrum of DD-GK-02 demonstrated three anomeric 

protons at δ 4.99 (d, J=7.7 Hz, H-1’’), 5.86 (s, H-1’’’) and 6.18 (d, J=8.2 Hz, H-1’). In 

the HSQC spectrum, these protons were correlated to carbons at δ 105.5, 103.2, and 96.2, 

respectively (see Spectrum 15). Also, the presence of a trisubstituted double bond system 

was apparent in the 1H-, 13C-NMR and DEPT-135 spectra (δC-12 126.5, d; δC-13 139.1, s; 

δH-12 5.37). The position of the olefinic bond was confirmed based on the 2D-NMR 

spectra of DD-GK-02. When the spectral data of DD-GK-02 was compared with those of 

C. asiatica saponins, the structure was clearly determined to be asiaticoside (Du et al., 

2004). 

 

Table 11. 1H- and 13C-NMR spectroscopic data of DD-GK-02, a) (in C5D5N, 1H:500 MHz, 13C: 

125 MHz) 

 

H/C δC (ppm) δH (ppm), (J in Hz) 

1 48.2 t 2.28b); 1.35b) 

2 69.1 d 4.25b) 

3 78.2 d 4.22b) 

4 43.9 s - 

5 47.9 d 1.78b) 

6 18.7 t 1.40b) 

(cont. on next page) 
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Table 11 (cont.) 

H/C δC (ppm) δH (ppm), (J in Hz) 

7 33.3 t 1.64b); 1.32b) 
8 40.3 s - 

9 47.6 d 1.78b) 

10 38.5 s - 

11 23.9 t 1.98b) 

12 126.2 d 5.37b) 

13 138.7 s - 

14 42.7 s - 

15 28.9 t 2.37b); 1.07b) 

16 24.7 t 2.98b); 1.90b) 

17 48.3 s - 

18 53.4 d 2.44 d (11.0) 

19 39.5 d 1.32b) 

20 39.2 d 0.80b) 

21 31.0 t 1.32b); 1.19b) 

22 37.0 t 1.87b); 1.72b) 

23 66.4 t 4.18 d (8.4), 3.67 d (8.4) 

24 14.7 q 1.03 s 

25 17.9 q 1.07 s 

26 18.0 q 1.14 s 

27 23.9 q 1.04 s 

28 176.5 s - 

29 17.6 q 0.87 d (6.3) 

30 21.5 q 0.84 d (6.0) 

1’ 95.8 d 6.15 d (8.2) 

2’ 73.9 d 4.11b) 

3’ 78.8 d 4.20b) 

4’ 71.0 d 4.30b) 

5’ 78.1 d 4.06b) 

6’ 69.5 t 4.64b); 4.27b) 

1’’ 105.1 d 4.96 d (7.7)  
2’’ 75.4 d 3.91 d (9.0) 

3’’ 76.6 d 4.11b) 

4’’ 78.2 d 4.39 d (8.9) 

5’’ 77.3 d 3.61b) 

6’’ 61.4 t 4.18b); 4.06b) 

1’’’ 102.8 d 5.82 s 

2’’’ 72.7 d 4.66b) 

3’’’ 72.9 d 4.54 d (9.0) 

4’’’ 74.1 d 4.33b) 

5’’’ 70.5 d 4.96b) 

6’’’ 18.7 q 1.67 d (6.2) 

a) Assignments are confirmed by 2D-COSY, HSQC, HMBC, and NOESY experiments.  

b) Signal pattern was unclear due to overlapping. 
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Spectrum 3. 1H-NMR spectrum of DD-GK-02 

 

 

 

 

Spectrum 4. 13C-NMR spectrum of DD-GK-02 
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3.2.3. Structure elucidation of DD-GK-03 

 

 

 

Figure 28. Chemical structure of DD-GK-03 

 

The spectroscopic data of DD-GK-03 was given in Table 12. The HR-ESI-MS 

spectrum observing a major peak at m/z 527.3337 [M+Na]+ infers the molecular formula 

as C30H48O6 (calc. 527.3349 for C30H48O6Na). 

The 1H-NMR spectrum of DD-GK-03 displayed characteristic signals of primary 

alcohol protons δ 4.38 and δ 4.03 (each d, J = 10.6 Hz, H2-23) in the down-field region, 

four tertiary methyl groups at δ 1.18, 1.63, 1.71 and 1.76 and two secondary methyl 

groups at δ 0.92 (d, J = 5.8 Hz, H3-30) and δ 1.01 (d, J = 5.6 Hz, H3-29) in the up-field 

region, which were attributed to characteristic signals of a ursane-type triterpenic 

structure. Besides, deglycosylation from the C-28 position of the triterpenic skeleton was 

deduced since the resonances of sugar moiety were not observed in the 1H-NMR 

spectrum. This argument was justified via 1D- and 2D- NMR spectra. Furthermore, an 

oxo-bearing carbon atom at 67.8 ppm was apparent in the down-field region. This carbon 

was located onto the C-6 based on the COSY correlations from δ 2.00 (H-5) to δ 5.08 (H-

6) and subsequential δ 2.04 (H-7a), δ 1.83 (H-7b). Additionally, a trisubstituted double 

bond system was seen in the 1H-, 13C-NMR and DEPT-135 spectra (δC-12 125.9, d; δC-13 

139.3, s; δH-12 5.56). The position of the double bond was determined based on the 2D-

NMR spectra of DD-GK-03. When the spectral data of DD-GK-03 was compared with 
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those of C. asiatica sapogenins, the structure was unambiguously determined as 

madecassic acid (Du et al., 2004). 

 

 

Table 12. 1H- and 13C-NMR spectroscopic data of DD-GK-03, a) (in C5D5N, 1H: 500 MHz, 13C: 

125 MHz) 

 

Position δC (ppm) δH (ppm), (J in Hz) 

1 50.8 t 2.37 b); 1.49b) 

2 69.2 d 4.43b) 

3 78.2 d 4.24 d (9.2) 

4 44.9 s - 

5 48.8 d 2.00b) 

6 67.8 d 5.08b) 

7 41.6 t 2.04b); 1.83b) 

8 39.7 s - 

9 48.9 d 2.00b) 

10 38.4 s - 

11 24.2 t 2.24b); 2.15b)  

12 125.9 d 5.56 s 

13 139.3 s - 

14 43.4 s - 

15 29.0 t 2.50b); 1.18b) 

16 25.4 t 2.02b) 

17 48.6 s - 

18 54.2 d 2.68 d (11.0) 

19 39.9 d  1.47b) 

20 39.7 d 1.01b) 

21 31.6 t 1.41b) 

22 38.0 t 1.98b) 

23 66.2 t 4.38 d (10.6); 4.03 d (10.6) 

24 16.2 q 1.71 s 

25 19.5 q 1.76 s 

26 19.4 q 1.63 s 

27 24.4 q 1.18 s 

28 181.7 s - 

29 17.9 q 1.01 d (5.6) 

30 21.8 q 0.92 d (5.8) 

6-OH - 5.49 s 

a) Assignments are confirmed by 2D-COSY, HSQC, HMBC, and NOESY experiments. 

b) Signal pattern was unclear due to overlapping. 
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Spectrum 5. 1H-NMR spectrum of DD-GK-03 

 

 

 

 

Spectrum 6. 13C-NMR spectrum of DD-GK-03 
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3.2.4. Structure elucidation of DD-GK-04 

 

 

 

 

Figure 29. Chemical structure of DD-GK-04 

 

DD-GK-04 is another sapogenin isolated from the standardized extract of C. 

asiatica. The spectroscopic data of DD-GK-04 was shown in Table 13. HR-ESI-MS 

spectrum demonstrating major peak at m/z 511.3387 [M+Na]+ implied the molecular 

formula as C30H48O5 (calc. 511.3399 for C30H48O6Na). When the MS data of DD-GK-04 

was compared with DD-GK-03, a 16 atomic mass unit difference indicated the removal 

of one oxygen atom. Also, the lack of peaks (C6:67.8 d, H6:5.08 m) suggests that one 

hydroxyl group was lacking at C-6 position of the skeleton, which was further confirmed 

by 2D-NMR spectral data.  

The 1H NMR spectrum of DD-GK-04 showed the signals of primary alcohol 

protons δ 4.21 and δ 3.72 (each d, J = 10.1 Hz, H2-23) in the down-field regions, four 

tertiary methyl groups at δ 1.05, 1.05, 1.05 and 1.13 and two secondary methyl groups at 

δ 0.92 (d, J = 6.2 Hz, H3-30) and δ 0.96 (d, J =6.4 Hz, H3-29) in the up-field region, which 

were attributed to particular resonances of a ursane-type triterpenic framework. Besides, 

deglycosylation from the C-28 position of the triterpenic skeleton was inferred since the 

resonances of sugar moiety were not seen in the 1H-NMR spectrum. This inference was 

confirmed via 1D- and 2D-NMR spectra. Moreover, a trisubstituted double bond system 

was evident in the 1H-, 13C-NMR and DEPT-135 spectra (δC-12 125.9, d; δC-13 139.6, s; 
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δH-12 5.45). The location of the double bond was established based on the 2D-NMR 

spectra of DD-GK-04. When the spectral data of DD-GK-04 was compared with those of 

C. asiatica sapogenins, the structure was clearly determined as asiatic acid (Du et al., 

2004). 

 

 

Table 13. 1H and 13C NMR spectroscopic data of DD-GK-04, a) (in C5D5N, 1H: 500 MHz, 13C: 

125 MHz) 

 

Position δC (ppm) δH (ppm), (J in Hz) 

1 48.2 t 2.28 b); 1.35b) 

2 69.2 d 4.26 ddd (9.9, 8.2, 4.1) 

3 78.4 d 4.23 d (8.2) 

4 44.0 s - 

5 48.1 d 1.82b) 

6 18.8 t 1.71b); 1.41b) 

7 33.4 t 1.68b); 1.33b) 

8 40.3 s - 

9 48.4 d 1.82b) 

10 38.6 s - 

11 24.1 t 2.00b)  

12 125.9 d 5.45 dd (5.8; 3.6) 

13 139.6 s - 

14 42.8 s - 

15 28.9 t 2.29b); 1.15b) 

16 25.2 t 2.05b); 1.94b) 

17 48.3 s - 

18 53.8 d 2.61 d (11.3) 

19 39.7 d  1.41b 

20 39.7 d 0.98b) 

21 31.4 t 1.43b); 1.34b) 

22 37.7 t 1.95b) 

23 66.6 t 4.21 d (10.1); 3.72 d (10.1) 

24 14.8 q 1.05 s 

25 17.8 q 1.05 s 

26 17.8 q 1.05 s 

27 24.2 q 1.13 s 

28 180.3 s - 

29 17.8 q 0.96 d (6.4) 

30 21.7 q 0.92 d (6.2) 

a) Assignments are confirmed by 2D-COSY, HSQC, HMBC, and NOESY experiments.  

b) Signal pattern was unclear due to overlapping. 
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Spectrum 7. 1H-NMR spectrum of DD-GK-04 

 

 

 

 

Spectrum 8. 13C-NMR spectrum of DD-GK-04 
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3.3. Results of biological activity studies 

 

3.3.1. Proliferative effects of DD-GK-S(74-168)-S(28-45) and the 

standardized extract of C. asiatica on MRC-5 cell line via MTT 

assay  

 

The effects of DD-GK-S(74-168)-S(28-45), i.e. MA, and the standardized extract 

of C. asiatica on the proliferation of MRC-5 cell line were investigated by the MTT assay. 

Cells were treated with different concentrations (1, 5, 12.5, 25, 50, 100, 125, 150, 300, 

1000 µg/ml) for 48 h and DMSO (0.2%) was used as control. Cell viability was calculated 

by reading absorbances at 570 nm using a plate reader. Cell viability (%) versus 

concentration graphs were drawn using the GraphPad Prism 8 software and were shown 

in Figures 30 and 31, respectively. 
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Figure 30. Proliferative effects of DD-GK-S(74-168)-S(28-45) on MRC-5 cell line at 48 h. Each 

concentration was repeated as a triplicate. DMSO was used as a solvent control. The 

significant differences of all concentrations versus DMSO were defined: *p < 0.05, 

**p < 0.01, ***p < 0.001, ****p < 0.0001 

 

It was observed that all of the tested concentrations caused a decrease in cell 

viability except (1 µg/ml) according to the obtained MTT assay results represented in 
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Figure 30. This might be due to the toxic effects of aglycone at relatively high 

concentrations (µg/ml), since the solubility problems may occur in pure compounds via 

the self-assembly nanoparticle formation. It can be concluded that most importantly cell 

damage occurred as a result of this aggregation. If there is any doubt about aggregation 

in solution, pure molecules could be applied with surfactants that will not affect the tests 

to avoid this. 
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Figure 31. Proliferative effects of the standardized extract of C. asiatica on MRC-5 cell line at 48 

h. Each concentration was repeated as a triplicate. DMSO was used as the solvent 

control. The significant differences of all concentrations versus DMSO were defined: 

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 

 

The graphic results showed that the extract has a proliferative effect on cell 

viability at µg/ml levels. In particular, significant increases were observed at 

concentrations of 5, 12.5, 25, 50, and 100 µg/ml. The viability of MRC-5 cells increased 

approximately by 40% at a concentration of 12.5 µg/ml, where the highest effect was 

reached. After carefully examining the graph, it was concluded that the viability rates 

started to decrease after the concentration of 12.5 µg/ml. Considering these data, it can 

be deduced that 12.5 µg/ml concentration is an optimum concentration for the extract. 

One of the most important reasons for the proliferative effect of the extract at high 

concentrations may be due to the synergetic effects of the compounds. It was also thought 

that the extract did not have any dissolution problems because of the presence of surface-

active agents such as saponin glycosides. 
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3.3.2. Proliferative effects of DD-GK-S(74-168)-S(28-45) and the 

standardized extract of C. asiatica on MRC-5 cell line via MTT 

assay under oxidative stress conditions 

 

The proliferation effect of DD-GK-S(74-168)-S(28-45) and the standardized 

extract of C. asiatica on the MRC-5 cell line under oxidative stress induced by H2O2 were 

investigated by the MTT assay. Cells were treated at desired concentrations of aglycone 

(10, 30, 100 and 300 nM) and the extract (10, 30, 100, 300, 500 and 1000 ng/ml) for 24 

h. DMSO (0.2%) and H2O2 were used as controls. Cell viability was calculated by reading 

absorbances at 570 nm using a plate reader. Cell viability (%) versus concentration graphs 

were drawn using the GraphPad Prism 8 software and were shown in Figures 32 and 33, 

respectively. 
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Figure 32. Proliferative effects of DD-GK-S(74-168)-S(28-45) on the MRC-5 cell line under 

oxidative stress conditions at 24 h. Pre-treatment before exposure to H2O2 A),  

Treatment after exposure to H2O2 B)  Each concentration was repeated as a triplicate. 

DMSO and H2O2 were used as control. The significant differences of all 

concentrations versus H2O2 control were defined: *p < 0.05, **p < 0.01, ***p < 0.001, 

****p < 0.0001 

 

Oxidative stress induced by H2O2 reduced cell viability by 20% compared to those 

of the DMSO control. Based on the results from previous studies, it was determined that 

aglycone causes cell death due to toxic effects at µg/ml concentration levels (Figure 30), 

A B 
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but it had a significant proliferative effect at nM concentration levels (Figure 32.A). 

Accordingly, it was understood that the pure molecules exhibited higher proliferative 

effects at low concentration ranges and did not cause cytotoxicity. The decrease in 

viability at 30 nM concentration may be due to an experimental error and/or the presence 

of colloidal structures formed by less soluble aglycones. Although these aggregates are 

invisible, they can provide such non-canonical responses. When Figure 32.B was 

examined, the toxic effects of oxidative stress induced by H2O2 were seen. Though the 

aglycone showed some resistance at 100 nM concentration, cell viability was reduced. 

The stress by H2O2-induced predominated on the pure molecule. 
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Figure 33. Proliferative effects of the standardized extract of C. asiatica on MRC-5 cell line under 

oxidative stress conditions at 24 h. Pre-treatment before exposure to H2O2 A), 

Treatment after exposure to H2O2 B) Each concentration was repeated as a triplicate. 

DMSO and H2O2 were used as control. The significant differences of all concentrations 

versus H2O2 control were defined: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 

 

The extract showed significant proliferative effects before being treated to 

exposure by H2O2 at ng/ml concentration levels. Reducing concentration levels did not 

affect the proliferative ability of the extract. Particularly, it almost reduplicated cell 

viability at 30 ng/ml concentration. Just as in Figure 31, non-canonical responses were 

observed again. Such non-canonical responses were seen in samples might be due to the 

reasons explained above. After being exposed to H2O2, surprisingly, it was noticed that 

the extract linearly developed a dose-dependent protection. The extract showed 
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statistically meaningful resistance to oxidative stress, especially at 500 and 1000 ng/ml 

concentrations, and showed a protective effect on cell viability. These findings showed 

that the standardized extract of C. asiatica could be useful preparation to harmful 

conditions in cellular metabolism such as oxidative stress. Based on these results, we 

concluded that the extract has protective effects against oxidative stress rather than 

reversing the damage due to oxidative stress. 

 

3.3.3. Proliferative effects of major compounds (madecassoside, 

madecassic acid, asiaticoside, asiatic acid) on MRC-5 cell line via 

MTT assay  

 

The effects of the major compounds (MS, MA, AS, AA) on the proliferation of 

MRC-5 cell lines were investigated using the MTT assay. Cells were treated with 

different concentrations (2, 10, 30, 100, 300 and 1000 nM) for 24 h. DMSO (0.2%) was 

used as a control. Cell viability was calculated by reading absorbances at 570 nm using a 

plate reader. Cell viability (%) versus concentration graphs were drawn using the 

GraphPad Prism 8 software and were shown in Figures 34 and 35, respectively. 
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Figure 34. Proliferative effects of madecassoside (A) and madecassic acid (B) on MRC-5 cell line 

at 24 h. Each concentration was repeated as a triplicate. DMSO was used as control. 

The significant differences of all concentrations versus DMSO control were defined: 

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 
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 MS and MA exhibited significant proliferative effects on the MRC-5 cell line. MS 

significantly and consistently increased viability by approximately 25% at all 

concentrations. Although, MS increased viability less compared to MA, its effectiveness 

at all concentrations may be an advantage providing a wide treatment range. Similarly, 

MA showed a proliferative effect at all concentrations (except 30 nM). Unlike MS, it 

showed a remarkably high proliferative effect at lower concentrations (about 60% at 2 

nM). When the concentrations of MA increased, the effects on vitality decreased 

proportionally. Considering these results, possible effects should be observed by treating 

concentrations lower than 2 nM for MA. 
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Figure 35. Proliferative effects of asiaticoside (A) and asiatic acid (B) on MRC-5 cell line at 24 

h. Each concentration was repeated as a triplicate. DMSO was used as control. The 

significant differences of all concentrations versus DMSO control were defined: *p < 

0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 

 

 AS and AA at certain concentrations, especially 300 nM, significantly (about 

50%) increased cell proliferation. The effects of AS increased in a dose-dependent 

manner. In contrast to MA, AA provided higher viability at higher doses. It should be 

discussed whether the absence/presence of the -OH group at C-6 position, which is the 

only difference between these two molecules, causes such a difference. Sugar moieties in 

glycosidic structures may interact with cells depending on the amount of their 

concentration, helping to accelerate cell migration. The graphs showed significant non-

canonical responses (especially in AS). It was thought that the reason for such non-
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canonical responses was due to colloidal structures formed by various compounds as 

above-mentioned or experimental errors rather than a compound-specific aggregation. 

Because glycosides such as AS and MS are more soluble but susceptible to actions of 

esterases to afford aglycones. Thus, further studies to explain colloid formation theory 

must be carried out. 

 

3.3.4. Wound closure effects of madecassic acid, asiatic acid, and the 

standardized extract of C. asiatica on MRC-5 cell line via Scratch 

assay 

 

 Wound closure effects of MA, AA, and the standardized extract of C. asiatica on 

MRC-5 cell line were investigated by the Scratch assay. Cells were treated with different 

concentrations (2, 10, 30, 100, 300 nM, and ng/ml) for 36 h. DMSO (0.2%) was used as 

a control. Open wounds were regularly examined and photographed under a microscope 

at 24 and 36 h. Photographs were compared at certain times and closure percentages were 

calculated using the ImageJ and TScratch softwares. Wound closure (%) versus 

concentration graphs at 24 h were drawn on GraphPad Prism 8 software and shown in 

Figures 36, 37, and 38, respectively. 
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Figure 36. Wound closure effect of madecassic acid on MRC-5 cell line at 24 h. Each 

concentration was repeated as a triplicate. DMSO was used as control. The 

significant differences of all concentrations versus DMSO control were defined: *p 

< 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 



 

69 

 

 It was observed that the madecassic acid, a known agent for its wound healing and 

proliferative effects, did not afford significant results on the opened wounds of MRC-5 

cell line compared to the control. When the graph was examined, although it seemed to 

close the wound approximately 50% faster than the control, especially at the 300 nM 

concentration, its high standard deviation rendered the values to be meaningless. While 

MA showed significant effects on cell proliferation as in Figures 32.A and 34.B, the 

reason for not significant effects to cell migration on the scratch assay may be due to the 

factors mentioned previously. In further studies, administrating aglycones to the cell 

medium together with surfactants may facilitate in overcoming such problems and 

obtaining more consistent results. 
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Figure 37. Wound closure effects of asiatic acid on MRC-5 cell line at 24 h. Each concentration 

was repeated as a triplicate. DMSO was used as control. The significant differences of 

all concentrations versus DMSO control were defined: *p < 0.05, **p < 0.01, ***p < 

0.001, ****p < 0.0001 

 

 Unsurprisingly, AA increased the cell migration in a dose-dependent manner 

(approximately 35%). Consistent with Figure 35.B, no effect was seen at 2 nM 

concentration, while the positive effects were observed at 30, 100, and 300 nM 

concentrations. Having superior lipophilic properties might be contributing to 

bioavailability; however, the above-mentioned explanation of colloidal particle formation 

becomes contradictory, and the results should be considered with intensely investigated 

further data. Besides these, it was also noteworthy to mention that while AA exhibited 

approximately 50% proliferation on MTT assay, it increased the cell migration rate by 

only 35%. 
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 The extract covered the wound area by approximately 40% in the concentration 

range of 10 to 300 nM. Similar to Figure 33.A, while the effect reached its highest value 

at 10 and 30 nM concentrations, a slight reduction in the effects was detected at 300 nM 

concentration. While it shows significant effects even at µg levels, the low effects at 300 

nM concentration were surprising. These results which both µg and ng levels are 

encouraging to perform further studies. 
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Figure 38. Wound closure effect of the standardized extract of C. asiatica on MRC-5 cell line at 

24 h. Each concentration was repeated as a triplicate. DMSO was used as control. The 

significant differences of all concentrations versus DMSO control were defined: *p < 

0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 

 

 It is rational to state that the extract exhibits more consistent and meaningful 

results compared to the pure molecules, which might be because of aforementioned 

assumptions. Additionally, it should be taken into consideration that there are many 

compounds of minute quantities in the extract, which could influence the potency in 

bioactivity screening studies. 

 

3.3.5.  The effects of major compounds and the standardized extract of 

C. asiatica on hTERT protein level on HEKn cell line via 

Immunoblotting assay 

 

 The effects of four major compounds (MS, MA, AS, AA) and the standardized 

extract of C. asiatica on hTERT protein level were examined using the immunoblotting 
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method. HEKn cells were treated with different concentrations of major compounds (3, 

30, 100, 300 nM) and the extract (10, 30, 100, 300, 1000 ng/ml) for 24 h. In 

chemiluminescence imaging, bands displayed on the PVDF membrane at approximately 

120 kDa refer to the presence of the hTERT protein. β-actin and GAPDH were used as 

loading controls corresponding to bands at 42 kDa and 36 kDa, respectively. 

Densitometric analyzes of Western Blot scanning were performed using ImageJ software. 

Integral areas at each concentration were determined on ImageJ separately for hTERT 

and loading controls (GAPDH/β-actin). The obtained values were calculated using 

Microsoft Excel software, the calculated values were normalized to DMSO control and 

graphs plotted relative level of hTERT versus concentration. 

 Western Blot gel images and densitometric analysis graphs obtained for major 

compounds (MS, MA, AS, AA) and the extract were given in Figures 39, 40, 41, 42, and 

43, respectively. 

 

 

 

 

 

 

 

 

Figure 39. Effects of MS on hTERT protein level at 24 h. Each concentration was repeated as a 

triplicate. GAPDH was used as the loading control. DMSO was used as the control. 

A) Western blot gel image, B) Densitometric analysis graph 
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 It was observed that HEKn cells treated with DMSO used as control, increased 

the hTERT protein level to a certain extent. This is an expected result that cells 

endogenously affect the hTERT protein level. When the Western Blot gel image and its 

densitometric analysis graph were examined, MS increased the hTERT protein level at 

all concentrations compared to the control. Particularly, the thick band observed at the 30 

nM concentration exhibited almost three times as high activity as the other 

concentrations. It was also highly consistent with the proliferation results in Figure 34.A. 

 

 

 

 

 

 

 

 

 

 

Figure 40. Effects of MA on hTERT protein level at 24 h. Each concentration was repeated as a 

triplicate. GAPDH was used as the loading control. DMSO was used as the control. 

A) Western blot gel image, B) Densitometric analysis graph. 
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Although MA slightly increased hTERT protein level at each concentration, no 

significant effects were observed. It might be necessary to further reduce the dose range 

to obtain greater effects with MA. Similar to the proliferation results, non-canonical 

responses were observed again.  

 

 

 

 

 

 

 

 

 

 

Figure 41. Effect of AS on hTERT protein level at 24 h. Each concentration was repeated as a 

triplicate. GAPDH was used as the loading control. DMSO was used as the control. 

A) Western blot gel image, B) Densitometric analysis graph 

 

AS showed high activity (4 to 5 fold) in comparison to the DMSO control at all 

concentrations. Specifically, the hTERT protein level increased 5.62-fold versus the 

control at 30 nM concentration. These valuable data also supported the proliferation data 

in Figure 35.A. Non-canonical responses seen in proliferation data were not seen in the 
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immunoblotting assay. It was also noteworthy that higher effects of both AS and MS 

glycosides occurred at 30 nM concentrations. 

 

 

 

 

 

 

 

 

 

Figure 42. Effects of AA on hTERT protein level at 24 h. Each concentration was repeated as a 

triplicate. GAPDH was used as the loading control. DMSO was used as the control. 

A) Western blot gel image, B) Densitometric analysis graph 

 

AA did not have a significant effect on the hTERT protein level like MA. It only 

showed an approximately two-fold (1.89) induction against DMSO at 3 nM 

concentration. Surprisingly, it showed activity at higher doses in proliferation and wound 

closure studies, while more significant activity at the lowest concentrations in the 

immunoblotting assay. The reason AA showed lower activity than expected might be due 

to the solubility issues again and/or not being held on to the loading control sufficiently. 
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Figure 43. Effects of the standardized extract of C. asiatica on hTERT protein level at 24 h. Each 

concentration was repeated as a triplicate. β-actin was used as the loading control. 

DMSO was used as the control. A) Western bot gel image, B) Densitometric analysis 

graph 

 

Unlike other samples, the concentration range of the extract was arranged between 

10 and 1000 ng/ml. Observing lower activity than the control at the 10 ng/ml 

concentration was most likely due to an experimental error or failure to bind to the loading 

control. When the gel images were examined, it was seen that as the concentration of the 

extract increased, the hTERT protein levels were up directly in a dose-dependent manner. 

The peak value was observed at 300 ng/ml (2.62-fold) concentration. The reason for the 

decrease in the hTERT protein level activity at 1000 ng/ml concentration could be due to 

exceeding the optimum concentration range. The significant effects of the standardized 

extract at higher concentrations were also consistent with the results obtained in previous 

biological activity studies (Figure 31, 33.A, and 39). Considering these results, it was 
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demonstrated that the standardized extract of C. asiatica increased the hTERT protein 

level in a dose-dependent manner.  

Saponin glycosides (MS and AS) contain an ester bond at C-28 and three sugar 

moieties extending from this position. Ester bonds can easily be cleaved by esterase 

enzymes (Shao et al., 2017). The standardized extract of C. asiatica has many compounds 

glycosidic in nature. When treating the extract to a cell medium, sugar moieties could rise 

solubility and thus help transportation of the extract through the cell membrane. The 

esterase enzymes in the cell might have easily cleave the ester bond transforming the 

compounds into aglycone forms. The aglycones and their synergistic interactions upon 

reaching the cell might be leading to higher activity. However, when aglycones were 

treated directly into the cell medium, non-canonical responses can occur as colloidal 

structures forming. Eventually, it is proposed herein that the sugar moieties do not have 

any effect on the biological activity; however, they assist to get over solubilization and 

so aggregation issues. 
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CHAPTER 4 

 

CONCLUSION 

 

Traditionally used C. asiatica plant as a well-known medicine has various 

pharmacological benefits including anti-diabetic, anti-bacterial, anti-inflammatory, anti-

cancer, anti-oxidant, cognitive function, hepatoprotective, and wound healing. Many in 

vitro and in vivo studies have proven that C. asiatica has beneficial effects on the body's 

wound healing process. Based on these studies, a number of commercial wound healing 

products have been developed and introduced to the market worldwide (Chandrika & 

Kumara., 2015; Azis et al., 2017). Recent findings have shown that the standardized 

extract of C. asiatica might be a potential telomerase activator (Tsoukalas et al., 2019). 

The remarkable biological activities of the standardized extract of C. asiatica are thought 

to be originating from two major triterpenic saponins (MS and AS) and their aglycones 

(MA and AA), constituting more than 80% of its phytochemical composition.  

In this thesis, pure major saponins (MS and AS) were isolated from the 

standardized powder extract of C. asiatica using chromatographic methods, and their 

aglycones (MA and AA) were prepared by alkaline hydrolysis reaction followed by 

purification. The chemical structures of the purified compounds were established by 

spectroscopic methods (1D-, 2D-NMR, and HR-ESI-MS). In vitro MTT and scratch 

assay's were performed on the purified compounds and the standardized extract of C. 

asiatica using MRC-5 cell line to examine the proliferative and cell migration effects, 

which provide information towards the treatment of skin-related disorders. Afterward, to 

examine the potential of C. asiatica as a telomerase activator, the effects of four pure 

compounds, and the standardized extract of C. asiatica on the hTERT protein level, a 

telomerase marker, were investigated by in vitro immunoblotting assay on HEKn cell 

line. 

All flow charts and amounts of the fractions isolated from the standardized extract 

of C. asiatica by chromatographic methods were given in Figures 11 and 14. The amounts 

of the compounds, their chemical structures, and the codes of the fractions used in 

biological activity studies were shown in Table 8. Since it is a growth-promoted cell line 

known to be frequently used in vitro wound healing experiments, cell proliferation and 
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migration studies have been conducted with MRC-5 cell line. HEKn is used on 

immunoblotting studies because it is a cell line used as a gold model in molecule 

screenings towards telomerase activation. The level of hTERT protein does not directly 

prove telomerase activation, but it is suggested to be one of the key markers. 

MS, a triterpenic saponoside, consistently increased the proliferation of the MRC-

5 cell line at all concentrations (approximately 25%) compared to control (DMSO). While 

it slightly increased the hTERT protein level on HEKn cell line at all concentrations, the 

increase was 3.16-fold at 30 nM concentration. AS significantly increased cell 

proliferation at certain concentrations (10, 300, and 1000 nM, about 50%), but exhibited 

non-canonical responses at 30 and 100 nM concentrations. Although it is suggested to be 

a bioavailable compound, the reason for such non-canonical results may be due to the 

concentration-specific aggregation behavior of AS or may indicate a mistake during 

experiments. Asiaticoside (AS) strikingly increased the hTERT protein level of the HEKn 

cell line by more than 4-fold at each concentration. The fact that the protein level 

increased 5.62-times at 30 nM, the highest activity observed, was quite valuable data 

supporting the potential of AS to be a telomerase activator. 

One of the aglycones, MA, increased cell proliferation by approximately 60% at 

low concentrations (2, and 10 nM), but caused cell death by generating a toxic effect at 

µg/ml concentration levels. Surprisingly, it did not increase the cell migration 

significantly on scratch assay studies versus the control group. It is hypothesized that the 

aglycone backbone forms colloidal structures that are invisible in the cell medium, 

leading to non-canonical responses. MA did not show any protective effects under H2O2-

induced oxidative stress conditions. Although hTERT level slightly increased, the effects 

were found to be low. The other aglycone derivative, AA, increased proliferation and 

migration dose-dependently on the MRC-5 cell line (approximately 50%) compared to 

MA. However, it similarly showed no significant effect on the hTERT protein level. One 

of the notable results of this thesis was that the effects of aglycone derivatives were lower 

than those of glycosides and the standardized extract. 

The standardized extract of C. asiatica showed proliferative effects on MRC-5 

cell line at concentrations ranging from 5 to 100 µg/ml. It also provided statistically 

meaningful results at 500-1000 ng/ml concentrations under H2O2-induced oxidative stress 

conditions. Although the extract was not effective to reverse the stress conditions, it was 

found to be cell protective. It accelerated cell migration in a dose-dependent manner 

(approximately 40%), and showed consistent data at all concentrations. The extract also 
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increased the hTERT protein level significantly on HEKn cell line at each concentration 

(except 10 ng/ml). It was seen that hTERT protein level was enhanced up to 3-times (2.62) 

compared to the control at 300 ng/ml. The standardized extract exhibited significant 

activities in all biological activity screenings, providing more consistent results than pure 

major molecules. However, the fact that it did not display a high effect on the increase of 

hTERT protein level like saponosides was an important finding in terms of understanding 

the effective fractions/components of C. asiatica.  

As mentioned above, the standardized extract of C. asiatica and glycosides (MS 

and AS) revealed higher activities and more consistent results than aglycone derivatives 

(MA and AA). In fact, aglycones that are generally treated in low concentration ranges 

are expected to exhibit significant activities. Based on the obtained results and our group's 

preliminary screenings with other members of triterpenoids, it is thought that the lower 

and non-canonical activities of the aglycones might be due to the formation of colloidal 

particles mentioned earlier. A reasonable explanation for the glycosides exhibiting more 

favorable results than aglycone derivatives would be: they are more soluble due to the 

presence of sugar moieties in their structures preventing aggregate formation, and 

increasing their bioavailabilities. Another hypothesis is: there are minor quantities of the 

aglycones in the extract, aggregation of which could be prevented due to the presence of 

saponin glycosides as surface-active agents, in turn increasing the bioavailability. If it is 

so, the sugar moieties do not contribute to biological activities. On the other hand, polar 

monodesmosidic saponin glycosides (AS and MS) possessing ester bond between C-28 

and sugar chain are susceptible to the action of esterase enzymes that results in cleavage 

and in turn formation of aglycones. Thus, it is proposed that all biological effects are due 

to aglycones, and their glycosidic forms are similar to pro-drugs responsible for in 

solution stability and transport. Additionally, it should be taken into consideration that 

there are many compounds of minute quantities in the extract, which could be highly 

active and enhance the potency in screening studies. One should also keep in mind that 

major glycosides and the other minor components of the extract may have synergistic 

effects from bioactivity point of view. This synergism might enable the extract to exert 

higher activities even over a wide range of concentrations.  

Although the standardized extract of C. asiatica and pure major compounds were 

administrated without any formulation, a number of valuable results were obtained. To 

have deep insight, further studies are warranted especially to optimize the activities of the 

extract, crude fractions as well as the major compounds by developing various 
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formulations. In addition, to shed light on the mechanism of action not only the pure 

compounds but combinations of them need to be studied in vitro and in vivo utilizing 

different models of tissue regeneration and aging. Additively, new target-specific 

derivatives of saponins/sapogenins originating from C. asiatica should be synthesized 

using methods such as semi-synthesis, biotransformation as well as click chemistry, and 

the effects of new derivatives on telomerase activation should be examined. Especially, 

the biotransformation studies will also provide valuable information regarding 

metabolism products of the triterpenoids from C. asiatica, including possible esterase 

metabolites. 

Lastly, the hTERT protein level results reveal that overriding basis of C. asiatica 

products for their wound healing properties, could likely be deriving from telomerase 

activation. The fact that there are a few telomerase activators available in the market 

makes telomerase activation studies on C. asiatica even more meaningful. It is clear that 

a new formulation with optimized telomerase activation can be produced from the 

standardized extract of C. asiatica, and its major compounds (MS, AS, MA, and AA) 

might have significant market values as single entities or in combination. However, 

studies on telomerase activation of C. asiatica are still very limited, and further 

mechanistic studies are especially necessary. This study, which is performed on HEKn 

cell line to detect the hTERT protein level, is the first one with C. asiatica. Our results 

are believed to have significant impact in the field particularly encouraging future 

research. 
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APPENDICES 

 

APPENDIX A. 

 

SPECTRUMS OF DD-GK-01, DD-GK-02, DD-GK-03, DD-

GK-04 

 

 

 

 

 

 

 

 

Spectrum 9. DEPT135 spectrum of DD-GK-01 
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Spectrum 10. HSQC spectrum of DD-GK-01 

 

 

 

Spectrum 11. HMBC spectrum of DD-GK-01 
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Spectrum 12. COSY spectrum of DD-GK-01 

 

 

 

 

Spectrum 13. NOESY spectrum of DD-GK-01 
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Spectrum 14. DEPT135 spectrum of DD-GK-02 

 

 

 

Spectrum 15. HSQC spectrum of DD-GK-02 
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Spectrum 16. HMBC spectrum of DD-GK-02 

 

 

 

Spectrum 17. COSY spectrum of DD-GK-02 
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Spectrum 18. NOESY spectrum of DD-GK-02 

 

 

 

 

 

Spectrum 19. DEPT135 spectrum of DD-GK-03 
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Spectrum 20. HSQC spectrum of DD-GK-03 

 

 

 

 

Spectrum 21. HMBC spectrum of DD-GK-03 
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Spectrum 22. COSY spectrum of DD-GK-03 

 

 

 

 

Spectrum 23. NOESY spectrum of DD-GK-03 
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Spectrum 24. DEPT135 spectrum of DD-GK-04 

 

 

 

 

Spectrum 25. HSQC spectrum of DD-GK-04 
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Spectrum 26. HMBC spectrum of DD-GK-04 

 

 

 

 

Spectrum 27. COSY spectrum of DD-GK-04 
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Spectrum 28. NOESY spectrum of DD-GK-04
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APPENDIX B. 

 

OPEN WOUND IMAGES OF MADECASSIC ACID, 

ASIATIC ACID, AND THE EXTRACT  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44. Open wound images of DMSO control at 0, 24, and 36 h 
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Figure 45. Open wound images of MA (2nM) at 0, 24, and 36 h 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46. Open wound images of MA (10nM) at 0, 24, and 36 h 
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Figure 47. Open wound images of MA (30nM) at 0, 24, and 36 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48. Open wound images of MA (100nM) at 0, 24, and 36 h 
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Figure 49. Open wound images of MA (300 nM) at 0, 24, and 36 h 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50. Open wound images of AA (2 nM) at 0, 24, and 36 h 
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Figure 51. Open wound images of AA (10 nM) at 0, 24, and 36 h 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 52. Open wound images of AA (30 nM) at 0, 24, and 36 h 
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Figure 53. Open wound images of AA (100 nM) at 0, 24, and 36 h 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54. Open wound images of AA (300 nM) at 0, 24, and 36 h 
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Figure 55. Open wound images of the extract (2 nM) at 0, 24, and 36 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56. Open wound images of the extract (10 nM) at 0, 24, and 36 h 
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Figure 57. Open wound images of the extract (30 nM) at 0, 24, and 36 h 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 58. Open wound images of the extract (100 nM) at 0, 24, and 36 h 
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Figure 59. Open wound images of the extract (300 nM) at 0, 24, and 36 h 
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