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ABSTRACT 

Clinacanthus nutans (C. nutans) and Strobilanthes crispus (S. crispus) both are well-known 

for their specific beneficial properties against different diseases. C. nutans is known to be 

anticancer and antiviral, especially against colon cancer, varicella-zoster virus, and herpes 

simplex virus. S. crispus has proven to be anti-diuretic and antidiabetic by multiple studies. 

In the previous studies, S. crispus extract showed promising results, capable of aiding in the 

wound healing process. Since C. nutans was commonly available as a balm in the traditional 

market, there is a high possibility that it contains antimicrobial and wound healing properties 

as well. Thus, this study aimed to confirm the medicinal benefits of C. nutans and S. crispus, 

specifically antimicrobial and wound healing properties. The C. nutans and S. crispus leaves 

were extracted with different polarity solvents; ethanol, acetone, and chloroform, through 

cold maceration and kept refrigerated at 2-8°C in the dark. The presence of phytochemicals, 

such as alkaloids, flavonoids, and saponin in the extracts were screened. These extracts were 

then assessed for their antioxidant potential by DPPH (2,2-diphenyl-1-picrylhydrazyl) free 

radical scavenging assay using ascorbic acid as standard; determination of Total Phenolic 

Content (TPC) and Total Flavonoids Content (TFC) using Gallic Acid and Rutin as standard, 

respectively. Disk Diffusion Assay was performed to determine their antimicrobial 

properties. Modified scratch assay by co-incubating skin fibroblast with Methicillin-resistant 

Staphylococcus aureus (MRSA) and treated with the C. nutans and S. crispus extracts to 

determine their wound healing effects. These extracts were observed at 1, 3, 6, 10, 24, and 

48 hours to investigate the cell migration activity depicting the closing up of wound. The 

phytochemical profiles for both C. nutans and S. crispus extracts were similar, except the C. 

nutans extracts have a higher saponin level compared with S. crispus extracts. The C. nutans 

acetone extract contained the highest level of antioxidant potential and TPC than the other 
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C. nutans extracts. However, the ethanol extract of C. nutans showed the highest TFC, which 

was corresponded to the flavonoid content obtained from the phytochemical screening. The 

highest TPC value was recorded by the S. crispus ethanol extract, while the TFC test revealed 

similar pattern results among these S. crispus extracts. The C. nutans extracts showed a zone 

of inhibition of 14 to 16 mm when treated on Ps. aeruginosa, while S. crispus extracts 

showed distinctive zone of inhibition range between 11 to 15 mm on Ps. aeruginosa. There 

was no positive result observed when the extracts were treated on other bacteria. Fibroblasts 

were sensitive to acetone extracts, and S. crispus extracts were proven to have higher toxicity 

during the MTT assay. During the scratch assay with extracts only, C. nutans extracts 

showed wound healing properties, whereas S. crispus extracts seemed to be delayed the 

wound healing activity. However, when MRSA was added for the co-incubation, S. crispus 

extracts showed inhibition against the growth of MRSA and aided the wound healing activity, 

but this situation did not demonstrate in C. nutans extracts. The C. nutans and S. crispus 

extracts exhibited strong antioxidant and antimicrobial properties. C. nutans extracts aids in 

the wound healing activity, but if MRSA was involved, S. crispus extracts were capable of 

inhibiting the growth and aiding in the wound healing activity. 

Keywords: Clinacanthus nutans, Strobilanthes crispus, antioxidant, antimicrobial, 

wound healing. 
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Sifat-sifat Antioksidan, Antimikrobial dan Penyembuhan Luka Clinacanthus nutans 

(Burm.f.) Lindau dan Strobilanthes crispus (L.) Ekstrak 

ABSTRAK 

Clinacanthus nutans (C. nutans) dan Strobilanthes crispus (S. crispus) kedua-duanya 

terkenal dengan ciri-ciri khusus bermanfaat terhadap penyakit yang berlainan. C. nutans 

dikenali sebagai antikanser dan antivirus, terutama terhadap kanser usus, virus varicella-

zoster dan virus herpes simplex. S. crispus telah terbukti anti-diuretik dan antidiabetik oleh 

pelbagai kajian. Dalam kajian yang lepas, ekstrak S. crispus menunjukkan hasil yang 

menjanjikan, dapat membantu proses penyembuhan luka. Memandangkan C. nutans 

biasanya diperolehi sebagai balsem di pasar tradisional, maka ada kemungkinan besar ia 

juga mengandung sifat antimikrob dan penyembuhan luka. Oleh itu, kajian ini bertujuan 

untuk membukti kebaikan perubatan C. nutans and S. crispus, khususnya sifat antimikrob 

dan penyembuhan luka. Daun C. nutans dan S. crispus diekstraksi dengan pelarut pelbagai 

polariti: etanol, aseton dan kloroform melalui maserasi sejuk dan disimpan dalam peti sejuk 

pada suhu 2-8 ° C dalam keadaan gelap. Kandungan  fitokimia seperti alkaloid, flavonoid 

dan saponin dalam ekstrak disaring. Ekstrak ini kemudian diuji potensi antioxidan dengan 

uji pemungutan radikal bebas DPPH (2,2-diphenil-1-picrylhidrazil) dengan asid askorbik 

sebagai standard, penentuan Jumlah Kandungan Fenolik Total (TPC) dan Jumlah 

Kandungan Flavonoid (TFC) dengan Asid Gallik dan Rutin masing-masing sebagai 

standard. Kaedah resapan cakera digunakan untuk menentukan sifat antimikrob mereka. 

Uji gores yang diubahsuai dengan menginkubasi fibroblas kulit dan Methicillin Resistant 

Staph. aureus (MRSA) dengan ekstrak C. nutans dan S. crispus digunakan untuk menentukan 

kesan penyembuhan luka. Ekstrak ini diperhatikan pada 1 jam, 3 jam, 6 jam, 10 jam, 24 jam, 

dan 48 jam untuk menyiasat aktiviti migrasi sel. Profil fitokimia untuk kedua-dua ekstrak C. 
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nutans dan S. crispus adalah serupa, kecuali ekstrak C. nutans mempunyai kandungan 

saponin yang lebih tinggi berbanding dengan ekstrak S. crispus. Ekstrak C. nutans aseton 

mempunyai potensi antioksidan dan TPC yang lebih tinggi berbanding dengan ekstrak C. 

nutans yang lain. Walau bagaimanapun, ekstrak etanol C. nutans menunjukkan TFC 

tertinggi yang sepadan dengan jumlah flavonoid yang diperolehi dari penyaringan fitikimia 

flavonoid. Ekstrak C. nutans menunjukkan zon perencatan antara 14 hingga 16 mm ketika 

dirawat pada Ps. aeruginosa, sementara ekstrak S. crispus menunjukkan zon perencatan 

yang jelas antara 11 hingga 15 mm pada Ps. aeruginosa. Semasa ekstrak merawat pada 

bakteria lain, tiada keputusan positif diperhatikan. Fibroblas sensitif terhadap ekstrak 

aseton dan ekstrak S. crispus terbukti mempunyai ketoksikan yang lebih tinggi semasa ujian 

MTT. Semasa ujian calar dengan ekstrak sahaja, ekstrak C. nutans menunjukkan sifat 

penyembuhan luka, sedangkan ekstrak S. crispus melambatkan aktiviti penyembuhan luka. 

Namun, ketika MRSA ditambahkan untuk inkubasi bersama, ekstrak S. crispus menunjukkan 

perencatan terhadap pertumbuhan MRSA dan membantu aktiviti penyembuhan luka, tetapi 

keadaan ini tidak ditunjuk dalam ekstrak C. nutans. C. nutans dan S. crispus menunjukkan 

sifat antioksidan dan antimikroba yang kuat. Ekstrak C. nutans membantu dalam aktiviti 

penyembuhan luka tetapi jika MRSA terlibat, ekstrak S. crispus mampu merencat 

pertumbuhannya dan membantu dalam aktiviti penyembuhan luka. 

 

Kata kunci: Clinacanthus nutans, Strobilanthes crispus, antioksidan, antimikrob, 

penyembuhan luka 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Study Background 

Wound healing, also known as a skin repairing process, is one of the most 

complicated processes in the human body. To close an open wound, multiple cells and stages 

are involved, including haemostasis, inflammation, angiogenesis, growth, re-

epithelialization, and re-modelling (Figure 1.1) (Rodrigues et al., 2019).  However, harmful 

substances or opportunistic microorganisms may act spontaneously and invade the body.  

According to Grice and Segre (2011), bacteria such as Propionibacterium acnes (P. 

acnes), Streptococcus pyogenes (Strep. pyogenes), Staphylococcus aureus (Staph. aureus), 

Enterococcus spp. and Pseudomonas aeruginosa (Ps. aeruginosa) can be commonly isolated 

from the skin surface. They are usually the normal flora. Once the skin barrier is breached, 

persistent inflammation in the absence or delay of wound healing, persistent inflammation 

ensues, eventually leading to chronic wound. 

A chronic wound is defined as an open wound that does not undergo an orderly and 

timely skin repair process. This process usually takes more than three months (Lanau-Roig 

et al., 2017). This situation commonly happens to people who have a weak immune system 

or patients with Human Immunodeficiency Virus (HIV). For example, diabetes is a chronic 

disease, and due to its high glucose level, the blood flow rate decreases. Thus, abrasions, 

open wounds, or other injuries tend to recover slower than to a healthy person (Chhibber et 

al., 2018). A chronic wound is a major public health challenge that presents multifactorial 

risk factors and complications that hinder the effective use of human resources, deplete the 
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healthcare system, and inadvertently emergence of resistance strain due to inappropriate use 

of antibiotics.  The presence of methicillin-resistant Staphylococcus aureus (MRSA) is one 

of the most challenging issues when dealing with chronic wounds as colonization and 

proliferation of MRSA at the site of the wound have been found to delay the wound healing 

process (Manzuoerh et al., 2019).  

Based on the market study done by the Fortune Business Insight (2021), chronic 

wound management incurs a weighty burden on the healthcare system and a hefty cost to the 

patient. The value of 2021 global chronic wound care market was approximately USD 11.61 

billion and the projected to grow estimated USD 1.0 billion until 2029. Therefore, health 

care professionals are constantly looking for new approaches or medicine in chronic wound 

management. 

 

(Adapted from Melissa, 2020) 

Figure 1.1: Stages of Wound Healing 
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1.1.1 Microenvironment on Wounds 

Skin is the largest organ in the human body. It is the outer defence system against 

environment factors and microbes. There is a plethora of microbes including opportunistic 

pathogens, commensal microbes, fungi, and viruses that human are exposed to every day. A 

cutaneous wound becomes a perfect entry site for these infectious agents (Kirchner et al., 

2020). Besides these active infections, biofilm formation on the wound by certain pathogens 

will most likely delay the wound healing process and causes chronic wound.  

Even though the initial triggered inflammation process causes the fibrin clot 

formation (Weisel & Litvonov, 2017) to achieve haemostasis and then the recruitment of 

immune cells to the site, the microbes have their own means to overcome the situation. 

According to the study by Thammavongsa (2015), Staph. aureus was commonly found on 

the skin and nasal area, it was capable of producing beta-barrel-forming toxins and 

promoting immune cells’ lysis such as macrophages, neutrophils, and monocytes. Besides, 

the biofilm formation by the Pseudomonas is also reported to be one of the main issues of 

delaying the wound’s closure and preventing the infiltration of immune cells towards the 

wound site (Ruffin & Brochiero, 2019). 

Besides, fungi and viruses also affect the wound healing process through different 

mechanisms. Candida albicans, one of the common fungi found on the skin surface, once 

entered the body, can compromise the macrophage function, thus killing the immune cells 

(Uwamahoro et al., 2014). A few studies were performed on viruses in the skin ecosystem. 

Skin-tropic papillomaviruses could take over the wound healing process and infecting the 

wounded keratinocytes (Hufbauer & Akgul, 2017). 
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1.1.2 Antimicrobial Resistance 

The emergence of antimicrobial resistance can be attributed to a lack of awareness, 

and improper use of antibiotics, and genetic mutation over time (Akova, 2016). 

Antimicrobial resistance is often associated with high morbidity and mortality. It has always 

been a worldwide challenge after the discovery of antibiotics. It is because of the improper 

usage of antibiotics in the early days when the healthcare system still lacks proper procedures 

to identify of causative microbes (Akova, 2016). Until the year of 2000, only a systematic 

review first reported proper wound care management, which included the use of antibiotics 

(O’Meara et al., 2000).  

Besides, the natural ability of Staph. aureus for survival, the environment can be one 

of the causes of antimicrobial resistance development. Furthermore, the low-level mupirocin 

resistance has increased from 0 % to 19 % when chlorhexidine baths and intranasal 

mupirocin were frequently applied to decolonize the MRSA in a 14-bed surgical ICU. (Cho 

et al., 2016) 

 

1.1.3 Natural Products for Wound Healing Activities 

There are many types of anecdotal medical plants available in different regions of 

the world, and numerous indigenous people have been using certain plants as medicine or 

herbal remedies for centuries. Yet, these are not scientifically documented as an official 

medicine registered under Food and Drug Administration (FDA). This triggers the initiatives 

of scientists to delve deeper into bioactive phytochemicals and study their pharmacological 

properties. In order to identify a plant that is efficacious in providing health benefits, there 
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are some properties required in the selection process, for example, antioxidant, 

antimicrobial, and wound healing properties.  

Recently, there has been a strong drive towards naturally derived phytochemicals to 

address the above three different stages of wound healing. Clinacanthus nutans (Burm.f.) 

Lindau (C. nutans) and Strobilanthes crispus (L.) Blume (S. crispus) are among these plants 

that attracted much interest from researchers due to their medicinal properties (Ong et al., 

2020). 

Clinacanthus nutans (Burm.f.) Lindau (C. nutans), also known as Sabah snake grass, 

is well-known traditional medicine for natives in Southeast Asia, especially in Thailand and 

Malaysia. The locals in Malaysia usually sun-dried the C. nutans leaves and brewed them in 

hot water to serve as tea. It is believed that daily consuming of C. nutans tea can cure 

diabetes, dysuria and diarrhoea (P’ng et al., 2012). According to Wanikiat (2008), C. nutans 

was used to cure oxidative stress-related diseases and skin lesions in vivo caused by herpes 

simplex virus and varicella-zoster virus. Other than that, some colon cancer survivors 

testified that consuming C. nutans over the long period of time could ease the chemotherapy 

effects and aid in the cancer illness recovery process. Subsequently, C. nutans was officially 

recognized as the principal medicinal plant for primary healthcare by the Ministry of Public 

Health in Thailand (Shim et al., 2012).  

Strobilanthes crispus (L.) Blume (S. crispus) originated in Madagascar and slowly 

distributed to the Malay Archipelago region (Burkill, 1935). S. crispus is a shrub with darker 

green colour on its upper surface than underneath the leaf. Because of this characteristic, the 

Chinese called it “Black-Faced General”. In addition, the underside of the leaves is rough, 

contrary to the upper surface which is smooth hence the Malays named it “Jin Batu” or 
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“Pecah Beling”. S. crispus is traditionally used as an antidiabetic, antilytic, laxative, 

anticancer and diuretic agent. Due to its high calcium carbonate content, when S. crispus is 

brewed in water, it causes the water to be slightly alkaline and capable of easing urination 

(Nurraihana et al., 2013). In Malaysia, the natives chew and swallow the fresh S. crispus 

leaves to strengthen their immune system (Samuel et al., 2010). 

Many studies have been conducted on C. nutans and its properties such as 

antioxidant, antiviral, and anti-inflammatory properties. C. nutans is commonly applied 

externally and available as a balm in the traditional market (Shin et al., 2013). Nevertheless, 

the studies on antimicrobial properties of C. nutans in relation to wound healing properties 

are minimal. A histological study on S. crispus reported by Al-Henhena and team (2011) 

demonstrated the ethanolic leaves extract of S. crispus capable of accelerating the wound 

healing process in rats (Al-Henhena et al., 2011). As such, this study aimed to assess the 

efficacy of C. nutans and S. crispus antimicrobial properties in relation to wound healing. 

 

1.2 Problem Statement  

Many studies have shown that different extraction methods and solvent polarity 

affect the outcome of the different bioassays (Khoo et al., 2018). There was little information 

on the use of a solvent with different polarity correlated in the same bioassays for C. nutans 

and S. crispus, respectively. Previous studies on C. nutans and S. crispus, both had 

demonstrated their high antioxidant contents and antimicrobial properties against some 

microbes such as Staph. aureus and Strep. pneumoniae (Lim et al., 2015; Ong et al., 2020). 

S. crispus was also reported to aid wound healing activity (Al-Henhena et at., 2011). 

However, only a few intensive studies on wound healing properties (Khoo et al., 2018; 
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Nurraihana et al., 2013). Besides, the wound healing assay done in the previous study were 

in-vitro scratch assay under fixed condition, which does not represent an actual wound 

healing process. 

Hence, this study investigates the wound healing properties of different polarity 

solvent extracts of C. nutans and S. crispus, respectively, using a modified scratch assay on 

keratinocytes co-incubated with MRSA at different time points microscopically. 

1.3 Objectives 

This study aimed to investigate the wound healing efficacy of C. nutans and S. 

crispus extracts to provide the scientific data for the claim of ethnobotany use. The specific 

objectives are outlined as below: 

i. To determine the antioxidant content, Total Phenolics Content (TPC) and 

Total Flavonoids Content (TFC) of Clinacanthus nutans (C. nutans) and 

Strobilanthes crispus (S. crispus) extracts, respectively.  

ii. To evaluate the antimicrobial properties of C. nutans and S. crispus extracts 

respectively against Gram-positive and Gram-negative bacteria based on 

Disk Diffusion assay. 

iii. To investigate the wound healing properties of different polarity solvent 

extracts of C. nutans and S. crispus, using a modified scratch assay on 

keratinocytes co-incubated with Methicillin-resistant Staphylococcus aureus 

(MRSA). 
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1.4 Chapter Summary 

   This chapter introduces the main idea of the study and provides an idea of how this 

study will be beneficial to our society. Natural products have been used over generations in 

wound care, which including Clinacanthus nutans and Strobilanthes crispus. However, there 

are only a few intensive studies on wound healing properties (Khoo et al., 2018; Nurraihana 

et al., 2013). Hence, this study investigates the wound healing efficacy of C. nutans and S. 

crispus extracts, respectively, using a modified scratch assay on keratinocytes co-incubated 

with MRSA. In addition, this study also evaluates the phytochemical contents, antioxidant 

and antimicrobial activities to understand their correlations further to wound healing 

properties.   



9 

CHAPTER 2  
 

 

LITERATURE REVIEW 

2.1 Acanthaceae Family 

Anecdotal medicinal plants for traditional herbal remedies from the Acanthaceae 

family often attract more attention due to their purported medicinal properties. Many studies 

have been carried out and reported active biological and pharmacological activities. Hussain 

and Ghani (2008) had studied a few herbal remedies used by the Kaghan Valley natives to 

cure gastrointestinal disorders. Among these herbals was Justicia adhatoda L. from 

Acanthaceae family. In the study, J. adhatoda L. was reported to heal respiratory tract 

diseases and the cataplasm was used on the fresh wound to alleviate inflammatory swellings. 

When the J. adhatoda L. leaves were prepared according to the traditional herbal remedy, 

the drinks could relieve stomach pain and dysenteric bleeding (Hussain & Ghani, 2008).  

In addition, a study by Prasad (2014) on seven species from Acanthaceae family, 

namely Nilgirianthus sp., Justicia gendurussa, Barleriaprionities, Adhatoda zylanica, and 

Hemigraphis colorata showed promising results in the phytochemical studies. These plants 

exhibited significant antimicrobial activities against Pseudomonas spp., Staph. aureus and 

E. coli (Prasad, 2014). Apart from the antimicrobial properties reported, the anti-diabetic 

properties of Acanthaceae plants were also delineated. Moreover, 16 plants from this 

Acanthaceae family showed favourable results, such as exhibiting hypocholesterolemic and 

hypotriglyceridemic properties when the plant extracts were treated on diabetic rats (Kavitha 

et al., 2015). 
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Anecdotal medicinal plants usually originated from multiple time-tested properties 

with varying efficacies due to minimal accessibility and use of technology. For example, 

Barleria cristata L. is known and traditionally used to treat diabetes and respiratory diseases. 

However, only recently the antioxidant property of the plant was determined and 

subsequently manufactured as cosmetic and hair products which promote scalp and skin 

health (Khan et al., 2017). Besides, B. cristata L. also showed an anti-inflammation property 

and it is applied externally (Gambhire et al., 2009). 

Acanthus ilicifolius L is another example from Acanthaceae family. According to 

Indian folklore, it was believed to be aphrodisiac, blood purifier and a treatment for many 

ailments including skin diseases, snakebites, stomach pain, leukaemia, and asthma (Velmani 

et al., 2016). Further extensive investigations have extended the use of this plant to treat 

dyspepsia and paralysis (Singh & Aeri, 2013). According to Velmani et al. (2016), A. 

ilicifolius L exhibited multiple efficacious properties such as anti-inflammatory, anti-cancer, 

anti-protozoal, anti-microbial, and anti-osteoporotic activities. Due to the variety of 

efficacies, A. ilicifolius L was also known as the “holy leaved acanthus” and commonly used 

by the Indians and Chinese as traditional medicine (Velmani et al., 2016). Additionally, 

studies that had been performed were not limited to those benefits to the human body but 

also the environment. Shackira et al. (2017) investigated the phytostabilization of zinc in the 

atmosphere by this plant. They discovered it could accumulate a large amount of zinc in the 

roots of A. ilicifolius L with a relatively smaller amount of zinc absorbed in the stem and 

leaves. Therefore, A. ilicifolius L was highly recommended as a promising candidate for zinc 

phytostabilization in polluted wetlands (Shackira et al., 2017). 
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While plenty of species from the Acanthaceae family that exhibited numerous 

beneficial properties, some of them were not found in the folklore. Therefore, in discovering 

of a new potential natural product, it is pertinent to determine the known efficacious 

properties alluded by the traditional knowledge of the indigenous people and their folklores, 

but also prudent to investigate further the existence of other yet to be discovered and 

documented characteristics and properties. 

2.2 Clinacanthus nutans (Burm f.) Lindau 

Clinacanthus nutans (Burm.f.) Lindau (C. nutans) is one of the plants from the 

Acanthaceae family. It is known by different names in Southeast Asia. In Malaysia, it is 

called ‘Sabah snake grass’, ‘Belalai Gajah’ or ‘憂遁草. C. nutans is a perennial plant that 

can grow up to 1-meter tall with narrow and lanceolate leaves. C. nutans is commonly used 

by the locals as a traditional medicine remedy for internal and external uses. It is purported 

to cure oxidative stress-related diseases, snake and insect bites, and skin lesions in vivo 

caused by herpes simplex virus (HSV) and varicella-zoster virus (VZV) (Shim et al., 2012). 

                   

Above photographs showed the close up of C. nutans (left) and the bush itself (right). 

Photographs courtesy of Mr. Lim Yu Seng. 

Figure 2.1: Clinacanthus nutans 
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There have been multiple studies conducted to investigate the antioxidant potential 

in C. nutans. According to Alam et al. (2016), the IC50 of the ethanolic crude extract was 

110.4 µg/mL when tested with 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical 

scavenging assay. Besides, chloroform C. nutans extract was reported to contain the highest 

level of antioxidant potential (7852.63 ± 449.90 µg Trolox equivalent/g extract) when tested 

for their DPPH scavenging activity (Yong et al., 2013). Furthermore, aqueous C. nutans 

extract was effective (32.33 ± 0.97 % scavenging activity at 100 µg/mL) in nitric oxide 

scavenging activity while methanolic C. nutans extract was effective (~34 % scavenging 

activity at 100 µg/mL) in hydrogen peroxide scavenging activity (Yong et al., 2013). Based 

on Pongmuangmul et al. (2016) study, monogalactosyl diglyceride (MGDG) (Figure 2.2: 1) 

and digalactosyl diglyceride (DGDG) (Figure 2.2: 2) extracted from C. nutans have similar 

effects on Herpes Simplex Virus (HSV-1 and HSV-2) comparable to the commercially 

available synthetic compounds, such as acyclovir. There were also studies conducted to 

investigate the cytotoxic effects of C. nutans extracts against multiple human cancer cell 

lines, including liver cancer cell line HepG2, neuroblastoma cell line IMR32, stomach 

carcinoma cell line SNU-1, cervical adenocarcinoma cell line HeLa, colorectal cancer cell 

line LS-174T, chronic myeloid leukaemia cell line K562, Burkitt’s lymphoma cell line Raji, 

and its effects in relation to normal primary umbilical vein endothelial cell HUVECs. Based 

on these results, chloroform extract was the most superior in inhibiting most of the human 

cancer cell lines, except IMR32. Therefore, chloroform extract of C. nutans has been 

recommended as an alternate adjunctive regimen for cancer prevention or treatment (Yong 

et al., 2013).  

Oxidative stress-related diseases usually involve an imbalance of reactive oxygen 

species (ROS) built up in our bodies and damage our cells. The most efficacious means to 
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overcome this issue is by increasing the antioxidants present in our body to remove these 

ROS. The most effective and practical way is through diet intake. Most plants and fruits, 

especially those rich in flavonoids contain significant antioxidants (Muflihah et al., 2021, 

Itam et al., 2021).  

Since C. nutans has been attributed to its ability to cure oxidative stress-related 

diseases (Alam et al., 2016, Yong et al., 2013), it is germane associated the relatively high 

levels of antioxidants in C. nutans. There are many studies conducted to investigate the 

antioxidants present in C. nutans. The highest IC50 value recorded was 240.1±15.3 mg/mL 

from a study with the C. nutans samples from Thailand (Wanikiat et al., 2008) (Table 2.1). 

It was followed by a study done in Indonesia, with the IC50 of 178.4 mg/mL (Agustina, 2011) 

and 114.5 mg/mL from Tinh (2014). The highest IC50 value recorded with the C. nutans 

samples from Malaysia was 16 mg/mL (Wong et al., 2014), whereas the others were equal 

to or lower than 4 mg/mL. This demonstrated that geographical variation might contribute 

to the varying efficacy of C. nutans as a potent antioxidant.  
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Table 2.1: The antioxidant potential of C. nutans extracts based on its DPPH free radical scavenging activities. 

Plant source 
Control Extraction Solvent IC50 Values Reference 

Country State 

Malaysia 

-  Hot water 16 mg/mL Wong et al. (2017) 

Seremban Quercetin Methanol 1.33±0.0001 mg/mL Peng et al. (2014) 

Seremban Quercetin Methanol 
1126.63 µg/mL (Leaves) 

1548.89 µg/mL (Stem) 
Lee et al. (2014) 

Serdang 

BHT, Caffeic 

acid and α-

tocopherol 

Methanol 
1-year old bud: 64.6 µg/mL  

1-year old leaf: 112.1 µg/mL 
Ghasemzadeh et al. (2014) 

Taiping  
Methanol, petroleum ether, 

ethyl acetate 
4 mg/mL Arullappan et al. (2014) 

Perak Green tea 70 % ethanol Not determined Shiuan et al. (2012) 

- -  80 % aqueous methanol 200-300 µg/mL Tan et al. (2019) 

Thailand 
- Trolox Methanol 240.1±15.3 mg/mL Wanikiat et al. (2008) 

- Ascorbic acid 50 % ethanol 110.4±6.59 µg/mL Pannangpetch et al. (2007) 

Vietnam - - Methanol 114.50 mg/mL Tinh (2014) 

Indonesia - BHT Ethyl acetate 178.40 mg/L Agustina (2011) 
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The IC50 values of DPPH free radical scavenging activities of C. nutans extracts were 

summaried in Table 2.1. The C. nutans extracts exhibited the antioxidant potential based on 

the geographical area where it was planted, positive controls used, type of solvent extraction 

conducted.  

Besides, C. nutans’s high antioxidant free radical scavenging activities might be 

related to the presence of different types of bioactive compounds in the extracts, including 

C-glycosyl flavones (Figure 2.2: 3), orientin (Figure 2.2: 4) and isoorientin (Figure 2.2: 

5), in accordance with the report by Alam et al. (2016). 

There are many studies have been reported on the investigation of the anticancer 

properties of C. nutans (Ong et al., 2020). The latest study has involved Vero kidney cell 

lines with multiple C. nutans extracts. Using the Neutral Red Uptake (NRU) cytotoxicity 

assay, the ethyl acetate C. nutans extract showed the lowest IC50 of 141.8 µg/mL, followed 

by hexane and chloroform extracts with IC50 of 560.7 µg/mL and 593.4 µg/mL respectively. 

Furthermore, ethanol, methanol, and water extracts were investigated. The IC50 recorded for 

ethanol extract was higher than 640 µg/mL while both methanol and water extracts recorded 

no result (Ong et al., 2020). Based on the results by Fong (2015), a cell counting kit (CCK-

8) assay was used to determine the cold and hot water extracts against human melanoma cell 

lines (D24 and MM-418C1), human breast adenocarcinoma (MCF-7), and human breast 

carcinoma (BT-474). The IC50 recorded were 1.63 mg/mL for D24 cell line and 2.0 mg/mL 

for both MM-418C1 and MCF-7 cell lines respectively. However, there was no IC50 recorded 

for BT-474. 

 

 



16 

 

 

(1) Monogalactosyl diglyceride (MGDG) 

 

(2) Digalactosyl diglyceride (DGDG) 

 (3) C-glycosyl flavones 

  (4) Orientin 

 (5) Isoorientin 

Figure 2.2: Bioactive Compunds in Clinacanthus nutans (C. nutans)  
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Two apoptosis assays, namely MTT and Sulforhodamine B (SRB) assays, were 

conducted on the MCF-7 cell line. The MTT assay for the methanol and ethyl acetate extracts 

recorded IC50 values of 35.0 µg/mL and 30.0 µg/mL, respectively (Teoh et al., 2017). In 

addition, the SRB assay carried out by Dan (2014) also showed the methanolic C. nutans 

extract exhibited moderate cytotoxicity with an IC50 value of 66.57 µg/mL. Dan (2014) study 

also revealed that C. nutans demonstrated anti-cancer activities against other cell lines 

namely, human liver hepatocellular carcinoma cell line (HepG2) (IC50 = 36.80 µg/mL), 

human cervical cancer cell line (HeLa) (IC50 = 91.08 µg/mL), and human lung carcinoma 

cell line (NCI-H460) (IC50 = 57.36 µg/mL). Previous studies done on HeLa cell line reported 

significant variation in IC50 values (Table 2.2). Different solvent extracts, namely methanol 

and petroleum ether results exhibited different cytotoxicity. For example, the methanolic C. 

nutans extract recorded the weakest cytotoxicity with the highest IC50 value (IC50 = 91.08 

µg/mL) when it was conducted using SRB assay (Dan, 2014) and MTT assay (IC50 = 56.8 

µg/mL) (Ghasemzadeh et al., 2014). The petroleum ether extract revealed higher 

cytotoxicity with a lower IC50 value of 18.0 µg/mL based on the MTT assay (Arullappan et 

al., 2014). However, according to Teoh (2017), when 50 µg/mL of methanol and petroleum 

ether C. nutans extracts were treated on HeLa cells, only an estimated 25 % inhibition was 

recorded for both extracts with MTT assay, respectively. These varying results showed that 

more studies needed to be done by comparing different solvent extracts with different 

extraction duration despite treating the same cell lines to identify the effectiveness of C. 

nutans extracts regarding cytotoxicity properties.
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Table 2.2: IC50 of different solvent C. nutans extracts when treated on different cancer cell lines using various bioassays with 

their respectively study references. 

Solvent Bioassay IC50 Values when Treated on Cell Lines References 

Cold Water 

CCK-8 

D24: 1.63 mg/mL ; MM-418C1 : 2 mg/mL ; 

MCF-7 : 2 mg/mL ; BT-474 : -ve Fong (2015) 

How Water MM-418C1 : 2 mg/mL ; MCF-7 : 2 mg/mL ; BT-474 : -ve 

N/A MTT K-562 : -ve ; HCT-116 : -ve Esmailli et al. (2013) 

Chloroform MTT K-562 : 47.7 µg/mL ; Raji : 47.31 µg/mL ; IMR-32 : -ve Yong et al. (2013) 

Methanol MTT HeLa : 56.8 µg/mL Ghasemzadeh et al. (2014 

N/A CCK-8 D24 : 0.95 mg/mL (24 hrs) ; 0.77 mg/mL (72 hrs) Fong et al. (2016) 

Methanol SRB 
MCF-7 : 66.57 µg/mL ; Hep-G2 : 36.80 µg/mL ;  

HeLa : 91.08 µg/mL ; NCI-H460 : 57.36 µg/mL 
Dan (2014) 

Methanol MTT Hep-G2 : 76.66 µg/mL (after 10 mins of PDT) Tan et al. (2019) 

N/A MTT -ve Liew et al. (2012) 
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Table 2.2 continued 

Methanol 

MTT 

Hep-G2 : 43.93 µg/mL 

Abd Hamid & Yahaya (2016) 

Chloroform Hep-G2 : 55.61 µg/mL 

Ethyl acetate Hep-G2 : 62.06 µg/mL 

Hexane Hep-G2 : 68.38 µg/mL 

Methanol 

MTT 

MCF-7 : 35.0 µg/mL ; HeLa : 50.0 µg/mL (~25 % inhibition) 

Teoh et al. (2017) Ethyl Acetate MCF-7 : 30.0 µg/mL 

Petroleum ether HeLa : 50 µg/mL (~25 % inhibition) 

Petroleum ether MTT K-562 : 20.0 µg/mL ; HeLa : 18.0 µg/mL Arullappan et al. (2014) 

Hexane 

NRU 

Vero : 560.7 µg/mL 

Ong et al. (2020) 

Chloroform Vero :593.4 µg/mL 

Ethyl actate Vero : 141.8 µg/mL 

Ethanol Vero : >640 µg/mL 
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Note:  

CCK-8: Cell Counting Kit; MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl-2H-Tetrazolium Bromide; SRB: Sulforhodamine B;  

NRU: Neutral Red Uptake; D24: Human Melanoma Cancer Cell Line; MM-418C1: Human Melanoma Cancer Cell Line;  

MCF-7: Human Breast Cancer Cell Line; BT-474: Human Breast Tumour Cell Line; K562: Human Erythroleukemic Cell Line;  

HCT-116: Human Colon Cancer Cell Line; Raji: Human Continuous Cell Line; IMR-32: Neuroblastoma Cell Line;  

HeLa: Human Cervical Cancer Cell Line; HepG2: Human Liver Hepatocellular Carcinoma Cell Line;  

NCI-H460: Human Non-Small Cell Lung Cancer Cell Line; Vero: African Green Monkey Kidney Epithelial Cell Line. 
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2.3 Strobilanthes crispus (L.) Blume 

Strobilanthes crispus (S. crispus) (Figure 2.3) is also from the Acanthaceae family. 

It is a shrub that can be easily differentiated from the others due to the leaves colour and 

texture. S. crispus leaves are usually darker in colour and smooth on the upper surface, but 

the other surface is lighter in colour and rough. Therefore, S. crispus is also known as “Black-

Faced General, 黑面将军” in Chinese, “Jin Batu” or “Pecah Beling” in the Malay language 

by the local folks. S. crispus is believed to be originated from Madagascar and is distributed 

to Southeast Asia gradually over time (Burkill, 1935). The locals often dried the leaves and 

used them in traditional medicine or infused fresh leaves. They believed that consuming S. 

crispus daily, can strengthen their immunity and overall health (Chua et al., 2019). 

 

                  

The photographs above showed the close up (left) of Strobilanthes crispus (S. crispus) and 

its shrubs (right). Photographs courtesy of Mr. Lim Yu Seng. 

Figure 2.3: Strobilanthes crispus 
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Previous studies on S. crispus revealed it exhibited various beneficial properties 

including antioxidant, antimicrobial, anti-diabetic, anti-diuretic and anticancer (Table 2.3).  

According to Abu Bakar et al. (2006), old S. crispus leaves contained higher antioxidants 

compared than fermented leaves. Besides, different extraction solvent extracts would result 

in different antioxidants scavenging activities. For example, the antioxidant scavenging 

potential obtained from the aqueous extract was 28.5 %, while that of the ethanol extract was 

14.5 % (Qader et al., 2011).  

Interestingly, the antioxidant content of S. crispus distributed and grown all over 

Malaysia differed widely, indicative of the high likelihood that geography and its 

surrounding environmental characteristics, including soil properties, affected S. crispus 

chemical profiles and subsequently its bio-profiles (Ghasemzadeh et al., 2015). According 

to Ghasemzadeh et al. (2015), S. crispus demonstrated antioxidant and anticancer properties. 

For instance, when S. crispus extract was tested against the HeLa cell line, it triggered a 

strong apoptotic reaction. It also showed a promising result with IC50 of 182.5 µg/mL from 

the aqueous crude extract. Tan et al. (2019) investigated its anticancer properties and found 

that S. crispus was able to kill HepG2 liver cancer cells when they were exposed to light. C. 

nutans was also assessed in this study and was found to show the same properties. 

Nonetheless, S. crispus was superior to C. nutans and is a promising candidate as a 

photosensitizing agent.  

Natural products’ most common efficacious property is their antioxidant potential, a 

plethora of studies had been conducted to assess the antioxidant content. However, as shown 

in Table 2.3, the extraction solvents and standard control for DPPH were often not 

standardised. The results ranged from EC50 of 12.6 µg/mL to 100 µg/mL or 12.59 % 

inhibition to 63.21 % inhibition. 
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Table 2.3: Antioxidant activity of S. crispus extracts based on DPPH free scavenging 

assay 

Solvent Standard Reference Used DPPH Free Scavenging Activity Reference 

Methanol 

Gallic acid; ascorbic acid; 

quercetin; Beta Hydroxy 

Acid (BHA) 

EC50: 12.6 µg/mL; 25.5 µg/mL; 

15.3 µg/mL; 21.9 µg/mL 

Muslim et al. 

(2010) 

Aqueous Gallic acid 

Gallic acid 

28.5 % Inhibition Qader et al. 

(2011) Ethanol 14.5 % Inhibition 

Hot water Green tea; Black tea 

Young Leaves:  

(Unfermented) 

61.22 % Inhibition 

(Fermented)          

12.59 % Inhibition 

 

Old Leaves: 

(Unfermented)      

63.21 % Inhibition 

(Fermented)          

27.58 % Inhibition 

Abu Bakar et al. 

(2006) 

Methanol N/A EC50: ~100 µg/mL Tan et al. (2019) 

Aqueous 

Butylated Hydroxytoluene 

(BHT) 

IC50: 78.3 µg/mL  

(Penang, Malaysia) 

IC50: 58.2 µg/mL  

(Selangor, Malaysia) 

IC50: 44.1 µg/mL  

(Kelantan, Malaysia) Ghasemzadeh et 

al. (2015) 

Ethanol 

IC50: 146.5 µg/mL  

(Penang, Malaysia) 

IC50: 117.6 µg/mL  

(Selangor, Malaysia) 

IC50: 80.5 µg/mL  

(Kelantan, Malaysia) 

Note: EC50: Half-Maximal Effective Concentration; IC50: Half-Maximal Inhibitory Concentration. 
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There were two common extraction solvents involved: aqueous and ethanol. The 

aqueous extract showed a lower IC50 value compared with the ethanol extracts. The lowest 

IC50 for aqueous extract recorded was 44.1 µg/mL (Kelantan), followed by 58.2 µg/mL 

(Selangor) and 78.3 µg/mL (Penang). For ethanol extracts, Kelantan extracts showed IC50 of 

80.5 µg/mL, followed by Selangor and Penang with IC50 of 117.6 µg/mL and 146.5 µg/mL, 

respectively. Even though involved different solvents, both showed the same trend as the 

extracts from Kelantan were superior to those of Selangor and Penang. Similarly, both 

extracts from Kelantan exhibited higher antioxidants that the extracts from Selangor and 

Penang (Table 2.3). Previous studies also demonstrated the ecology affected the antioxidant 

contents as reported by Ghasemzadeh (2015) with S. crispus (Table 2.1). 

Even though the local did not know S. crispus for cancer treatment, a plethora of 

anti-cancer studies had been conducted on various parts of the S. crispus plant. These studies 

demonstrated that different solvent extracts of S. crispus exhibited cytotoxicity activities 

against a few cancer cell lines, including MCF-7, Hep-G2, and MCF-7 (Table 2.4). The 

ethanolic S. crispus extract with the lowest IC50 value of 30.0 µg/mL was superior to other 

solvent extracts against MCF-7 (Chong et al., 2012). It was followed by hot water extract of 

fermented old S. crispus leaves at IC50 of 72.5 µg/mL, and hot water extract of unfermented 

old S. crispus leaves at IC50 of 80.5 µg/mL. The latter were considered to have weaker effects 

on the MCF-7 cell line. For young S. crispus leaves, unfermented and fermented leaves 

extracts were recorded with IC50 higher than 100 µg/mL (Abu Bakar et al., 2006). The 

resultant S. crispus extracts also demonstrated different cytotoxic properties when different 

polarity solvents were used for extraction. According to Muslim et al. (2010), the aqueous 

extract recorded IC50 of 120.7 µg/mL, and the methanolic S. crispus extract recorded IC50 of 
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160.16 µg/mL. On the contrary, Endrini et al. (2007) and Rahmat et al. (2006) found no 

effect against these cell lines with chloroform and methanol S. crispus extracts. 

However, S. crispus extracts was shown to be potential anti-cancer chemopreventive 

candidates against Hep-G2 and Caco-2 cell lines. From Table 2.4, the chloroform extract of 

S. crispus showed a moderate effect when exposed to Hep-G2 with the IC50 of 28.0 µg/mL 

(Endrini et. al., 2007) while Rahmat et al. (2006) showed that the methanolic S. crispus 

extract exhibited a similar performance with IC50 of 29.3 µg/mL and 28.0 µg/mL for 

chloroform extract respectively. However, the IC50 was higher than 200 µg/mL with 

methanol and acetone extracts by Muslim et al. (2010). Thus, the weakest performance was 

recorded.  

The lowest IC50 recorded with the strongest effect on Hep-G2 was from Tan (2019), 

which was 8.51 µg/mL, but there was an extra procedure prior to the MTT assay. After the 

methanol extract was applied to the Hep-G2 for 2 hours, it underwent a 10-minute 

photodynamic therapy (PDT) before another 24 hours of incubation for the MTT assay. This 

study by Tan (2019) showed a high possibility that PDT was able to improve the 

performance of the extracts when the combination was applied to the cancer cell lines. 

Therefore, more studies should be done on different cancer cell lines. 

According to Endrini et al. (2007), when tested on Caco-2 cell line, the chloroform 

extract showed IC50 of 25.1 µg/mL, similarly Rahmat et al. (2006) recorded an IC50 of 25.1 

µg/mL with the chloroform extract. However, the methanol S. crispus extract obtained a 

lower IC50 value of 22.3 µg/mL when tested on Caco-2 cell line. In addition, Rahmat et al. 

(2006) tested the methanolic S. crispus extract on MDA-MB-231 cell line and the IC50 

recorded was 27.2 µg/mL. 
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According to Chong et al. (2012), ethanolic S. crispus extracts were applied on 

various cancer cell lines, which including MCF-7, MDA-MB-231, HeLa and HT-29. The 

ethanolic S. crispus extract performed the best on MCF-7, followed by HT-29 (IC50 = 52.0 

µg/mL), HeLa (78 µg/mL) and lastly MDA-MB-231 (>100 µg/mL) showed the least effect. 

Ismail et al. (2012) also investigated extracts from different parts of the S. crispus plant on 

human colorectal cell line HT-29. The results were promising as most of the extracts showed 

competitive results. The ethyl acetate extract of the leaves and flowers showed IC50 of 70.2 

µg/mL and 42.0 µg/mL. Furthermore, the methanol extract of the leaves obtained IC50 of 

59.0 µg/mL, while the dichloromethane extract of the flower showed IC50 of 90.3 µg/mL. 

These findings supported the geographical factor that may affect the results of the 

extracts. The study collected different S. crispus samples from different regions of Malaysia, 

resulting in different cytotoxicity against the HeLa cell lines. The findings are in agreement 

with Ghasemzadeh et al. (2015); S. crispus extract from Kelantan recorded the lowest IC50 

value of 182.5 µg/mL, followed by that of Selangor (IC50 = 266.4 µg/mL) and Penang (IC50 

= 331.5 µg/mL). 

In addition, S. crispus was proven to be an anti-diuretic. The accumulation of calcium 

oxalate crystals (CaOx) in our body was believed to be one of the main inorganic salts that 

caused urolithiasis. Gul et al. (2020) reported that the S. crispus methanol extract could 

inhibit the formation of CaOx by 50.54 % while the ethyl acetate extract could breakdown 

the CaOx crystals effectively by 52.5 %. Therefore, the methanol and ethyl acetate extracts 

of S. crispus exhibited anti-diuretic properties. More studies are needed to investigate the 

mechanism behind these anti-diuretic processes. 
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Table 2.4: IC50 of MTT assays against different cancer cell lines on C. nutans solvent 

extracts. 

Solvent IC50 values when treated on cell lines References 

Hot Water 

MCF-7: 

[Young leaves] 

Unfermented & fermented: >100 µg/mL 

[Old Leaves] 

Unfermented: 80.5 µg/mL 

Fermented: 72.5 µg/mL  

 

MDA-MB-231 : 

[Young Leaves & Old Leaves] 

Unfermented & fermented:>100 µg/mL 

Abu Bakar et al. 

(2006) 

Methanol 

MCF-7: 160.16 µg/mL 
HCT-116: >200.0 µg/mL 

Hep-G2: >200.0 µg/mL 

T-47D: 121.53 µg/mL 

NCI-H23: >200.0 µg/mL 

CCD-18Co: >200.0 µg/mL 
Muslim et al. (2010) 

Aqueous 

MCF-7: 120.7 µg/mL 

HCT-116: >200.0 µg/mL 

Hep-G2: >200.0 µg/mL 

T-47D: >200.0 µg/mL 

NCI-H23: >200.0 µg/mL 

CCD-18Co: >200.0 µg/mL 

Chloroform 

MCF-7: -ve 

MDA-MB-231: -ve 

Hep-G2: 28.0 µg/mL 
Caco-2: 25.1 µg/mL 

Chang Liver Cell: -ve 

Endrini et al. (2007) 

Methanol 

MCF-7: -ve 

MDA-MB-231: 27.2 µg/mL 

Hep-G2: 29.3 µg/mL 

Caco-2: 22.3 µg/mL 

Chang Liver Cell: -ve 
Rahmat et al. (2006) 

Chloroform 
Hep-G2: 28.0 µg/mL 

Caco-2: 25.1 µg/mL 

Ethanol 

MCF-7: 30.0 µg/mL 

MDA-MB-231: >100 µg/mL 

HeLa: 78.0 µg/mL 

HT-29: 52.0 µg/mL 

Chong et al. (2012) 

Ethyl acetate 

HT-29:  

70.2 µg/mL (Leaves) 
42.0 µg/mL (Flowers) Ismail et al. (2012) 

Methanol HT-29: 59.0 µg/mL (Leaves) 

Dichloromethane HT-29: 90.3 µg/mL (Flowers) 

Methanol Hep-G2: 8.51 µg/mL (After 10 mins PDT) Tan et al. (2019) 

Ethanol 

HeLa: 

331.5 µg/mL (Penang) 

266.4 µg/mL (Selangor) 

182.5 µg/mL (Kelantan) 

Ghasemzadeh et al. 

(2015) 
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Note:  

MCF-7: Human Breast Cancer Cell Line; MDA-MB-231: Human Invasive Ductal Carcinoma Cell Line 

HCT-116: Human Colon Cancer Cell Line; HepG2: Human Liver Hepatocellular Carcinoma Cell Line; 

T-47D: Human Breast Cancer Cell Line ; NCI-H23: Human Non-Small Cell Lung Carcinoma ; 

CCD-18Co: Normal Human Colon Fibroblast Cell Line ;  

CaCo-2: Human Colorectal Adenocarcinoma Cell Line ; 

Chang Liver Cell: Derived HeLa Cell Line ; HeLa: Human Cervical Cancer Cell Line;  

HT-29:   Human Colon Adenocarcinoma Cell Line 

 

2.3.1 External (Topical) Application of Clinacanthus nutans and Strobilanthes crispus 

All C. nutans balms are available in the traditional markets. It is used topically to 

ease skin irritation, insect bites, scorch, itches, and eczema rash (Shin et al., 2013). On the 

other hand, S. crispus is usually consumed as tea and hardly used topically. However, this 

does not indicate that S. crispus does not exhibit antimicrobial or wound healing properties.  

From Table 2.5, Yang and his co-researchers (2013) assayed the antimicrobial 

activities of methanolic C. nutans extracts against Staph. aureus, B. cereus, P. acnes, Staph. 

epidermidis, and E. coli. The findings revealed C. nutans showed an inhibitory effect against 

four bacteria strains and was highly potent against Staph. aureus and E. coli with MIC values 

of 12.50 mg/mL respectively (Yang et al., 2013). Nevertheless, another study against Staph. 

aureus recorded a higher MIC value of 62.5 mg/mL (Tinh, 2014). Besides, Tinh also 

reported that C. nutans methanol extract exhibited strong antimicrobial activity against 

Salmonella typhi, a Gram-negative bacterium at a MIC of 125 mg/mL (Tinh, 2014).  These 

findings were also supported by Sekar and Rashid (2016). They reported that C. nutans 

methanol extract with a concentration of 25 mg/mL showed active inhibitory effects against 

two Gram-positive and two Gram-negative bacteria. The most significant zone of inhibition 
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(ZOI) was observed in Staph. aureus with a diameter of 23 mm, followed by E. coli (D = 10 

mm), Ps. aeruginosa (D = 9.33 mm), and B. cereus (D = 8 mm), respectively.   

These findings were consistent and verified by Ong et al. (2020), who reported C. 

nutans extracted with methanol, chloroform, ethyl acetate, hexane, ethanol, and water 

respectively exhibited strong antimicrobial activity against Ps. aeruginosa with an IC50 value 

of 0.63 mg/mL. In addition, the hexane and ethyl acetate extracts demonstrated active 

inhibitory effects against all the bacteria involved, namely Staph. aureus, B. cereus, Ps. 

aeruginosa, K. pneumoniae, and E. coli.  The MIC recorded for K. pneumoniae was 0.63 

mg/mL with ethyl acetate C. nutans extract, 1.25 mg/mL for hexane extract and 2.5 mg/mL 

for ethanol extract. Furthermore, both hexane and ethyl acetate C. nutans extracts showed 

MIC of 0.63 mg/mL when treated on E. coli. The Gram-negative bacteria were more 

susceptible to the C. nutans extracts than Gram-positive bacteria (Ong et al., 2020). 

There were many more studies performed with other extraction solvents, and some 

of them showed promising results. The ethyl acetate C. nutans extract exhibited a MIC of 

6.31 mg/mL when treated on B. cereus while the ethyl acetate C. nutans extract showed a 

MIC of higher than 100 mg/mL when treated on Salmonella typhi and E. coli (Arullappan et 

al., 2014). Wong et al. (2013) investigated the hot water C. nutans extract on Staph. aureus, 

M. luteus, Ps. aeruginosa and E. coli, and all of them showed MIC higher than 50 mg/mL. 

According to Chomnawang et al. (2005), when ethanol C. nutans extract was tested on 

bacteria were commonly found on human skin surfaces, namely P. acnes and Staph. 

epidermidis, the MIC for both was higher than 5 mg/mL. Chomnawang et al. (2005) repeated 

the test of the ethanol C. nutans extract on MRSA in 2008 and found the MIC was higher 

than 5 mg/mL.  
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There were several reports on the antimicrobial properties of S. crispus (Table 2.6) 

but the data obtained were inconsistent. The earliest study conducted on the S. crispus 

antimicrobial properties was by Abou Muamar (1999). The study involved Staph. aureus, 

Ps. aeruginosa, Salmonella typhi and Vibrio cholera. The results showed that when the 

concentration of methanol extract at 38.481 mg/kg and 35.539 mg/kg were effective in 

inhibiting the growth of Staph. aureus and Salmonella typhi, respectively but no inhibition 

was observed in the other bacteria. Muskhazli (2009) conducted agar well diffusion assay 

on medicinal plants demonstrated that the methanol extract of S. crispus exhibited strong 

antimicrobial activity against Bacillus cereus with a MIC value of 2 mg/mL. Another study 

by Lim (2015) on two Gram-positive and two Gram-negative bacteria revealed that the 

ethanol extracts of S. crispus were only effective against Gram-positive bacteria such as 

Staph. aureus and Strep. pneumoniae with MIC values of <50 mg/mL and 100 mg/mL, 

respectively. 

A monumental study by Al-Henhena et al. (2011) changed the perspective toward S. 

crispus. In the histological examination, ethanolic S. crispus extract was tested on rats to 

accelerate the wound healing. The intrasite gel was used as a control. When 200 mg/mL of 

ethanolic S. crispus extract was applied to the wound, the healing time recorded was similar 

to that of the control. However, no histology study had yet to be done on C. nutans extracts. 

Overall, both C. nutans and S. crispus exhibited efficacious properties such as 

antioxidant, anticancer, and antimicrobial properties. Nonetheless, there is still a knowledge 

gap between the comparison of extracts from different extraction solvents and their effects 

on the specific treatments, such as cytotoxicity on cancer cell lines. Albeit there were many 

reports on antimicrobial properties of C. nutans, there is still no in vivo experimental model 

has been performed on C. nutans to determine the wound healing property. While a 
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histological study was done on S. crispus extract and showed that the ethanol S. crispus 

extract was capable of accelerating the wound healing process (Al-Henhena et al., 2011), 

there is still no study done on co-incubation of bacteria on skin fibroblasts before and after 

exposure to these extracts. Therefore, this study aims to delineate the efficacy of these two 

plants’ extracts as ROS scavengers, their ability to inhibit bacteria growth, and their ability 

to promote in vitro wound healing.   
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Table 2.5: The Minimum Inhibition Concentration (MIC) of Gram-positive and Gram-negative bacteria when treated with different 

extracts of C. nutans. 

Reference 

Gram-positive bacteria Gram-negative bacteria 

Staph. aureus  MRSA M. luteus B. cereus Strep. 
pneumoniae 

P. acnes Strep. 
epidermidis 

Ps. aeruginosa Salmonella 
typhi 

K. 
pneumoniae 

E. coli 

Clinacanthus nutans (C. nutans) 

Arullappan et al. 
(2014) - - - 

EA: 6.31 
mg/mL 
(MIC)  

- - - - 
EA: >100 
mg/mL 
(MIC) 

- 
EA: >100 
mg/mL 
(MIC) 

Sekar & Rashid 
(2016) 

M: 25 
mg/mL (23.0 
mm 
inhibition 
zone) 

- - 

M: 25 
mg/mL (8.0 
mm 
inhibition 
zone) 

- - - 

M: 25 mg/mL 
(9.33 mm 
inhibition 
zone) 

- - 

M: 25 
mg/mL (10.0 
mm 
inhibition 
zone) 

Yang et al. (2013) M: 12.50 
mg/mL 

(MIC) 

- - 
M: >12.50 
mg/mL 

(MIC) 

- 
M: >12.50 
mg/mL 

(MIC) 

M: >12.50 
mg/mL 

(MIC) 

- - - 
M: 12.50 
mg/mL 

(MIC) 

Chomnawang et 
al. (2005) - - - - - 

E: >5 mg/mL 
(MIC) 

E: >5 
mg/mL 
(MIC) 

- - - - 

Chomnawang et 
al. (2009) 

- 
E: >5 mg/mL 
(MIC) 

- - - - - - - - - 

Tinh (2014 cited 
in Khoo, 2018) 

M: 62.5 
mg/mL 
(MIC) 

- - - - - - - 
M: 125 
mg/mL 
(MIC) 

- - 

Wong et al. 
(2013) 

HW: >50 
mg/mL 
(MIC) 

- 
HW: >50 
mg/mL 
(MIC) 

- - - - 
HW: >50 
mg/mL (MIC) - - 

HW: >50 
mg/mL 
(MIC) 

Ong C.W. (2020) H: 2.5 

mg/mL 
EA: 2.5 
mg/mL 
(MIC) 

- - 

H: 1.25 

mg/mL 
C: 2.5 
mg/mL 
EA: 0.63 
mg/mL 
E: 2.5 
mg/mL 
(MIC) 

- - - 

M: 0.63 

mg/mL 
H: 1.25 
mg/mL 
C: 0.63 
mg/mL 
EA: 0.63 
mg/mL 
E: 0.63 

mg/mL 
W: 2.5 mg/mL 
(MIC) 

- 

H: 1.25 

mg/mL 
EA: 0.63 
mg/mL 
E: 2.5 
mg/mL 
(MIC) 

H: 0.63 

mg/mL 
EA: 0.63 
mg/mL 
(MIC) 
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Table 2.6: The Minimum Inhibition Concentration (MIC) of Gram-positive and Gram-negative bacteria when treated with different 

extracts of S. crispus. 

Reference 

Gram-positive bacteria Gram-negative bacteria 

Staph. aureus  MRSA M. luteus B. cereus Strep. 
pneumoniae 

P. acnes Strep. 
epidermidis 

Ps. aeruginosa Salmonella 
typhi 

K. 
pneumoniae 

E. coli 

Strobilanthes crispus (S. crispus) 

Abou Muamar 
(1999) 

M: 38.481 
mg/kg (MIC) 

- - - - - - 
-ve M: 35.539 

mg/kg (MIC) 
- - 

Muskhazli (2009) 
- - - 

M: 2 mg/mL 
(MIC) 

- - - - - - - 

Lim V.H. et al. 
(2015) 

E: <50 
mg/mL 
(MIC) 

- - - 
E: 100 
mg/mL 
(MIC) 

- - 
-ve 

- 
-ve 

- 
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CHAPTER 3  
 

 

MATERIALS AND METHODS 

3.1 Plant Collection 

The raw plant materials, namely Clinacanthus nutans (C. nutans) and Strobilanthes 

crispus (S. crispus) were collected from different housing areas in Kuching, Sarawak. The 

leaves were cleaned and left to dry at room temperature for three weeks. A domestic grinder 

(Sharp, Osaka, Japan) was used to ground the hand-picked leaves to powder form and packed 

in a zip-lock bag. It was kept in the dark for future use. 

 

3.2 Extraction 

The extraction used three solvents with different polarities: ethanol, acetone and 

chloroform, using the cold maceration method. A sample of 50 g dried C. nutans powder 

was weighed and mixed with 500 mL of ethanol. The mixture was stirred constantly with a 

magnetic stirrer. After 24 hours, the mixture was filtered with Whatman© No. 93 filter paper 

(Whatman, Buckinghamshire, United Kingdom) and transferred to a rotary evaporator 

(BUCHI, Flawil, Switzerland). The rotary evaporator was used to remove the solvent in the 

filtrate. The extract was removed from the rotary evaporator and transferred into an amber 

centrifuge tube (Biologix, Jinan, China), and wrapped in aluminium foil (Diamond, 

Malaysia). It was kept in a refrigerator at 4-8°C prior to use. 

The procedures were repeated with acetone and chloroform on the powdered samples 

of C. nutans. The powdered samples of S. crispus were extracted with ethanol, acetone and 

chloroform with the same procedure as well. 
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3.3 Phytochemical Screening 

3.3.1 Alkaloids Test 

Dragendorff's reagent (potassium iodide-bismuth nitrate) is used to detect the 

presence of alkaloids (Shah and Hossain, 2011). A stock solution was prepared by mixing 

0.5 g of bismuth (III) nitrate (Sigma-Aldrich, Missouri, USA) dissolved in 8 mL of distilled 

water and 2 mL concentrated hydrochloric acid, 4 M (Fisher Chemical, Massachusetts, 

USA).  To this stock solution, 5 g of potassium iodide (Sigma-Aldrich, Missouri, USA) were 

dissolved with distilled water and topped up to the calibration mark in a 10 mL volumetric 

flask to achieve a 50 % w/v potassium iodide solution. This stock solution was kept in an 

amber glass bottle. The potassiumtetraiodobismuthate (K[BiI4]) combined with the 

ammonium salt in the alkaloid would form insoluble complex salt (Raal A. et al., 2020). 

When the sample containing alkaloid was mixed with this Dragendorff's reagent (2:1) and 

left to stand for 5 minutes, these ion pairs would form an insoluble orange-red coloured 

complex visible to the naked eye. The observations were recorded based on the colour 

intensity, the strongest colour intensity will be recorded as 4+. 

 

3.3.2 Flavonoids Test 

The presence of flavonoids was tested according to Gul et al. (2017) with slight 

modifications. The extracts were mixed with 2 mL of sodium hydroxide and resulted in a 

yellow mixture. The mixture was then added with hydrochloric acid, 4 M (Fisher Chemical, 

Massachusetts, USA) slowly until colourless. The stronger the yellow colour intensity of the 

yellow mixture, more hydrochloric acid will be required to be added in order for the mixture 

to turn colourless, thus the value recorded will be bigger. 
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3.3.3 Saponin Test 

The ethanol C. nutans extract was transferred into a test tube, and 5 mL of distilled 

water was added into the tube. The tube was sealed with Parafilm® (Sigma-Aldrich, 

Missouri, USA) and shaken vigorously before it was left to stand for 5 minutes. The foam 

was observed and recorded its height. This was repeated for the other extracts from C. nutans 

and S. crispus respectively. 

 

3.4 Total Phenolics Content (TPC) 

Folin-Ciocalteu Reagent (Sigma-Aldrich, Missouri, USA) was used to determine the 

total phenolics content (TPC) according to Chan et al. (2012).  A 10 mg ethanolic C. nutans 

extract sample was dissolved with 1 mL of ethanol in a test tube. From the mixture, 200 µL 

was transferred into a new tube and made up to 3 mL. It was mixed with 0.5 mL of 50 % 

(v/v) Folin-Ciocalteu Reagent (Sigma-Aldrich, Missouri, USA) and 2.0 mL of 20 % (w/v) 

sodium bicarbonate (Sigma-Aldrich, Missouri, USA) solution before incubating in the dark 

for 60 minutes at room temperature. The wavelength of 650 nm was used to measure the 

absorbance of the mixtures with a spectrophotometer (DeNovix DS-11 FX, Wilmington, 

USA) and the standard reference used was Gallic acid (Sigma-Aldrich, Missouri, USA). All 

the extracts for C. nutans and S. crispus respectively, and standard solutions were prepared 

using a serial dilution. All the experiments were conducted in triplicates. 
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3.5 Total Flavonoids Content (TFC) 

The aluminium colourimetric method was used to access the total flavonoid content 

(TFC) of the extracts, based on Baba and Malik (2015) with slight modifications. A sample 

of 10.0 mg plant extract was dissolved in 1.0 mL of methanol (Fisher Chemical, 

Massachusetts, USA). Once dissolved, 500 µL of the mixture were transferred into a new 

tube and made up to 5.0 mL. After the mixing, 1.0 mL of the mixture was transferred into a 

new tube with 1.0 mL of 2 % (w/v) aluminium chloride (AlCl3) (Sigma-Aldrich, Missouri, 

USA). It was then incubated in the dark for 10 minutes before the absorbance was measured 

at a wavelength of 420 nm with a spectrophotometer (DeNovix DS-11 FX, Wilmington, 

USA. The standard reference used was Rutin (Sigma-Aldrich, Missouri, USA), and the 

samples were carried out in triplicates. 

 

3.6 Antioxidant (2,2-Diphenyl-1-picrylhydrazyl Assay) 

The method used was described by Yong et al. (2013) and Chan et al. (2012) with 

slight modifications to determine the 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-

Aldrich, Missouri, USA) free radical scavenging activity. The extracts were prepared with 

concentrations of 10, 20, 40, 60, 80, and 100 µg/mL with a serial dilution.  The total volume 

should be 1 mL for each concentration. One mL of DPPH ethanolic solution (0.2 mM) was 

added to each tube and sealed. The mixtures were swirled gently for 1 minute and incubated 

in the dark for 30 minutes before the absorbance was measured using a spectrophotometer 

(DeNovix DS-11 FX, Wilmington, USA). The wavelength used for the absorbance 

measurement was 517 nm. A mixture of ethanol (Fisher Chemical, Massachusetts, USA) 

and DPPH solution (Sigma-Aldrich, Missouri, USA) was used as a negative control for this 
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experiment. Ascorbic acid (Sigma-Aldrich, Missouri, USA) was used as the standard 

reference. All the samples and standards were performed in triplicates. After determining 

the EC50 of the standard reference and the extracts, the results recorded will be in Ascorbic 

Acid Equivalent to Antioxidant Content (AAEAC). 

 

3.7 Antimicrobial (Disk Diffusion Assay) 

3.7.1 Nutrient broth (NB) 

The Nutrient Broth (NB) was prepared by mixing 13.0 g NB powder (Oxoid, 

Basingstoke, England) in 1 L distilled water in a 1 L Schott bottle (Favorit, Puchong, 

Malaysia). The mixture was brought to boil and aliquot into 3 mL Bijou bottles (Biologix, 

Jinan, China) before these aliquots were autoclaved at 121ºC for 15 minutes. The NB was 

stored at 4ºC, ready for use. 

 

3.7.2 Mueller-Hinton Agar (MHA) 

The Mueller-Hinton agar (MHA) was prepared by mixing 38.0 g of MHA powder 

(Oxoid, Basingstoke, England) in 1 L distilled water in a 1 L Schott bottle. The mixture was 

brought to boil to dissolve it completely with a constant stirring magnetic stirrer on a heated 

magnetic hot plate (IKA, Staufen, Germany). The MHA was then autoclaved at 121ºC for 

15 minutes. The MHA was left to cool in a 60ºC water bath and poured into PT90 Petri dish 

Favorit, Puchong, Malaysia). Once the MHA had solidified, it was incubated overnight to 

monitor for contamination before storing at 4ºC, ready for use. 
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3.7.3 Mueller-Hinton Broth (MHB) 

The Mueller-Hinton Broth (MHB) was prepared by mixing 21.0 g of MHB powder 

in 1 L distilled water in a 1 L Schott bottle. The mixture was brought to boil and aliquot into 

25 mL Universal bottles (Biologix, Jinan, China) before these aliquots were autoclaved at 

121ºC for 15 minutes. The MHB was stored at 4ºC, ready for use. 

 

3.7.4 Antimicrobial Sensitivity Test (AST) 

A total of 8 strains of Gram-positive and Gram-negative bacteria that were of clinical 

importance were used in this study. Some of these were normal flora of the body albeit 

opportunistic pathogens. The Gram-positive bacteria were Strep. pyogenes (ATCC No. 

25663, Manassas, USA), Staph. aureus (ATCC No. 25923, Manassas, USA), and 

Methicillin-resistant Staph. aureus (ATCC No. 33591, Manassas, USA). The Gram-negative 

bacteria involved were Ps. aeruginosa (ATCC No. 109246, Manassas, USA), E. coli (ATCC 

No. 1100101, Manassas, USA), Shigella species (ATCC No. 23354, Manassas, USA), 

Salmonella typhi (ATCC No. 14028, Manassas, USA), and K. pneumoniae (ATCC No. 

BAA-1705, Manassas, USA). The NB was used to promote bacterial growth. The bacteria 

were freshly cultured 24 hours prior plating as bacterial lawn on MHA to perform the disk 

diffusion test.  

The Disk Diffusion method was conducted according to Vora et al. (2018) with slight 

modifications. Each bacterium was spread uniformly on a sterile MHA plate with a sterile 

cotton swab on an inoculating turntable (Fisher Scientific, Massachusetts, USA). The 

concentration of the extracts used was 1 mg/mL. The sterile blank discs (Oxoid, Basingstoke, 

England) were placed on the planned area on the bacterial lawn in the MHA plate. The 
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extract pipetted onto the sterile blank discs was 20 µL. The method was repeated for the 

other 7 strains of bacteria in triplicates. Levofloxacin 5 g disc (Oxoid, Basingstoke, 

England) was used as the positive control because it was effectiveness against most Gram-

positive and Gram-negative bacteria. It was placed along on each strain of bacterial lawn 

and performed in triplicates. The MHA plates were incubated at 37◦C and observed at 24, 

48, and 72 hours. The inhibition diameter for each extract was observed and recorded in mm 

unit. 

 

3.8 Wound Healing Activity (Scratch Assay) 

Skin fibroblast (OUMS-36T-4F, Westmead, Australia) was decided for the in-vitro 

scratch assay. Dulbecco’s modified Eagle’s medium (Gibco, Waltham, USA) with 10 % 

Fetal Bovine Serum (Gibco, Waltham, USA) was used for the cell culture. Scratch assays 

without extracts and bacteria were performed to discover the optimum observation time 

point and duration for the wound healing activity before the others. 

The method conducted was based on Grada et al. (2017) with modification. T25 

culture flask (Biologix, Jinan, China) was used to culture the skin fibroblasts for 24 hours. 

When the adherent cells reached the confluency of 80-85 %, the culture media was removed, 

and a scratch was created on the marked area to create a pseudo-wound with a sterile 1-mL 

pipette tip. A volume of 2 mL fresh culture media was added to the T25 flask and incubated 

at 37ºC and 5 % CO2. The cells were observed under the microscope at intervals of 1-, 3-, 

6-, 10-, 24-, and 48-hours. 
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Based on the preliminary results, the duration sufficient for the cells to migrate and 

cover up the pseudo-wound was 24 hours incubation. However, observation at a time point 

of 48 hours was necessary to observe activities of co-incubation of bacteria and cells. The 

scratch assay was repeated with the respective extracts added to the culture media before 

adding into the T25 flasks containing the adherent cells. 

 

3.8.1 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) Assay 

The minimum inhibition concentration (MIC) for the extracts was determined with 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT) (Merck, 

Massachusetts, USA) assay. The working stock was prepared as a 10 % MTT reagent in 

phosphate buffered saline (PBS) (Sigma-Aldrich, Missouri, USA). 

Cell optimisation was conducted, and it was to observe the condition of the cells after 

incubation of 24- and 48-hour. The density of the cells was started with 10 x 104 cells and 

serial dilution to a lower density of 6.25 x 103 cells per well in 96-well flat-bottomed culture 

plate (Biologix, Jinan, China). These cells were incubated at 37°C and 5 % CO2 for 24 hours., 

The media was replaced with fresh media after 24 hours of incubation and 20 µL of 10 % 

MTT reagent was added to these adherent cells. The plate was incubated for another 3 hours 

in the dark before 100 𝜇L Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Missouri, USA) 

was added and mixed thoroughly. It was to make sure the formazan crystals were solubilized 

before the result was read by using a microplate reader (SpectraMax iD3 Multi-Mode 

Microplate Reader, Molecular Devices, San Jose, USA) at wavelength 570 nm. The cell 

viability was calculated according to the formula below (Equation 3.1): 
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Cell viability (%) = 
Absorbance 570 nm  of sample

Absorbance 570 nm of control
 × 100 %  Equation 3.1 

According to the preliminary result obtained, the most optimum density of 2.2 x 104 

cells was selected to determine the MIC of the extracts with the MTT assay. Subsequently, 

a density of 2.2 x 104 cells per well was seeded in 96 well plates (Biologix, Jinan, China) for 

24 hours. The extracts were dissolved with the fresh culture media, and a sterile 0.45 µm 

hydrophilic filter (Sartorius, Göttingen, Germany) was used to filter the mixture.  

There were total of 8 test extracts with different concentration involved. To test each 

extract, fresh culture media containing the extracts replaced the existing culture media from 

the starting concentration of 500 µg/mL, with 1:2 serial dilution, the lowest concentration 

involved was 3.906 µg/mL. These treated cells were incubated at 37℃ with 5 % CO2 for 24 

and 48 hours.  

After each incubation time point, the culture media was removed and 200 𝜇L fresh 

culture media and 20 𝜇L of 5 mg/mL 10 % MTT reagent were added and incubated in the 

dark. After incubation for 3 hours, a 100 𝜇L DMSO were added and mixed thoroughly to 

solubilize the formazan crystals before the absorbance was measured. The data was recorded 

using a microplate reader (SpectraMax iD3 Multi-Mode Microplate Reader, Molecular 

Devices, San Jose, USA) at 570 nm. 

 

3.8.2 Bacteria Preparation 

The bacteria decided for the co-incubation in-vitro assay was MRSA as it was well-

known as one of the most common pathogens that is difficult to treat with open wounds. 

From the observation during the preliminary scratch assay, the pseudo-wound closed after 



43 

24 hours of incubation. Therefore, the density of MRSA initially added was adjusted and 

lowered to prevent it from fully taking over the cells before the incubation period of 48 hours 

was reached. The Optical Density (OD) of the MRSA was recorded at a wavelength of 600 

nm with a spectrophotometer (DeNovix DS-11 FX, Wilmington, USA). An inoculation loop 

with the size of 10 µL was used. MRSA was transferred into 3 mL fresh NB and incubated 

overnight.  

Scratch assay was repeated with different concentration of MRSA. The concentration 

of MRSA added into the culture media was recorded based on the volume of MRSA in the 

total volume of the 2 mL mixture used. The different volumes of MRSA added were 100 µL 

(5 %), 20 µL (1 %), 10 µL (0.5 %), 5 µL (0.25 %) and 2 µL (0.1 %), respectively. These 

were incubated at 37°C with 5 % CO2. The observations were recorded after incubation time 

points of 1 hour, 3 hours, 6 hours, 10 hours, 24 hours, and 48 hours, respectively. 

 

3.8.3 Co-incubation in-vitro Assay 

From the preliminary MTT assay, the extracts with different polarity solvents 

exhibited different MIC. The concentration lower than the MIC for the extracts was selected 

to avoid extracts having any effect on the skin fibroblasts. The concentrations used for C. 

nutans and S. crispus were 7 µg/mL and 70 µg/mL, respectively. 

For the scratch assay with MRSA, the MRSA selected OD600 ranges between 0.4 to 

0.5 to obtain the most relevant results for 48 hours assay. A 2 µL of MRSA added 

corresponding to a negligible 0.1 % of NB was added to the fibroblast culture media.  
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The scratch assay was conducted according to Grada et al. (2017) with modifications 

during the co-incubation of MRSA. Skin fibroblasts were cultured in a T25 flask. The flask 

was then incubated for 24 hours to ensure the fibroblasts reached a confluency of 80-85 %. 

Scratch assay was performed with a sterile 1 mL pipette tip on the designed area. The media 

preparation with extracts and MRSA to make up a final volume of 2 mL is summarised in 

Table 3.1. The cells were incubated at 37°C and 5 % CO2. They were observed immediately 

after incubation for 1 hour, 3 hours, 6 hours, 10 hours, 24 hours, and 48 hours. 

Microphotography was conducted to record the wound healing progression at different time 

points. 

Table 3.1: The preparation of culture media with different C. nutans and S. crispus 

extracts with MRSA 

Plant 

Clinacanthus nutans Strobilanthes crispus 

Ethanol Acetone Chloroform Ethanol Acetone Chloroform 

Extracts (1 

mg/mL) / µL 
14 14 14 140 140 140 

MRSA / µL 2 2 2 2 2 2 

DMEM + 10 % 

FBS / µL 
1984 1984 1984 1858 1858 1858 

Total volume 

/ µL 
2000 2000 2000 2000 2000 2000 
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CHAPTER 4  
 

 

RESULTS  

The wound healing progression process involved intricate stages including the 

inflammation stage that produces reactive oxygen species (ROS) (Rodrigues et al., 2019). 

Both Gram-positive and Gram-negative bacteria are often isolated from these wounds in 

chronic cases. The ability of a plant extract to elicit antioxidant activity has attributed to its 

protective effects against ROS addition to its antimicrobial properties. In order to determine 

the antioxidant potential and antimicrobial properties of C. nutans and S. crispus, the total 

phenolic and total flavonoid contents were assessed, and disc diffusion assay was conducted. 

The wound healing properties of C. nutans and S. crispus extracts of different solvent 

polarities solvents using a modified scratch assay on human keratinocytes co-incubated with 

MRSA at different time points microscopically was performed. 

 

4.1 Determination of Total Flavonoid and Phenolics Contents. 

Once the dried powder leaves from C. nutans and S. crispus were extracted with 

different polarity solvents, alkaloid, flavonoid and saponin tests were performed. The 

triplicate results were recorded (Table 4.1). In the alkaloid test, the ethanol and acetone 

extracts for C. nutans and S. crispus showed intense precipitation of 4+. For the flavonoids 

test, C. nutans ethanol extract exhibited a more vigorous colour intensity of 3, followed by 

acetone extract and chloroform extract, respectively. On the other hand, the S. crispus 

acetone extracts with higher flavonoid content showed the stronger colour intensity of 3, 

followed by chloroform extract and ethanolic extract, respectively. For the saponin test, only 
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C. nutans and S. crispus ethanolic extracts were dissolved fully in water. The C. nutans 

ethanolic extract formed a 10 mm foam layer indicative of more saponin than the S. crispus 

ethanolic extract which only yielded a 5 mm foam layer. The acetone and chloroform 

extracts were only partially dissolved in water, so no observations were done with these four 

samples. 

Table 4.1: The result of the phytochemical screening for different solvents extracts of 

Clinacanthus nutans and Strobilanthes crispus. 

 
Clinacanthus nutans Strobilanthes crispus 

Ethanol Acetone Chloroform Ethanol Acetone Chloroform 

Alkaloids 

Test 

(precipitate) 

4+ 4+ 0 4+ 4+ 0 

Flavonoids 
Test 

(colour 

intensity) 

3 2 1 1 3 2 

Saponin 

Test  

(foam layer 

/ cm) 

1.0 N/A N/A 0.5 N/A NA 

Note: N/A stated for Not Available 

When assessed for the antioxidant potential in scavenging ROS, acetone extract of 

C. nutans exhibited the highest level of antioxidant potential (25 %) than ethanolic C. nutans 

extract (17.74 %) and chloroform extract of C. nutans (11.96 %) relative to ascorbic acid. 

Interestingly, all the extracts from S. crispus exhibited a significantly higher antioxidant 

capacity than C. nutans extracts by reducing more than 55 % of the ROS relative to ascorbic 

acid.  When these extracts were assessed for their TPC, acetone C. nutans extract showed 

the highest TPC (4.335 mg GAE/g defatted material) at approximately 1.48-fold more in 

comparison with chloroform C. nutans extract (2.934 mg GAE/g defatted material) and more 

than 16.8 fold higher than C. nutans ethanolic extract (0.258 mg GAE/g defatted material) 

respectively. For S. crispus extracts, the ethanolic extract showed the highest TPC (1.878 
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mg GAE/g defatted material) followed by chloroform (0.207 mg GAE/g defatted material) 

and the ethanolic extract was approximately 11.4 fold more than acetone (0.165 mg GAE/g 

defatted material) extracts respectively. The TFC for these extracts was assessed and the 

results showed C. nutans ethanolic extract contained the highest amount of flavonoid at 

0.472 mg RE/g defatted material, followed by acetone C. nutans extract (0.190 mg RE/g 

defatted material) and chloroform C. nutans extract (0.080 mg RE/g defatted material) 

respectively.  In the S. crispus extracts, the TFC was relatively similar for chloroform, 

acetone, and ethanolic extracts at 0.313, 0.278, and 0.252 mg RE/g defatted material, 

respectively.  

Table 4.2: The comparison of the antioxidant content (AAEAC), total phenolic content 

(TPC), and total flavonoids content (TFC) between C. nutans and S. crispus 

with different solvents extracts. 

 Clinacanthus nutans Strobilanthes crispus 

Ethanol Acetone Chloroform Ethanol Acetone Chloroform 

AAEAC 

(%) 
17.74 25.00 11.96 >55 >55 >55 

TPC 

(mg GAE/g 

defatted 
material) 

0.258 

±0.063 

4.335 

±0.342 

2.934 

±0.506 

1.878 

±0.525 

0.165 

±0.114 

0.207 

±0.821 

TFC 

(mg RE/g 

defatted 
material) 

0.472 

±0.021 

0.190 

±0.006 

0.080 

±0.004 

0.2524 

±0.007 

0.2777 

±0.014 

0.3127 

±0.008 

 

Note: 
(1) Ascorbic Acid Equivalent Antioxidant Content = AAEAC 
(2) TPC recorded as mg Gallic Acid Equivalent/g defatted material 
(3) TFC recorded as mg Rutin Equivalent/g defatted material 
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4.2 Determination of Antimicrobial Properties of C. nutans and S. crispus Plant 

Extracts against Gram-positive and Gram-negative Bacteria. 

When the C. nutans and S. crispus extracts were treated on the Gram-positive and 

Gram-negative bacteria on MHA, only Ps. aeruginosa showed a distinct zone of inhibition. 

When C. nutans ethanol extract was treated on Ps. aeruginosa, an average zone of inhibition 

of 16 mm was recorded, which showed better antibacterial potential than that of the acetone 

(14 mm) and chloroform extracts (14 mm), respectively. Despite all the zones of inhibition 

recorded with S. crispus extracts were smaller, ethanol extract with 14 mm, acetone extract 

with 12 mm, and chloroform extract with 12 mm, these zones of inhibition were more 

distinguishable than those of C. nutans extracts. However, compared to the zone of inhibition 

of positive control, Levofloxacin 5 mg, the zone of inhibition was 25 mm, which was larger 

than C. nutans and S. crispus extracts. This was expected as these C. nutans and S. crispus 

extracts were crude and from raw material without fractionation, purification, or 

modification. Nonetheless, by virtue of its crude nature and yet the ability to deliver these 

antibacterial properties, making these extracts are promising candidates for future drug 

development. 
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Table 4.3:  Zone of inhibition when different C. nutans and S. crispus extracts treated on Gram-positive and Gram-negative bacteria on 

MHA. 

 Clinacanthus nutans Strobilanthes crispus Control 

Bacteria 
Ethanol Acetone Chloroform Ethanol Acetone Chloroform Levofloxacin 

5mg 
 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 

Strep. pyogenes X X X X X X X X X X X X X X X X X X 43 42 43 

Staph. aureus X X X X X X X X X X X X X X X X X X 10 11 11 

Methicillin-Resistant 

Staph. aureus 
X X X X X X X X X X X X X X X X X X 7 X X 

E. coli X X X X X X X X X X X X X X X X X X 42 41 39 

Ps. aeruginosa 15±1 16±1 16±1 14±1 14±1 15±1 14±1 14±1 14±1 15±1 14±1 13±1 12±1 12±1 12±1 11±1 11±1 11±1 27 25 24 

Salmonella typhi X X X X X X X X X X X X X X X X X X 30 31 31 

Shigella sp. X X X X X X X X X X X X X X X X X X 30 33 34 

K. pneumoniae X X X X X X X X X X X X X X X X X X 24 28 27 

 

Note: 

(1) the unit used is in mm 
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4.3 Effects of C. nutans and S. crispus Extracts on Skin Fibroblasts. 

Cell viability assay show the number of healthy living cells survive under certain 

condition. It is significant to determine the cell viability when different concentration of C. 

nutans and S. crispus extracts applied on the skin fibroblasts, because if the concentration of 

extracts used in the scratch assay is too high and cause the initial cell viability lower than 

100%, it might affect the final observation. Therefore, the Minimum Inhibition 

Concentration (MIC) of C. nutans and S. crispus extracts need to be determined and the 

concentration to proceed must not affect the cell viability to be lower than 100 %.  

When different concentrations of ethanolic C. nutans extract were treated on normal 

skin fibroblasts, there was little or no effect on the cell viability up to 62.5 µg/mL at 24 and 

48hours incubation (Table 4.4, Figure 4.1).  At higher concentrations of 125 µg/mL 

onwards, a decrease in cell viability was observed in the 24 hours samples. On the other 

hand, a similar trend of decreased cell viability could only be observed at the highest 

concentration of 500 µg/mL for both 24 and 48 hours samples. The C. nutans acetone extract 

was shown to be toxic to fibroblasts as when the concentration of C. nutans acetone extract 

was higher than 7.81 µg/mL. The cell viability started to drop in a dose-dependent manner 

(Table 4.4, Figure 4.2). At 48 hours incubation, the drop in cell viability of normal skin 

fibroblasts was more pronounced at lower concentrations of 7.81 µg/mL. Overall, C. nutans 

acetone extracts exhibited earlier and lowered dose-dependent trends. The MTT results for 

C. nutans chloroform extract were similar to C. nutans ethanol extract. In chloroform 

extracts, the fibroblast cell viability remained approximately at 100 % at 62.5 µg/mL or 

below when incubated for 24 hours and 125 µg/mL if incubated for 48 hours (Table 4.4, 

Figure 4.3).
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Table 4.4:  Cell ViabilityAssay of different concentrations of C. nutans extracts applied on the normal human skin fibroblast and 

incubated for 24 and 48 hours respectively. 

Concentration of    

C. nutans extracts 

(µg/mL) 

24 Hours 48 Hours 

Ethanol Acetone Chloroform Ethanol Acetone Chloroform 

0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 

3.91 109.7±47.7 108.9±5.4 107.3±23.8 111.7±13.7 107.6±2.6 120.8±8.8 

7.81 97.9±6.8 103.9±6.9 99.1±15.0 108.2±5.5 80.8±8.0 117.6±11.8 

15.63 118.2±16.6 93.5±16.3 98.8±7.8 102.1±2.9 94.1±12.5 115.8±11.7 

31.25 121.9±21.4 79.8±9.1 98.6±10.0 99.0±13.5 100.9±20.0 114.1±9.1 

62.5 99.7±21.8 85.3±13.4 100.3±17.4 104.2±15.4 84.3±17.2 113.9±15.7 

125 76.7±13.8 73.0±1.9 91.6±27.9 100.5±20.6 61.6±15.2 111.9±11.9 

250 84.6±18.4 44.5±0.5 59.5±14.2 95.1±7.0 48.5±5.3 77.5±28.9 

500 76.3±30.4 55.6±30.2 69.9±15.4 78.0±11.8 24.9±7.4 58.7±12.2 
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Therefore, a standardised C. nutans extract concentration was selected at 7 µg/mL to 

proceed with co-incubation of normal human fibroblasts with MRSA to study the effects of 

dose and time from different C. nutans extracts, respectively. 

  

Figure 4.1: Cell Viability Assay of different concentrations of C. nutans ethanol extract 

applied on the normal human skin fibroblast and incubated for 24 and 48 hours 

respectively. 

 

 



53 

  

        

Figure 4.2: Cell Viability Assay of different concentrations of C. nutans acetone extract 

applied on the normal human skin fibroblast and incubated for 24 and 48 

hours respectively. 

 

Figure 4.3: Cell Viability Assay of different concentrations of C. nutans chloroform 

extract applied on the normal human skin fibroblast and incubated for 24 

and 48 hours respectively. 
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In the MTT assay, the S. crispus ethanol extract at 500 µg/mL proved to be lethal as 

the fibroblast cell viability dropped to 9 % and 1 % after incubation for 24 and 48 hours 

respectively (Table 4.5, Figure 4.4). However, in 24 hours incubation at concentrations 

lower than 62.5 µg/mL, the normal fibroblast cells seemed to be thriving, exhibiting a 

biphasic trend of increasing and decreasing cell viability. In 48 hours samples, the overall 

cell viability trend decreased with the increase in extract concentration. For S. crispus 

acetone extract (Table 4.5,   

Figure 4.6), the fibroblasts cell viability remained at 100 % or slightly higher when 

the concentrations were 62.5 µg/mL and lower after 24 hours incubation.  However, despite 

the biphasic trend observed, at the highest concentration of 500 µg/mL, the cell viability 

dramatically dropped to below the IC50 line. After 48 hours incubation, the biphasic trends 

were observed with a decrease and a slight increase in the cell viability before it declined 

from 31.25 µg/mL at a dose-dependent manner.  

Based on Figure 4.6, it showed the MTT assay results of different concentrations of 

S. crispus chloroform extract applied on the normal human skin fibroblasts and incubated 

for 24 and 48 hours, respectively. The overall results from S. crispus chloroform extracts 

were similar to those of acetone extract. The fibroblast cell viability remained higher than 

100 % when the concentrations were 62.5 µg/mL or lower after 24 hours incubation. At 125 

µg/mL and above, the cell viability decreased in a dose-dependent manner. Similarly, after 

48 hours incubation with S. crispus chloroform, the cell viability decreased in a dose-

dependent manner. At 500 µg/mL, the cell viability dropped to 0 % in the 48 hours samples. 

Therefore, to maintain cell viability at 100 % for incubation of 48 hours, the S. crispus 

chloroform extract concentration must be lower than 3.91 µg/mL.  
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Table 4.5: Cell Viability Assay of different concentrations of S. crispus extracts applied on the normal human skin fibroblast and incubated 

for 24 and 48 hours respectively. 

Concentration of      

S. crispus extracts 

(µg/mL) 

24 Hours 48 Hours 

Ethanol Acetone Chloroform Ethanol Acetone Chloroform 

0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 

3.91 159.7±16.3 117.5±5.2 125.3±10.2 109.8±3.5 89.5±15.0 99.7±14.3 

7.81 157.2±16.6 94.2±8.7 117.5±7.0 89.7±8.9 88.3±2.5 99.1±9.6 

15.63 152.2±11.9 101.7±6.6 108.4±8.0 83.0±6.8 96.3±9.0 92.4±17.1 

31.25 140.5±21.4 106.2±6.6 123.9±13.8 95.7±16.1 90.7±5.4 97.0±10.4 

62.5 135.9±24.4 109.4±4.2 110.5±1.6 82.5±3.2 79.3±9.7 86.9±11.0 

125 92.7±7.1 72.5±2.8 77.9±15.0 67.7±9.1 56.3±8.5 88.3±9.4 

250 60.1±23.1 85.4±4.8 72.9±11.1 37.3±6.8 20.0±7.2 76.5±16.3 

500 9.3±5.7 25.7±3.3 20.4±25.7 1.2±0.1 2.7±0.1 1.3±0.2 
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Therefore, this study selected a standardised S. crispus extract concentration at 70 

µg/mL to proceed with co-incubation of normal human fibroblasts with MRSA to study the 

effects of dose and time from different S. crispus extracts, respectively. 

 

 

Figure 4.4: Cell Viability Assay of different concentrations of S. crispus ethanol extract 

applied on the normal human skin fibroblast and incubated for 24 and 48 

hours respectively. 
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Figure 4.5: Cell Viability Assay of different concentrations of S. crispus acetone extract 

applied on the normal human skin fibroblast and incubated for 24 and 48 

hours respectively. 

          

Figure 4.6: Cell Viability Assay of different concentrations of S. crispus chloroform 

extract applied on the normal human skin fibroblast and incubated for 24 

and 48 hours respectively. 
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4.4 Wound Healing Effects of C. nutans and S. crispus Extracts Treated on Pseudo-

wound in the Presence of MRSA 

The growth of MRSA over a duration of 24 hours when co-incubated with normal 

human skin fibroblasts was plotted (Figure 4.7). When added more than 1 % of MRSA, the 

MRSA was able to take over and cover the surface of the flask to achieve 100 % or higher 

coverage in that time duration. When 0.5 % of MRSA was added, the growth and coverage 

achieved about 90 %, while 0.25 % MRSA was added to the flask and coverage only reached 

about 80 %, respectively.  

 

Figure 4.7: Growth and coverage of MRSA over a duration of 24 hours when different 

concentration of MRSA were co-incubated with normal human skin fibroblasts. 
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During the in vitro wound healing study, a pseudo-wound was created using a sterile 

pipette tip as described in 3.8. When the C. nutans extracts were treated on the pseudo-

wound of the normal human skin fibroblasts, the ethanol and chloroform extracts were 

capable of closing the pseudo-wound after incubation of 24 hours, respectively, but the 

acetone extract required 48 hours of incubation to fully close up the pseudo-wound (Figure 

4.8). 

However, when the pseudo-wound was co-incubated with MRSA, the MRSA 

completely covered the flasks after 3 to 10 hours incubation. The pseudo-wound did not 

close, indicating no or insignificant wound healing activity (Figure 4.9). The skin fibroblast 

coverages were recorded in percentage of the fibroblast present in the flask and the data were 

tabulated as shown in Table 4.6.  

Similarly, based on Table 4.7, S. crispus extracts did not aid wound healing activity. 

When S. crispus extracts were treated on the pseudo-wound of the skin fibroblasts, the 

pseudo-wound with ethanol and acetone extracts did not close respectively, while only the 

S. crispus chloroform extracts were capable of fully closing up the pseudo-wound after 48 

hours of incubation (Figure 4.10). 

Interestingly, when co-incubated with MRSA, the S. crispus extracts inhibited the 

MRSA activity, and the fibroblasts were able to regenerate for a short time period. However, 

the MRSA took over the surface in the flasks after 6 to 10 hours incubation (Figure 4.11). 
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*The duration was denoted as 

follows:- 

-1: before scratch;  

0: immediately post scratch;  

1: 1 hour post scratch;  

3: 3 hours post scratch;  

6: 6 hours post scratch; 

10: 10 hours post scratch;  

24: 24 hours post scratch;  

48: 48 hours post scratch. 

 

Figure 4.8: Scratch Assay on normal human fibroblasts in the presence of C. nutans 

ethanol (E), chloroform (C) and acetone (A) extracts respectively. An in 

vitro wound healing process was observed in a time-dependent manner on 

normal human fibroblasts in the presence of ethanol (E), chloroform (C) and 

acetone (A), respectively.  
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*The duration was denoted as follows:- 

-1: before scratch;  

0: immediately post scratch;  

1: 1 hour post scratch;  

3: 3 hours post scratch;  

6: 6 hours post scratch; 

10: 10 hours post scratch;  

24: 24 hours post scratch;  

48: 48 hours post scratch. 

 

Figure 4.9: Scratch Assay on normal human fibroblasts and MRSA. An in vitro wound 

healing process was observed in a time-dependent manner on human 

fibroblasts in the presence of ethanol (E), chloroform (C) and acetone (A) 

C. nutans extracts respectively. 
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*The duration was denoted as 

follows:- 

-1: before scratch;  

0: immediately post scratch;  

1: 1 hour post scratch;  

3: 3 hours post scratch;  

6: 6 hours post scratch; 

10: 10 hours post scratch;  

24: 24 hours post scratch;  

48: 48 hours post scratch 

 

Figure 4.10: Scratch Assay on human fibroblasts in the presence of S. crispus extracts. 

An in vitro wound healing process was observed in a time-dependent 

manner on human fibroblasts in the presence of ethanol (E), chloroform (C) 

and acetone (A) respectively 
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*The duration was denoted as 

follows: - 

-1: before scratch;  

0: immediately post scratch;  

1: 1 hour post scratch;  

3: 3 hours post scratch;  

6: 6 hours post scratch; 

10: 10 hours post scratch;  

24: 24 hours post scratch;  

48: 48 hours post scratch 

 

Figure 4.11: Scratch Assay on human fibroblasts in the presence of S. crispus extracts 

and MRSA. An in vitro wound healing process was observed in a time-

dependent manner on human fibroblasts in the presence of ethanol (E), 

chloroform (C) and acetone (A) respectively. 
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Table 4.6: The Result of in vitro Scratch Assay with C. nutans extracts. 

Incubation Time (hr) 0 1 3 6 10 24 48 

 Control 36.8±5.1 40.2±10.1 44.9±8.9 58.0±9.5 70.4±10.3 85.1±25.9 113.4±23.6 

Extract only 

Ethanol 41.2±5.1 47.0±7.1 56.7±2.5 61.8±3.4 71.9±7.6 114.7±23.0 141.3±38.9 

Chloroform 41.7±7.5 52.2±10.1 56.4±10.4 59.5±10.4 74.1±11.7 111.1±25.9 137.1±13.9 

Acetone 22.9±4.0 26.1±10.3 25.1±6.0 30.3±11.9 39.7±11.0 83.6±27.7 100.9±29.7 

Co-incubation with 

extract and MRSA 

Ethanol 28.1±4.0 30.9±6.0 38.3±14.4 43.1±17.5 38.0±3.2 39.2±16.8 33.7±9.8 

Chloroform 35.0±4.0 36.3±9.6 37.9±11.5 44.0±11.0 52.4±21.6 47.7±17.4 46.2±22.0 

Acetone 36.3±7.5 38.5±12.4 48.6±10.0 44.0±5.1 41.7±1.6 37.2±0.9 20.8±7.8 

 

Note: Effects of C. nutans extracts (7 µg/mL) co-incubated with fibroblasts in the absence of MRSA in dose-dependent and time-dependent 

assays respectively. The results were expressed in % of coverage by the cells in that area. 

 

 

 

 

 



65 

 

 

Table 4.7: The Result of in vitro Scratch Assay with S. crispus extracts. 

Incubation Time (hr) 0 1 3 6 10 24 48 

 Control 47.4±12.3 54.8±12.4 60.2±12.2 79.8±7.6 94.9±6.5 102.7±15.9 137.9±13.2 

Extract only 

Ethanol 32.9±14.1 35.9±15.9 42.0±18.8 43.5±15.1 42.5±14.8 43.5±14.8 35.7±17.4 

Chloroform 26.0±5.4 26.1±8.4 32.7±10.7 38.6±6.9 52.4±3.8 78.3±16.7 101.0±38.7 

Acetone 39.3±10.8 40.8±11.7 45.3±10.5 51.0±8.4 53.1±6.3 73.0±21.1 62.3±5.0 

Co-incubation with 

extract and MRSA 

Ethanol 42.0±8.2 52.9±9.4 59.0±13.2 64.5±13.1 76.1±21.1 58.4±8.8 13.4±12.6 

Chloroform 29.4±4.1 37.3±6.0 43.0±2.3 57.7±10.6 60.2±16.8 42.2±15.5 25.7±11.7 

Acetone 28.7±10.1 34.3±9.2 40.5±13.3 45.8±14.1 31.1±3.7 20.1±7.1 12.5±6.5 

 

Note: Effects of S. crispus extracts (70 µg/mL) co-incubated with fibroblasts in the absence of MRSA in dose-dependent and time-dependent 

assays respectively. The results were expressed in % of coverage by the cells in that area.
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CHAPTER 5  
 

 

DISCUSSION  

5.1 Phytochemical 

Flavonoids are found predominantly in fruits and vegetables. These phytochemicals 

are reported or purported to be high in phenolic acids, potent with antioxidants and 

associated with antimicrobial, and antiviral properties. Therefore, assays were formulated 

and designed to study these phytochemicals. Qualitative assays based on the colour intensity 

commonly provide the preliminary results and the estimation of the total flavonoids present.  

Dragendorff’s reagent is commonly used for routine detection of alkaloids present in 

the samples. When alkaloids were present, these would react with the Dragendorff’s reagent 

to form orange red precipitate. The higher the content of alkaloids, the more precipitates 

were formed (Raal et al., 2020). Based on Table 4.1, the ethanol and acetone extracts from 

both C. nutans and S. crispus showed positive results of 4+ for the alkaloids tests while no 

precipitates were observed in the chloroform extracts. Chloroform has a pH value of 4.5, an 

acidic solvent compared with ethanol and acetone which were neutral. Therefore, it was 

likely that the alkaloids extracted in chloroform would be lower or absent. The findings are 

supported by Sreevidya and Mehrotra (2003), the pH value is a crucial factor for the 

formation of precipitation. If the mixture has a lower pH, there was a high possibility the 

precipitates were dissolved in the excess acid. 

In the C. nutans extracts results tabulated in Table 4.1, the ethanol extract showed 

the strongest colour intensity with an intense yellowish colouration followed by acetone 

extract and chloroform extract, respectively. For S. crispus extracts, the acetone extract 
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displayed the highest intensity, followed by chloroform extract and lastly, ethanol extract. 

The results obtained for C. nutans and S. crispus extracts showed different trends. The S. 

crispus extracts have stronger green colour intensity compared to C. nutans extracts when 

these were still in the crude form. Therefore, quantitative tests would need to be carried out 

to determine the flavonoids present in the extracts accurately. 

Epidemiology studies have been conducted on the health benefits of saponin. 

Saponin are polar molecules, may play an important role in protection against cancer, 

hypocholesterolemic effect, antioxidative, antivirus and other beneficial properties (Mohan 

et al., 2016). Therefore, slightly polar acetone relative to water at 0.355 and non-polar 

chloroform extracted slightly polar or non-polar viscous compounds from the crude extracts. 

When performing the saponin test, all the acetone and chloroform extracts could not dissolve 

in distilled water, while only the ethanol extracts dissolved in distilled water. The ethanol 

extract of C. nutans showed a 10 mm foam layer while S. crispus showed a 5 mm foam layer, 

indicating that the C. nutans ethanolic extract contained a higher saponin level than the S. 

crispus ethanolic extract. 

From the phytochemical screening tests, antioxidants such as flavonoids and 

phenolics were presents within the C. nutans and S. crispus extracts. Therefore, the bioassays 

for antioxidant activity, Total Flavonoids Content and Total Phenolic Content were proceed. 

 

5.2 Total Phenolic Content and Total Flavonoid Content of Clinacanthus nutans (C. 

nutans) and Strobilanthes crispus (S. crispus)  

Despite phenolics and flavonoids being the most common antioxidant components 

present in plant samples, the available amount may vary due to its natural properties, or the 
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extraction solvent involved. Therefore, the total phenolic and flavonoid contents of C. nutans 

and S. crispus extracts were performed to determine the contents and effects of antioxidant 

components present on chemically generated free radicals. 

Phenol is a type of antioxidant that is commonly present in plants. It has a lower 

polarity due to its phenyl group. Thus, phenols were most likely to be extracted with semi-

polar to non-polar solvent (Hattenschwiler & Vitousek, 2000). Folin-Ciocalteu Reagent 

Assay was used to determine the Total Phenolic Content (TPC) present in the extracts. Gallic 

acid was selected to act as the standard and the results were presented as mg Gallic Acid 

Equivalent (GAE) /g defatted material.  

From Table 4.1, the C. nutans acetone extract displayed the highest TPC at 4.335 

mg GAE/g defatted material, followed by chloroform extract with 2.934 mg GAE/g defatted 

material, which was close to half of that in acetone extract. However, the ethanol extracts 

only contained about 0.258 mg GAE/g defatted material, almost 11-fold less than that of 

chloroform extract. Based on the results above, the acetone extract had the highest TPC 

compared to that of ethanol extract. It might be due to the natural properties of ethanol with 

its high polarity and the additional hydroxyl (OH-) group resulting in higher polarity 

compared to acetone.  

However, for the S. crispus extracts, the ethanol extract obtained the highest TPC 

value of 1.878 mg GAE/g defatted material. The TPC obtained from the chloroform and 

acetone extracts were almost similar; 0.207 and 0.165 mg GAE/g defatted material, 

respectively. Based on the visual observation, ethanol extract exhibited a higher green colour 

intensity (most likely rich in chlorophyll) than to the other two extracts, affecting the results. 
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According to Marcheafave et al. (2019), chlorophylls and carotenoids were easier extracted 

with ethanol. Thus, the result obtained for S. crispus ethanol extract was affected. 

The aluminium calorimetric method was conducted for Total Flavonoid Content 

(TFC), and rutin acted as the standard. The results were presented in mg Rutin Equivalent 

(RE)/g defatted material. The C. nutans ethanol extract showed the highest TFC of 0.472 mg 

RE/g defatted material. The TFC of C. nutans acetone and chloroform extracts was much 

lower than ethanol extract; 0.190 mg RE/g defatted material and 0.080 mg RE/g defatted 

material, respectively. Based on the TFC results, there were distinctive differences when 

used different polarity extraction solvent. This demonstrated that most of the flavonoids 

present in C. nutans belong to flavonoids with relative polarity, and very few non-polar 

flavonoids were available (Panche et al., 2016). 

However, for S. crispus extracts, the differences between the three different extracts 

were comparatively similar. They were 0.252 mg RE/g defatted material, 0.278 mg RE/g 

defatted material, and 0.313 mg RE/g defatted material for ethanol, acetone, and chloroform, 

respectively. The findings showed that the types of flavonoids present in S. crispus were 

almost similar. 

 

5.3 Antioxidant Properties 

The antioxidant content was assessed through DPPH radical scavenging ability, and 

the IC50 of ascorbic acid recorded from the standard curve was 5.5 µg/mL. It was used to 

calculate the Ascorbic Acid Equivalent Antioxidant Content (AAEAC) with the formulae 

below (Equation 5.1): 
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Antioxidant Content =
IC50 of Standard

IC50 of Sample
 x 100%    Equation 5.1 

Based on the results shown in Table 4.2 for C. nutans extracts, the acetone extract 

demonstrated the highest antioxidant potential at 25 % AAEAC, comparable with those of 

ethanol and chloroform extracts which were 17.74 % and 11.96 % AAEAC, respectively.  

It was noted that the acetone extract showed approximately 2-fold higher antioxidant 

capacity than the chloroform extract. This finding was supported by Shimamura et al. (2014).  

While polar acetone extract obtained the highest antioxidant content, ethanol with the higher 

polarity did not show a better result, indicative that most of the antioxidant components 

present in the C. nutans were semi-polar or non-polar molecules. When extracted with semi-

polar solvents such as acetone, the solvent extracted higher antioxidant content than ethanol 

and chloroform as extraction solvents. As the type of antioxidants present within the extracts 

may differ, further tests were required to identify them (Barchan et al., 2014). 

The antioxidant results obtained from the S. crispus extracts differed from those of 

C. nutans. The S. crispus extracts exhibited a higher green colour intensity compared to C. 

nutans extracts. The extracts were filtered with a 0.45 µm syringe filter to remove particles 

though this did not improve the situation. Therefore, the optical density of the extracts was 

not available. As such, no IC50 was recorded. However, Tan et al. (2019) showed that S. 

crispus was a stronger reactive oxygen species scavenger than C. nutans. In this study, 

starting with a lower concentration of 20 µg/mL, a steep increasing curve was observed, 

indicative of a high possibility that the AAEAC value might be higher than 55 % for all S. 

crispus extracts if unmasked from the high chlorophyll background noise.  
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The findings of this study clearly showed that the total antioxidants content present 

in C. nutans included phenols and polar flavonoids (Table 4.2). Besides, ethanol and acetone 

were proven to be excellent extraction solvent.  However, both solvent extracts contained 

different TPC and TFC values. The acetone extract C. nutans contained the highest 

antioxidant activity reported and the highest TPC but lower in TFC. Its total phenolic content 

was about 2-fold higher than that of ethanol extract. On the other hand, the antioxidant 

activity of ethanol extract was slightly lower than that of acetone extract but obtained the 

highest TFC of 0.472 mg RE/g defatted material. The TFC of acetone extract was reported 

to be about 2-fold lesser than that of the ethanol extract.  These results indicated that the 

antioxidant components present in the ethanol extract mainly were polar flavonoids and the 

antioxidant components present in acetone extract were mostly phenolic compounds. 

The total antioxidant content present in the C. nutans extracts was between 11.96 % 

to 25 % AAEAC, while the average total antioxidant content present in the S. crispus extracts 

mainly were higher than 55 %. Therefore, the total antioxidant content of S. crispus was 

higher than that of C. nutans. However, based on TPC and TFC, the highest value of TPC 

recorded was 4.335 mg GAE/g defatted material from C. nutans acetone extract, while 0.472 

mg RE/g defatted material is the highest value recorded for TFC from C. nutans ethanol 

extract.  

S. crispus extracts may have a higher total antioxidant content than C. nutans extract, 

but still high S. crispus’s green colour intensity (most likely due to chlorophyll) was a crucial 

factor affecting the results. Even though the microfiltration of the extracts removed minute 

particles and the colour intensity was also slightly reduced. Therefore, it was also a 

possibility that the microparticles filtered out antioxidant compounds. 
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As the high green colour intensity affected the absorbance measurement, it was 

highly recommended to determine the antioxidant compounds of S. crispus with 

fluorescence decay measurements, such as oxygen radical absorbance capacity (ORAC), 

photochemiluminescence assay, or others (Gupta, 2015). 

 

5.4 Antimicrobial Properties  

According to the results shown in Table 4.3, only Ps. aeruginosa showed zones of 

inhibition in the disc diffusion assay. When C. nutans ethanol, acetone, and chloroform 

extracts were applied on Ps. aeruginosa bacterial lawn, zones of inhibition ranging between 

14 mm to 16 mm in diameter. When S. crispus extracts were applied onto the Ps. aeruginosa 

bacterial lawn, clear distinct zones of inhibition were observed as well. Ethanol extract 

showed the largest zones of inhibition between 13 mm to 15 mm in diameter, followed by 

acetone extract at 12 mm and chloroform extract at 11 mm in diameter, respectively. 

According to Ong et al. (2020), the ethanol and chloroform extracts of C. nutans 

exhibited a minimum inhibitory concentration (MIC) of 0.63 mg/mL when Ps. aeruginosa 

was applied to it. This showed that C. nutans extracts have antimicrobial properties against 

Ps. aeruginosa, but the effects were not significant due to the low concentration 

administered. A fractionated, purified extract may present a more efficacious effect. 

However, based on previous studies, C. nutans showed positive results when it was 

against B. cereus, Staph. aureus, E. coli, and K. pneumoniae (Ong et al., 2020). Zones of 

inhibition were also observed in S. crispus ethanol extract at 200 mg/mL when the extract 

was applied onto Staph. aureus and Strep. pneumonia bacterial lawns, respectively, but no 

visible inhibition was detected when treated on Ps. aeruginosa. 
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Based on the results in Table 4.3, clearly showed that C. nutans and S. crispus 

exhibited antimicrobial properties, which were most effective against Gram-negative 

bacteria, specifically Ps. aeruginosa. It may only affect Gram-positive bacteria when a 

higher concentration is administered.  

Based on another study by Heesterbeek et al. (2019), most of the newly developed 

antibiotics targeted Gram-positive bacteria due to the impermeable outer membrane of 

Gram-negative bacteria. In this study, the antimicrobial properties of C. nutans and S. crispus 

extracts were found only actively against Gram-negative bacteria. These results provided 

exciting insight and potential for development into an antibacterial agent against Gram 

negative bacteria, incredibly opportunistic pathogens such as Ps. aeruginosa. The 

components present in C. nutans and S. crispus might target certain pathways or the DNA 

replication enzyme of the bacteria (Sanyal & Doig, 2012).  

Based on the results obtained, C. nutans and S. crispus extracts exhibited the 

antioxidant and antimicrobial properties, as shown in the previous studies. Even though for 

the antimicrobial properties only showed positive result with Ps. aeruginosa, since the MIC 

for Ps. aeruginosa was 0.63 mg/mL (Ong et al., 2020), but it was sufficient to represent the 

antimicrobial properties of C. nutans and S. crispus extracts.  
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5.5  Wound Healing Properties  

The main purpose of the co-incubation fibroblasts with MRSA was to imitate the 

wound healing process where invaders involved. C. nutans and S. crispus extracts were 

treated on the pseudo-wound to observe the wound healing activities. 

Based on the scratch assay on normal human fibroblast in the absence of both extracts 

and bacteria, the pseudo-wound achieved 80 % coverage in 24 hours of incubation. 

Therefore, the results for the 24 hours observation from the MTT assay and bacterial 

selection were used to select the concentration of the extracts and bacteria for the co-

incubation scratch assay.  

According to Figure 4.1, the cell viability of fibroblast remained high at 100 % when 

concentrations lower than 62.5 µg/mL C. nutans ethanol extract were exposed to it for 24 

hours, indicating that it was not toxic at the concentrations to the cells. Even after incubation 

for 48 hours, at concentrations lower than 125 µg/mL, the cell viability remained at 100 % 

or slightly higher. For C. nutans acetone extract, the fibroblast cell viability at 100 % was 

achieved at concentrations lower than 7.81 µg/mL for 24 hours incubation, and lower than 

31.25 µg/mL for 48 hours incubation. Concentrations of extract higher than these were 

proven to be detrimental to the cell line. Based on Figure 4.3, the effects of C. nutans 

chloroform extract were similar to ethanol extract C. nutans as the concentration of 

chloroform allowed for the fibroblast cell viability to remain at 100 % was 62.50 µg/mL for 

24 incubation and 125 µg/mL for 48 hours of incubation, respectively. 

Based on the results from Figure 4.4 to Figure 4.6, S. crispus ethanol extract at 

concentrations lower than 62.50 µg/mL was selected as it was able to maintain the fibroblast 

cell viability at 100 % after 24 hours of incubation. However, after incubation for 48 hours, 
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the ethanol extract was detrimental to the fibroblast, with the exception of the concentration 

at 3.91 µg/mL or lower. For acetone and chloroform extracts, the concentration that enabled 

the cell viability to maintain at 100 % for 24 hours incubation needed to be lower than 62.5 

µg/mL. S. crispus chloroform extract at concentrations lower than 3.91 µg/mL was selected 

as it was able to maintain the fibroblast cell viability at 100 % after 48 hours of incubation. 

On the other hand, at S. crispus acetone extract concentration of 3.91 µg/mL with 48 hours 

incubation, the fibroblast cell viability had dropped to 90 %. This demonstrated that despite 

the concentration being maintained at 3.91 µg/mL, a longer duration of exposure to S. crispus 

acetone extract proved to be detrimental to the fibroblast. Based on the MTT assay, S. crispus 

extracts were shown to be more cytotoxic than C. nutans extracts when incubated for longer 

than 24 hours. From Figure 4.4 to Figure 4.6, when the concentration of S. crispus extracts 

was at 500 µg/mL, the fibroblast cell viability was lower than 26 % when incubated for 24 

hours and lower than 3 % if incubated for 48 hours.  

On the contrary, this trend was not observed in Figure 4.1 to Figure 4.3 when C. 

nutans extracts were administered. Most of the fibroblast cell viability were higher than 50 

% with C. nutans extracts, even at a 500 µg/mL concentration. The lowest fibroblast cell 

viability recorded was C. nutans acetone extract after incubation of 48 hours. Moreover, 

according to Figure 4.1 and Figure 4.5, both plants were extracted with acetone. Their 

fibroblast cell viability at the lowest concentration of 3.91 µg/mL was lower than the other 

extracts from their respective plants. Therefore, this study showed that acetone extracts from 

plants were harmful to normal human fibroblasts compared to ethanol and chloroform 

extracts. In order to standardize the concentration for the same plant for comparison, this 

study selected a concentration of 7 µg/mL for all C. nutans extracts and 70 µg/mL was 
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selected for all S. crispus extracts as the fibroblast cell viability for the extracts remained 

100 % at these concentrations after incubation of 24 hours. 

The growth rate of MRSA is a critical variable for the co-incubation assay as it should 

not fully ‘contaminated’ the flask before the wound healing activity is initiated. In addition, 

MRSA has been reported to form biofilm in overnight culture (Oyama et al., 2016, Akbari-

Ayezloy et al., 2017). It was evidenced in studies that the biofilm is one of the critical 

hindrances against drug entry and prevents direct contact with the bacteria. The growth of 

MRSA in the absence of extracts was determined and shown in Figure 4.7. Before the 

MRSA was introduced into the culture media, the OD600 value was recorded. The readings 

were between 0.271 to 0.504. The MRSA and fibroblasts were observed at 1 hour, 3 hours, 

6 hours, 10 hours, 24 hours, and 48 hours. However, observation at 48 hours was not showed 

in Figure 4.7 because the MRSA had fully covered the flasks and formed clumps. The 

highest density of bacteria recorded was 1 % MRSA at 24 hours observation.  This was fixed 

as the 100 % growth of MRSA. From Figure 4.7, 1 % MRSA achieved the highest growth 

at 24 hours and was denoted as 100 % coverage of MRSA tested. Interestingly. When 10 % 

MRSA was introduced, its growth and coverage were 84.01 % and lower than the percentage 

of 1 % MRSA inoculum at 24 hours of observation. There was a high possibility that 10 % 

MRSA inoculum had quickly overgrown and covered the flask to the extent of forming small 

clumps which the ImageJ software identified as cells. 

The growth and coverage of 0.25 % and 0.1 % MRSA inoculant at 24 hours 

observation were 78.84 % and 81.55 % respectively. Even though the 0.1 % MRSA 

inoculum achieved slightly higher growth than the 0.25 % MRSA inoculum, but the 

difference was not as pronounced as with the 0.5 % MRSA inoculum. Despite the growth 
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and coverage of 0.25 % and 0.1 % MRSA inoculant was similar and suitable to be used in 

the co-incubation assay, but 0.1 % MRSA was selected to observe a more obvious 

antimicrobial effect.  

Based on Table 4.6, the pseudo-wound of the negative control flasks was fully 

covered up after being incubated for 24 hours. Similarly, when the C. nutans ethanol and 

chloroform extracts were administered to the pseudo-wound, the wound covered up after 24 

hours of incubation. Contrarily, the C. nutans acetone extract only fully covered up the 

pseudo-wound after 48 hours of incubation. For S. crispus extracts in Table 4.7, the pseudo-

wound of negative control flasks was fully covered up after 24 hours of incubation. When 

the S. crispus chloroform extract was applied to the pseudo-wound, the pseudo-wound only 

fully covered up after 48 hours of incubation. Unlike the chloroform extract, the S. crispus 

ethanol and acetone extracts did not aid in the wound healing activity but slowed down the 

wound healing activity and became cytotoxic to the fibroblasts after 48 hours incubation. 

The overall wound healing activity dropped when the MRSA was introduced for the 

co-incubation with the fibroblasts. This fully represented the condition of an open wound 

when MRSA invaded (Wang et al., 2021, Lam et al., 2020). All the co-incubation assay 

results showed a peak period of wound healing activity of closing up between 3, 6, or 10 

hours of incubation before the level of activity based on the % of coverage and width of the 

wound started to drop, an indication of the MRSA invasion on the fibroblasts (Wu et al., 

2021). The highest peak of wound healing activity based on the % of wound width was 

recorded for the C. nutans extracts with chloroform extract at 52.4 %, followed by acetone 

extract at 48.6 % and ethanol extract at 43.1 % respectively. For S. crispus extracts, the 

highest peak of wound healing activity based on the % of wound width was recorded at 76.1 
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% from ethanol extract, followed by chloroform and acetone extracts at 60.2 % and 45.8 % 

respectively. 

According to the results summarised in Table 4.3, C. nutans and S. crispus extracts 

did not inhibit MRSA on MHA. Correspondingly. the C. nutans and S. crispus extracts did 

not deter the growth of MRSA in the flasks. Yet, C. nutans extracts aided in the wound 

healing activity of closing up and reducing the wound width. Unlike S. crispus, it had low 

toxicity, which resulted in the easy ‘take over’ and coverage of inoculum MRSA in the 

flasks. This was quantified by the highest wound healing activity peak recorded at a mere 

52.4 %. Based on Table 4.7, S. crispus extracts did not aid in the wound healing activity, 

but it also contained higher cytotoxicity than C. nutans extracts as showed by the MTT assay. 

It is highly probably due to S. crispus extracts high cytotoxicity, it inhibited the MRSA 

activity slightly while the more complex pseudo-wound regenerated. Over time, when the 

density of MRSA increased, it ‘took over’ and covered the surface of the flasks. Therefore, 

the highest wound healing activity peaked and was recorded for the co-incubation at 76.1 % 

from S. crispus ethanol extract, followed by 60.2 % from S. crispus chloroform extract, 

respectively. Both S. crispus extracts were much higher than the peak recorded for C. nutans 

extracts. 
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CHAPTER 6  
 

 

CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

This study which aimed to investigate wound healing activity of Clinacanthus nutans 

(C. nutans) and Strobilanthes crispus (S. crispus) extracts when harmful bacteria present, is 

being reported for the first time. In addition, the phytochemical contents, antioxidant 

properties and antimicrobial activities were also assessed to understand their correlations 

further to wound healing properties. The antioxidants, TPC, and TFC for C. nutans and S. 

crispus extracts were determined, with S. crispus exhibiting higher antioxidant content than 

C. nutans while C. nutans contained more phenolics and flavonoids than S. crispus. 

However, more studies need to be conducted on S. crispus as the AAEAC showed it might 

have higher than 55 % indicating its antioxidant potency. The effects of different extraction 

solvents used were evident in this study. When used solvents with different polarity for 

extracting the C. nutans plant, the results for antioxidant content, TPC, and TFC present 

varied. Still, it did not show distinctive differences during disc diffusion assay. On the other 

hand, when different polarity solvents were for extraction of S. crispus, the antimicrobial 

properties were distinctively different, with ethanol extract of S. crispus exhibiting a larger 

inhibition zone than those of acetone and chloroform extracts. Overall, C. nutans was 

superior in antimicrobial properties to S. crispus extracts as the inhibition zones were more 

prominent in diameter. During the scratch assay, C. nutans extracts performed better than S. 

crispus in aiding the wound healing activity in terms of wound coverage post scratched. 

However, when MRSA was introduced and co-incubated with the normal human fibroblasts 

in the scratch assay, S. crispus better aided the wound healing activity. In conclusion, C. 
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nutans exhibited wound healing properties and performed better than S. crispus. However, 

when MRSA was introduced at the pseudo-wound, S. crispus performed better at resisting 

the growth of MRSA and allowed the wound to heal better before the MRSA took over. The 

findings from this study provided evidence-based support for understanding the 

antimicrobial efficacy of C. nutans and S. crispus in relation to wound healing and 

addressing the emerging antimicrobial resistance. It may contribute to the Government’s 

efforts and aspirations as outlined in the Malaysian Action Plan on antimicrobial resistant, 

the UN Global Development Goals (SGD) and the 10-10 MYSTIE Framework on medical 

and health care and environment and biodiversity. 

 

6.2 Recommendations 

The findings demonstrated these studied plants could resist the growth of MRSA and 

enable the wound to close up and heal. Hence, it is suggested to extend this work using 

Gram-negative bacteria such as Ps. aeruginosa in the co-incubation in-vitro assay for future 

research with C. nutans and S. crispus extracts.  It is also recommended to perform future 

in-vivo assays to validate its effectiveness. It has an excellent commercialisation potential to 

develop into natural resource-based health care and medical products. 
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