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ABSTRACT 

Tian Immune Booster (TIB) is a Chinese herbal product made up of more than 30 

different Chinese herbs and formulated in sugar-coated tablets. TIB is currently 

approved for use in China, Kenya and Zambia to manage liver and kidney diseases as 

well as HIV and cervical cancer. The use of TIB to manage diseases is currently based 

on traditional knowledge and clinical evidence, but scientific validation for this use is 

not available. Chronic inflammation is one of the contributing factors to the 

development of different diseases. The current study was aimed at investigating the in 

vitro anticancer and anti-inflammatory potential of TIB extracts. Anticancer and anti-

inflammatory data from the present study may provide more insight into biological 

activities of TIB in terms of the potential to treat cancer and protection against 

inflammation respectively. The anticancer effects of TIB towards human cervical cancer 

(HeLa) and human malignant melanoma cell lines was evaluated using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay at extract 

concentrations between 1.56 and 100 µg/mL. The albumin denaturation assay was used 

to evaluate the anti-inflammatory potential of TIB at concentrations between 3.12 and 

200 µg/mL. The anticancer and anti-inflammatory potential of TIB was tested for single 

and combined extracts. No anticancer activity was observed with TIB towards HeLa and 

melanoma cells, with IC50 values ≥ 100 µg/mL for all extracts. TIB exhibited good anti-

inflammatory activity, with IC50 values ranging from 14.53 ± 0.87 to 163.84 ± 10.59 

µg/mL for single extracts and from 12.30 ± 0.29 to 44.85 ± 2.77 µg/mL for combined 

extracts. Minimal anticancer activity may be an indication that TIB does not directly kill 

cancer cells. Good anti-inflammatory activity revealed by this study support the 

traditional use of TIB. In future, in vivo anticancer and anti-inflammatory studies on TIB 

may be considered. 
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1. INTRODUCTION 

1.1 Background of the study 

Tian Immune Booster (TIB) is a Chinese herbal mixture made up of more than 30 

different herbs and formulated in sugar coated-tablets for administration [1]. TIB has 

been approved for use in China, Kenya and Zambia by the respective authorities 

(governments) and is popularly administered in these countries for the treatment of liver 

and kidney diseases as well as for the management of HIV and cervical cancer [1,2]. In 

vitro evidence of the anti-HIV activity of TIB exists [3] but there are no scientific 

reports evaluating its anticancer or anti-inflammatory activities. Data from the present 

study may help reveal the biological activities of TIB in terms of cellular toxicity and 

protection against inflammation. 

The traditional use of medicinal plant products to manage diseases is more common in 

developing countries as compared to the developed world [4,5]. About 25% of all 

approved drugs are derived from plants [6–9]. Plants used in traditional medicine display 

few or sometimes no side effects and this encourages researchers to carry out more 

research focusing on the biological activity of medicinal plants [10]. Collecting plant 

samples is a very low intensity labor, saving time and energy in the process [36]. With 

plants being environmentally friendly and renewable sources of active compounds, using 

plant-derived products for therapeutic purposes provides an additional benefit of 

availability and sustainability [36]. Plants that are already used for the management of 

one or more diseases usually yield promising results when tested for the potential against 

other diseases and alleviate symptoms from different diseases [4]. 
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The traditional use of medicinal plant products to manage diseases has shown promising 

results in different patients whereby various studies have indicated that phytochemicals 

produced by plants are responsible for the biological activity [11,12]. Phytochemicals 

target a variety of processes, causing diverse alterations that may lead to successful 

treatment of diseases [12,13]. The use of traditional medicine as alternative therapy has 

been on the increase, however safety and efficacy associated with the use of herbal 

remedies can only be assessed through scientific investigation and experimentation 

[4,14,15]. Biological activities of medicinal plants constantly studied include the 

potential to manage or treat different diseases through anti-inflammatory mechanisms 

[16,17]. 

In the event of tissue injury, infection by pathogens or exposure to toxic substances, the 

body responds by mediating immunity mechanisms to assist with tissue repair and 

pathogen destruction [18]. This physiological response is called inflammation [19,20]. 

Inflammation is associated with redness, swelling, pain, abnormal tissue functionality 

and heat [21,22]. Despite the primary purpose and outcome of acute inflammation being 

to heal the body, tissue damage may occur during lengthy inflammation, also called 

chronic inflammation [18,19].  

One of the consequences of chronic inflammation is protein denaturation, whereby 

proteins lose normal functionality [23]. Denatured proteins contribute to the rise in 

immune cells at the site of inflammation and subsequently, the immune cells contribute 

to even more inflammation or chronic inflammation [23,24]. It is therefore reasonable to 

consider substances that inhibit denaturation of proteins as good anti-inflammatory 

agents. Substances that inhibit protein denaturation bind to the proteins at regions that 
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induce protein denaturation and at receptor motifs responsible for inducing 

inflammation, in turn preventing inflammation [25,26]. 

Lysosomal enzymes are usually released during inflammation, causing macromolecular 

damage and the peroxidation of cellular lipids [19].  Tissue damage that occurs during 

chronic inflammation may lead to other complications including cancer, cardiovascular 

diseases and rheumatoid arthritis [17,19,27]. Due to additional damage to the body that 

may arise as a result of chronic inflammation, it is essential to develop medication that 

alleviates or eradicates the unfavorable consequences of inflammation.  

Drugs widely used to treat inflammation belong to the category of non-steroidal anti-

inflammatory drugs (NSAIDs) [28]. The ability to inhibit protein denaturation is a 

collective feature of anti-inflammatory drugs including acetylsalicylic acid, ibufenac 

[22], ibuprofen and dichlofenac [29]. In spite of the promising anti-inflammatory 

activity displayed by NSAIDs, the use of such drugs may result in unfavorable side 

effects including kidney damage, gastric ulcers, liver damage and heart problems 

[18,22,23,30]. The occurrence of side effects reported with the use of NSAIDs 

encourages studies focusing on developing novel anti-inflammatory agents with 

improved safety in an effort to tackle contributing effects of inflammation to other 

diseases such as cancer [6]. Cassia auriculata, Tamarindus indica and Anvillea radiata 

are among a long list of medicinal plants traditionally used to manage inflammation and 

were found to possess anti-inflammatory activity through scientific studies [31–33]. 

Cyclooxygenase (COX)-inhibiting plant extracts have been previously obtained from 

different plants including Harpephyllum caffrum, Merwilla plumbea and Cola 
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greenwayi [34]. The list of conditions that are traditionally managed with medicinal 

plants goes beyond inflammation.  

Cancer is regarded the second leading cause of death after cardiovascular disease [1]. 

About 1 in every 6 deaths of people is caused by cancer worldwide [35]. The World 

Health Organization (WHO) has reported a total of 1 055 172 cancer cases in Africa 

during 2018, whereby 693 487 deaths caused by cancer have been reported [36]. In 

Namibia, a total of 700 mortalities resulting from cancer have been reported during 2014 

with females being the most affected gender [37]. A total of 400 mortalities of females 

were reported compared to 300 mortalities in males [37]. The majority of deaths in 

Namibian females in 2014 were a result of breast cancer, constituting 22.3%, to which 

cervical cancer was second with 16.2% [37]. From 2004 to 2012, there has been a 

notable decrease in mortality cases due to cancer in Namibia indicating improvements in 

treatment [37]. However, with increasing choices of lifestyles among individuals as well 

as the consistently increasing world population, cancer statistics are expected to 

exponentially increase, unless alternative and more effective treatment options are 

developed [38]. Fortunately, traditional Chinese medicine (TCM), which is under 

constant investigation for the potential to manage different diseases may be developed 

into appropriate adjunctive therapy to improve and prolong the lives of patients suffering 

from cancer [39].  

Mortalities resulting from different diseases are highly influenced by the effectiveness of 

drugs that are presently administered to patients [1]. Most anticancer drugs currently 

used have limited effectiveness and the use of such drugs may result in side effects such 

as heart diseases and kidney failure [1]. In the treatment of cancer, poor selectivity 
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causes anticancer drugs to target non-cancerous cells during treatment, leading to toxic 

side effects [40]. Elevated costs associated with drug treatment by conventional means 

reduces the number of patients being actively involved and successfully completing such 

treatments [41]. The present study was aimed to investigate the in vitro anticancer 

alongside the in vitro anti-inflammatory potential of TIB extracts. 

1.2 Statement of the problem 

TIB is presently administered to patients based on traditional knowledge. There are 

currently no literature reports on the anticancer effect of TIB. The potential of TIB as an 

anti-inflammatory agent has also not been explored to date which could be a 

contributing factor of alleviating symptoms experienced by TIB patients.  

1.3 Objectives of the study 

The objectives of this study were to: 

a) investigate the in vitro anticancer potential of single and combined TIB extracts 

against HeLa and Melanoma cell lines, 

b) evaluate the anti-inflammatory potential of single and combined TIB extracts 

using the albumin denaturation assay 

1.4 Significance of the study 

The findings of this study may provide in vitro evidence supporting the traditional use of 

TIB. Anticancer data from the present study will help reveal possible cellular toxicity 

from TIB that users may currently not be aware of. Furthermore, the anti-inflammatory 

data may provide first-hand information on the interactions of TIB with proteins that 

could lead to effective treatment of diseases linked to inflammation, including cancer. 

The anti-inflammatory potential and minimal anticancer effect demonstrated by TIB in 
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this study could be attributed to its popular use in managing various ailments. The 

findings of this study will also create more awareness for TIB to be further investigated 

in vivo and in clinical settings. 

1.5 Limitations of the study 

There are many different types of commercially available cell line models that could 

have been explored, but have not been screened in this study. Due to limited resources, 

non-cancerous cell lines were not included in the study to represent cytotoxicity of TIB 

in healthy cells. In addition, a wide variety of in vitro assays such as the 

sulphorhodamine B (SRB) [42], resazurin [43] as well as membrane stabilization and 

heat-induced hemolysis [44] exist, that are popularly used for assessment of the 

anticancer and anti-inflammatory potential of substances respectively, but could not all 

be tested in the present study due to limited resources. Various positive controls for anti-

inflammatory assay including Disprin and Anadin, both containing acetylsalicylic acid 

as the active ingredient, were tested but did not work. Lastly, TIB samples were not used 

as whole entities but were extracted with methanol/dichloromethane solvent system. 

Therefore, the study is only a representation of TIB constituents soluble in the 

mentioned solvent system.  

1.6 Delimitations of the study 

This study focused on investigating the anticancer of TIB on two cancer cell lines 

namely; cervical (HeLa) and skin (Melanoma) cancer cell models. The anti-

inflammatory activity of TIB was studied using the albumin denaturation assay. The 

anti-inflammatory activity of TIB was tested with untreated albumin acting as the 

negative control.  
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2. LITERATURE REVIEW 

2.1 Medicinal plants administered in traditional settings 

2.1.1 Medicinal plants in disease management 

In search of more effective and less toxic therapeutic agents, researchers are beginning 

to direct their focus on the potential of natural products to manage diseases and 

associated symptoms [15,45,46]. Natural products derived from plants [47], fungi 

[48,49] or marine organisms [45] show promising potential as health-promoting agents. 

Plants constitute a large fraction of sources of various therapeutic substances and 

promising findings exist on the potential of plant-derived substances to manage diseases 

[46,50]. Studies focusing on the potential of plant extracts as therapeutic substances 

observed bioactivity that is attributed to the presence of phytochemicals such as 

alkaloids, flavonoids and tannins produced by plants [46,51]. The need for further 

investigation into application of herbal medicine is evident in specific cases such as 

cancer, where current treatment options have limited effectiveness and may be 

associated with cellular toxicity [52].  

Traditionally, plants have been used to manage various ailments and have been found to 

be effective against a wide variety of ailments [49]. The application of traditional 

medicine by employing plant extracts and active constituents of extracts from plants 

contributes up to 80% to the world’s primary health care [53]. Patients in different parts 

of  the world may receive traditional medication from traditional medical practitioners 

with the aim of curing or delaying the effects of diseases or to alleviate symptoms 

resulting from side effects of conventional treatments being administered to patients 

[54]. However, there is a need for detailed scientific assessment for any possible 



8 

 

resulting side effects and the possible source of side effects as well as scientific 

evaluation of the efficacy of plant-derived compounds. At the Arokhayasala 

Foundationat Wat Khampramong in Thailand, a number of cancer patients are 

administered with a formula  made up of 11 herbs in combination with other therapies 

such as meditation and prayer  [54]. Promising results on the herbal formula have been 

observed, however in the events of any side effects from a treatment such as this, it is 

impossible to clinically single out a specific source of any reaction to the treatment as 

the effect may be a result of interactions between two or more methods or plant 

constituents [55,56].  

Herbal medicine have been widely applied for protective and palliative purposes, in the 

management of cancer, a disease that poses a global burden [55]. The use of herbal 

products largely in combination with conventional treatments of chemotherapy, 

radiotherapy and surgery is continuously gaining favor over the conventional treatment 

options used individually [56].  

Current scientific activities are guided by reported traditional use of plants to determine 

the components as well as mechanisms responsible for the effects observed in the 

clinical environment [46]. Where good biological activity is observed from tests on plant 

extracts, plants can be specifically screened for active compounds with the goal of 

determining their exact modes of action [57]. Screening of plant products for bioactivity 

is carried out by employing both in vivo and in vitro assays whereby herbs are tested in 

isolation as well as in combination with one another [54]. Ongoing research on 

anticancer activity of herbal products has led to various herbal extracts found to possess 

biological activities ranging from the ability to induce apoptosis to the ability to inhibit 
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cancer cell replication by upregulation of tumor suppressor genes and down regulation 

of oncogenes [58]. The shift in focus of researchers to explore herbal anticancer is 

motivated by the poor success rate of conventional therapy and by the promising 

potential displayed by medicinal plants [59]. 

2.1.2 Selected medicinal plants of Southern Africa  

Plant parts such as leaves, barks, roots and fruits have long been used in Africa to 

manage diseases by chewing, mixing, boiling and administering to patients [57,60,61]. 

Sub-Sahara Africa is rich in a wide array of plants that can be used in medicinal 

applications [62]. In addition to the main preliminary uses of herbs as food and natural 

remedies, herbs derived from different parts of the world including Africa are constantly 

being transformed into pharmaceuticals [63]. Plant products used for medicinal purposes 

mostly as immune boosters are well packaged and sold around Southern Africa in spite 

of the products having not been scientifically tested for efficacy and safety, only 

traditional uses guide the commercialization and use of the plant products [64].  Selected 

medicinal plants used in Southern Africa to manage different diseases are presented in 

Table 1. 

Table 1. Selected medicinal plants from southern Africa used to manage various 

diseases. 

Plant species Traditional medicinal applications References 

Centella asiatica Cancer, wounds, acne, allergies, leprosy  [62] 

Elytropappus 

rhinocerotus 

Stomach cancer, ulcers, appetite stimulant [62] 

Sutherlandia 

frutescens 

Cancer tonic, skin and eye disorders, diabetes [62] 

Vernonia HIV [65] 
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amygdalina 

Hypoxis 

hemerocallidea 

HIV, immunity booster [65,66] 

Vernonia 

amygdalina 

HIV [65] 

Justicia flava Cough, paralysis and epilepsy [67] 

Ximenia caffra Sexually transmitted infections (STIs), 

stomach-ache and fever 

[68] 

Kigelia africana Syphilis, cancer and fungal infections [67] 

Tabernaemontana 

ventricosa 

Wounds, sore eyes and wounds [69] 

Aloe vera Wounds [70] 

Marrubium vulgare Wounds [70] 

Elaeis guneensis Wounds [70] 

Rapanea 

melanophloeos 

Influenza [69] 

Pittosporum 

viridiflorum 

Influenza [69] 

Bridelia mollis Malaria, cough and STIs [71] 

Psidium guavaja Cough, flu and fever [72] 

Terminalia 

prunioides 

STIs, abdominal pain and backache [71] 

Agave sisalana Wounds, diarrhea, dysentery, jaundice, 

flatulence, indigestion and constipation 

[73] 

Centella asiatica Cancer, wounds, fever, leprosy and syphilis [73] 

Bulbine latifolia Contraception [74] 

Centaurea 

benedicta 

Contraception [74] 

Warburgia 

ugandensis 

Malaria [75] 

Acacia 

xanthophloea 

Malaria [75] 

Agapanthus 

africanus 

Cancer [76] 
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Euphorbia ingens Breast cancer [76] 

Acacia burkei Ringworm infections [77] 

Crinum 

bulbispermum 

Skin infections [77] 

Acacia mearnsii Flu and influenza [78] 

Achyranthes aspera Bronchitis and colds [78] 

Alepidea 

amatymbica 

Respiratory infections and abdominal 

disorders 

[34] 

   

   

 

Medicinal plants found in Southern African continue to be useful in communities as the 

need for sanitation continues and infections are constantly contracted through unclean 

food and water [75]. Scientific studies are constantly providing explanations for the part 

played of African medicinal plants in the healing process through the use of plants to 

treat a wide array of microbial infections [66].  

Plants have long been utilized in Southern Africa to treat wounds in traditional settings, 

owing the healing benefits to a wide range of constituents of medicinal plants used in 

healing applications [68]. Plants used to treat wounds include Aloe vera, Marrubium 

vulgare and Elaeis guneensis [70]. The progress in management of wounds using 

medicinal plants depends on the ability of plant constituents to interact with several 

biological processes including blood coagulation, inflammation, wound contraction and 

collagen accumulation at the wound [68]. Studies have shown that, plants and plant 

products with wound healing properties have in common, antioxidant properties, 

keeping reactive oxygen species (ROS) and reactive nitrogen species (RNS) under safe 

physiological levels during the healing process [61]. Oxidative stress delays the healing 
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process as it promotes constant cell death and regeneration, therefore medicinal plants 

widely used in Southern Africa that display antioxidant potential are promising 

candidates for treatment of wounds, among other diseases [61]. 

Human and animal infection by influenza virus is another Southern African burden that 

may require intervention by application to herbal remedies already at disposal of the 

African continent [69]. Extracts from various South African medicinal plants including 

Rapanea melanophloeos and Pittosporum viridiflorum have been studied and 

demonstrated effectiveness against influenza virus A [69].  

2.1.3 Traditional Chinese Medicine 

Initially, conventional cancer therapy had dominated western countries while TCM was 

used more in eastern countries with more developments in China [79,80]. TCM gained 

popularity and is applied to other countries resulting in convergence between the two 

groups of treatments and hence are sometimes used in combination with one another 

[80]. After several successes in the communities and research brought about by TCM, 

including the discovery and approval of artemisinin for the management of malaria, 

research focused more on the application of TCM in the healthcare sector [81]. 

In TCM, herbs are largely employed to target more than one ailment, taking advantage 

of the large array of active principles present in herbs [81]. Although some herbs are 

used as a single plant sample, some are formulated into decoctions with multiple 

applications in healthcare such as in treatment of osteoarthritis by anti-inflammatory and 

anticancer mechanisms among other targets [82]. In addition to the safety of TCM 

products, the ability of TCM to enhance immunity, leading to healing and improved 

overall health, presents stimulation into research directed at healthcare by TCM thereof 
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[83]. TCM products exhibit anticancer activities via different pathways including the 

regulation of apoptosis, proliferation and metastasis in the direction if cancer cell 

destruction [84]. Artemisinin discovery rooted from the traditional application of 

Arteimisia annua-containing traditional remedy that was used by the Chinese in ancient 

times as a successful cure for malaria [85]. 

Despite the widespread use of the traditional approach to disease management using 

TCM, analysis and further development of TCM products may contribute largely to 

highly effective and safe western treatments [85]. Hence collaboration between 

traditional medicinal practitioners and western medicinal doctors may be the best 

approach to an efficient therapeutic future. This may help in curing diseases that are 

currently without cure. Osteoarthritis (OA) is one such disease without cure, but TCM 

products have shown promising activity against OA [82]. This result from, among 

others, the anti-inflammatory potential and the ability of herbal remedies to cause 

changes in bone structure, leading to strengthening bones and healing of the OA [82]. 

Furthermore, TCM products have the potential to prevent or treat inflammation as a 

result of the contribution by TCM constituents that may take part in the regulation of 

both pro-inflammatory and anti-inflammatory mediators [86]. 

Several TCM products that are made up of a combination of extracts exist and have been 

evaluated for biological activities, including anticancer and anti-inflammatory. PC-SPES 

is an example of such herbal formulae containing eight different herbs, that was 

developed for healthcare applications in 1996, more specifically for prostate cancer 

management [87]. This product was however removed from the market in 2000 due to 

reported side effects in patients using the product as well as the presence of toxic 
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compounds such as warfarin that was revealed through research [87]. Despite the 

general trend of low toxicity observed among various herbal medicines, there is still 

need to evaluate possible toxicity of plant products as some may still contain cytotoxic 

constituents and lead to unfavorable effects [88]. Several TCM products have been 

highlighted to cause nephrotoxicity, which could be attributed to specific nephrotoxic 

constituents of the TCM, contamination, processing and storage errors and interaction 

between co-administered medication [89]. It is therefore of paramount importance to 

note that after pharmacological activity has been observed with a specific product, side 

effects are essential to investigate. In case of TCM products without side effects, it is of 

great advantage to get the products developed further for clinical use due to the 

promising benefits.  

Another TCM product made of a combination of herbs is Qingdaisan, also known as 

Formulated Indigo Naturalis powder or QDS used to manage a wide array of ailments 

including sores and ulcers [90]. QDS is a formula of Indigo naturalis and three herbal 

plants namely; Coptis, Phellodendron, Mentha, Platycodon and Acacia, all mixed in 

equal ratio by mass [90]. Indigo naturalis, a herbal drug used to manage psoriasis and 

with established activity against leukemia, is made by fermentation of five plant species 

extracts from Baphicacanthus cusia, Polygonum tinctorium, Indigofera tinctorial, Isatis 

indigotica and Isatis tinctorial containing simple sugars, starch and inorganic 

constituents [91]. ODS displays impressive in vivo anti-inflammatory activity against 

both chronic and acute inflammation alongside dose-dependent anti-ulcerogenic activity 

[91]. TCM products used for different medicinal applications are listed in Table 2. 
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Table 2. Selected TCM products made of combinations of herbs used for the 

management of a wide variety of diseases 

TCM product Constituents Traditional uses References 

Qingdaisan Indigo naturalis, 

Coptis, 

Phellodendron, 

Mentha, 

Platycodon and 

Acacia 

Sores and ulcers [90] 

Indigo Naturalis Baphicacanthus 

cusia, Polygonum 

tinctorium, 

Indigofera 

tinctorial, Isatis 

indigotica and 

Isatis tinctorial 

Psoriasis [91] 

    

Xiang-Sha-Liu-

Jun-Zi-Tang 

Panax ginseng, 

Atractylodes 

macrocephala, 

Wolfiporia extensa, 

Glycyrrhiza 

uralensis, Citrus 

reticulata, Pinellia 

ternate, Amomum 

villosum and 

Vladimiria souliei  

Lung cancer [92] 

Ma xing shi gan 

decoction 
Ephedra sinensis，
Semen armeniacae 

amarum，
Glycyrrhiza and 

Gypsum fibrosum 

Asthma and cough [93] 

    

Yin-Chen-Hao-

Tang 

Artemisia annua, 

Gardenia 

jasminoides and 

Rheum palmatum 

Hepatic injury 

syndrome 

[94] 

Bushen Qinggan 

Formula 

Astragali 

mongholici, 

Rhizoma coptidis, 

Hypertension [95] 
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Pollen typhae, 

Rhizoma alismatis, 

and Artemisiae 

capillaries 

Liu-Wei-Di-Huang 

Wan 

Rehmannia 

glutinosa, Cornus 

officinalis, 

Common Yam 

Rhizome, Alisma 

orientalis, Tree 

Peony Bark, and 

Poria cocos 

Alzheimer’s 

disease, 

hypertension, 

osteoporosis and 

diabetes 

[96] 

 

2.2 Tian Immune Booster 

TIB is Chinese herbal product that is administered to patients in the form of tablets for 

management of liver and kidney diseases as well as against of HIV and cervical cancer 

[2]. Natural products have been referred to as being capable of suppressing the HIV 

virus replication as well as reactivate latent virus and expose those to the destruction by 

the immune system or ART if used in combination [97]. A Chinese patient was reported 

to have been cured of squamous cell carcinoma in 2019 upon TIB administration after 

diagnosis in August 2018 [98].  A previous study on TIB  investigated its anti-HIV 

potential where it was reported to inhibit the virus up to 100% [3].   

2.3 Inflammation 

Any form of tissue damage ranging from a cut to bacterial infection, viral infection, 

radiation or damage from any other form of physical or chemical means triggers a non-

specific response in an effort to counteract the destructive effect. This response is called 

inflammation [16,99]. Inflammation constitutes a complex defensive mechanism that 

undertakes a series of steps and stages that may or may not be successful in eliminating 
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the root cause of tissue damage alongside the subsequent effects (Fig. 1)  [100,101]. 

When healthy cells interact with pro-inflammatory agents called stressors, the cells are 

signaled to release different inflammatory mediators depending on the type of stressor 

involved [101]. Most commonly encountered pro-inflammatory mediators are damage-

associated molecular pattern molecules (DAMPs) and pathogen-associated molecular 

pattern molecules (PAMPs) released by healthy cells as a result of exposure to toxic 

chemicals and pathogens respectively [101]. These molecules are subsequently involved 

in the initiation of inflammatory pathways such as DNA or RNA activation as well as 

protein and bacteria-derived lipopolysaccharide modification [101]. 

 

Figure 1. A summary of series of steps taken through the progression into inflammation. 

The consequence could be of healing or damaging impact [101]. 

In event of invasion by pathogenic organisms, macrophages and mast cells, together 

with other inflammatory cells are activated with a single purpose of cytokine and 

chemokine production [102]. Cytokines and chemokines, working together with any 

present pathogenic antigens initiate the migration of circulating leukocytes, which are 

transported to the site of damage with the help of vesicles, ready to eliminate any 

pathogenic substances [102]. Sequential and parallel pathways are initiated employing 

selectins, integrins, neutrophils and monocytes that act in the defense and healing of any 

damaged cells and tissues [101,103,104]. Glycoconjugates on leucocytes reversibly 
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interact with selectin, leading to leucocyte tethering as well as rolling of lysosomes 

towards the cite of inflammation for the leukocyte recruitment in the inflammation 

process [103,105]. In addition to leukocyte rolling, adhesion, migration through and 

crawling within blood vessel walls are processes that play a role in the introduction and 

recruitment of leukocytes at the site of inflammation [106]. 

Lipoxygenase (LOX) and COX pathways contribute greatly to the inflammation process 

[107]. Injured tissues elicit macrophages and this leads to the production of 

inflammatory and pro-inflammatory mediators that include, but not limited to, NOS, 

iNOS and COX-2 [108]. The process begins with the activation of macrophages by 

tissue injury which increases the amount of NO, iNOS, COX-2, prostaglandin E2 

(PGE2) and lipopolysaccharide (LPS) [109,110]. This is most effected by the 

involvement of macrophages in the regulation of pathways such as the  mitogen-

activated protein kinase (MAPK) pathway and nuclear factor-kappa B (NF-B) pathway 

[110,111]. In event of damage to blood vessels, hemostatic mechanisms must kick in to 

reduce the flow of blood to the injured site by mechanical vasculature movements and 

initiation of blood clotting [112]. 

In events that the initial inflammatory response to tissue damage, called acute 

inflammation, is unsuccessful, the process matures into chronic inflammation, which 

may be of detrimental consequences [113]. Progression into chronic inflammation 

occurs when mechanisms responsible for termination of inflammation are poorly 

regulated and inflammatory mediators clearance fails [114]. As a result, inflammatory 

mediators continuously increase and lead to the production of substances that cause 
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damage to DNA such as ROS and RNS [114].  Tumorigenesis, the development of 

cancer cells, is among the resulting conditions of chronic inflammation [115].  

2.4 Anti-inflammatory agents 

The widely reported side effects of NSAIDs serve as a trigger to research directed at 

discovering novel anti-inflammatory drugs. Apart from the effectiveness of 

phytochemicals such as flavonoids and polyphenols, plant products are cost effective 

and exhibit minimum to no toxicity [29,116]. Due to various mechanisms of interaction 

of phytochemicals with macromolecules, several plant-derived compounds interact with 

body components in the process contributing to the prevention and relief of undesired 

effects of inflammation [33]. A wide array of phytochemicals, including tannins, 

flavonoids (such as Quercetin), saponins, alkaloids and terpenes, were found to be 

present in a water extract of Psidium guajava [117]. Psidium guajava extract exhibited 

exceptional egg albumin denaturation activity, greater than the reference drug, 

Dichlofenac Sodium [117]. In another study by Zhang et al [118], aqueous and methanol 

extracts of Pergularia daemia showed a wide variety of phytochemicals with flavonoids 

and phenolics being in largest amounts. The same extracts from P. daemia exhibited 

decent anti-denaturation activity against egg albumin and bovine serum albumin [118].  

The existence of synergistic anti-inflammatory activity between phytochemicals from 

various medicinal plants is a stimulating factor in the research focusing on combined 

extracts [118]. Synergistic interactions of phytochemicals could be achieved through 

simultaneous action on a single target or interaction with different targets by 

phytochemicals giving rise to pharmacodynamics and pharmacokinetic interactions 

respectively [94]. The approach of blending extracts presents an advantage of increased 
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activity even at low concentrations of extracts, hence avoiding any possible toxicity that 

could arise if higher concentrations of extracts were used [32,118]. Previous studies 

directed at evaluating the anti-inflammatory potential of plant derived extracts have 

greatly recommended blending the extracts valuable approach to take advantage of the 

possible synergy between phytochemicals [119]. Various concoctions are sold in 

different countries to assist in alleviating ailments, including pain. A study was done to 

evaluate the anti-inflammatory potential of herbal concoctions obtained from traders in 

Ga Maya, South Africa [120]. The concoctions exhibited promising inhibition against 

COX 1 and COX 2 enzymes.  

A wide variety of processes are targeted by different substances that treat inflammation. 

While investigating the in vitro anti-inflammatory potential of sesquiterpenes isolated 

from Salvia plebeian, a TCM plant used to manage inflammation, inhibition of the 

release of nitric oxide (NO) and tumor necrosis factor  (TNF-) was observed [121]. 

The same extracts were reported to display anti-inflammatory activity by regulation of 

protein expression of inducible nitric oxide synthase (iNOS) and COX-2 [121]. In 

another study, a TCM product called Qingfei Xiaoyan Wan (QF) repressed the release of 

both cytokines and chemokines including TNF-α, interleukin 6 (IL-6), interleukin 8 (IL-

8) and regulated upon activation, normal T-cell expressed and secreted (RANTES) 

[122].   

The TCM decoction, Xuefu Zhuyu decoction (XFZY), possesses anti-inflammatory 

activity and is traditionally used to manage traumatic brain injury (TBI) which is usually 

associated with neuroinflammation, together with angina pectoris and ischemic heart 

disease [123].  Previous results on the in vivo effect of XFZY on mice 
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neuroinflammation revealed a decrease in tumor necrosis factor TNF-α and IL-1β as 

well as a reduction in arachidonic acid levels, a precursor molecule of prostaglandins 

(PGs) and leukotrienes (LTs) production [123]. Both PGs and LTs lead to the initiation 

of inflammation [123]. In a separate study, the contribution to the anti-inflammatory 

activity of different constituents identified by a combination of activity index (AI), 

liquid chromatography – mass spectrometry (LC-MS), and nuclear magnetic resonance 

(NMR) in a TCM formula called Gui-Zhi-Jia-Shao-Yao-Tang (GZJSYT) was 

investigated [124]. This approach led to the first time identification of three constituents 

of three constituents from TCMs with anti-inflammatory activity; glycyrrhisoflavone, 

glisoflavanone and isoangustone among other already identified compounds [124].   

With new discoveries and advanced research, new more effective, less energy and cost 

consuming assays are under development. Studies directed at comparing anti-

inflammatory efficacies of a wide range of substances can now employ the latest assay 

of using high efficacy exome preparations [125]. 

2.5 Anti-inflammatory assays 

The availability of a wide array of model assays for inflammation ensures versatility and 

flexibility of researchers in selecting what assay to employ in evaluating the anti-

inflammatory potential of various substances.  After simulating a biological process by 

in vivo processes and introduction of the test substance, a process or conditions similar 

to inflammation can be employed to evaluate the ability of the test substance to prevent 

the progression of inflammation [126]. Alongside a test compound is always a standard 

compound known for anti-inflammatory activity, with diclofenac sodium the most used 

standard anti-inflammatory drug as a positive control [127]. Substances with anti-
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inflammatory activity display effects ranging from direct protection of proteins from 

denaturation to inhibition of enzymes that initiate or promote inflammation [128,129]. 

Inhibition of protein denaturation, membrane stabilization [130,131] and enzyme 

inhibition [70] by therapeutic substances serve as promising evidence for anti-

inflammatory potential of such substances. The release of various inflammatory 

mediators such as IL-6 and IL-8 from cells may as well be employed to evaluate the 

ability of substances to counteract initiation of inflammation [11]. In vivo membrane 

stabilization assays which most dominantly employs human red blood cell (HRBC) 

membrane stabilization simulate the expected stabilization by effective anti-

inflammatory agents [125]. The release of enzymes from lysosomes due to membrane 

breakage that happens as part of the inflammation course leads to the initiation of 

pathways that contribute to the escalation of the inflammation progression and 

subsequent deteriorative diseases [129]. It is the similarity between the membranes of 

the lysosomes and HRBCs that provides the confidence that, substances capable of 

inhibiting HRBC membrane from lysis may inhibit lysosomal membrane lysis too, 

acting as anti-inflammatory agents [129]. 

Protein denaturation associated with inflammation serves as the principle behind the 

albumin denaturation assay [132]. Protein denaturation that takes place during 

inflammation stimulates the production of auto-antigens that eventually contribute to for 

example autoimmune diseases and cancer [129]. Egg albumin [21] or bovine serum 

albumin (BSA)  [129] may be used as in vitro protein models that may be denatured by 

heat. Heating to temperatures as high as 70°C denatures protein thereby simulating 

protein denaturation that leads to inflammation [127]. Proteins can therefore be treated 
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with various substances and subjected to heat, after which the extent of denaturation can 

be used as a measure of the potential of the substance under investigation as an anti-

inflammatory agent [127]. This is the basis of the albumin denaturation assay. 

Enzyme-based assays can be used to establish the ability of various agents to inhibit the 

action of enzymes involved in the inflammatory pathway [20]. Phospholipase A2 

(PLA2) is an enzyme that cleaves phospholipids into constituent fatty acids including 

arachidonic acid (AA), the fatty acid essential for the production of prostaglandins and 

leukotrienes [20,133]. Prostaglandins, produced by prostaglandin synthase, alongside 

leukotrienes and platelet-activating factor act as inflammatory mediators [133]. 

Inhibition of PLA2 and COX enzymes that produce AA and prostaglandins by potential 

therapeutic substances is therefore measured as the extend of the substances to inhibit 

inflammation [20]. PLA2 assay relies on the ability of PLA2 enzyme to cause rupture 

red blood cells and the amount of hemoglobin released is measured 

spectrophotometrically to represent the extent of PLA2 activity [20]. In the 

prostaglandin synthase (COX) assay, spectrophotometric measurements of gabalin 

produced from AA provides information on the extent of COX enzyme inhibition which 

translates to anti-inflammatory activity of the substance under investigation [20]. 

2.6 The link between inflammation and cancer 

The most established relationship between cancer and inflammation is the ability of 

chronic inflammation to cause cancer among other diseases such as meningitis, 

atherosclerosis, bronchitis and asthma [99,134]. Contribution of inflammation to cancer 

is well documented as evidenced by the observation that inflammatory mediators are 

frequently spotted in tumors and sites of chronic inflammation develop into cancerous 
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locations [135]. In addition to other cancers, brain tumorigenesis has been outlined in 

literature as one of the consequences of chronic inflammation [136]. One of the 

detrimental consequences of chronic inflammation of brain cells is epilepsy [137]. 

Chronic inflammation in bones leads to the deterioration of bones through the 

inflammatory disease called rheumatoid arthritis [138].  

In general, inflammation-derived cancer is achieved through the action of inflammatory 

mediators involving tumor-promoting mutations, enhancement of blood vessels 

development (angiogenesis) [113], apoptosis inhibition and adaptation to the new 

conditions [139]. In some events, inflammation may be the etiology of subsequent 

cancer as contrasted by several cases whereby a genetic alteration that promotes cancer 

initiation causes the inflammation [135]. In either case, the inflammation acts as a strong 

stimulating process to the initiation and progression of cancer [135], hence any 

successful efforts to terminate the inflammation may lead to early control or prevention 

of cancer onset. 

The link between inflammation and related cancers is best summarized by two 

pathways: an intrinsic pathway that simultaneously promotes the inflammation and 

cancer initiation as well as an extrinsic pathway that promotes inflammation that leads to 

cancer  (Fig. 2) [135,140]. DNA damage and tissue injury respectively are the two 

initiating processes of the intrinsic and extrinsic pathways. Eventually the two pathways 

converge and produce cancers an inflammation-related cancer [135]. Inflammatory 

cytokines mostly spotted in cancer environment do not impose prolonged and specific 

immunity, and the result is unhindered contribution of cytokines and chemokines to 

malignancy [141].  
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Figure 2. The intrinsic and extrinsic pathways that form a link between cancer and 

inflammation resulting in cancer-related inflammation. Genetic alterations as well as 

tissue injury and infections are contributing factors of intrinsic and extrinsic pathways 

respectively [135]. 
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The immunosuppressive effect of chronic inflammation prevents effective recognition of 

cancer cell antigens by the immune cells that are present and thus paves the way for 

cancer initiation and progression [142]. Inflammation may also lead to cancer through 

non-immune pathways such as generation of ROS, production of angiogenesis-

promoting factors as well as metalloprotease production leading to increased cancer 

spreading [143]. The presence of TNF- receptors on various tumor and stromal cells 

and high blood concentrations of TNF- presents additional explanations to the 

involvement of inflammation in stimulation of uncontrolled cell division and 

tumorigenesis [144]. 

2.7 Cytotoxicity assays 

Cytotoxicity assays are developed to evaluate the effect of various substances on the 

viability of cells as measure of biological safety of such substances [8,145]. Substances 

that pose toxicity to cells thereby reducing viability are regarded unsafe for use in 

medical settings as these substances are likely to cause side effects [146]. Employing in 

vitro cytotoxicity assays provides an advantage over in vivo assays where high speed and 

low cost makes the in vitro assays more preferred as preliminary assessments for 

cytotoxicity [147]. Dead cells usually have damaged cell membranes causing cell 

contents to leak out of the cells while extracellular constituents that would otherwise not 

cross an intact cell membrane enter the cells [148]. Measurement of the movement of 

molecules across cell membranes that lost integrity forms the basis of cytotoxicity 

assays [148]. Introduction of substances that interact with cellular components that 

leaked out of dead cells or substances that can penetrate the dead cells and produce an 

observable change can then be used to determine the extent of viability of cells [148]. 
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A wide variety of assays are available to determine the cytotoxic effect, and sometimes 

the mode of action of the test substance [149]. Various properties or activities that 

differentiate living cells from dead cells can be used to determine cell viability, 

including cell membrane integrity, enzyme activity and release specific cellular 

components from cells, synthesis or uptake of nucleic acids, dye absorption by cells as 

well as production of adenosine triphosphate (ATP) [150]. On the basis of the type of 

measurements performed, cytotoxicity assays can be classified as dye exclusion, 

colorimetric, fluorometric or luminometric assays [147]. Despite the existence of the 

different categories of assays used in cytotoxicity studies [150], the most commonly 

used assays are those that employ colorimetric and luminometric analyses carried out in 

multiple-well plates [148]. 

Tetrazolium based colorimetric assays employ numerous dyes such as the positively 

charged MTT as well as negatively charged compounds such as 3-(4,5-Dimethylthiazol-

2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS), 2,3-Bis-

(2-methoxy-4-nitro-5-sulfophenyl) -2H-tetrazolium (XTT), and WST-1 [148]. The MTT 

assay relies on the action of enzymes, converting substrates into products that can be 

quantified [151]. In the presence of viable cells, water soluble tetrazolium compounds 

such as MTT that is yellow in color undergo redox reactions as a result of actions by 

mitochondrial enzymes of the dehydrogenase system, ultimately forming dark blue 

colored, water-insoluble formazan product [148,152]. Coenzymes such as NADH 

facilitate the transfer of electrons to MTT, thereby reducing it to its formazan product 

(Fig. 3). The formed formazan collects in the medium as well as inside and around the 

cells, but needs to be solubilized before the measurement of change in absorbance due to 
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the MTT reduction [148]. Solubilization of formazan can be achieved through addition 

of a variety of solvents including acidified isopropanol, dimethylformamide, DMSO or 

sodium dodecyl sulfate [148].  

 

Figure 3. Conversion of MTT dye to formazan by reduction that is assisted by the co-

factor NADH. MTT is yellow in color while its formazan product is purple-blue. 

Adopted from Riss et al [148]. 

Other colorimetric assays include the lactate dehydrogenase (LDH) and SRB assays that 

measure the LDH enzyme released from dead cells and SRB binding to live, fixed cells 

respectively [147]. LDH catalyzes the conversion of lactate to pyruvate, (Fig. 2). In the 

same event, a yellow tetrazolium dye, INT (or 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-

phenyl-2H-tetrazolium), sometimes referred to as iodonitrotetrazolium that is added to 

the cells is converted to a red tetrazolium dye that can be measured 

spectrophotometrically [149]. The conversion of INT to the tetrazolium dye is a function 

of reduction by NADH produced from NAD+ during the conversion of lactate to 

pyruvate by LDH [150]. The LDH assay is a highly sensitive test that could result in 

underrepresentation of actual cell viability in the presence of bacteria [153]. 
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Figure 4. The involvement of LDH enzyme in the formation of pyruvate from lactate 

alongside the reduction of NAD+ to NADH. Adopted from Senem et al [149]. 

ATP assay is rapid luminometric cell viability determination analysis with high 

sensitivity [152]. The ATP assay utilizes the enzyme luciferase in the presence of ATP 

and magnesium ions to oxidize the substrate luciferin to oxyluciferin, in the process 

producing chemiluminescence that is directly proportional to the number of viable cells 

[152]. The ATP assay can be used to detect very low cell counts that can be lower than 

10 cells/well [147]. Another luminometric assay is the real-time viability assay, that 

determines the number of viable cells in real time [147]. The ultimate assay that an 

individual chooses to use depends on the cost effectiveness, speed, reliability and 

efficiency [147]. 
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3. RESEARCH METHODS 

3.1 Research design 

Quantitative data on the anticancer of TIB in the form of percent cell viability were 

obtained from absorbance, indicated by an increase in optical density resulting from 

conversion of MTT dye into formazan crystals as a result of metabolism by live cells. 

The in vitro anticancer experiments were conducted in a Biosafety Level (BSL) 2 

laboratory at the School of Medicine, UNAM. Quantitative anti-inflammatory data were 

obtained from absorbance changes resulting from heat-induced denaturation of TIB-

treated egg albumin. 

3.2 Procedure 

3.2.1 TIB samples 

TIB samples were donated by Prof. Tian Shengxun from the TIB Research Centre in 

Kenya. The samples were in sealed and well labelled plastic packages (Fig. 5) with 

codes already assigned to different TIB samples. There were eight TIB samples coded 

TIB 0, 1, 2, 3, 6, 7, 8 and 9, were obtained and used in this study. Codes of all TIB 

samples used in this study alongside representative images for each are presented in 

Table 3. All tablets were first soaked in distilled water for 20 min to soften the sugar 

coats for ease of removal. After the soaking process, tablets were removed from distilled 

water and allowed to stand for 20 min to allow water to seep into the tablets. A spatula 

was used to gently scrape softened sugar coats off the tablets. The tablets with removed 

sugar coats (Fig 6) were allowed to dry at room temperature and stored at 4°C before 

further use. 
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Table 3. The eight TIB samples used in this study and corresponding codes. 

Sample Code Image 

1 TIB 0 

 

2 TIB 1 

 

3 TIB 2 

 

4 TIB 3 

 

5 TIB 6 

 

6 TIB 7 

 

7 TIB 8 

 

8 TIB 9 
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Figure 5. TIB sugar-coated tablets as administered to patients; the color of sugar coats 

varies among TIB samples (A). Tablets were packaged in well labelled plastic bags (B). 

 

Figure 6. TIB tablets after the removal of sugar coats, leaving only the herbal 

component that could be responsible for the observed effects of TIB. 

TIB extracts were prepared by grinding 3 g (9 - 10 tablets) of tablets without sugar coats 

to fine powder with a pestle and mortar. Extraction was performed according to the 

procedure by Manosroi et. al. [154]. The prepared TIB powder was macerated in 60 mL 

of methanol (MeOH) and dichloromethane (DCM) in a 1:1 ratio for 24 h. The MeOH: 

DCM solvent system of intermediate polarity was used, dissolving both polar and non-
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polar compounds [155]. The mixture was sonicated for 20 min and filtered using 

Whatman no. 1 filter papers. The obtained extracts were concentrated in a rotary 

evaporator under reduced pressure and constant temperature of 40 °C. A total of eight 

extracts were obtained from the eight TIB samples and (w/w) percentage yield was 

calculated for each extract. The pre-weighed dry extracts were stored at 4°C until further 

use.  

Stock solutions of 20mg/mL of the extracts were prepared in dimethyl sulfoxide 

(DMSO). The stock extracts were mixed in equal proportions resulting in 5 combination 

extracts (Comb1-5). The combinations were prepared as administered by Prof. Tian 

Shengxun in Kenya and Zambia (Table 4). Single TIB extracts as well as combinations 

of extracts were tested for anti-inflammatory activity as well as for anticancer activity 

against HeLa and Melanoma cell lines.  
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Table 4. Combinations of different TIB extracts tested for anticancer and anti-

inflammatory activity, making up a total of 5 different combinations. 

TIB combination Composition 

1 TIB 0, 1, 2, 3 & 6 

2 TIB 1 & 2 

3 TIB 3 & 6 

4 TIB 6, 7, 8 & 9 

5 TIB 6, 7 & 8 

 

3.2.2 Cell lines and cell culture 

Cell lines used in the study were donated by the University of the Witwatersrand. 

Melanoma cells were maintained in MEM while HeLa were maintained in DMEM 

whereby each of the media was supplemented with 10% fetal bovine serum (FBS). 

Incubation was done at 37 °C and 5% CO2 in a Forma Steri-Cycle humidified incubator 

(Thermo Fisher Scientific). Cell culture flasks (75 cm2) that have reached 80% cell 

confluence were trypsinized to detach cells from the bottom of the flask. This was 

achieved by first removing spent media and washing the flask with 10mL of PBS. Cells 

were then exposed to 2 mL of trypsin at room temperature before incubation at 37°C for 

3 min. The detached cells were removed from the flask with fresh media and cell count 

was performed on a hemacytometer using trypan blue [156]. After determining cell 
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concentration, media supplemented with 10% FBS was used to dilute the cells to 

appropriate cell concentrations. 

3.2.3 MTT cytotoxicity assay 

The anticancer effect of TIB extracts was determined using the MTT assay as described 

by Inbathamizth et al [157]. This method relies on the conversion of yellow MTT to 

blue formazan crystals by mitochondrial succinate-tetrazolium reductase which is only 

active in viable cells [158]. This mechanism allowed the percentage of live cells to be 

determined by spectrophotometric means. Stock extracts were first diluted in the 

appropriate complete media, thus reducing the concentration of DMSO that could be 

toxic to the cells at high concentrations [42]. The extracts were then added to the cell 

culture plates where serial dilution was performed. HeLa and melanoma cells at 

concentrations of 1×105 cells/mL [50] and 1×104 cells/mL [159] respectively were 

treated with extracts by transferring 100 L of cells to 100 L of extracts. Extracts were 

tested at concentrations of 1.563 – 100 g/mL. Treatments were incubated in a 

humidified CO2 incubator (Thermo Fisher Scientific) at 37 °C, 5% CO2 for 72 h. After 

incubation, 100 µL of media in each well was replaced with 80 µL of fresh media and 20 

µL of 5 mg/mL MTT and incubated for 2 h. After incubation, 100 µL of acidified 

propanol was added to each well to dissolve the formed formazan crystals and further 

incubated for 30 min. Absorbance was read on a SpectraMax M3 plate reader at 550 nm. 

Absorbance of wells with untreated cells was used as the negative the control while 

background absorbance was measured with varying concentrations of TIB extracts 

(1.5625 – 100 g/mL). Auranofin, Wako Pure Chemical Industries, an antirheumatic 
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drug with high anticancer activity, tested at  varying concentrations (0.195 - 25 µg/mL) 

was used as a positive control [45]. 

3.2.4 In vitro anti-inflammatory assay 

Inhibition of protein denaturation is an activity attributed to anti-inflammatory potential 

of therapeutic agents. [139,140]. The occurrence of inhibition of protein denaturation, 

membrane stabilization [141,142] or enzyme inhibition [70] by therapeutic substances is 

then used as initial evidence for anti-inflammatory potential. The protein denaturation 

technique was applied in the present study to investigate the anti-inflammatory potential 

of TIB. Egg albumin was separated from fresh hen’s eggs following the salting 

procedure discussed by Jiang et al [160]. Hen’s egg contents were transferred to a 1M 

solution of sodium chloride and stirred vigorously to precipitate the albumin. The 

resulting mixture was diluted to a ratio of 1:5 which was then used to test for the anti-

inflammatory activity. The inhibition of albumin denaturation was evaluated according 

to the procedure originally reported by Luciano et al [25] and modified by Djouonzo et 

al. [161] with slight modifications. Stock extracts (20 mg/mL) were diluted in PBS (pH 

6.3) followed by serial dilution. Egg albumin was diluted to a concentration of 16% 

(w/v) using phosphate-buffered saline (PBS) (pH 6.3) and then, 100 L of the extracts 

was mixed with varying concentrations of extracts and the final concentrations of 

extracts were (3.125 – 200 g/mL).  

Mixtures were incubated at 37 °C in a SpectraMax M2 plate reader for 30 min, and then 

heated at 70 °C for 15 min in a Salvis lab oven. After cooling the mixture at room 

temperature for 5 min, absorbance was read at 660 nm on a SpectraMax M2 plate reader. 

High absorbance represents denaturation of albumin, while low absorbance indicates 
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that albumin has been protected from denaturation. Wells with untreated albumin were 

used as the negative control with 0% inhibition (100% denaturation) while background 

wells contained extracts diluted in PBS at concentrations 3.125 – 200 g/mL.  

3.3 Data analysis 

Cell viability was calculated using the formula: 

Percentage cell viability =
At - Ab

Ac - Ab
 ×100  [45] 

Where: At is the absorbance of the treated cells; Ac is the absorbance of untreated cells 

and Ab the absorbance of the extract background.  

Inhibition of protein denaturation was calculated using the formula: 

Percent denaturation inhibition = 
𝐴𝑐−𝐴𝑡

𝐴𝑐
 × 100 [162] 

Where: Ac is the absorbance of untreated egg albumin and At is the absorbance of egg 

albumin treated with TIB. 

Graphpad Prism 8 software was used to compute the 50% inhibitory concentration (IC50) 

from the percent inhibition of albumin denaturation data. In the anti-inflammatory assay, 

the IC50 represents the concentration at which 50% of egg albumin is denatured in the 

presence of TIB. The IC50 of anticancer data is the concentration at which 50% of cells 

are viable in the presence of TIB treatment. Since all extracts showed cell viability 

above 50%, even at the highest concentration tested (100 g/mL), no IC50 calculations 

were done for the anticancer data. Bott anticancer and anti-inflammatory experiments 

were carried out in triplicates and were repeated at least 6 times. Percentage viability as 

well as albumin denaturation data was expressed as mean ± standard error of mean 

(SEM). 
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4. RESEARCH ETHICS 

Ethical clearance for this study was obtained from the UNAM Research and Ethics 

Committee. Research permission to conduct the study was granted by the UNAM Centre 

for Postgraduate Studies. Prof Tian Shengxun granted permission for the use of TIB in 

this study. Non-hazardous commercial cell lines, commonly used in anticancer studies, 

were used in the present study. No animal or human subjects have been utilized in this 

study.  
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5. RESULTS 

5.1 TIB Extraction yield 

Extraction of TIB with methanol: dichloromethane (1:1) solvent system yielded a total 

of eight extracts from eight TIB variations (one extract per TIB variation). Dry mass was 

used as an indication of efficiency of the extraction. The extraction yielded ranging from 

0.2574 – 0.7369 g (Table 5) was obtained.  

Table 5. Dry mass yield of extracts obtained from TIB 

TIB Number of 

tablets used 

Mass of tablets 

(g) 

Mass of extract 

obtained (g) 

0 9 3.3514 0.3830 

1 10 2.7982 0.3594 

2 10 2.9965 0.7369 

3 9 2.8600 0.4094 

6 9 3.4625 0.2574 

7 9 3.9115 0.3134 

8 9 3.2447 0.7098 

9 9 3.1548 0.5034 

 

5.2 Anticancer activity of TIB against HeLa cells 

Percent viability data of HeLa cells after treatment with TIB extracts (TIB 0 – 9) for 72 

h is presented in Fig. 7. Cell viability was > 60% for all concentrations tested. The IC50 

of all extracts was > 100 µg/mL, which was the highest concentration tested for all 

extracts.  
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Figure 7. Percent viability of cervical cancer cell line, HeLa, 72 h after treatment with 

TIB extracts, TIB 0-3 (A) and 6-9 (B), at concentrations of 1.5625-100 µg/mL. 

Auranofin was used as a positive control (IC50: 2.920 µg/mL). Untreated cells were used 

as negative control and were considered to be 100 % viable. All TIB IC50 values were > 

100 µg/mL. Error bars represent mean ± SEM. 

5.3 Anticancer activity of TIB against Melanoma cells 

TIB extracts were tested against Melanoma cell line to represent its anticancer potential 

against the skin cancer cell line. Cell viability data of Melanoma cells after 72 h of 

treatment with TIB 0-9 are presented in Fig. 8. The lowest cell viability of 56.1% was 
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observed with TIB 3, at a concentration of 100 µg/mL. At extract concentration of 100 

g/mL, TIB 2 treatment resulted in the least reduction of Melanoma cell viability with 

percent cell viability of 87.7%. All extracts exhibited dose-dependent reduction in cell 

viability with increased concentration of extracts. No IC50 calculations were done for the 

treatment of Melanoma with the different TIB extracts, as all concentrations resulted in 

cell viability above 50%, at the highest concentration tested (100 ug/mL). 
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Figure 8. Percent viability of Melanoma cells 72 h after treatment with TIB extracts, 

TIB 0-3 (A) and 6-9 (B), at concentrations of 1.5625-100 µg/mL. Auranofin (IC50: 1.941 

µg/mL) was used as a positive control. Untreated cells were used as negative control and 

were considered to be 100 % viable. All TIB IC50 values were > 100 µg/mL. Error bars 

represent mean ± SEM. 
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5.4 Anticancer activity of combined extracts against Melanoma cells 

Combined TIB extracts, in equal amounts, were tested against the Melanoma cell line 

using the MTT assay. Percent viability of Melanoma cells treated with combinations of 

TIB extracts is shown in Figure 10. Combined TIB extracts showed no cytotoxicity 

whereby cell viability was close to 100%. At a concentration of 100 g/mL, TIB Comb3 

showed the highest reduction in viable melanoma cells, with viability of 54.4%. TIB 

comb1 and comb2 showed the lowest melanoma cell viability inhibition, with 80% 

viability after a 72-h treatment period. The IC50 of all five TIB combinations, TIB 

comb1 – 5 was above 100 g/mL, the highest concentration used for the MTT assay. 

 

Figure 9. Percent viability of Melanoma cells 72 h after treatment with five 

combinations of TIB extracts (TIB comb1 – 5) at concentrations of 1.5625-100 µg/mL. 

Auranofin was used as a positive control (IC50: 1.941 µg/mL). Untreated cells were used 

as negative control and were considered to be 100 % viable. All TIB IC50 values were 

>100 µg/mL. Error bars represent mean ± SEM. 
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5.5 Effect of TIB extracts on albumin denaturation 

The ability of TIB extracts to inhibit heat-induced denaturation of egg albumin was 

determined based on the change in absorbance of the egg albumin solution due to 

protein denaturation after treatment with TIB extracts. The calculated percent inhibition 

of denaturation of egg albumin by TIB extracts is presented in Fig. 10. All eight extracts 

exhibited concentration-dependent inhibition of denaturation, whereby the inhibition of 

protein denaturation increased with increasing extract concentration. TIB 2 showed the 

least denaturation inhibition, with a percent inhibition of 19.9% at a concentration of 200 

g/mL. Albumin treated with TIB 7 at 200 g/mL exhibited the highest albumin 

denaturation inhibition of 91.4%. TIB 6 showed the highest inhibition of albumin 

denaturation at the concentrations tested compared to other TIB samples, except at 200 

g/mL, where TIB 6 showed the lowest inhibition compared to the other samples.  
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Figure 10. Inhibition of heat-induced egg albumin denaturation by varying 

concentrations (3.125 – 200 g/mL) of TIB extracts. Untreated albumin was used as 

negative control and was considered to be 0 % denatured.  All data is presented as mean 

± SEM. 

All eight extracts showed of IC50 values, ranging from 14.53 to > 200 g/mL (Table 6). 
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extracts tested, with the lowest IC50 value of 14.53 µg/mL. On the other hand, TIB 2 was 

the least protective against denaturation, displaying an IC50 value above 200 g/mL. 

Table 6. IC50 data of inhibition of egg albumin denaturation by TIB extracts. IC50 data is 

reported here as mean ± SEM. 

TIB IC50 ± SEM (g/mL) 

0 163.84 ± 10.59 

1 77.23 ± 4.14 

2 ˃ 200 

3 136.83 ± 9.35 

6 109.77 ± 10.17 

7 80.24 ± 3.05 

8 76.18 ± 15.33 

9 14.53 ± 0.87 

 

5.6 Effect of combined TIB extracts on albumin denaturation 

The ability of combined TIB extracts to inhibit the denaturation of egg albumin was 

carried out to evaluate possible synergistic activity between different extracts. Percent 

denaturation inhibition data obtained for the five TIB combinations is available in Fig. 

11. All five TIB combinations inhibited egg albumin denaturation in a concentration-

dependent manner. The increase in inhibition with increasing concentration was highest 

with TIB comb5. TIB Comb5 showed the highest inhibition (94%) at 200 g/mL, the 

highest concentration tested, as compared to all other TIB combinations, Comb1 – 4. 

Inhibition of egg albumin denaturation at 200 g/mL was least with treatment with TIB 

comb3 (88%). Inhibition of albumin denaturation by combined extracts at 200 g/mL 
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was above 90% for TIB comb1, 2, 4 and 5 while it was slightly below 90% (89%) for 

TIB comb3. 

 

Figure 11. Inhibition of heat-induced egg albumin denaturation by varying 

concentrations (3.125 – 200 g/mL) of combinations of TIB extracts. Untreated albumin 

was used as negative control and was considered to be 100 % denatured. All data is 

presented as mean ± SEM. 

Combinations of TIB extracts showed a slight difference in IC50 values that fall between 

10 g/mL and 50 g/mL. The lowest IC50 of 12.30 ± 0.29 g/mL was recorded for TIB 

comb4 treatment while the highest IC50 value (44.85 ± 2.77 g/mL) was recorded for 

TIB Comb3. The IC50 values of inhibition of egg albumin denaturation by combined 

TIB extracts alongside SEM are recorded in Table 7. 

Table 7. IC50 data of inhibition of heat-induced albumin denaturation by combined TIB 

extracts reported as mean ± SEM.  
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TIB comb. IC50 ± SEM (g/mL) 

1 26.92 ± 4.92 

2 26.78 ± 3.92 

3 44.85 ± 2.77 

4 12.297 ± 0.29 

5 33.027 ± 0.22 
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6. DISCUSSION 

All eight TIB extracts tested in the present study displayed no cytotoxicity against both 

HeLa and Melanoma cell lines. A plant extract is considered highly cytotoxic in vitro 

against a given cell line if it displays a CC50 value ˂ 1.0 µg/mL, cytotoxic if CC50 is 

between 1.0 and 10 µg/mL, moderately cytotoxic if CC50 is between 10 and 100 µg/mL 

and finally, an extract is non-cytotoxic if it displays CC50 > 100 µg/mL [38,163,164]. All 

TIB samples tested against both HeLa and Melanoma as single extracts and as 

combination displayed results that indicate that TIB components soluble in 

dichloromethane/methanol are non-cytotoxic against HeLa and melanoma cell lines 

[165]. The non-cytotoxicity observed with TIB extracts may be an indication of 

minimum occurrence of side effects when TIB is administered to patients. It is reported 

that patients administered with TIB do not report any side effects [2].  

Various in vitro cytotoxicity studies produced results similar to the findings of the 

present study, whereby extracts from plants and plant products displayed no cytotoxicity  

[166,167]. Similarly, Joshanda decoction, a polyherbal formulation used to manage 

respiratory inflammation was previously found to display mild cytotoxicity [168]. Water 

extracts from a TCM herb called guduibu previously showed no cytotoxicity against 

mouse osteoblasts [169]. TIB is traditionally used to manage cancer, but the present in 

vitro evaluation did not shown cytotoxicity towards cancer cells. The reported anticancer 

activity from the traditional use could therefore be through a different pathway cervical 

cancer and Melanoma cells directly. It was previously reported that black rice extract 

was found to inhibit in vivo breast cancer proliferation via the caspase activation and 

membrane depolarization [166]. The black rice extract, however, exhibits in vivo 
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anticancer activity via the inhibition of angiogenesis [166]. This is a representative 

example of that lead to anticancer activity demonstrated through different pathways by a 

given agent. Reportedly TIB  is believed to treat cancer through the activation of the 

immune system [2]. Diverse constituents of different Chinese Herbal Medicines (CHMs) 

used as immune boosters allow the CHMs to exhibit a wide range of biological activities 

[170].  

Since protein denaturation is a contributing factor of inflammation, substances that 

inhibit protein denaturation are considered suitable candidates for anti-inflammatory 

evaluation [117,132]. TIB extracts demonstrated high concentration-dependent 

inhibitory activity against heat-induced denaturation of egg albumin, an indication of the 

potential of TIB as an anti-inflammatory agent. Of the single extracts, TIB 9 showed the 

highest activity against albumin denaturation. This could be an indication that TIB 9 

contains the highest number of constituents with anti-inflammatory activity. An increase 

in anti-inflammatory activity of TIB was observed when extracts were tested in 

combination which may be an indication of synergistic activity between herbal 

constituents of TIB when extracts are combined. Present findings are in agreement with 

results from previous studies where medicinal plant extracts displayed synergistic 

activity when tested in combination [94,118,162]. A previously published study 

comparing the anti-inflammatory potential of eight herbal remedies and the combined 

extract formulation of these remedies observed that, the combined extract formulation 

both in terms of its anti-inflammatory as well as antioxidant activity was more when 

compared to activities observed when the herbs were tested individually, as a result of 

synergy between different herbal constituents [171]. Synergistic activity between 
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constituents of medicinal plants play an important role in reducing dosage required for 

effective biological activity [118]. 

Investigating herbal products for more than one biological activity presents an advantage 

of designing and administrating a single effective drug to patients with multiple 

morbidities hence the importance of testing TIB for both cytotoxicity and anti-

inflammatory potential. Herbal remedies used in different studies have shown promising 

anti-inflammatory activity alongside minimal cytotoxicity. Phaleria macrocarpa fruit 

extracts were previously assessed for cytotoxicity and anti-inflammatory activity 

whereby minimal cytotoxicity was displayed against Vero cells and good anti-

inflammatory was displayed in the through lipoxygenase enzyme inhibition [165]. 

Similarly, evaluation of biological activities of methanol extracts from four medicinal 

plant extracts showed more than one biological activities [172]. Low cytotoxicity and 

high anti-inflammatory activity were also observed for Opuntia stricta extract, 

indicating a trend of inflammation prevention and minimal cytotoxicity among herbal 

products [172]. Simultaneous occurrence of minimal cytotoxicity and good anti-

inflammatory activities among herbal products observed in previous studies [165,172] 

corresponds to findings from the present study with TIB. 

Since inflammation leads to a wide variety of diseases including cancer, [108,135] anti-

inflammatory agents may play a significant role in the prevention of inflammation-

associated diseases. Extracts and compounds with anti-inflammatory properties have 

been noted to display good activity in the management of cancer [173]. Therefore, the 

anti-inflammatory activity of TIB in the present study is in agreement with the 

traditional use of TIB against cancer and other ailments [1].   
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7. CONCLUSION 

TIB is traditionally used for the management of different ailments ranging from kidney 

and heart diseases to cervical cancer and HIV. The cytotoxicity and anti-inflammatory 

potential of TIB was evaluated and reported in this study. Based on the present findings, 

it can be concluded that TIB possesses no cytotoxicity towards HeLa and Melanoma cell 

lines. Results from the anti-inflammatory assay reveal that TIB has the ability to prevent 

heat-induced albumin denaturation in a concentration dependent manner. Since protein 

denaturation causes inflammation, the observed ability of TIB to prevent protein 

denaturation indicates that TIB could be an indication of good anti-inflammatory 

property. The present study further indicated that combination extracts of TIB may have 

higher anti-inflammatory potential than single extracts.  
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8. RECOMMENDATIONS 

In the present study, the anticancer activity of TIB was tested against two cancer cell 

lines (HeLa and Melanoma). Future studies may include non-cancerous cells to evaluate 

the effects of TIB on non-cancerous cells. Combinations of extracts were not tested on 

HeLa cells in this study. Future studies may also consider incorporating testing 

combined TIB extracts on HeLa cells. Aspirin, diclofenac and ibuprofen are anti-

inflammatory drugs most commonly used as positive controls in the albumin 

denaturation assay. Anti-inflammatory assays other than the albumin denaturation assay 

may be used in future studies. The positive controls for albumin denaturation assay were 

tested in the present study but did not show the expected results and should be 

considered in future studies. A negative control, containing untreated egg albumin was 

included in the present study. Future studies may also consider characterizing extracts 

from TIB with the aim of understanding its chemical composition. Since TIB is already 

used in clinical settings, it is recommended that in vivo studies may be included in future 

studies to validate the findings from the present study.  
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