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ABSTRACT 
 

Aims: To investigate cytotoxicity of pure fractions of compounds extracted from yoyo bitters on 
human cervical cancer cell and to characterize the compounds present in various extracts.  
Study design:  Experimental Study. 
Background:  Cervical cancer is one of the leading causes of death. It is common among women 
of reproductive age and it causes the highest morbidity and mortality among this population. In 
spite of several researches, therapeutic cure for cancer using conventional therapies has been 
elusive and this has resulted in the use of alternative therapies. Yoyo Bitters (YYB), a herbal 
product, produced in Nigeria is widely consumed with a view to alleviating various health 
challenges. Previous studies using animal models have tried to elucidate the pharmacological 
activities of YYB, but none has explored its cytotoxicity against human cervical cancer cells. This 
study was designed to investigate the cytotoxicity of pure fractions of compounds extracted from 
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yoyo bitters on human cervical cancer cell and to characterize the compounds present in various 
extracts.  
Materials and Methods: Pure extracts of YYB were obtained using Column Chromatography. 
These extracts were investigated in vitro on Human Cervical Cancer Cells (Hela) with low passage 
number using MTT assay. Chemical compounds present in the extracts were characterized using 
Gas Chromatography, Mass Spectrometry (GC-MS).    
Results: showed that various fractions of YYB exhibited cytotoxic activities on human cervical 
cancer cells. Half maximal (IC50) of fractions 1, 2 and 3 on cervical cancer cells were: 35.3 µg/ml, 
5.6 µg/ml and 44.4 µg/ml respectively. The IC50 of Fraction 2, 5.6 µg/ml, was statistically significant 
(P= 0.008) when compared with values obtained from fractions 2 and 3. 
Conclusion: This study showed that all fractions of YYB exerted cytotoxic activity, but chemical 
compounds contained in fraction 2 exerted the highest cytotoxicity. Pharmacotherapeutic 
application of the chemicals as antitumorigenic agent against cervical cancer is discussed. 
 

 
Keywords: Cervical cancer; cytotoxicity; herbal medicine; hela cell line; yoyo bitters; anti tumorigenic. 
 

1. INTRODUCTION 
 
Cervical cancer is a malignant growth arising 
from the cells of the cervix. It is the commonest 
cancer among women of reproductive age and it 
is one of the leading causes of death from cancer 
worldwide [1,2]. In Nigeria, cervical cancer is the 
second most frequent cancer among Nigerian 
women and it contributes to highest mortality and 
morbidity among Nigeria females of reproductive 
age. According to reports from  GLOBOCAN [3], 
cervical cancer is the fourth most common 
cancer among women in terms of both incidence 
and mortality rates worldwide, with an estimated 
annual incidence of 528 000 new cases and 266 
000 deaths in 2012 [3]. 
  
In spite of several efforts being made to detect 
cervical cancer at the earliest possible time, 
invasive cancer still remains a major public 
health concern [2,4,5]. In the developed 
countries, the incidence and mortality due to 
cervical cancer has reduced markedly as a result 
of improvement in detection techniques. 
However, a higher percentage of new cases for 
cervical cancer are still prevalent in the 
developing countries. To worsen the situation, 
detection and diagnosis of cervical cancer are 
usually made when the disease has reached an 
advanced stage; thus resulting in poor prognosis, 
loss in economic activities with increase in 
mortality and morbidity among women of 
reproductive age  [4,6 ]. 
 

Infection with Human Papiloma Virus (HPV) has 
been implicated in the development of cervical 
cancer.  Currently, more than 200 types of HPV 
have been described and more than 99% of 
women who present with cervical cancer are 
infected with one or more subtypes of HPV. The 

oncogenic types, HPV 16 and HPV 18 have been 
implicated in cervical cancer among women in 
most parts of the world including Nigeria [2,7]. 
The oncogenic property of HPV is attributed to 
the presence of two oncoproteins E6 and E7. E6 
proteins bind to a powerful tumor suppressor P53 
inhibiting its anticancer activity. The E7 
oncoprotein also binds with the second tumor 
suppressor, retinoblastoma gene (RB) and 
inactivates its anti tumor properties. These 
processes induce the progression of cervical 
cancer by disturbing the mechanism of tumor 
suppression on cell cycle and apoptosis [2, 8]. 
Inhibition of the activities of these oncoproteins -
E6 and E7 would likely increase the activity of 
tumor suppressors, enhancing cell death and 
apoptosis [8].  
 
Currently, there is no known available treatment 
for the aetiologic agent of cervical cancer- HPV 
infection, but prophylactic vaccine developed 
only for HPV16 and 18; leaving other subtypes of 
the virus without any primary prevention [2]. 
Furthermore, the HPV vaccine does not offer any 
medical protection to women who are already 
infected with the virus and have developed 
cervical cancer. High cost of HPV vaccine 
coupled with its poor accessibility by individuals 
in resource limited economies where the 
incidence of cancer seems to be highest 
complicates any efforts committed to reduce the 
burden of cervical cancer. All these point to an 
urgent need for research into available local 
resources which should provide treatment for 
cervical cancer. 
 
Yoyo Bitters (YYB) is a ‘registered’ herbal 
medicine, marketed in Nigeria and exported to 
other parts of the world.  It is a blend of various 
herbs which contain various secondary 
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constituents such as alkaloids, flavonoids, 
phenols and polyphenols. These are believed to 
be responsible for scavenging free radicals 
thereby improving general body well being. The 
medicinal plants used to formulate the herbal 
product are Aloe vera, Acinos arvensis, Citrus 
aurantifolla, Chenipodium murale and 
Cinamamum arromaticum [9,10]. 
 
The herbal formulation has been claimed to be 
very beneficial to human health. It is believed to 
improve the circulation of blood, purifies the 
kidney and reduces the development of kidney 
stones. Others include: improving digestion, 
reducing blood pressure, assisting in the 
elimination of bad cholesterol, preventing the 
development of diabetes and improving the 
immune system and memory. Further claims 
such as pain-free menstruation, reduction in 
stomach acidity, weight and excess body fat 
have all been attributed to the product [10]. 
However, none of these claims have been 
supported using randomized controlled trial.  
 
In order to elucidate the claims of the 
manufacturer on the product, several 
researchers have conducted a number of 
biochemical studies using animal models. Oyewo 
et al. [11], investigated the immune modulatory 
capabilities of sub-chronic administration of YYB 
in male wistar rats. The study concluded that 
YYB administered at a lower dose than the 
manufacturer’s recommended doses produced a 
much more desired immune modulatory effects. 
They called for caution in using the product at 
current recommended manufacturer’s dose. 
Jimmy and Udofia [12] studied the anti diabetic 
potentials of YYB compared with known anti 
diabetic drug, glibenclamide in alloxan induced 
diabetic rats for the period of 28 days. The study 
concluded that reduction of plasma glucose in 
rats was dose and periodic dependent. They 
concluded that the product could offer some high 
anti diabetic benefits similar to that of 
glibenclamide and could be used as alternative 
drug for treatment of diabetes. Furthermore, Ali 
et al. [13] investigated effects of YYB on the 
morphology of cerebellum of wistar rats. They 
concluded from their study that high consumption 
of YYB for a long period of time could result in a 
significant effect on the histological changes in 
the cerebellum of wistar rats, a change that could 
result in cerebella dysfunction. 
 
Martins et al. [10] investigated the toxicity of sub 
–chronic administration of YYB and Fields 
Swedish Bitters (FSB) herbal preparations using 

rats. They concluded that sub chronic 
administration of YYB and FSB in rats could elicit 
hypokalaemia and a potential to increase 
markers for liver toxicity such as the 
transaminases. 
 
In spite of these studies conducted on YYB, we 
are not aware of any study that has investigated 
the cytotoxicity of this popular and well 
consumed herbal product using human cervical 
cancer cells. Premised on this, we designed this 
study to investigate the cytotoxicity of pure 
fractions of compounds extracted from yoyo 
bitters on human cervical cancer cell and to 
characterize the chemical compounds present in 
various fractions.  
 

 2. MATERIALS AND METHODS  
 
2.1 Study Site 
 
The study was performed at Sapala Organics 
Research and Pharmaceutical Laboratory, 
Hyderabad, India. Sapala is a Good Laboratory 
Practice (GLP) approved Facility.  Hela cell line 
with very low passage number was obtained 
from the National Center for Cell Science 
(NCCS) in Pune, India. 
 

2.2 Selection of Herbal Products 
 

We purchased herbal product, YYB from a 
commercial pharmaceutical shop and an 
authorized distributor of the product. YYB is 
produced from combinations of medicinal plants 
as an inclusion criterion, the herbal product 
should have been registered with the National 
Agency for Food, Drug Administration and 
Control (NAFDAC). Manufactured and expiry 
dates were inspected including official seal of the 
Manufacturing company. All these provided 
adequate information about the authenticity of 
the herbal product. In all, fifteen bottles of the 
product, each containing 200 mL of syrup were 
purchased and used for the required laboratory 
analysis.  
 

2.3 Extraction of Compounds 
 

10 X 200 mL of the syrup was macerated at 
room temperature in hexane for 24 h. The 
Extract was suctioned and filtered using 
Whatmann filter paper (size 40). This process 
was repeated for two more days to ensure 
complete extraction of all non - polar compounds 
from the syrup. These extracts were pooled 
together and further extraction was performed 
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using ethanol. The ethanolic extract was then 
concentrated at 40°C under reduced pressure 
using Buchi R-153 Rotavapour. The yield of 
extract was 24 grams. This was then used for 
subsequent analysis. 
 
2.4 Column Chromatography 
 
The column (3.5 × 60 cm) was prepared with 
silica gel (60-120 mesh) in n-hexane by wet 
method and column was left overnight. 15 mg of 
ethanolic extract was suspended in water      
(300 ml) and poured into the column. In the 
column, three distinct fractions with varying 
colours were observed. The compounds present 
in the fractions were eluted using 500ml 
combinations of ethyl acetate, methanol, ethanol 
and water in the ratio of 81: 11: 4: 4 using the 
principle of liquid/liquid extraction. Entire run time 
for the separation was 0.75-1.0 h. Separation 
using this process was based on differences in 
the solubility of various compounds in mobile and 
stationary phase.  In all, three distinct pure 
fractions (fraction 1, a light brown coloured liquid, 
fraction 2, a yellow coloured liquid and fraction 3, 
a yellowish green liquid) of the herbal product  
each containing various concentrations of 
compounds were collected. The initial volume of 
the fractions eluted was: 75 ml, 125 ml and 100 
ml respectively. These fractions were 
concentrated in vacuum rotary evaporator for 4 - 
5 days. After which final volume obtained from 
each fraction was 4.5 mL, 5.0 mL and 4.7 mL 
respectively. These were used for cytotoxicity 
studies and for chemical identification of 
compounds present in each fraction. 
 

2.5 GC/MS Analysis on Various Fractions 
Eluted from Column Chromatography 

 
GC – MS analysis was carried out using GC – 
MSD 5973 Agilent instrument.  Column thickness 
was 0.25μm and length was 30meters with 
internal diameter of 0.25mm. Helium was used 
as carrier gas at a flow rate of 1ml/min. The 
column temperature was initially kept at 70°C 
and increased to 250°C at a rate of 10°C /min. 
The injector temperature was 250°C and split 
ratio was adjusted at 1:100. The injection volume 
was 2 μl in ethyl acetate. The detector was Mass 
Selective Detector.  Identification and elucidation 
of isolated compounds were made using the 
database of the National Institute of Standards 
and Technology (NIST) Library. The spectrum of 
the unknown components was compared against 
the standard spectra of known compounds 

stored in the NIST library. The name, molecular 
weight and structure of chemicals contained in 
test materials were ascertained after comparing 
obtained spectrum with those of known 
chemicals stored in the NIST library. The relative 
concentration of each compound was calculated 
by dividing its average peak area with the total 
area of all compounds present.  
 

2.6 Cancer Studies  
 
2.6.1 Choice of cell line 
 
Cervical cancer is promoted by an infection with 
the Human Papiloma Virus (HPV). The subtypes 
of HPV 16 and 18 are mostly implicated in 
cervical cancer. Hela cells are harvested from 
adenocarcinoma which carries the HPV 18 
oncogen; while the other cell lines - SiHa and 
CaSki are harvested from sqamous cell 
carcinoma; and they express the HPV16 
oncogen. Adenocarcinoma expresses very low 
levels of p53 tumor suppressor, thus making this 
type of cancer the most aggressive. Furthermore, 
HPV18 is the most prevalent cause of cervical 
cancer (adenocarcinoma) across the developed 
and developing countries including Nigeria. It is 
also the most resistant to chemotherapy and 
radiotherapy, with very poor prognosis [2].  Due 
to these peculiar characteristics of Hela Cells, 
majority of studies elucidating the pharmacology 
of various herbal products, chemicals and cancer 
biology have been investigated using this cell line 
[2]. These justified our choice of Hela cells for 
this study.  
 
2.6.2 Principle of MTT assay [14] 
   
The MTT assay involves the conversion of the 
water-soluble yellow dye MTT [3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide] to an insoluble purple formazan by the 
action of mitochondrial reductase. Formazan is 
then solubilized and the absorbance determined 
colourimetrically at 590 nm. Mitochondria 
reductase is only present in the living or viable 
cells.  When cells are incubated in the presence 
of a toxic substance, if the substance causes cell 
death, necrosis or apoptosis, there is usually a 
reduction in the activity of mitochondria 
reductase, with associated decrease in the 
reduction of MTT to the purple colour. The 
intensity of the purple colour is directly 
proportional to the number of living cells present 
in the medium after treatment.   
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3. METHODOLOGY 
 
 Cells were grown in Dulbecco’s Modified 

Eagle’s Medium (DMEM). 
 After reaching 80-85% confluency, the 

cells were seeded in 96 well plate and 
incubated overnight. 

 After the cells have been attached to the 
plates, 1, 2, 4,6,8,32,64 µl volumes of drug 
extracts of fractions 1,2 and 3 were added 
in quadruplicate of wells respectively. 

 The cells were incubated for 24 hours. 
 20 µl of 5mg/ml MTT was added to each 

well. 
 The mixture was incubated for 4hours at 

37°C 
 After incubation, 150 µl of MTT solvent 

was added   
 The mixture was covered with foil and cells 

agitated on orbital shaker for 15 minutes 
 The absorbance was read at 590 nm 

against a reference absorbance measured 
at 630 nm  

 Control was prepared by pipetting same 
volumes of MTT reagent and buffers, but 
without cells into the well; while the blank 
contained equal volumes of MTT reagent, 
buffer and cells, but no drug.    

 Using special software, Origin8, the IC50 
(the concentration of the drug that will 
result in 50% of death cells) were 
calculated for different fractions of the 
drug.  

 Result (IC50) was first expressed in µl, but 
was converted to µg/ml by calculating the 
relative densities of the solutions used to 
elute the various fractions.  Since 
compounds were clearly soluble in the 
fractions and small amount of fraction used 
for analysis, the density of eluted mixture 
was equated to density (concentration per 
ml) of compounds in µg/ml.  

 ANOVA analysis was used to determine 
the level of significance of values 
generated from each fraction. 

 
3.1 Calculation of IC50 from µl to µg/ml 
 
No of Solvents used for mobile phase = 4 
 
The solvents were: Ethyl acetate, Methanol: 
Ethanol and water. 
  
The different ratios of the mobile phase used 
were 81: 11: 4: 4      

The densities of respective solvents were:  Ethyl 
acetate = 0.897, methanol and ethanol = 0.998 
respectively and water = 1.  
 
We calculated the relative densities of each 
fraction of solvent using their individual densities: 
(81 X 0.897 + 11X 0.998 + 4 X 0.998 + 4 X 1) = 
91.627. 
 
We calculated the sum of the density of all the 
four solvents in pure state (4X 100) = 400 
  
We calculated the average relative density of all 
the fractions by: Relative Density of each 
Fraction X No of solvents/ sum of the density of 
all the solvents = 91.627 X 4/400 = 0.9163. 
 
We calculated the density of compound in µl/ml 
by: IC50 (µl) x Average relative density for each 
fraction.  
 
Since the compounds were clearly soluble in the 
fractions and small amount of fraction was used 
for analysis, the density of eluted mixture (µl/ml) 
was equated to the density (concentration per 
ml) of compounds in (µg/ml). For various 
fractions, the following values were obtained: 
 

1. 38.497 µl x 0.9163 = 35.3 µl/ml   =      35.5 
µg/ml. 

2. 6.08225 µl x 0.9163 =5.6 µl/ml   =      5.6 
µg/ml 

3. 48.460 µl x 0.9163 =  44.4 µl/ml   =      44.4 
µg/ml 

  

4. RESULTS 
 
The half maximal inhibitory concentration (IC50) 
exhibited by various fractions of the herbal 
product is shown in Table 1. The names, 
structural formula, molecular weight and 
percentage peak areas of various chemical 
compounds isolated from different fractions of 
herbal product are detailed in Tables 2, 3 and 4. 
The contribution of top compounds (compounds 
that had the highest peak areas) to observed half 
maximal inhibitory concentration are shown in 
Table 5. Phytochemical distribution of chemicals 
with established physiological activity and some 
without established physiological activity are 
detailed in Table 6. GC spectra of various 
compounds identified from various fractions 
showing retention time and peak area of various 
chemicals are shown in Figs. 1, 2 and 3. 
Structures of some of the chemical compounds 
indentified and characterized in fractions 1, 2 and 
3 are shown in Figs. 4, 5 and 6. 
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Table 1. The IC50 of various fractions 
 

Fraction   IC50 µl IC50 µg/ml F-Value P-value 
1 38.497 35.3 µg/ml 690.6 2.00 
2 6.08225 5.6 µg/ml 6.1 0.008* 
3 48.460 44.4 µg/ml 1203.7 2.0 

*  p≤ 0.05 is significant. 
 

Table 2. Chemicals isolated from fraction 1 with IC50 of 35.3µg/ml 
 

S/N Retention Time 
(RT) Minutes 

Name of Compound Molecular 
Formula 

Molecular 
Weight 

% Peak 
Area 

1 6.21 Dodecane  1- fluoro  C12H25F  188 18.1 
2 8.717 3-n- Hexylthiolane, S, S Dioxide C10H20O2S 204 10.4 
3 10.253 Phenol, 2,4 – bis (1,1 dimethylethyl  C14H22O 206  5.0 
4 11.210 Hentriancontane  C31H64 436 43.4 
5 15.155 Di-N butylphthalate  C16H22O4 278 5.2 
6 15.400 Triacontane  C30H64 424  17.9 

 

Table 3. Chemicals isolated from fraction 2 with IC50 of 5.6 µg/ml 
 

S/N Retention Time 
(RT) Minutes 

Name of Compound Molecular 
Formula 

Molecular 
Weight 

%Peak 
Area 

1 3.41 2-cyclohexen-1-ol, 4-amino 5,6 
dimethoxy 

C8H15NO3 
 

173 13.4 

2 5.03 Furyl hydroxymethyl ketone C6H6O3 126 1.1 
3 6.06 2- Thiopheneacetic acid, oct-3-en-

2-yl ester  
C14H20O2S 
 

142 1.7 

4 6.54 Benzofuran 2,3  dihydro-  C8H8O 120 16.2 
5 6.66 Thiophene, 2 propyl C7H10S 126 29.5 
6 10.03 D-Allose ( C6H12O6 180 19.8 
7 11.33 1,2,3,4,5 cyclopentanepental C5H1005 150 17.2 
8 12.506 2(1H) Naphthalenone, octohydro-

8a-hydro-4a-methyl,- cis-  
C11H1802 182 1.1 

 

 
 

Fig. 1. GC spectra of compounds isolated from fraction 1 of YYB showing the retention time 
and area of various chemicals 
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Table 4. Chemicals isolated from fraction 3 with IC50 of 44.4 µg/ml 
 

S/N Retention Time 
(RT) Minutes 

Name of Compound Molecular 
Formula 

Molecular 
Weight 

%Peak 
Area 

1 3.45 2, 2 dimethyleicosane C22H46 310 3.1 
2 6.73 Benzene (ethylenoxy)   C8H8O 120 0.2 
3 10.01 D-Allose  C6H12O6 180 53.8 
4 11.2 1,6 anhydro-alpha d galactofuranose C6H10O5 162 42.9 

 
Table 5. Contributions of top most compounds in different fractions to cytotoxicity 

  
Fraction IC50 Name of Compound Peak 

Area (%) 
Contribution to 
total IC50 (µg/ml) 

1 35.3 µg/ml Hentriancontane 43.4 15.3 
  Dodecane  1- fluoro 18.1 6.4 
  Triacontane 17.9 6.3 
  3-n- Hexylthiolane,S,S Dioxide  10.4 3.7 
2 5.6 µg/ml Thiophene, 2 propyl 29.5 1.64 
  D-Allose 19.8 1.10 
  1,2,3,4,5 cyclopentanepental 17.2 0.96 
  Benzofuran 2,3  dihydro 16.2 0.90 
  2-cyclohexen-1-ol, 4-amino 5,6 

dimethoxy 
13.4 0.74 

3 44.4 µg/ml D-Allose  53.8 23.9 
  1,6 anhydro-alpha d galactofuranos 42.9 19.0 

 

 
 

Fig. 2. GC spectra of compounds isolated from fraction 2 of YYB showing the retention time 
and area of various chemicals 

 

5. DISCUSSION 
 
Cervical cancer is prevalent in most parts of the 
world including the developing countries. The 
search for new cancer drugs is an area that 
continuously requires heavy research. In 
countries where resources are limited coupled 

with poverty and high disease burden, high cost 
of available anti tumor agents calls for an urgent 
research and development of new molecules that 
would help to alleviate pains of patients suffering 
from cervical cancer. Again, considering the 
economic and social burden of cervical cancer, 
there is an urgent need to find solutions that 
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would help alleviate pains and to improve quality 
of life of patients suffering from cervical cancer. 
 
One of the greatest challenges in the 
management of cervical cancer is treatment 
failure. Uncontrolled proliferation is a featured 
characteristic of all cancer cells. Some of these 
cells are resistant to conventional drugs thereby 
resulting in treatment failure with poor prognosis 
[2]. Premised on this, inhibition of cell 
proliferation using in vitro studies is the major 
step in identifying potential anti tumor 
suppressing drugs.  To our knowledge, studies 
describing the use of medicinal plants for the 
treatment of Human Papiloma Virus (HPV) 
infection in this environment are limited. 
Currently, we are not aware of any study that has 
either investigated the use of this widely 
consumed herbal product in the management or 
improvement in the quality of life (QoL) among 
patients suffering of cervical cancer. 
 
The cytotoxicity of yoyo bitters on human cervical 
cancer cells (Hela) is presented in Table 1. It was 
very evident that all the fractions exhibited 
appreciable levels of cytotoxicity. However, our 
finding showed that fraction 2 of YYB had the 
highest (5.6 µg/ml) inhibitory activity on cervical 
cancer cell line. Phytochemical distribution of 
compounds isolated from this fraction showed a 
wide range of phytochemical compounds (Table 
6). This fraction of the herbal product contained 
alkaloids, glycosides, tannins, triterpenoids, 
carbohydrates and flavonoids. All these 
compounds have been identified to possess 

anticancer properties and it is possible that their 
synergistic effects could have been responsible 
for the highest anti tumor property observed in 
this fraction. This also could imply that the 
chemical compounds identified in this fraction 
could be of great importance in the synthesis of 
anti tumor agents. The chemical compounds 
could either be useful alone or in combination 
with other identified compounds in order to 
produce a synergistic effect. Previous studies on 
herbal products containing these phytochemicals 
especially flavonoids  had shown that it inhibited 
the proliferation of tumor cells in vitro and 
induced cell death through the promotion of 
apoptosis. [2]. The finding from this study might 
support this observation. This finding is in 
agreement with the report of Nawal et al. [15] 
which investigated the cytotoxicity  of methanolic 
extracts of seven selected medicinal plants used 
in Moroco to treat cancer and non cancer 
diseases on different human cervical cancer cell 
lines, Hela and SiHa using MTT assay. They 
found that some extracts of the medicinal plants 
exhibited marked cytotoxicity on the two cell 
lines. They concluded that some of the medicinal 
products could be considered as potential 
sources of anticancer compounds. They however 
did not identify chemical compounds which were 
responsible for the observed cytotoxicity. The 
study of Nawal et al. [15], when viewed with the 
report presented in this study, supports claims 
that many medicinal plants that could be used to 
develop potent anticancer agents abound in 
Africa. 

 

 
 

Fig. 3. GC spectra of compounds isolated from fraction 3 of YYB showing the retention time 
and area of various chemicals
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Table 6. Phytochemical Distribution of Compound Isolated from Different Fractions 
 
Fraction Alkaloids Glycosides Tanins Tri-terpenoids Carbohydrate Flavonoids  
1 - 3-n-Hexylthiolane,S,S 

Dioxide  
(glycoside related) 

Phenol, 2,4 – bis (1,1 
dimethylethyl                   

Dodecane  1- 
fluoro                      

- - 

2 2-cyclohexen-1-ol, 4-
amino 5,6 dimethoxy  
 
 

Furyl hydroxymethyl ketone  
2- Thiopheneacetic acid, 
oct-3-en-2-yl ester 
 

1,2,3,4,5 cyclopentanepental 
 

2, 2 
dimethyleicosane  
(mono-terpenes) 

D-Allose  
 
 

2(1H) 
Naphthalenone, 
octohydro-8a-hydro-
4a-methyl,- cis-  

3 - 1,6 anhydro-alpha d 
galactofuranose  
 

- - D-Allose - 



 
 
 
 

Onyeaghala et al.; EJMP, 7(2): xxx-xxx, 2015; Article no.EJMP.2015.067 
 
 

 
55 

 

1-Fluro-Dedocane

3-n-Hexylthiolane,S,S Dioxide

Hentriancontane

Di-N butylphthalateTriacontane

Figure 4  Structures of some Chemical Compounds Identified in Fraction 1

 

Furyl hydroxymethyl ketone 2- Thiopheneacetic acid, oct-3-en-2-yl ester 

Thiophene, 2 propyl

D-Allose
1,2,3,4,5 cyclopentanepental

2(1H) Naphthalenone, octohydro-8a-hydro-4a-methyl,-
cis

Fig  5:  Structures of some Chemical Compounds Identified in Fraction 2

 
To be a good anti cancer drug, the IC50 of any 
potential anticancer agent should be very low to 
avoid any adverse effect and damage to 
surrounding cells. The American National Cancer 
Institute (ANCI) has recommended that any 
promising anticancer drug should exhibit a 
significant cytotoxicity and should exert such 
effect at an IC50 value of ≤ 30 µg/ml [16]. From 
our studies, fractions 1 and 2 exhibited an IC50 
(35.3 µg/ml and 5.6µg/ml) respectively. These 
values were within ANCI recommended 
concentration (Table1).  This could also imply 
that chemicals identified from this fraction could 

be good enough as potential anticancer drugs. 
The IC50 observed in fraction 3 was much higher 
than the limit stipulated by the American National 
Cancer Institute for a potential anticancer agent. 
It could be recalled that one of the chemicals 
identified from this fraction was a benzene 
molecule (See Table 4) which has been 
implicated as an etiologic agent for cancer. It is 
possible that this could have an antagonistic 
effect on the antitumorigenic properties of the 
compounds in this fraction resulting in IC50 more 
than the ANCI recommendation. This however 
requires further studies for future elucidation.
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2, 2 dimethyleicosane 

Benzene (ethylenoxy

D-Allose
1,6 anhydro-alpha d galactofuranose 

Figure 6: Structures of some Chemical Compounds Identified in Fraction 3

 
The contributions of chemical compounds 
identified in various fractions of the YYB to 
cytotoxicity are detailed in Table 5.  Currently, 
various mechanisms through which anti cancer 
agents exert the desired effects have been 
postulated. Some of these mechanisms are: 
increase in intracellular reactive oxygen 
specie,(ROS) resulting in cell death, upregulation 
of  p53 tumor suppressor resulting in decrease in 
the expression of oncoproteins, increase in cell 
apoptosis resulting in cell death without 
inflammation of surrounding cells and decrease 
in anti proliferation of tumor cells. Other 
mechanisms that have been postulated are: cell 
cycle arrest, inhibition of cancer cell migration, 
invasion and angiogenesis and reduction in the 
expression of oncoproteins E6/E7 resulting in 
increased activity of  tumor suppressor such as 
p53 and Retinoblastoma (Rb) [2,17-22] .  
Although we did not investigate the mechanism 
through which these herbal fractions exerted the 
observed antitumorigenic effects, it is possible 
that the chemicals contained in these fractions 
could be exerting the desired effects either 
through one or more of these identified 
mechanisms. This however should be elucidated 
using further research. 
  
From physiological point of view, it appeared 
interesting that d- allose, a carbohydrate, 
identified in  fraction 2 of this herbal product 
might increase the antitumor property of other 
would- be  anti cancer agents. Our finding was in 

agreement with Alanso et al [17] who reported 
that the presence of carbohydrate moiety 
increased the anticancer activity of flavonoids. 
Furthermore, recent studies with d- allose, had 
shown that it was important and beneficial in 
several metabolic pathways. In some of the 
studies using d-allose, it was reveled that d-
allose resulted in immunosuppression, inhibited 
cancer cell proliferation and generated reactive 
oxygen species (ROS) all resulting in apoptosis 
[17,23,24]. It is possible that d-allose identified in 
this fraction of the herbal product could be 
contributing to anti tumor properties 
synergistically with other identified compounds 
via this mechanism. Conversely, It could be 
observed that although fraction 3 contained a 
higher percentage of d-allose, yet the IC50 value 
was higher than the value obtained in fraction 2.  
Based on this result, it could be inferred that the 
chemical compound, benzene, could be 
antagonistic in achieving the desired cytotoxicity.  
Further studies are however required to elucidate 
this hypothesis 
  

6. CONCLUSION 
 
Many effective anticancer drugs have been 
developed using herbal medicine. Most anti 
cancer drugs were either isolated from herbal 
products or are structural modification of 
chemicals derived from natural compounds. 
Based on this finding, there is no doubt that YYB 
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could be a reliable source for the development of 
anticancer agents which would directly impact on 
the health of people living in this region of the 
world. 
 
FURTHER STUDIES 
 
Considering the information generated from this 
study, there is the need for further studies to 
investigate the: 
 

1. The synergistic and /or antagonistic effects 
of carbohydrate moiety, benzene and other 
compounds identified in this herbal product 
on either the  inhibition  or progression of 
cancer cells using human cancer cell lines. 

2. Actual mechanism by which the chemicals 
identified in these fractions exerted the 
desired cytotoxicity on human cervical 
cancer cell lines and if possible on other 
cell lines in order to elucidate in details 
their therapeutic benefits. 
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