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Abstract: This study is an integral part of the search for an alternative pharmacognostic solution for hepatocellular 
carcinoma. This is the first in vivo study on the anti-cancer activities of Diodia sarmentosa leaves. Therefore, it reveals 
the possibility of incorporating the leaf extracts into existing natural remedies or its application as a stand-alone therapy. 
It evaluated the biochemical, antioxidant, and anti-tumour potentials of the Diodia sarmentosa leaf extract on 
diethylnitrosamine-induced hepatocellular carcinoma in adult albino wistar rats. Liver cancer was successfully induced in 
the experimental animals through oral administration of diethylnitrosamine (20 mg/kg body weight) dissolved in normal 
saline (0.9%), 5 times a week for 6 weeks. Biochemical and histopathological evaluations were made to determine the 
impact of diethylnitrosamine in the serum and on the tissues of the adult wistar rats. In the treated group, significant 
(P<0.05) improvements were recorded in the serum levels of glutathione peroxidase, superoxide dismutase, catalase, 
vitamin C, glutathione, and total antioxidant capacity compared to the positive control. In the positive control, serum 
levels of the electrolytes (Na+, Cl-, K+, and HCO3

-), gamma-glutamyl transferase, alanine aminotransferase, and 
aspartate aminotransferase were significantly (P<0.05) altered compared to the normal control. The photomicrographs of 
the treated group show diffused necrosis and atrophy of tumour nodules, with one-cell-thick hepatocellular plates 
separated by sinusoids with a normal nucleus. The development of liver cancer in the experimental animals affected not 
only the liver but also the kidney. These are evidenced by the significant alterations in some biochemical parameters 
associated with kidney damage and/or disease. Through this study Diodia sarmentosa leaf extract shows evidence-
based assertions as an anti-cancer agent and can be useful in the search for a natural and more effective remedy for 
cancer. 
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INTRODUCTION 

Liver cancer, also referred to as hepatocellular 
carcinoma (HCC), is the third most prevalent type of 
cancer mortality, the sixth most usually diagnosed 
disease [1],and the second most frequent cause of 
cancer-related premature mortality [2]. Globally, 
830,200 persons lost their lives to liver cancer in 2020, 
according to estimates of 905,700 new cases [3]. While 
the most significant exogenous risk factors for primary 
liver cancer are infections with hepatitis B (HBV) and 
hepatitis C (HCV), excessive alcohol use and the 
associated metabolic syndrome conditions (type 2 
diabetes, obesity, and non-alcoholic fatty liver disease) 
have also emerged as major causes of primary liver 
cancer[4, 5].Research indicates that HBV accounts for 
56% of liver cancer cases, while HCV accounts for 
20% of cases [6]. A further 18% of liver cancer cases 
may be linked to tobacco use [7], and 17% of cases 
worldwide due to alcohol consumption [8]. Apoptosis 
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evasion, abnormal angiogenesis, altered cell cycle 
control, and lack of intrinsic mechanisms to regulate 
cell proliferation are the main mechanisms implicated in 
the formation and progression of HCC [9]. The 
increased vascularity of the tumour is one of the 
distinctive pathological characteristics of HCC [10].  

The only medication for advanced HCC approved 
by the US federal drug regulator is sorafenib, which 
increases life expectancy by three months. In the 
biosafety cabinet (BSC) context, sorafenib increases 
overall survival in patients with advanced HCC when 
compared to individuals given a placebo [11]. Some 
other drugs with similar mechanisms of action such as 
brivanib, erotinib, and orantinib (TSU-68) have also 
been clinically investigated for advanced HCC patients. 
Single doses of sorafenib [12], sunitinib [13, 14], 
brivanib [15], erlotinib [16], and TSU-68 [17] resulted in 
response rates (RRs) of 2.3 – 3.3%, 2.7 – 2.9%, 5.0%, 
9.0%, and 8.6%, in that order. Nivolumab was 
discovered to be useful in the treatment of metastatic 
HCC in 2014 [18]. It was also found from the same 
study that nivolumab led to a significant shrinkage of 
tumours in about 20% of patients treated with the drug. 
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Approximately 70% of patients who received nivolumab 
were still alive at one year, compared with the historical 
tumour response rate for sorafenib of only 2% to 3% 
and the one-year survival rate of 30%. Severe adverse 
effects of nivolumab included elevated levels of lipase, 
alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) [19]. Two patients had their 
tumours completely treated while others who 
responded had responses lasting more than nine 
months. 

To complement the numerous studies on synthetic 
drugs for liver cancer treatment, there is also a dire 
need to search for alternative natural remedies with 
fewer adverse effects and increased response rates. It 
is given this, that we embarked on this study, with a 
focus on Diodia sarmentosa leaf's medicinal impact. 
Diodia sarmentosa is traditionally used in treating local 
ailments, bruises, minor cuts, swellings [20], and 
dysentery [21, 22]. The antiulcer [23], anti-
inflammatory, analgesic [20], antioxidant [24, 25], and 
anti-diabetic [26] properties of Diodia sarmentosa in 
albino rats have been reported. However, there is no 
report on the anti-cancer properties of Diodia 
sarmentosa leaf extract. Hence, this study has filled 
that knowledge gap. 

This is the first in vivo study exploring the anti-
cancer potentials of Diodia sarmentosa leaves. Sequel 
to the in vitro studies [24] confirming the antioxidant 
activities of Diodia sarmentosa leaves, this study aimed 
to consolidate these findings in vivo and determine the 
possibilities of combating oxidative stress which is one 
of the key players in cancer pathogenesis. The in vitro 
studies on Diodia sarmentosa leaves had earlier 
revealed the presence of certain phenolic compounds 
such as flavonoid (320.15 ± 1.83 mg/100g), tannins 
(64.68 ± 1.08 mg/100 g), and total phenolics (1121.02 
± 5.67 mg/100 g) [24] which are considered the chief 
compounds in anti-cancer drugs [27]. Considering this, 
it was expedient to investigate the anti-cancer 
potentials of Diodia sarmentosa leaves. The 
biochemical and antioxidant implications of the leaf 
extract in the induced disease condition were also 
assessed. These are embellished with a histopathology 
analysis to determine the combating effect of the leaf 
extract on the affected liver tissue. 

MATERIALS AND METHODS 

Collection of Plant Materials and Extraction 

Fresh samples of Diodia sarmentosa leaves were 
sourced from nearby vegetation within the environs of 
the Federal University of Technology, Owerri and were 

identified by the Department of Crop Science. The 
leaves were washed with distilled water, air-dried, and 
oven-dried (digital TT 9083, Techmel & Techmel USA) 
at 40°C. The dried plant material was ground into 
powder and a portion (800 g) was weighed and soaked 
separately in 4 L of ethanol for 48hours on an orbital 
shaker. The extracts were obtained using a What man 
No. 1 filter paper and a Buckner funnel, then 
concentrated to dryness using a rotary evaporator at 40 
°C. 

Chemicals 

Diethylnitrosamine was obtained from Sigma-
Aldrich company, Germany. Other chemicals used for 
the experiment were of analytical grade.  

Experimental Design 

Twenty-one adult male Wistar albino rats weighing 
100-110 g were conditioned in an animal house for 10 
days with a 12-hour natural light-dark cycle, at 25 – 27 
°C and a relative humidity of 40 – 65%. Then they were 
classified into three groups containing 7 animals each. 

They were fed with commercial rat pellets and water 
ad libitum according to the Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for animal 
experiments. The animals were grouped as follows:  

Group A: This is the normal control (NC) for the 
experiment. They were without any induction, provided 
with commercially available rat chew and water ad 
libitum. 

Group B: This is the positive control (PC) for the 
experiment. The rats were induced with liver cancer 
followingan oral gavage introduction of 20mg/kg of 
DEN dissolved in normal saline (0.9%). They were 
without any treatment. 

Group C: This is the treated group (TG) for the 
experiment. After successful cancer induction, the 
animals were treated with 400mg/kg body weight (b.w.) 
of ethanol extracts of Diodia sarmentosaleaves from 
weeks 7 to9 after tumour induction. A fresh stock 
solution of the plant material was prepared every other 
day by dissolving 8g of the dried extract in 50ml of 
distilled water.  

Tumour Induction 

Liver cancer was induced through an oral gavage of 
20 mg/kg b.w. of DEN dissolved in 0.9% normal saline 
and administered five times a week for six weeks, 
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according to the method of Darwish and El-Boghdady 
with little modifications [28]. After tumour induction, 
representative liver samples were harvested from the 
three experimental groups and processed using 
histological techniques and routine haematoxylin and 
eosin (H&E) staining. 

This was done to confirm the successful induction of 
the tumour before commencing treatment. An abnormal 
liver architecture revealed a solid growth pattern with 
large tumour nodules separated by indistinct fibrous 
bands, and the presence of more than 2-3 cell-thick 
hepatocellular plates confirmed the successful 
induction of liver cancer. 

Acute Toxicity Test of Plant Extract and 
Administration 

Lorke’s method [29] was used to determine the 
average lethal dose (LD50) of the plant extract. Nine 
(09) rats weighing 100 – 110g, were divided into 3 
treatment groups (1600, 2900, and 5000mg/kg) of the 
extract. The experimental rats were monitored for 24 
hours, while signs of toxicity and death were recorded. 

Blood Collection and Histopathology Analysis 

At the end of the experiment, the rats were fasted 
for 12 hours and then sacrificed. Blood was drawn from 
the rats’ orbital sinuses using 0.5cm3 syringes. From 
each of the three treatment groups, representative liver 
samples were taken and stored in 10% neutral buffered 
formalin. To prepare the samples for histopathological 
analyses, standard protocol H&E stain was used for 
processing the samples [30]. 

Biochemical Assays 

Sood's spectrometric approach [31] was used to 
determine the serum electrolytes (HCO3-, Na+, Cl-, K+). 
Berthelot's method was used to evaluate urea, and the 
alkaline picrate method was used to analyse serum 
creatinine [32]. The enzymatic approach outlined by 
Fôssati and Precsipe [33] was used to assess uric acid. 
A colorimetric technique based on the Biuret reaction 
was used to measure total protein [34]. The 
International Federation of Clinical Chemistry's 
approach, as outlined by Bergmeyer and Horden [35], 
was followed while assaying ALT. A kit from JASTH 
(JAS Diagnostics Incorporated, Miami, Florida) was 
used to assay gamma-glutamyl transferase (GGT). The 
International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC) [36] states that the JASTM 
method is predicated on the kinetic photometric test. 

The International Federation of Clinical Chemistry's 
suggested approach for performing AST was followed 
[37]. The Accup Bind ELISA Micro wells 
immunoenzymometric assay (Type 3) (Monobind Inc., 
Lake Forest, CA 92630, USA) was utilized to measure 
alpha-fetoprotein (AFP). 

Antioxidant Assay 

The modified Hadwan method was used to 
determine the amount of catalase [38]. Ellman's 
reagent and hydrogen peroxide were used to measure 
serum glutathione peroxidase [39]. The thiobarbituric 
acid (TBA) technique was used to detect lipid 
peroxidation [40]. The activity of superoxide dismutase 
was measured using the pyrogallol test [41]. The Rel 
Assay Diagnostics Total Antioxidant Status kit 
(Relassay, Turkey) [42], with minor adjustments, was 
used to measure total antioxidant capacity. The Jargar 
et al. method [43] was used to calculate the vitamin E 
content. The technique of Glustarini et al. [44] was 
used to reduce glutathione. Using Kalambe et al.'s 
approach [45], ascorbic acid (vitamin C) was 
measured.  

Statistical Analysis 

The Statistical Package for Social Sciences (SPSS) 
version 23 was used to analyse the data. The 
information was provided as mean ± standard 
deviation. A one-way analysis of variance and the least 
significant difference test were used to establish 
statistical significance. P<0.05 was the threshold for 
statistical significance [25]. 

RESULTS 

Extract Toxicity Test Analysis 

After a full day, there were two recorded deaths in 
the dose groups with the highest concentrations (5000 
mg/kg) and the medium dose groups (2900 mg/kg), but 
not in the lowest dose group (1600 mg/kg). A safe 
dosage of 400 mg/kg of the plant extract was therefore 
determined for the treatment.  

Biochemical Parameters 

Serum levels of the electrolytes (Na+, Cl-, K+, and 
HCO3-) indicate significant (P<0.05) differences 
between the PC and NC (Figure 1). There is a 
considerable (P<0.05) increase in blood levels of Na+, 
Cl-, and HCO3- in the PC compared to the NC, but a 
significant (P<0.05) decrease in serum levels of K+. 
Serum creatinine, urea, and uric acid levels show 
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comparable substantial (P<0.05) increases in the PC 
group compared to the NC group. Serum ALT, GGT, 
and AST levels are significantly (P<0.05) higher in the 
PC than in the NC (Figure 1). Very high percentage 
increases; 117%, 85%, and 77.81% were recorded in 
serum AFP, urea, and GGT respectively. There was 
also a noteworthy (P<0.05) decrease in serum total 
protein in the PC as compared to the NC. However, the 
TG showed a 26.8% increase in serum total protein 
compared to PC, and this was also statistically 
significant. All biochemical markers measured in the 
experiment showed a substantial (P<0.05) reversal in 
the TG, except for serum creatinine, and uric acid 
which did not show any significant (P<0.05) change. 
Serum AFP showed the highest percentage (58.30%) 
reduction in TG compared to PC while the least 
reduction was recorded in serum urea, with an 11.82 % 
reduction in TG compared to its initial 85% rise in PC. 
Other significant reductions were observed in serum 

bicarbonate, with a 28% reduction in TG compared to 
PC; GGT, with a 33.68% reduction in TG compared to 
PC; and ALT, with about 20% reduction in TG 
compared to PC. 

Oxidative Stress and Antioxidant Parameters 

The PC has significantly (P<0.05) higher serum 
levels of the oxidative stress marker malondialdehyde 
(MDA) than the NC. Several antioxidant indices are 
significantly (P<0.05) reduced in the PC than in the NC, 
including total antioxidant capacity (TAC), reduced 
glutathione (GSH), catalase (CAT), SOD, glutathione 
peroxidase (GPx), vitamin E, and reduced glutathione 
(GSH) (Figure 2). The PC group showed an 80% 
reduction in GSH compared to NC, and this was also 
observed to be the highest significant reduction among 
all other antioxidants. The least percentage reduction 
was recorded in SOD with a 4.23% reduction in PC 

 
Figure 1: Biochemical parameters. 

Values expressed as Mean ± SD (n = 4). Uric acid (UA), Total protein (TP), alanine aminotransferase (ALT), gamma-glutamyl 
transferase (GGT), and aspartate aminotransferase (AST) AFP: alpha-fetoprotein. 

 

 
Figure 2: Antioxidant parameters 
The values are presented as mean ± SD (n = 4). Malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase 
(GPx), Catalase (CAT), Vitamin E (Vit. E), Vitamin C (vit. C), total antioxidant capacity (TAC). 
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compared to NC. Comparing the TG to the PC, there 
are no (P<0.05) improvements in the serum levels of 
SOD, GPx, CAT, GSH, vitamin C, and TAC. TG group 
showed a 58.01% improvement in vitamin C, 85.64% in 
TAC, 175.69% in GSH, 30.73% in CAT, 8.84% in GPx, 
and 5.34% in SOD compared to PC. However, there 
was no discernible (P<0.05) variation observed in the 
MDA and vitamin E serum levels between the TG and 
NC (Figure 2). 

Histopathology 

A section of the NC group's liver is shown in a 
photomicrograph at magnification (X100), which has 
normal histologic architecture, exposing the central 
vein and hepatocytes arranged in single-cell-thick 

plates or cords and separated by sinusoids (Figure 
3A). At a greater magnification (X400) (Figure 3B), the 
hepatic artery and portal vein branches, the bile duct, 
lymphatic arteries, and nerves are all carried by a 
connective tissue septum. Photomicrographs of the 
liver of the PC at low (X100) and high (X400) 
magnifications (Figure 4A and 4B) show a solid growth 
pattern with large tumour nodules separated by 
indistinct fibrous bands (two arrowheads). Additionally, 
there are hepatocellular plates or cords that are thicker 
than two to three cells. Tumour cells that bear a strong 
similarity to hepatocytes are observed to exhibit 
nuclear atypia, which is responsible for their enlarged 
nuclei (high N/C ratio) and conspicuous nucleoli 
(arrows) (Figure 4A and 4B).  

 
    A       B 
Figure 3: A and B: Photomicrographs of a section of the NC group's liver in X100 and X400, respectively, demonstrating 
normal histologic architecture with HA (hepatic artery), PV (portal vein), BD (bile duct), and CV (central vein). 
 

 
   A       B 
Figure 4: A and B: A photomicrograph displaying aberrant liver architecture in X100 and X400, respectively, of a liver section 
from the positive control group. 
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Photomicrograph of portions of the liver of the TG at 
low (X100) and high (X400) magnification respectively, 
show diffused necrosis and atrophy (arrows) of tumour 
nodules, and the presence of one cell thick 
hepatocellular plates is separated by sinusoids with a 
normal nucleus, cytoplasmic ratio, and the absence of 
atypia nucleoli (Figure 5A and 5B). 

DISCUSSION 

Figure 1 shows that DEN-induced HCC in the albino 
rats is indicated by a considerable (P<0.05) increase in 
blood levels of the transaminases (ALT, AST, and 
GGT) in the PC compared to the NC. Similar increases 
in the activity of serum AST and ALT with DEN 
treatment have been documented in several 
investigations [46]. These increases in transaminases 
are thought to be the most sensitive indicators of 
hepatocellular damage, and when the membrane's 
functional integrity is lost, the cell's membrane 
architecture is disrupted and the contents leak into the 
serum, where their concentration increases [47, 
48].Additionally, cholestasis and bile duct necrosis are 
revealed by increased serum levels of GGT. Since 
GGT is found on the outer membrane of hepatic cells, 
which indicates damage to the cell membrane owing to 
carcinogenesis, its considerable spike in serum can be 
linked to its escape from the plasma membrane into 
circulation [48]. Following DEN-induced lipid 
peroxidation of hepatocyte membranes and the 
ensuing increase in the leakage of enzymes from liver 
tissues by the generation of reactive oxygen and 
nitrogen species, the reported rise in liver function 
enzyme markers by DEN may be a subsequent event. 

Hepatic carcinogenesis is initiated by DEN, and DEN 
activity is a major factor in this process [47].  

AFP is a glycoprotein that is usually generated by 
the yolk sac, hepatocytes, and, to a lesser degree, the 
gastrointestinal system during fetal development. It is a 
biomarker that shows whether the liver is malignant 
[49]. A significant (P<0.05) elevation in the blood AFP 
level between the PC and NC (Figure 1) may result 
from DEN poisoning leading to hepatocyte necrosis 
[50]. The defining characteristic that controls the 
activity of AFP production at the cellular level is the 
location of the hepatocytes, whether they are inside or 
outside the liver plate [51].The liver is where proteins 
are synthesized, and this is a significant process that 
occurs both in healthy and malignant environments. 
Cancer has a significant impact on the highest rate of 
synthesis of tissue proteins and key protein masses 
[52]. The development of DEN-induced hepatic lesions 
(Figure 4A and 4B) in the current investigation that 
impaired protein synthesis can be attribu to a 
significant (P<0.05) drop in serum total protein in the 
DEN-treated group, which is consistent with previous 
findings [53, 54]. In another report, Serum protein 
levels were lower in the DEN group when adult male 
Wistar albino rats were given 0.01 percent DEN in 
drinking water ad libitum for 13 weeks [53]. Serum uric 
acid levels were significantly (P<0.05) higher in PC 
than in NC (Figures 1 and 4), indicating that a rise in 
uric acid may be a risk factor for the development of 
chronic liver disease. This is consistent with the 
research conducted by Benerji et al. [55], who found 
new links between blood uric acid levels and the 
frequency of hospitalizations linked to cirrhosis. 

 
    A       B 
Figure 5: A and B: Photomicrographs of the treated group in X100 and X400, respectively. 
Hp: hepatocellular plates. 
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Diodia sarmentosa extract treatment of the caused 
cancer, however, does not significantly (P<0.05) affect 
the raised UA level since there is no significant 
(P<0.05) difference between the TG and PC groups. 
The relationship between serum uric acid and cancer in 
both cancer patients and healthy individuals has also 
been the subject of some research [56]. A significant 
prospective study involving over 28,000 old Austrian 
women discovered a correlation (P<0.0001) between 
high blood uric acid levels (>5.41 ml/dl) and 
occurrences of fetal cancer [57]. Equivalent results 
were also validated by Strasak et al. [57] in a male 
group spanning a broad age range. A dose-response to 
baseline blood uric acid, a time-dependent risk factor 
for cancer incidence, was also shown by them. The 
elevated hepatic enzymes (AFP, GGT, AST, and ALT) 
were significantly (P<0.05) reduced after the 
administration of Diodia sarmentosa leaf extract (Figure 
1), thereby re-establishing the levels of these enzymes 
in the rat model. This corresponds with the results of 
Singh et al. [58] who reported reduced levels of these 
liver enzymes in DEN-induced hepatocellular 
carcinoma in rat models, after the administration of 
Carissa carandas embedded silver nanoparticles 
(CCAgNPs). In another study, Dar et al. [59] also 
reported the reduction in elevated serum transamin-
ases (ALT, AST), after the administration of extract of 
B. ciliate rhizome in a DEN-induced HCC mice model. 
The reduction in the levels of these liver enzymes could 
be attributed to the ability of the metabolites in Diodia 
sarmentosa leaves to ensure membrane integrity and 
reduction in enzymatic leakage [58]. 

The serum levels of urea, creatinine, Cl-, Na+, and 
HCO3- showed a substantial (P<0.05) rise in PC 
compared to NC, and serum K+ levels subsequently 
decreased, suggesting a potential renal injury in the 
DEN-induced group (Figure 1). These data are in 
consonance with earlier findings by Bucsics and 
Krones [60], which associated kidney injury with liver 
diseases. The treatment with Diodia sarmentosa 
significantly reduced serum levels of urea, Cl-, Na+, and 
HCO3

-, as well as improved K+ levels.  

When albino Wistar rats are given DEN, it causes 
major detrimental alterations in their antioxidant state 
as well as the production of reactive oxygen species. 
Figure 2 shows a substantial (P<0.05) rise in MDA 
serum levels and a significant (P<0.05) drop in 
antioxidants, including SOD, GPx, vitamin E (alpha-
tocopherol), catalase, decreased GSH, vitamin C, and 
TAC, in the PC group when compared to the NC group. 
This indicates an impaired antioxidant system in the PC 

group of the experiment, which can be dueto a disease 
condition or oxidative stress. Lipid peroxidation state 
and changes in some endogenous radical scavenger 
levels are considered direct indicators of oxidative 
stress [61]. The enzymatic anti-oxidative defence 
system against reactive oxygen species is made up of 
SOD, CAT, and GPx, which interact with one another 
[62]. This study's findings indicate that the enzymes' 
overuse in neutralizing the free radicals produced by 
DEN metabolism is the cause of the decline in the 
enzymes' activity. An increase in lipid peroxidation 
levels provides more evidence for this.  

The antioxidants (vitamins C, E, and GSH) 
significantly (P<0.05) decreased in serum levels after 
DEN delivery; this may have been caused by these 
vitamins being overused to scavenge free radicals 
generated during DEN metabolism. Vitamins C and E, 
for example, work in tandem as non-enzymatic 
antioxidants to scavenge free radicals produced inside 
the biological system [63]. Together with vitamin E and 
GSH, vitamin C also scavenges and eliminates free 
radicals [64]. These outcomes are consistent with 
previous research showing compromised antioxidant 
systems in Wistar albino rats given DEN [65].The 
antioxidant defence system was enhanced by 
treatment with Diodia sarmentosa leaf extract, as 
demonstrated by the considerable (P<0.05) rise in 
blood levels of SOD, GSH, GPx, vitamin C, CAT, and 
TAC in the TG relative to the PC (Figure 2). 
Furthermore, it preserves the GSH homeostasis within 
the system, as demonstrated by the significant 
(P<0.05) rise in antioxidants in the TG in contrast to the 
PC (Figure 2). The recycling of other antioxidants, 
including vitamin C and E, is facilitated by an increase 
in GSH levels [66]. This is also seen in the TG's 
elevated vitamin C activity (Figure 2). This result 
concurs with earlier findings on the effect of Diodia 
sarmentosa leaf extract on altered antioxidant systems 
in vivo [25]. Ezejiofor and Okoroafor [25] reported a 
significant reduction of elevated antioxidant enzymes in 
monosodium glutamate-induced uterine leiomyoma in 
rat models. Furthermore, there was no statistically 
significant (P<0.05) variation in the serum levels of 
MDA and vitamin E between the PC and TG. The 
histological abnormalities in the PC, such as the 
nuclear atypia of tumour cells with obvious 
resemblance to hepatocytes and enlarged nuclei, were 
reduced in the TG (Figure 5). This is evidenced by the 
presence of one-cell-thick hepatocellular plates or 
cords separated by sinusoids with a normal nucleus 
and cytoplasmic ratio and the absence of atypia 
nucleoli in the TG. 
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Considering the abundance of phenolic compounds 
in Diodia sarmentosa leaves, it may have exerted its 
anti-cancer properties by acting on molecular targets, 
especially by reducing the expression of a transcription 
factor regulating the expression of cytoprotective 
genes, reducing p53activation, decreasing Bcl-2 
expression and mitochondrial membrane potential, 
suppressing the expression of HIF-1α, and increasing 
cellular apoptosis with the down regulation of p-Akt 
expression [67, 68]. 

CONCLUSIONS 

The elimination of diethylnitrosamine-induced-
hepatocellular carcinoma in albino rats with Diodia 
sarmentosa leaf extract was studied. It underpinned a 
correlation between liver cancer and oxidative stress. 
Diodia sarmentosa leaf extract significantly (P<0.05) 
combats the tumour, the oxidant system, and the 
altered biochemical parameters in the experimental 
rats. Thus, Diodia sarmentosa leaf extract possesses 
viable anticancer properties, which can be used 
alongside other anticancer remedies. Further study of 
the other parts of the Diodia sarmentosa plant can be 
explored in different solvent systems and, as well as 
increase the doses of the plant extracts administered to 
the experimental animal. 
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