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Pathologic Improvements by Some Dietary Plants in an Animal Model of Carcinogenesis
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Abstract interactions with one another, the extracellular 
Cancer morbidity and mortality is on the rise matrix (ECM), and soluble molecules in their 
worldwide. Despite advances in medical vicinity are dynamic and favour cell 
sciences, its management is costly, and access is proliferation, movement, differentiation, and 
not available to the poorest individuals ECM metabolism, while simultaneously 
particularly those in low income developing restricting cell death, stationary polarized 
countries. The aim of this study is to assess the growth, and ECM stability (Tlsty and Coussens, 
potential of some commonly consumed plants 2006). Within a 10-year period, the global 
for their anti-neoplastic potential using an incidence has risen from 18.3 million in 2007 to 
animal model of cancer. We focus on 3 24.5 million in 2017 (GBODCC, 2019) and has 
commonly consumed plants - Amaranthus accounted for about 17% of all deaths in 2017 
hybridus, Basella alba and Talinum triangulare. (Roth et al., 2017). The incidence and mortality 
Chemical carcinogenesis was induced in female vary from country to country. However, the 
Wistar rats using the well-established 7, 12- World Health Organization (WHO) (WHO, 
Dimethylbenz[a]anthracene (DMBA) method 2020) estimates that cancer is the first or second 
and treated with aqueous extracts of the leaves of leading cause of death in 91 of 172 countries, and 
these plants. Analysis of the hepatic enzymes third or fourth in an additional 22 countries 
showed improvement of hepatic damage. This signifying a huge public health menace. Breast 
was confirmed by histological examination of cancer and colon cancer are among the top 5 in 
the liver. Histologic examination of the colon terms of incidence and mortality in every region 
and mammary glands were also done to confirm of the world (Bray et al., 2018).
these observations. Moreover, the plants also 
contained bioactive metabolites such as tannins, Depending on the location or type of cancer, the 
saponins and other alkaloids. The plants showed management strategies include surgery, 
an improvement in histological features in the chemotherapy, immunotherapy, radiation therapy, 
organs of interest. This study indicates the hormonal therapy, targeted therapy, stem cell 
potential role of these plants in the resolution of transplant, precision medicine and palliative care 
cellular injury or in the suppression of neoplastic (National Cancer Institute, 2020). These 
cells. Their incorporation in the diet of cancer management strategies have seen significant 
patients is recommended. advancements and sophistication yet,  

unaffordable for the poorest individuals in the 
Keywords: Cancer, DMBA, dietary plants, world. Herbal remedies have been reported 
complementary medicine, Amaranthus hybridus, occasionally with some promise (Bernstein and 
Basella alba, Talinum triangulare Grasso, 2001). The role of diet (Zhang et al., 

2020a) and lifestyle changes (Zhang et al., 2020b) 
Introduction is gaining its well-deserved attention and critical 
Cancers are heterogeneous multicellular entities appraisal, yet, local practices are often ignored.
containing cells of multiple lineages whose 
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7, 12-Dimethylbenz[a]anthracene (DMBA) is an Plant Collection and Extraction
Leaves of Amaranthus hybridus (AH), Basella organ-specific laboratory carcinogen and an 

et al., alba (BA) and Talinum triangulare (TT) were immunosuppressor (Medina  1980). It acts 
obtained from commercial sources (Central at several sites, including skin, mammary gland, 
Market, Kaduna). The plants were authenticated and oral cavity as a powerful initiating agent and 

hence, a potent carcinogenic chemical. DMBA is by the Chief taxonomist in the institution and 
a commonly used and a well-established agent in deposited with ID – NDA/PGS/0027-9. Crude 
numerous research studies on tumour in general extraction was done by standard methods (Bako 
and cancer in particular (Frenkel et al., 1995). et al., 2010). Briefly, the leaves were shade dried 

for two weeks then grounded into fine powder 
Sub-Saharan Africa (Nigeria inclusive) is blessed using pestle and mortar. Distilled water was used 
with natural vegetation and a lot of them is used as as diluents for the extraction using Soxhlet 
food. Having recognized that several plants have apparatus. 100g of powdered leaves was 
shown possible anti-inflammatory (Abubakar et constituted in 1000mL of distilled water for 24 
al., 2017) and anti-cancer properties (Engdal and hours and then filtered. Aqueous extraction was 
Nilsen 2008, Bernstein and Grasso 2001), an used in order to mimic culinary practices.
evaluation of edible plants or vegetable becomes 
necessary as a bulk of the population living in this Preliminary Qualitative Phytochemical 
area are resource deprived and standard medical Analysis 
practices are too costly for them. A lot of people To identify bioactive components of the extracts, 
resort to herbal remedies. qualitative phytochemical screening was done 

using standard methods (Okwu and Omodamiro 
Using Wistar rats, this study aims to check the 2005, Odebiyi and Sofowora 1979). Tests were 
possible anti-neoplastic properties of 3 carried out for Saponins, Tannins, Alkaloids 
commonly consumed vegetables in Nigeria in an (Wagner, Mayer and Dragendoff`s Test), 
animal model of cancer. The 3 vegetables Flavonoids, and Cardiac Glycosides using 
included in this study are the red spinach or standard methods (Khalid et al., 2018; Sheela 
African spinach - Amaranthus hybridus (AH), 2013; Bako et al., 2010, Okwu and Omodamiro 
Ceylon spinach - Basella alba (BA) and water 2005, Odebiyi and Sofowora 1979).
leaf - Talinum triangulare (TT). This manuscript 
will also provide much needed background data Induction of Chemical Carcinogenesis
for the potential of these plants in cancer patients. DMBA (Sigma Aldrich, Germany, >95% purity) 

was re-constituted in olive oil at a concentration 
Materials and Methods of 2mg/ml. 1ml of the solution was administered 
Animal Management to the animals weekly for 12 weeks via oral 
30 female Wistar rats weighing between 100 gavage.
to150 g and 8-12 weeks' old obtained from 
Biological Science Department, Nigeria Experimental Design
Defence Academy, Kaduna were used for this Thirty (30) Wistar rats were distributed 
study. The rats were kept in steel metal cages randomly (by balloting) into five different 
under standard conditions (26±2°C, 12 hours' experimental groups (Group 1-5) as depicted in 
light/dark cycle) and fed with commercially Figure 1. Group 1 serves as a control group and 
formulated feed (Vital Feed Nig. Ltd.) and clean received only olive oil. Group 2 serves as the 
water ad libitum. Cages and litter were cleaned untreated group and was administered DMBA. 
regularly by the staff. All methods involving the Groups 3-5 were administered DMBA and 
use of laboratory animals in this study complied extracts of AH, BA and TT respectively via oral 
with the regulatory principles for research gavage for 4 weeks after DMBA cessation. All 
involving animals in the above-named experimental animals were sacrificed 8 weeks 
institution and as enshrined by the declaration of after cessation of treatment.
Helsinki in the care and use of animals. Animals 
were acclimatized for two weeks prior to the 
beginning of experiments.
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Biochemical Assay for Liver Function Test Statistical Analysis
Blood samples were collected from all Data obtained were expressed as the mean ± 
anaesthetized animals into appropriate tubes and SEM. After normality test (Kolmogorov-
serum was obtained by centrifugation at Smirnov) was done, t test was used to compare 
5000rpm for 10 minutes. Serum samples were between 2 groups while Analysis of Variance 
analyzed using Selectra Pro S Auto analyzer (ANOVA) and Least Significant Difference was 
(ELITech, 6003-500) using the prescribed kits used for difference among groups. Statistical 
for Aspartate aminotransferase (AST), Alanine Package for Social Science (SPSS 20) was used 
aminotransferase (ALT) and Alkaline to analyse the data. The cut-off value was set at p 
Phosphates (ALP). All parameters were < 0.05 and p < 0.01 and was considered 
determined colorimetrically according to statistically significant.
Reitman and Franklel methods (Frankel et al., 
1995). Results

Phytochemical Screening of Plant bioactive 
Histopathology Studies metabolites 
Animals were humanely sacrificed by cervical The results of phytochemical screening of AH, 
dislocation after being anaesthetized with BA and TT are presented in Table 1. The findings 
chloroform (Sigma Aldrich, Germany). A single revealed that saponins and tannins were present 
animal was used from each group. The liver, in leaves of the three plants. Flavonoids were 
colon and mammary gland were excised, rinsed detected in TT leaf extracts only. The presence of 
in buffered saline and fixed in buffered formal glycosides was observed in leaves of TT and AH 
saline for 48 hours. Tissues were dehydrated in while BA was deficient of it.  For the presence of 
ascending grades of alcohol (50%, 70%, 90% alkaloids, Dragendoff test showed positive 
and 100%) for 3 hours and cleared in two outcomes for all three plants leaf extracts under 
changes of xylene (clearing agent) for 3hours. study while Mayer`s and Wagner's tests showed 
The tissues were then infiltrated and embedded negative response for BA but positive for the 
in paraffin wax (Sigma Aldrich), cut with a rotary other 2 (AH and TT).
microtome (Leica, RM-2125 RTS) and stained 
using Haematoxylin and eosin (H&E) staining 
technique.
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Figure 2: Photomicrographs showing liver of control (A), untreated (B) and extract (AH, BA and TT) 
administered (C, D and E respectively) animals. The centrilobular vein (yellow arrows) and 
hepatocytes (green arrow) are shown. Hyperchromasia and necrotic foci are shown with black arrow 
and blue arrow respectively. (H&E)

Effects of the Extracts on Colon Histology given AH show intact mucus glands; however, 
Control animals show viable and abundant villi of the mucosa folds show slight necrosis and 
goblet cells (yellow arrows) with intact villi and some inflammatory cell infiltration in the 
mucosal folds (green arrows). Unsurprisingly, mucosa. Animals receiving BA also shows 
untreated controls showed massive necrosis, similar features as above but with more little 
distortion of mucosal folds and lost or even infiltrates in the sub mucosa and muscularis 
absent goblet cells. There is massive layer. Animals receiving TT also showed similar 
inflammatory cellular infiltration (black arrows) features but had more infiltrates in the sub 
in all the tissue layers and hyperchromatic cells m u c o s a  a n d  m u s c u l a r i s  l a y e r.  T h e  
(blue arrow) in the mucosa. There was photomicrographs are shown in figure 3. 
observable reduction in pathologic severity in Compared to untreated animals, the extracts 
animals administered with the extracts. Animals showed better histological features.

Figure 3: Photomicrographs showing colon of control (A), untreated (B) and extract (AH, BA and TT) 
administered (C, D and E respectively) animals. Changes in the goblet cells (yellow arrow) and 
mucosal folds (green arrow) are shown. Inflammatory cellular infiltrates are shown with black arrow 
and hyperchromatic cells highlighted with blue arrow (H&E).
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Effects of the Extracts on Mammary Tissue Histology hyperplasia in the acini but with normal muscle 
Control animals show normal mammary tissue layers. Animals receiving BA also showed 
architecture with normal clear acini (yellow collapsed hyperplastic acini but muscle layers 
arrow) and muscle layers (green arrow). are normal. Those receiving TT on the other hand 
Predictably, untreated animals show congested showed hyperplastic, unremarkable acini with 
and hyperplastic acini, hypertrophied muscles some muscular hypertrophy. Photomicrographs 
and proliferation of cellular proliferation into are shown in Figure 4. Compared to untreated 
nearby ductules. Animals receiving the extracts animals, the histological features seen in extract 
however showed better histological features. administered animals suggest an improvement in 
Those receiving AH only showed mild the resolution of the pathology.

Figure 4: Photomicrographs showing mammary tissue of control (A), untreated (B) and extract (AH, 
BA and TT) administered (C, D and E respectively) animals. Changes in the mammary acini (yellow 
arrow) and adjoining muscle layer (green arrow) are highlighted. (H&E).
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