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A B S T R A C T 

Background: Breast cancer is an uncontrolled growth of breast tissue, which develops in cells lining the 

milk ducts and lobules, it’s the most common neoplasm in the female. Breast cancer has been declared a 

universal disaster as it is expected to nearly triple between 2020 and 2030, as most available drugs have not 

shown any desirable outcome. 

Aims/Objective: This research aimed to evaluate the acute toxicity and effects of M. indica on serum IL-6, 

and IFN-γ in cancer-induced albino rats. 

Materials/Methods: Mangifera indica was subjected to plant identification/authentication and extractions, 

the acute toxicity was determined using Lorke's method. They are 6 groups of 4 rats each. The groups are 

normal, positive controls, Ascorbic acids, 500mg, 1000mg and 1500mg M. indica groups. All the groups 

were induced with 65 mg/kg-1 b.w. of 7,12 Dimethylbenzene-(α) anthracene (DMBA), except Group I and 

observed for 14 days, before treatment with 100mg of AA (Group III), and 500mg, 1000mg, and 1500mg 

of extracts (Groups IV- VI) respectively. The rats were sacrificed, 24 hours. after the last treatment. 

Results: The results of acute toxicity study of the extracts in both phase 1 and 2, has shown no signs of 

behavioural changes and mortality in all the experimental animals. This has proven that methanolic extracts 

of M. indica is safe. There was a significant down-regulation of serum IL-6, and INF-γ expressions 

(P>0.005). 

Conclusion: This research indicated that M. indica extract is safe and possesses anti-tumor, and 

immunomodulatory effects, it may be used for breast cancer management. 

 

                                                       © 2021 Hussaini Mohammed Alhassan. Hosting by Science Repository. 

Research Highlights 

 

i. This research assessed the effects of Mangifera indica in the 

treatment of breast cancer. 

ii. There was a significant downregulation of serum IL-6 and IFN-γ 

after treatment with extract of Mangifera indica. 

iii. The results signified that M. indica possessed anti-cancer, 

immunosuppressive and immunomodulatory potentials. 

iv. M. indica maybe used as an alternative treatment options in the 

breast cancer management. 

v. Clinical trials should be embarked on to evaluate if the results 

obtained can replicated in human. 

 

Introduction 

 

A breast tumor is a neoplasm originating in the mammary gland [1]. 

Signs of breast cancer may include a lump in the breast, a change in 

breast shape, dimpling of the skin, fluid coming from the nipple, an 

inverted nipple, and a red scaly patch of skin [2]. In those with a distant 

spread of the disease, there may be bone pain, swollen lymph nodes, 
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shortness of breath, or yellow skin [3]. World breast cancer congress has 

currently declared breast cancer a universal disaster as the global burden 

of breast cancer doubled between 1975 and 2000 and is expected to 

nearly triple between 2020 and 2030 [4]. The International Agency for 

Research on breast cancer estimates that the incidence of mortality and 

prevalence arising from about 184 countries of the world revealed that 

there were 14.1 million new cancer cases, 8.2 million cancer deaths, and 

32.6 million people living with breast cancer [5]. Risk factors for 

developing breast cancer include being female, obesity, lack of physical 

exercise, drinking alcohol, hormone replacement therapy during 

menopause, ionizing radiation, early age at first menstruation, having 

children late or not at all, older age, prior history of breast cancer, and 

family history [6]. Breast cancer most commonly develops in cells from 

the lining of milk ducts and the lobules that supply the ducts with milk 

[6].  

 

In those who have been diagnosed with cancer, a number of treatments 

may be used, including surgery, radiation therapy, chemotherapy, 

hormonal therapy and targeted therapy [6]. In those whom breast cancer 

has spread to other parts of the body, treatments are mostly aimed at 

improving the quality of life and comfort [7]. There are reports which 

indicate increases in systemic markers of inflammation in breast cancers 

showing a potential relationship between breast cancer and inflammation 

[8]. Cytokines are a broad and loose category of a small protein (5-20 

kDa) that are important in cell signaling, their release has an effect on 

the behaviour of cells around them [9]. Cytokines are involved in 

autocrine, paracrine and endocrine signaling as immune-modulating 

agents [9]. The balance of cytokines is critical for a normal immune 

response. Irregular cytokines level can shift the immune response from 

being beneficial to be harmful [10]. An increase in inflammatory 

cytokines such as IL-1, IL-6, IL-10, IL-18, TNF-α, INF-γ, has been 

observed in the blood of patients with breast cancer [10]. Overexpression 

of inflammatory cytokines plays a vital role in the pathogenesis of breast 

cancer complication [11].  

 

IL-6 is a mediator with a pleiotropic effect on inflammation, immune 

response, and hematopoiesis. It is an important cytokine in acute 

inflammatory responses that has both local and systemic effects [12]. It 

reduces the synthesis of a variety of other inflammatory mediators in the 

liver, stimulates neutrophil production in the bone marrow, and promotes 

the differentiation of IL-17 producing helper T cells [12]. IL-6 is 

synthesized by mononuclear phagocytes, vascular endothelial cells, 

fibroblasts, and other cells in response to PAMPs and in response to IL-

1 and TNF [13]. It is produced during the inflammatory process of breast 

cancer and a principal marker of chronic inflammation commonly 

detected in breast tumor [14]. IFN-γ, or type II interferon, it is an 

important activator of macrophages and inducer of Class II major 

histocompatibility complex (MHC) molecule expression. Aberrant IFN-

γ expression is associated with a number of autoinflammatory and 

autoimmune diseases. The importance of IFN-γ in the immune system 

stems in part, from its ability to inhibit viral replication directly and most 

importantly from its immunostimulatory and immunomodulatory effects 

[15]. IFN-γ is produced predominantly by natural killer (NK) and natural 

killer T (NKT) cells as part of the innate immune response, and by CD4, 

Th1 and CD8 cytotoxic T lymphocyte (CTL) effector T cells and also 

plays a major role in establishing cellular immunity in mammary cancer 

[15]. 

Approximately 60% of drugs currently in use for mammary cancer 

treatment have been isolated from natural products. the use of a 

medicinal plant could be an alternative means to improve health care 

globally, particularly in poor resource countries [16]. The medicinal 

plant is locally available, easily accessible regardless of social status 

[17]. Phytochemicals that emanate from plants offer a notable prospect 

for the exploration of new varieties of therapeutics [11]. As a result, an 

effort is being geared globally toward the exploitation of these medicinal 

plants which possess a significant amount of phytochemicals with a 

beneficial effect in tackling mammary cancer and associated 

complications [18].  

 

Mangifera indica known as mango tree is a plant that is locally abundant 

in Nigeria in the Savanna zones, traditionally, Mangifera indica stem 

bark has been employed in the treatment of several ailments like skin 

irritation, abnormal lumps or mast tissue (tumor), vaginal warts, neck 

and breast. It is also used in the treatment of pyrexia of unknown origin. 

Extract of leaves and unripe fruit have demonstrated anti-bacterial, anti-

inflammatory and in treatment for ulcers and anti-snake venom [19]. The 

increasing prevalence of breast tumor and its complication in rapid 

succession has become a major concern worldwide [10]. Various 

mammary anti-cancer medications have been formulated, but have not 

yielded the desired outcome, this has stimulated the need to explore the 

potential anti-tumor, anti-inflammatory potentials of Mangifera indica 

stem bark [18]. Hence, this research was design to evaluate the acute 

toxicity and effects of M. indica on serum IL-6, and IFN-γ in 7,12 

dimethylbenzene (α) anthracene (DMBA)-induced breast tumor in 

female albino rats. 

 

Materials and Methods 

 

I Plant Collection 

 

The Mangifera indica stem bark was collected from Kafanchan, Jema’a 

Local Government, Kaduna State and identified by botanists in the 

herbarium of Faculty of Pharmaceutical Sciences of the Usmanu 

Danfodiyo University, Sokoto, Nigeria and allocated with the voucher 

number PCG/UDUS/ANAC/0001. 

 

II Plant Extraction 

 

Mangifera indica stem bark methanol extract was prepared by the 

maceration method. 300g of M. indica stem bark powder was macerated 

in 1500ml methanol for 72 hours with continuous shaking kept at room 

temperature (22-25℃). The supernatant was filtered using Whatman 

number 1 filter paper and then the filtrate was concentrated in an oven at 

48℃ to obtain 32g brown powder extract. The dried crude extract was 

stored in a refrigerator at low temperature (4℃) in sterile plastic bottles, 

at the Faculty of Pharmaceutical Sciences, UDUS, until required for use.  

 

III Experimental Animals 

 

Forty (40) adult healthy female Albino rats (weight 120-140g) were 

purchased from the Faculty of Pharmaceutical Sciences Ahmadu Bello 

University, Zaria, Nigeria. They were allowed to acclimatize at the 

animal house of the Faculty of Pharmaceutical Sciences of the Usmanu 

Danfodiyo University, Sokoto, Nigeria for a week before the 
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commencement of the experiment. Rats were kept in the cages at room 

temperature (22-25℃) under a normal 12h light/dark cycle with free 

access to food and water. These conditions were maintained constant 

throughout the experiments. The animals were housed according to 

regulations for experimental animals’ welfare. 

 

IV Determination of Acute Toxicity (Lethal Dose, LD50) 

 

LD50 was determined in accordance with the procedure outlined by 

Lorkes [20]. The method has two (2) phase, 1 and 2 respectively. Sixteen 

(16) Female albino rats were used for this study. In phase, I, twelve (12) 

rats were randomly divided into four (4) groups of three (3) animals each 

with the first group as a control. The extract was administered to rats in 

groups II-IV in single oral doses of 10mg/kg, 100mg/kg and 1000mg/kg 

body weight respectively, using an oral cannula. The control group 

(group I) received an equal volume of distilled water. In phase II, four 

(4) rats were randomly divided into four (4) groups of One (1) animal 

each, with the first group as a control. The extract was administered to 

rat in groups 2-4 in single oral doses of 1600mg/kg, 2900mg/kg and 

5000mg/kg body weight respectively, using an oral cannula. The control 

group (group I) received an equal volume of distilled water. Observation 

of toxic symptoms was made and recorded within the first hour, four 

hours, twelve hours and subsequently for 24 hours after the 

administration of the extract. Behavioural parameters and mortality were 

monitored.  

 

V Experimental Design 

 

Twenty-four (24) albino rats were randomly allocated to five 

experimental groups of 4 rats per group as follows: 

 

Groups (n =4 per group) and Treatment Options 

 

Group I, (Normal control): Rats will be fed orally with normal saline, 

throughout the whole period of the experiment.  

Group II. (Positive control): Rats will be inducted with a single dose 

of 65 mg/kg body weight of DMBA and fed orally with normal saline 

throughout the whole period of the experiment. 

Group III, Ascorbic acid (AA): Rats will be inducted with a single dose 

of 65mg/kg-1 body weight of DMBA, observe for 14 days, followed by 

a daily subcutaneous injection of Ascorbic acid (100 mg/kg/day) for 

another 14 days. 

Group IV 500mg treated group: Rats will be inducted with a single 

dose of 6mg/kg body weight of DMBA and observe for 14 days and then 

intervene with 500mg/kg/day of methanolic extracts of M. indica 

administered once orally per day for 14 days. 

Group V, 1000mg treated group: Rats will be treated with a single 

dose of 65 mg/kg body weight of DMBA and be observe for 14 days and 

intervene with 1000 mg/kg/day of methanolic extract of M. indica 

administered once orally per day for 14 days. 

Group VI, 1500mg treated group: Rats will be treated with a single 

dose of 65mg/kg body weight of DMBA and be observe for 14 days and 

intervene with 1500 mg/kg/day of ethanolic extract of M. indica 

administered once orally per day for 14 days. 

 

 

 

VI Induction of Mammary Tumor 

 

A single dose of dimethylbenzyl (α) anthracene (DMBA), 65 

mg/kg/b.w.t was administered to albino rats subcutaneously. The rats 

were observed for the development of breast tumor after 14 days of 

induction. A week after the induction, Polyuria, low activities, the 

appearance of tumor noodles as observed by palpation with the 

scratching of itching abdomen. Only rats with visible mammary noodles 

were included in the study.  

 

VII Laboratory Analysis 

 

i Blood Sample Collection and Processing 

 

The blood samples were collected 24 hours after the last treatments, in a 

sterile plain and EDTA bottles. The samples collected into a plain tube 

was allowed to clot at room temperature and later centrifuged at 3000g 

for 5 minutes. The clear unhaemolysed sera were transferred into 

labelled sterile serum bottles tightly capped and stored at -20℃ until use. 

 

ii Estimation of Serum Cytokines Concentrations 

 

Serum cytokines concentrations of IL-6 and IFN-γ were measured with 

Sandwich-ELISA technique using kit procured from E-lab Science 

Technology (USA), Cat. Numbers: Rat IL-6 Cat No. SEKR-0005, and 

Rat IFN-γ Cat No. SEKR-0008. The procedure was carried out with 

strict adherence to the manufacturer’s instructional manual. Serum 

cytokine levels were estimated using the mean absorbance for each set 

of standard control and sample using standard calibration curves with 

absorbance on the (y-axis) against the concentration on the (x-axis) and 

unknown concentration determined by interpolation method.  

 

VIII Data Analysis and Presentation  

 

Multiple comparisons of the mean value were carried out using one-way 

analysis of variance (ANOVA) and SPSS software version 20. The result 

was analysed and presented using tables and graphs.  

 

Results 

 

I Acute Toxicity Study (LD50) 

 

The results of acute toxicity study of M. indica stem bark extract 

(MISBE) in both phase 1 and 2, taken within the first hour, four hours, 

twelve hours and subsequently, 24 hours after the administration of the 

extract has shown no signs of behavioural changes and mortality in all 

the experimental animals. This has proven that methanolic extracts of M. 

indica is safe and non-toxic (Tables 1 & 2).  

 

II Effect of MISBE on Serum IL-6  

 

Serum level IL-6 was significantly higher in the inducted group (positive 

control) when compared with not inducted (negative control). Serum 

level IL-6 was significantly lower in DMBA+100 mg A.A, DMBA+500 

mg MISBE, DMBA+1000 mg MISBE and DMBA+1500 mg MISBE 

groups compared with positive control groups (DMBA+ 65 mg). 
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Statistical difference (P-Value = 0.00) in all the groups was obtained 

with P ≤ 0.05. (Table 3). 

 

III Effect of MISBE on Serum INF-γ 

 

Serum level INF-γ was significantly higher in the positive control group 

(65 mg DMBA) when compared with the negative control. However, 

INF-γ significantly decreases in DMBA+100 mg ascorbic acid, 

DMBA+500 mg MISBE, DMBA+1000 mg MISBE and DMBA+1500 

mg MISBE. However, there was a statistical difference (P≤0.05) in 

DMBA+1000 mg MISBE and DMBA+1500 mg MISBE when 

compared with DMBA+100 mg Ascorbic Acid. Moreover, there was no 

statistical difference in the positive group, DMBA+100 mg Ascorbic 

acid, DMBA+ 500 mg MISBE, when compared with negative control 

(Table 4).  

 

Table 1: Phase 1 of Acute toxicity (LD50) Study of Methanol extract stem bark of Mangifera indica in Albino rats. 

Groups  No. of animals  Dosage/kg body weight  Volume of extract  Observational period  Behavioural change Mortality  

1 3 Distilled water  1ml  Up to 24hrs  None  None  

2 3 10mg 1ml  Up to 24hrs  None  None  

3 3 100mg 1ml  Up to 24hrs  None  None  

4 3 1000mg 1ml  Up to 24hrs  None  None  

Phase 1 acute toxicity study has 4 groups of 3 rats each, the first group is the control, feed with distilled water, the second to fourth group are given 10mg, 

100mg,1000mg. kg/bw respectively. They were observed for 24 hours no sign of behavioural change or mortality weas recorded. 

 

Table 2: Phase 2 of Acute toxicity (LD50) Study of Methanol extract  stem bark of Mangifera indica in Albino rats. 

Groups No. of animals Dosage/kg body weight Volume of extract Observational period Behavioural change Mortality 

1 1 Distilled water 1ml Up to 24hrs None None 

2 1 1600mg 1ml Up to 24hrs None None 

3 1 2900mg 1ml Up to 24hrs None None 

4 1 5000mg 1ml Up to 24hrs None None 

Phase 2 acute toxicity study has 4 groups of 1 rat each, the first group is the control, fed with distilled water, the second to fourth group are given 1600mg, 

2900mg, 5000mg/kg/bw respectively. They were observed for 24 hours no sign of behavioural change or mortality weas recorded. 

 

Table 3: Serum IL-6 in breast tumor induced Albino Rats. 

Group (n=4) IL-6 (pg/ml) F- Value  P- Value  

 

I (Non DMBA)  

 

39.07±0.69 

  

II + 65 mg DMBA/Single dose   44.64±0.81a   

III +65 mg DMBA+100 mg AA/10days  32.01±1.04 ab  45.18  0.00 

IV +65 mg DMBA+500 mg MISBE/10days  28.64±0.80 ab   

V +65 mg DMBA +1000 mg MISBE/10days  23.68±2.15abc   

VI +65 mg DMBA +1500 mg MISBE/10days  39.83±0.86cde   

Data in the table above are expressed as Mean ± SEM, aP≤0.05 compare with non DMBA, bP≤0.05when compare with 65 mg DMBA/single dose, cP≤0.05 

when compare with 65 mg DMBA +100 mg AA/10 days, dP≤0.05 when compare with 65 mg DMBA + 500 mg MISBE/10 days, eP≤0.05 when compare 

with 65 mg DMBA +1000 MISBE/10 days, IL-6: Interleukin-6; DMBA: 7,12 Dimethylbenzyl (α) Anthracene; MISBE: Mangifera indica Stem Bark 

Extracts; AA: Ascorbic Acid. Values differ significantly at P≤0.05. (One-way ANOVA) by instant graph pad prism VI followed by Turkey Post-Hoc Test. 

 

Table 4: Serum IFN-γ in breast tumor induced Albino Rats. 

Group (n=4) IFN-γ (pg/ml) F- Value  P-Value  

I (Non DMBA)  60.56±0.91   

II + 65 mg DMBA/Single dose  72.41±2.35   

III +65 mg DMBA+100 mg AA/10days  72.64±2.53 5.14 0.004 

IV +65 mg DMBA+500 mg MISBE/10days 65.60±2.70   

V +65 mg DMBA +1000 mg MISBE/10days 54.59±7.02 b, c   

VI +65 mg DMBA +1500 mg MISBE/10days 53.50±3.67 b, c   

Data in the table above are expressed as Mean ± SEM, bP≤0.05 when compare with 65 mg DMBA/Single dose, cP≤0.05 when compare with 65 mg DMBA 

+ 100 AA/10 days, IL-6: Interleukin-6, DMBA: 7,12 Dimethylbenzyl (α) Anthracene, MISBE: Mangifera indica Stem Bark Extracts; AA: Ascorbic Acid. 

Values differ significantly at P≤0.05. (One-way ANOVA) by instant graph pad prism VI followed by Turkey Post-Hoc Test. 
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Discussion  

 

The acute toxicity (LD50) study shows no death or behavioural changes 

in the entire groups in the two phases. This indicates that M. indica stem 

bark extract (MISBE) is safe, these findings are in agreement with the 

belief of the users that it is safe, and no harmful effects have been 

observed among them. The organization for economic cooperation and 

development (OECD, Paris and France) recommended chemical 

labelling and classification of acute systemic toxicity based on oral LD50 

values as very toxic, <5mg/kg; toxic >5<50mg/kg; harmful, 

>50<500mg/kg and not toxic or harmful, >500mg/kg. Furthermore, in a 

more recent development, Mainasara et al., in their published report on 

hepatoxicity in Albino rats exposed to MILE, concluded that MILE was 

relatively safe and is not likely to produce a toxic effect when albino rats 

were infused with 500 mg/kg/b.w.t [21]. Our result is in agreement with 

the report by Ramadan et al., [22]. Bashir et al., also reported similar 

findings on Allium sativum [23].  

 

Treatment of inducted rats with MISBE and ascorbic acid was 

commenced 14 days after induction which lasted for 14 days. The 

research study reveals that there is a significant decrease in IL-6 

concentration with the ascorbic acid-treated group, with a corresponding 

decrease in MISBE treated group with p≤0.05, when compared with the 

positive control. Based on this finding, it can be inferred that MISBE 

decreases the concentration of IL-6 at higher doses (i.e., 1500 mg). IL-6 

can induce the differentiation of activated B-cell into antibody-

producing plasma cells [13]. Our findings are in agreement with the 

study of Xiao et al., which reported that aqueous extract of MILE down-

regulate IL-6 production [24]. However, the study of Liu et al., on 

aqueous extract of MILE disagree with these findings [25].  

 

In our present study, MISBE, have been proven to possess potent 

immunostimulating effect by significantly decreasing IFN-γ production 

in Albino rat. The level of serum IFN-γ was drastically reduced after 

MISBE and AA treatments across the group, the higher doses of MISBE 

was seen to be more effective when compared with the standard 

treatment of ascorbic acid (p≤0.005). This shows that treatment with 

MISBE and ascorbic acid was significant. It is assumed that the observed 

decreased in the level of IFN-γ may slow or show retardation in the onset 

of breast cancer in the albino rat, and this could lead to increased receptor 

sensitivity and repairing of mammary cells. Our findings suggest that an 

increased concentration of MISBE over a prolonged period could lead to 

a significant level of cell repair [26]. The study findings show that there 

is a significant decrease in IFN-γ concentration which corresponds with 

an increased dose of MISBE across the treatment group (p≤0.05). Since 

there is a general decrease in IFN-γ secretion across the group, these 

findings suggest stimulative activity of MISBE on immune cells.  

 

Conclusion  

 

The methanolic Stem bark extract of Mangifera indica has shown anti-

tumor and immunomodulatory effects. The extract was able to down-

regulates IFN- γ and IL-6. Therefore, Mangifera indica may serve as a 

better therapeutic option in the management of breast cancer patients.  

 

 

 

Recommendation 

 

In view of the potentials effects of MISBE as revealed in this study, there 

is a need to carry out clinical trials to see, if the same result will be 

replicated in human. Moreso, research studies should be initiated, to 

actually establish the mechanisms by which MISBE exerts its anti-tumor 

and immunomodulatory activity in the body. 
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