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Histopathological Alterations and Ki-67 Proliferation Index Evaluation following Nitroso 

bis Amine-Induced Cerebral Toxicity in Experimental Animal Model treated with 

Curcumin 

 

 

ABSTRACT 

The search for more accurate prediction of biological behavior of brain tumors in experimental 

neuro-oncology where non-human animal tumor models are involved has been on the increase 

especially as it relates to its role in evaluating various therapeutic and clinical trials using natural 

products with anti-cancer properties. An investigation into anti-proliferative effect of curcumin 

was carried out on nitroso bis amine - induced cerebral injury in animal tumor model by assessing 

Ki67 proliferating cell marker, necrotic focal points and histopathological alteration. Rats brain 

tumor models received increasing concentration of curcumin for 21 days. Immunohistochemical 

test included assessment of Ki-67 proliferative index, while necrotic focal points and 

histopathological examination was also carried out using light microscope after routine 

hematoxylin and eosin (H&E) staining technique. Results show that expression of Ki-67 

proliferative cell marker was significant at (p≤0.05) in sections of cerebral cortex placed on 

250mg/kgbw and 500mg/kgbw of curcumin when compared to tumor control. Formation of 

necrotic focal points was significantly reduced and histopathological alteration restored to normal 

in sections of cerebral cortex following administration of curcumin. This study revealed that 

curcumin has the potentials to regulate expression of Ki-67 proliferative index and cause reversal 

in histopathological alterations associated with cancer progression in experimental neuro-

oncology model. 
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INTRODUCTION 

As the knowledge about cell cycle deregulation in cancer keep increasing, the search and 

introduction of phytochemicals from natural sources, which can regulate cell cycle by modulating 

pathways in cancer therapy is now on front burner [1]. Major classes of disease-preventing 

phytochemicals function as immunity-potentiating, antioxidant and detoxifying agents. One of 

such dietary phytochemicals include curcumin (diferuloylmethane), a polyphenol derived from 

curcuma longa plant, commonly known as turmeric. It is a nontoxic natural product which is used 

as a yellow coloring agent for food and drugs and reported for its anti-cancer activities [2].  

Researchers have demonstrated that one of the molecular targets of agents used in cancer therapy 

is the inhibitory effect on some biological signaling pathways that lead to proliferation [3]. One 

very important and reliable pathological grading marker of biological pathway in neuro-oncology 

progression is the activity of Ki-67 proliferation index used in diagnosis of cancer in brain, breast, 

prostate and testicular tissues [4,5]. Antigen Ki-67, a molecular target in diagnosis of cancer, is a 

protein that is encoded by MKI67 gene and referred to as proliferation marker [6,7].  

Ki-67 has become the most accepted prognostic and predictive marker for cancer diagnosis and 

treatment, therefore, therapy that is capable of blocking Ki-67 can lead to the arrest of cell 

proliferation thereby inhibiting the progression of cell cycle [8]. Expression of Ki-67 is strongly 

associated with growth of tumor cells and considered the most widely used marker in routine onco-

pathological investigations [9,10].  

This research is therefore intended to investigate effect of curcumin on Ki-67 proliferation index 

as well as assessment of histopathological alterations, necrotic focal points and inflammatory cells 
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infiltration in nitroso bis amine - induced cerebral injury in experimental neuro-oncology in Wistar 

rats.  

MATERIALS AND METHODS 

Preparation of Extract  
Curcuma longa was obtained from Watt market, in Calabar South Local Government Area of 

Cross River State and taken to the department of biological sciences, University of Calabar, 

Nigeria for identification. The rhizome was dried at room temperature, powdered and subjected to 

crude extraction with ethanol. 200g of Curcuma longa was soaked in 1000ml of ethanol, labelled 

and covered for 72 hours, after which a clean filter paper was used to filter extracts. The filtrate 

was evaporated to dryness at 40oC in a vacuum using a rotary evaporator. The extract (curcumin) 

was weighed and kept at 40c in refrigerator until further use. 

Experimental Animals  

Twenty (20) adults male Wistar rats with average weight of 150g were used for this research. The 

rats were kept in clean cages and divided into four groups designated A, B, C and D with five rats 

in each group. The rats were allowed to acclimatize for two weeks in animal house, University of 

Calabar and allowed unrestricted access to commercially available chow (livestock feed) and 

water.  

Experimental Design 
Experimental animals were divided into Four (4) groups and given treatment as shown in Table 1. 

Table 1: Treatment of experimental groups 

GROUP  DESIGNATION  TREATMENT 

A Normal control Distilled water 

B Tumor control (TC) 5mg/kg.bw of Nitroso bis amine only 

C Tumor + Curcumin (Low Dose) 5mg/kg.bw of Nitroso bis + 250mg/kg.bw Curcumin 

D Tumor + Curcumin (High Dose) 5mg/kg.bw of Nitroso bis + 500mg/kg.bw Curcumin 

 [mg/kg.bw – milligram per kilogram bodyweight]  

Ethical approval  

This was obtained from Faculty of Basic Medical Sciences Animal Research Ethical Committee, 

University of Calabar, Calabar with the Registration Number: FBMS/EC/24/087.  

 

Administration of Agents   
Group A, Normal Control was placed on 1ml of Normal saline orally, throughout the experiment. 

Experimental animals in Groups B received weekly intragastric treatment with 5mg/kgbw of 

Nitroso bis (2-oxopropyl) amine. Groups C and D were administered 250mg/kg.bw and 

500mg/kg.bw Curcumin respectively after treatment with Nitroso bis as shown in Table 1 

Administration of Extract 

Curcuma longa extract administration commenced one week after treatment with cancer inducing 

agent by oral gastric intubation and lasted for 21 days. The experimental protocol was maintained 

for a total of 28 days. 
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Termination of Experiment and Collection of Samples for Analysis 

At termination, animals were anaesthetized with chloroform, sacrificed and the brain tissue 

removed and plotted with filter paper. Cerebrum was weighed and then suspended in Bouins fluid 

for fixation, preparatory to histological processing. [10,11].  

Histological Studies 

Brain tissue collected, and suspended in buffered neutral formaldehyde for further processes with 

conventional histological techniques. Sections were cut at 5.0 µ, stained in Hematoxylin and Eosin 

(H & E) and examined under a light microscope. [12].  

Evaluation of Ki-67 

Immunohistochemical staining method BenchMark Ultra (Ventana medical system, Inc, USA) 

was performed on 5 micros sections taken from each tissue block, Ki67-positive cells appeared 

dark brown while other cells retain blue stain. Estimation of Ki67 marked cells was done visually 

by counting the cells within the hotspot, that is field of maximum staining. Ki-67 values in 

percentage were evaluated by dividing the total number of positive-staining tumor cells in each 

field by the total number of tumor cells all multiplied by 100.     

Statistical Analysis: Quantitative data from this research was recoded. Statistical significance of 

the differences between the groups was determined using one way analysis of variance (ANOVA). 

SPSS statistical analysis program version 20 was applied and p values at 0.05 were considered 

significant.   

RESULTS 

KI-67 Proliferating Expression 

As shown in fig 1, significantly higher number of Ki-67 positive cells were expressed in fig 1B 

and 1C when compared to the normal control (Fig 1A) at p≤0.05. However, the number of deep 

brown stained Ki-67 positive cells reduced significantly in the tumor animals placed on 500mg 

per kilogram bodyweight (500mg/kgbw) of curcumin (fig 1D). A graphical representation of Ki-

67 expression in sections of cerebral cortex of experimental animal groups is shown in Fig 2. The 

tumor control (group B) recorded about 84.43+0.23% of Ki-67 expression. p value at 0.05 were 

statistically significant when compared to the values expressed by normal control (group A).  

 

 

 

 

 

Fig 1 
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Fig 1: Showing results of Ki-67 proliferation marker test in experimental groups Fig 1A (NC): 

About 95% of cells are Ki-67 negative (retain blue color). Fig1B (TC): Over 80% of cells are Ki-

67 positive, appeared dark brown in color. Fig 1C: About 67% of cells in section are Ki-67 

positive. Fig 1D: Only about 24% cells are Ki-67 positive.   

 

 

1A 1B 

1C 1D 
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NC – Normal Control, TC – Tumor Control, Nitros – Nitroso bis Amine, Ccm – Curcumin  

Fig 2: Comparison of expression of Ki-67 marker (%) in different experimental groups 

Values are expressed in Mean + SEM. N = 5. * = Values are remarkably increased when 

compared to Normal Control at p<0.05. # = Values are remarkably decreased when compared to 

Tumor Control (TC) at p<0.05. 

 

Histopathological Observation 

Fig 3 reveals sections of cerebrum of different experimental groups. Photomicrograph of sections 

in group B administered with 5mg/kg.bw of Nitrosobis amine only (fig 3B) reveals severe 

degeneration with perivascular vacuolation, focal aggregate of inflammatory cells around the 

hemorrhagic area (H) with infiltration of inflammatory cells (IIC). Photomicrograph of Group C 

(5mg/kg.bw of Nitrosobis + 250mg/kg.bw Curcumin) shows section of cerebral cortex moderate 

focal area of necrosis(N) (Fig 3C). Photomicrograph of Group D (5mg/kg.bw of Nitrosobis + 

500mg/kg.bw Curcumin, shows moderate micro cystic spaces (MS) (fig 3D)   

Fig 3 
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Fig 3A: Photomicrograph of group A: Normal Control x400 (H/E). Section of cerebral cortex 

shows cerebral cortex with normal neuronal cells (NNC). Fig 3B: Photomicrograph of group 

B(H/E) x400: 5mg/kg.bw of Nitroso bis amine only. Section of cerebral cortex shows severe 

degeneration with perivascular vacuolation, focal aggregate of inflammatory cells around the 

hemorrhagic area (H) with infiltration of inflammatory cells (IIC). Fig 3C: Photomicrograph of 

Group C (H/E) x400: 5mg/kg.bw of Nitroso bis + 250mg/kg.bw Curcumin. Section of cerebral 

cortex administered with nitro and low dose extract shows moderate focal area of necrosis(N). 

Fig 3D: Photomicrograph of Group D(H/E) x400:  5mg/kg.bw of Nitroso bis + 500mg/kg.bw 

Curcumin.Section of cerebral cortex induced with nitro and high dose extract, shows moderate 

micro cystic spaces (MS).  

 

DISCUSSION  

Expression of Ki-67 is strongly linked to cells proliferation and it is considered the most widely 

used maker in routine pathological investigations [9,13]. Researchers have demonstrated that any 

therapy that is capable of blocking Ki-67 expression, can be effective in arresting cell proliferation 

and inhibit progression in cell cycle [8]. Interestingly, this study has shown the anti-proliferative 

effect of curcumin on cerebrum of nitrosobis amine-induced animal tumor model. Observation 

from this study shows a significant decrease in Ki-67 proliferation marker expression following 

treatment with curcumin. All intermediate biological mechanisms and pathways that drive cell 

proliferation do have an intrinsic growth suppressive factor. Findings from this research indicates 

that curcumin may have supported and conferred stability on some, or perhaps all of these innate 

growth-suppressive processes and factors which may include the expression of activities of various 

proteins such as enzyme transcription factors, inflammatory cytokines and gene products linked 

with cell survival and proliferation, thereby reversing carcinogenesis. This is consistent with 

findings of Hua et al., 2010 [14], who reported that curcumin having the chemical formular (1,7-

bis(4-hydroxy-3-methoxyphenyl)-6,6-heptadiene-3,5-dione), is a strong antioxidant with an 

antiproliferative and apoptotic effect on breast cancer.    

Benerjee et al., (2010) [15] has also demonstrated that curcumin inhibits cell proliferation by 

inhibiting the assembly of dynamic microtubules and further activating mitotic checkpoints. 

Arguably, even though Ki-67 is a predictive marker in tumor cells and can independently be used 

to detect malignancy, it is important when histopathological changes are also examined in tumor 

models because at the peak of histopathological alterations, proliferation activities seem to be 

constant. Stojiljkovic et al., (2003) [16] and Li et al., (2015) [17] reported similar findings.  

In this study, proliferation activities revealed by expression of Ki-67 proliferative cell marker were 

not proportional to histopathological alterations, variations existed between the parameters relating 

N 

MS 

H 3C 3D 
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to tumor progression, invasion, and formation of necrotic focal points shown in histological 

sections of cerebrum. Presence of increased necrotic focal points revealed in sections corresponded 

to declining values of Ki-67 expression. However, hypoxia, angiogenesis and inflammation have 

been found to be closely associated with tumor progression [18,8,12]. Necrotic focal points may 

have developed as a result of tumor growth and its resultant inadequate blood supply initiated by 

tissue hypoxia. Angiogenesis may have resulted in hemorrhagic sports observed in sections while 

inflammation is indicated in infiltrating inflammatory cells. All observed histopathological 

alterations were reversed following treatment with curcumin in a dose dependent manner.  

This research has therefore shown unique activities of curcumin directed towards inhibition of 

proliferation by suppressing Ki-67 index via a variety of cellular signaling pathways in brain tumor 

models. Reduction in necrotic focal points, hemorrhagic spots and infiltrating inflammatory cells 

is an indication of reversal in histopathological alterations associated with cancer progression.    

The mechanisms by which curcumin exerts its anti-cancer properties are diverse, meant to target 

regulations in the processes of cellular growth and apoptosis at various levels [19]. Apart from 

curcumin’s direct effect on various transcription factors, signaling proteins and oncogenes, it also 

acts on temporal stages of carcinogenesis [19]. This study has confirmed report by Gao H., [20], 

Kim TK., [21] and Soumoy L., [22] that anticancer agents inhibit lipid peroxidation by its free 

radical-scavenging activities, suppressing DNA mutagenesis and detoxification of toxic 

metabolites. Curcumin is therefore a potent anticancer agent that can play a role in inhibitory effect 

on initial stages of carcinogenesis.  

CONCLUSION 

This study revealed that curcumin regulated expression of Ki-67 proliferative index and caused 

reversal in alterations associated with cancer progression in experimental neuro-oncology model. 

Histopathological observation from this research have shown that curcumin has therapeutic 

potentials to restore alterations resulting from cerebral injury caused by cancer inducing agent. 
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