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ABSTRACT

Natural products are becoming primary investigative molecules creating hope for finding

new powerful classes of anticancer agents for breast cancer. One of the most remarkable

of these is honey. To explore the mechanism of action of any anticancer agent the initial

step is to analyse its effect in the histopathological tissue section. This study was designed
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to describe the histopathology of N-methyl-
N-nitrosourea (MNU) induced breast cancer
in Sprague Dawley rat (SD rats) treated with
crude honey. Female rats were distributed
into 4 groups: Group0O (normal), Groupl
(MNU control), Group2 and 3: Tualang
and Manuka honey-treated, respectively.
Rats were sacrificed and histopathology of
both non-treated and treated tumours was
done. Lower histological grade, infrequent
combination histologic pattern (p<0.001),
prominent cytoplasmic vacuolization
(p<0.001), aggregates of atypical macrophages
(p<0.001) and lesser necrosis (p=0.005) were
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major outcomes in treated cancers. This data will aid in the histopathological interpretation
of honey-treated breast cancer model and future anticancer study of honey.
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INTRODUCTION

Breast cancer is the most common cancer among women, affecting 2.1 million women
every year and accounting for the highest number of cancer-related deaths among them
(WHO, n.d.). According to traditional classification, primary breast adenocarcinoma is
categorized as in situ and invasive. In situ cancers can be ductal carcinoma in situ (DCIS)
or lobular (LCIS) and have a great prognosis. While 50-80% of the invasive cancers
are invasive ductal carcinoma (IDC), only 25% of invasive breast cancers are ‘special
type’ (invasive lobular carcinoma, invasive cribriform carcinoma and tubular carcinoma)
(Masood, 2016). Histologic grading of invasive cancers is highly correlated with disease-
free and overall survival. Posttreatment histological alterations that are evident in breast
cancer tissues are quite diverse. Histo-morphologically the Russo and Russo classification
scheme for the N-methyl-N-nitrosourea (MNU) induced breast cancers in Sprague Dawley
(SD) rats are quite alike to the traditional classification of human breast cancer (Russo &
Russo, 2000). This breast cancer model is simple to develop, cost-effective and mimics
human breast cancer in terms of tumour histopathology, origination from mammary
ductal epithelial cells and dependence on ovarian hormones for tumourigenesis. Hence it
is a commonly used cancer model to study the anticancer mechanism of natural products
and other potential anticancer agents (Han et al., 2019; Lu et al., 2013). However, cancers
in rats may be composed of single histologic type or combinations of several patterns
(Russo & Russo, 2000).

Nowadays natural products are becoming the primary investigative molecules creating
hope for finding new powerful classes of anticancer agents for breast cancer (Banik et
al., 2017). One of the most remarkable natural compounds with substantial anticancer
properties is honey. Polyphenols are the primary anticancer components of crude honey
(Spilioti et al., 2014). Anticancer effect of honey is attributable to its anti-proliferative and
pro-apoptotic activities (Jaganathan et al., 2015). Depending upon concentration crude
honey can demonstrate either oestrogenic or antioestrogenic mode of action (Jaganathan &
Mandal, 2009). Although anticancer studies of honey on breast cancer primarily focuses on
the molecular mechanistic effect of honey (Jaganathan et al., 2015), its detail mechanism
of action is still indistinct. Generally, to explore the mechanism of action of any anticancer
agent the initial step is to analyse its effect in the histopathological tissue section. Based
on the histopathological observation subsequent suitable molecular methods are applied
to understand the mechanism of action in detail. Precise correlation of post-treatment
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histopathological changes with underlying pathological processes helps to interpret the
results accurately. Study shows that crude form of Tualang Honey (TH) and Manuka
honey (MH) have a significant anticancer effect on breast cancer SD rat model (Ahmed
et al., 2017). Our present study has been designed for the first time to do a detail analysis
and comparison of the pattern of histological alterations in honey-treated MNU induced
breast cancer in female SD rats with that of the non-treated ones.

MATERIALS AND METHODS
Animals, MNU and Honey

SD female rats (28 and 33 days old) were obtained from the Animal Research and Service
Centre (ARASC), Universiti Sains Malaysia (USM). TH was supplied by the Federal
Agricultural Marketing Authority (FAMA), Ministry of Agriculture and Agro based
Industry, Malaysia. MH was purchased from the market (packed under license number
1003 for Vitaco Health (NZ) Ltd., New Zealand and imported and distributed by Cambert
(M) Sdn.Bhd, Malaysia). MNU (Catalog number N1517-1G, Sigma, USA) and honey
samples were prepared as described previously (Ahmed et al., 2017).

Study Design

Forty female SD rats were distributed into 4 groups (10 rats/group): GroupO (healthy normal
control), Group1 (positive control, non-treated rats), Groups2 and 3: 1g/kg body weight/
day of TH and MH was given orally, respectively. MNU was injected intraperitoneally
(80 mg/kg body weight) into the rats around the age of 40 days. The rats in groups 1, 2
and 3 were induced with cancer using carcinogen MNU. Mammary areas of the rats were
palpated twice weekly to detect the appearance of masses. Oral honey treatment (using 1
ml syringes without needles administered to mouth) was started for groups 2 and 3 when
the first palpable mass reached 10—12mm size and continued till day 120th. The rats were
maintained on a standard balanced rat feed diet with water ad libitum and a 12 h day/
night cycle. On the day 120th, the rats were sacrificed following intraperitoneal injection
of pentobarbital 100mg/kg body weight. Tumour masses were examined in vivo, resected
and fixed in neutral-buffered formalin. Subsequently, masses were paraffin-embedded,
sectioned to 4p thickness and stained with hematoxylin and eosin.

Total 39 non-treated and 36 honey-treated (20TH, 16MH) tissue sections were
examined under a light microscope (Olympus Optical Co., Ltd., Tokyo, Japan). From
the non-treated slide sections, 3 were excluded due to scanty tissue or poor slide quality.
Russo and Russo guideline (Russo & Russo, 2000) was followed for histological analysis.
Grading was done by modified Bloom-Richardson system (Mukhopadhyay et al., 2006).
Post-treatment alterations were analysed mainly by focusing on vacuolar degeneration,
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microcyst formation, tumour necrosis, tumour infiltrating lymphocytes and macrophages,
hyalinization and fibrosis.

Statistical Analysis

Collected data was entered to an Excel sheet and transferred to and analysed with IBM
SPSS version 20.0. The result of the descriptive statistics was shown as frequency and
percentages. The chi-square test was used to analyse the relationship between outcome
variables and non-treated & treated groups with the p-value less than 0.05 as significant
level.

RESULTS AND DISCUSSION

Total 103 breast cancer masses (positive control: 47, TH: 23 & MH: 33) were collected from
experimental animals. Grossly, tumour masses in non-treated control group were larger and
harder as described previously (Ahmed et al., 2017). Both benign and malignant tumours
were observed. Cancer masses in honey treated groups showed a lower median tumour size,
weight, multiplicity compared with the non-treated control (p < 0.05). Honey treatment
also demonstrated a dramatic slower growth rate (up to 70.82%) compared with the non-
treated control (0%) (p < 0.05). Routine histopathology was done. Total 72 histopathology
slides (36 non-treated and 36 treated) were microscopically examined. All were malignant
tumours of epithelial origin. /n situ breast cancers were found in both non-treated control
group (n=3) and honey-treated group (n=2). All were of single histologic pattern.

Among the non-treated invasive cancers (n=33), a combination of >2 patterns were
frequently detected (57.6%) (Table 1). Histologic patterns observed in these invasive
cancers were: papillary, cribriform, tubular and occasionally comedocarcinoma. However,
no IDCs were seen. Papillary combined with cribriform was the most frequently (30%)
observed combination pattern (Table 2). The histologic grading ranged from grade 2
(51.5%) to 3 (48.5%).

Table 1

Histological types of breast cancers seen in non-treated control and honey treated female SD rats

Types of Histologic Findings Non-treated control ~ Honey-treated ~ p-value

breast Number % Number %

cancer

In situ Single histologic pattern 3 60.0 2 40.0 p=0.643

Invasive Single histologic pattern 14 32.6 29 67.4  p<0.001
Combination of > 2 19 79.2 5 20.8  p<0.001

histologic patterns
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Table 2

Distribution of different combinations of histologic patterns of invasive breast cancers seen in the non-treated
control and honey treated cancers of female SD rats

Breast tissue of invasive breast cancer

Histologic patterns observed in Number  Histologic patterns observed ~ Number
Non-treated control in Honey-treated
Papillary+Cribriform 10 Papillary+Cribriform 4
Papillary+Cribriform+Comedocarc 1 Papillary+Cribriform+Comed 1
inoma ocarcinoma

Cribriform 4 Cribriform 6
Cribriform+Tubular 3 - -
Papillary+ Tubular 2 - -
Tubular 5 Tubular 4
Papillary 5 Papillary 10
Papillary+Cribriform+Tubular 1 - -
Tubular+Comedocarcinoma 1 - -
Tubular+Comedocarcinoma 1 Tubular+Comedocarcinoma 1

- - IDC 8
- - Comedocarcinoma 1
Total 33 34

The degenerative features seen in the non-treated cancers (n=36) were microcyst
formation (39%), hyalinization (75%) and fibrosis (72%) (Figure 1B-1D & 1G-11; Table
3). While hyalinization was more frequent in the nontreated group, fibrosis was slightly
common in the treated ones. However, microcyst formation was equivalent in both the
groups. Vacuolar degeneration with tumour cell swelling was quite significant in the treated
cancers in comparison to the non-treated ones (p<<0.001). Eighty-nine percent of the treated
cancers showed vacuolar degeneration. Swollen cancer cells coalesced to form cystic
spaces followed by disintegration. In the non-treated controls, this vacuolar degeneration
was very mild or absent (Figure 1E, 1J; Table 3).

In the non-treated cancers mild to moderate tumour infiltrating lymphocytes (TIL) with
or without aggregates of foamy large a typical macrophages and eosinophil were frequently
seen. Likewise, in treated cancers TILs were associated with tumour associated aggregates
of foamy large atypical macrophages. Interestingly although in the treated group these
a typical bizarre-looking macrophages with large hyperchromatic nucleus were seen in
many of the cancers (71.4%), compared with the non-treated cancers, they were somewhat
inconspicuous (Figure 1F, 1K; Table 3). Mild to massive tumour necrosis (65.8%) were
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noted in the non-treated control cancers (Table 3). However, in the treated ones, necrosis
was present in 34.2% of cases with massive necrosis seen in only 5.55% cases.

Normal breast tissue
S g

Negative

Control
Microcyst Vacuolar Atypical
formation Hyalinization Fibrosis g i phag

Non-honey
treated
Control
(B-F)

Honey
Treated
(GK)

Figure 1. Histopathological findings of honey-treated and non-treated control breast cancer in female SD rats
(200X magnification). (A): Histology of normal mammary gland of female Sprague-Dawley rat. Mammary
ducts are surrounded by adipose and fibrous tissue with the varied distribution. H&E staining magnification
x100. (B, G): Microcyst formation was equivalent in both nontreated control and honey treated group (Red
arrow). (C, H): Hyaline material surrounding nests of malignant cells; extraluminal hyaline (Black asterisk):
the intraluminal hyaline (Blue asterisk) is due to the secretory material. (D, I): Small nests of malignant cells
surrounded by dense fibrous tissue (Red asterisk) deposition. (E, J): Cellular swelling (Blue arrow) was more
prominent in the treated group. Absent or mild cytoplasmic vacuolization was seen in the nontreated control
group. (F, K): Bizarre atypical macrophages in tumour parenchyma and tumour stroma of both honey-treated
and nontreated control cancers (Black arrow). These cells are more prominent in the control group.

Table 3

Histomorphological alterations seen in non-treated control and honey treated breast cancers

Non-treated control Honey treated p-value
Traits Number % Number %
Microcyst 14 50.0 14 50.0 p>0.99
Hyalinization 27 60.0 18 40.0 p=0.028
Fibrosis 26 46.4 30 53.6 p=0.257
Vacuolar degeneration 2 5.9 32 94.1 p<0.001
Tumor necrosis 25 65.8 13 34.2 p=0.005
Foamy macrophages 12 28.6 30 71.4 p<.001
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Post-treatment histopathological changes in tumour morphology play an important role
in evaluating the therapeutic response. With increasingly accumulating data on distinct
molecular-morphologic correlates, there is a resurgence of attention in the role of tissue
evaluation in in vivo cancer study. In breast cancer, diverse histopathologic alterations are
observed with the application of different therapeutic modalities. With radiation therapy,
bizarre atypical nuclear changes and abnormal mitotic figures are usually seen. Yet again
widespread tumour necrosis may develop and become bounded by fibrosis (Schnitt et
al., 1984). Hormone therapy can cause connective tissue deposition with striking stromal
fibrosis, hyalinization. Cytoplasmic vacuolization, cell membrane disruption, nuclear
aberrations, and eventual necrosis are frequent changes seen in post endocrine therapy
(Kennedy et al., 1990). Chemotherapy can induce vacuolar degeneration in the cancer
cells. Neoadjuvant chemotherapy does not usually affect the histologic grading of the
carcinoma (Kennedy et al., 1990). Our study showed that honey treatment led to various
degenerative changes in breast cancer tissue. These are mainly due to cellular response to
the injurious effect of crude honey on cancer cells. These histologic changes could imply
good prognosis. In breast cancer tumour grading is more clinically significant than the
number and type of patterns observed. Histologic grading involves identification of cellular
pleomorphism, tubular formation and mitoses of the breast cancer cells. Nevertheless, the
tumour histologic patterns may also have some impact on the prognosis.

Cytoplasmic vacuolization is a well-recognized morphological alteration seen in
mammalian cells after exposure to many pathogens and different natural compounds
(Shubin et al., 2016). It often accompanies cell death (Bouzas-Rodriguez et al., 2012; Li et
al., 2013; Shubin et al., 2016; Singha et al., 2013). A portion of the inducers of irreversible
vacuolization causes known types of caspase-independent cell death (Christofferson & Yuan,
2010; Overmeyer et al., 2008; Weerasinghe & Buja, 2012). Our present study indicates that
cellular vacuolization is a characteristic outcome observed in the histopathology of crude
honey-treated MNU induced breast cancer in female SD rats. This indicates that crude
honey has a cytotoxic effect on the breast cancer cells and vacuoles can be a side effect
of the action of cytotoxic factors in crude honey. It is important to correlate this alteration
with the effect of honey on the cancer cell cycle and cell death.

Presence of necrosis indicates aggressiveness of a malignant tumour and implies
a high proliferative rate of the cancer cells. Usually the higher the rate of tumour cells
proliferation, the higher the occurrence of ischaemic necrosis in tumour tissue. Yet again
post-treatment necrosis in a treated malignant tumour may indicate the positive response
towards therapy. In our study, we found that the frequency of necrosis was less in the
honey-treated group (p=0.005) compared with that of the control ones. It can be presumed
that due to the growth inhibitory activity of honey, cancer cell proliferation drops and there
is a lesser amount of ischemic necrosis.

Pertanika J. Sci. & Technol. 28 (4): 1549 - 1558 (2020) 1555



Urmila Banik, Sarfarz Ahamed, Swe Swe Latt, Nur Asyilla Che Jalil, Wan Faiziah Wan Abdul Rahman and Nor Hayati Othman

In early tumours, tumour associated macrophages appear to have an inflammatory,
tumouricidal M1 phenotype. However, with tumour progression, these macrophages
polarise towards M2-like phenotype that is protumour, angiogenic and immune-inhibitory
(Fridlender & Albelda, 2013). In the case of TILs, density and the phenotypic profile are
important prognostic factors. Our study revealed that aggregates of macrophages were
present in the stroma and parenchyma of both the non-treated and treated MNU induced
breast cancers. However, these were less obvious in the treated ones. It would be interesting
to analyse the phenotype of the lymphocytes and macrophages, especially in the treated
cancers.

Among the broad range of breast cancer animal models, orthotopic xenograft models
are cutting-edge cancer model for the evaluation of novel anticancer agents (Whittle et
al., 2015). Patient-derived xenografts (PDXs) are not only expensive but also need many
elaborate settings and requirements like fresh patient material, immunocompromised host.
Furthermore, in PDX, mouse stroma replaces human with increasing passages (Holen et al.,
2017). For our current study, we have used MNU induced SD rat breast cancer model as
it is not only simple to develop but also cost-effective and addresses the specific research
question and aim of our study quite effectively.

CONCLUSION

The present study is focused mainly on the various histomorphological alterations observed
in MNU induced experimental breast cancer model in female SD rats after crude honey
treatment. Crude honey has anti-cancer effect as seen histologically in this in vivo study. In
this study for the first time, we have described the morphological alterations in MNU induced
breast cancer in SD rats after crude honey treatment. Presence of single morphological
pattern, lower histopathological grade, prominent cytoplasmic vacuolization in the cancer
cells, frequent aggregates of tumour-associated atypical large macrophages with scanter
necrosis and slightly augmented fibrosis were the major post-treatment outcomes observed.
Lower histological grade of cancer with cytoplasmic vacuolisation in cancer cells and
less necrosis implicates the positive efficacy of crude honey as an anticancer agent on
breast cancer tissue. The overall post-therapeutic histomorphological alterations showed
similarity with that of the post-therapeutic alterations caused by endocrine therapy and to
some extent chemotherapy. These histopathological findings will direct towards a future
anticancer study on honey and its derivatives. It will also help in molecular correlation and
histological interpretation of honey-treated breast cancer tissue in the animal model. The
histopathological parameters used in this study to describe the anticancer effect of honey in
the animal model can be applied to evaluate the effect of other potential anticancer agents.
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