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Abstract:

The aim of the present study is to evaluate the role of honey as an immunomodulator. Rats
given cisplatin injections as immune suppressor agent were used to study the effect of honey
as an immunological modulator. Cisplatin treatment resulted in a reduction in WBCs and
neutrophil counts, antibodies IgG and IgM, as well as Bcl2 gene expression levels an increase
in IL-4 and IL-6 levels, BAX and iNOS gene expression levels, and notable histological
alterations in spleen tissue sections, including the expansion of the red pulp with lymphocytic
depletion and many variable-sized blood-filled voids. All study parameters are successfully
improved by the co-administration of honey and cisplatin. The results obtained can be
explained by the high concentration of bioactive compounds in honey, including phenolic acids
and flavonoids. Therefore, honey can modulate the immune system. In conclusion, honey can
mitigate the damaging effects that cisplatin has on the immune system.
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Introduction

An organism is protected from disease by a network of biological processes known as the
immune system. The immune system distinguishes between cancer cells and healthy tissues of
the organism to aid in the detection and elimination of a number of pathogens, including
viruses, parasitic worms, and cancer cells. It comprises immune system diseases such as
immune system malignancies, autoimmune disorders, allergy disorders, and

immunodeficiency disorders [1].
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Research has led to the creation of new chemotherapeutic drugs, and cutting-edge therapeutic
modalities like radiation, chemotherapy, stem cell and bone marrow transplantation have been
successfully applied in clinical settings. Sadly, a large reduction in innate and/or acquired
immunity is still a formidable foe for the bulk of these therapeutic options [2].

The chemotherapeutic medication cisplatin is used to treat a variety of human malignancies.
Despite having an effective anti-cancer impact, it also has a number of undesirable side effects,
such as immune system dysfunction, hepatotoxicity, ototoxicity, nephrotoxicity, and
spermiotoxicity [3].

According to growing body of data [4], cisplatin-induced leukopenia is a major contributor to
weakened immune function. Results of numerous experimental research confirmed that,
consuming honey and other bee products in your diet has profoundly positive health effects
against a variety of illnesses [5]. These products contain a significant amount of active
ingredients such flavonoids, phenolic acid, phenolic compounds, terpenes, and enzymes, which
have biological activities in the prevention of certain diseases and the promotion of good health
[6].

Numerous studies have examined the benefits of honey in connection to modern medicine
because it is thought to be a key component in traditional treatments. Honey has long used to
treat patients with a variety of ailments in folk medicine [7]. Ancient Egyptians, Greeks,
Romans, and Chinese all utilized it to treat intestinal wounds and illnesses. In addition, it has
employed as a treatment for earaches, sore throats, and coughs [8]. The biological,
physiological, and pharmacological effects of honey are widely recognized. The ability of
honey to modify the immune system by creating an anti-inflammatory impact also has shown
in numerous research [9, 6].

Therefore, the aim of this work was to study the role of honey as immune modulator on cisplatin
injected rats.

Materials and methods

Preparation of honey: -

500 mg of honey were diluted with equal amount of distilled water and used to treat rats
throught rat mouth using an intragastric tube. The doses were measured on digital scales
depending on the animal's weight because each gram of the experimental rat should receive 0.5

mg of honey [10].
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Gas chromatography—mass spectrometry (GC-MS) analysis

The GC-MS analysis was conducted using a TRACE GC Ultra Gas Chromatograph according
to [11]. Obtained mass spectra was compared with the Wiley spectral library collection, the
NSIT library database, the AMDIS program (www.amdis.net), and mass spectral matching to
genuine standards to identify the honey constituents.

Experimental animals

The Nile Company For Pharmaceuticals & Chemical Industries in Cairo, Egypt, provided 24
healthy male albino rats (180-200 g). Rats were kept in a well-ventilated space where they were
also exposed to light (12:12 h of light and darkness). Animals were housed at a constant
temperature of 25 C in metabolically tagged cages. The rats were given unlimited access to
water and pellets to eat at their leisure.

Research Design

Healthy males were chosen at random and split into three groups, each with six rats.

1. The control group (CO): injected with saline only

2. The cisplatin group (PC): injected intraperitoneally with 7 mg/kg of cisplatin to induce
leukopenia [12]

3. The cisplatin + Honey group (PC+H): cisplatin (7 mg/kg) was delivered intraperitoneally,
and the next day, honey (500 mg/kg/day for 21 days) was given orally.

Blood and spleen tissue collection

Biological samples were collected from rats after they were slaughtered at the end of the
experiment. Spleen tissue was separated and collected in preparation for weighing and
dissection. The single spleen was then divided into three parts. The first section was preserved
in 15% formaldehyde solution for use in histological analyses. The second fraction was
preserved in triazole for use in gene expression analysis and srored in -80 “C. The third part
was stored at -80°C for use in preparing tissue homogenate immediately before measuring the
inflammatory markers.

Spleen tissue was isolated, dissected and weighed. Blood was collected for
complete blood count (CBC) test and biochemical analyses. Spleen tissue was quickly
removed and divided into three sections. The first section was stored in Trizol reagent for real-
time gene expression analysis at —80 °‘C. The second section was immersed in 15%
formaldehyde solution for pathological examination. The third section was used to prepare a
tissue homogenate and was stored at —80 °C. For the biochemical analyses, the tissue
homogenate was prepared immediately before starting the measurements. Blood samples were
collected from each rat separately for CBC analysis.
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Inflammatory markers analysis

Measurement of both IL-4 and IL-6 was conducted using tissue homogenate and following the
manufacturer’s instructions of (IL-4 Rat ELISA Catalog No.: MBS355442) and (IL-6 Rat
ELISA Catalog No.: MBS355410) kits.

Immune parameters

Immunoglobulin G and Immunoglobulin M level was determined according to the procedure
of (Rat 1IgG ELISA Kit Catalog No. LS-F24320) and (Rat IgM ELISA Kit Catalog No. LS-
F8534).

Histological examinations

Samples of spleen tissue were prepared and fixed in 10% formalin, dried in a sequence of
increasing alcohol concentrations, washed in xylol, and finally embedded with paraffin. An
optical microscope (Optica light microscope (B- 350)) was used to section tissues at a thickness
of 4-5 M, fix them, prepare them for H&E staining, and look for obvious cellular damage.
Gene Expression Analyses

Total RNA was isolated from both treated and untreated rats using Trizol reagent in accordance
with the manufacturer's instructions. To obtain cDNA from 1 g of RNA, reverse transcriptase
was employed. The expression level of the BAX, Bcl2, and iNOS genes were measured. Real-
time PCR was conducted using an internal control, B-actin, as a standard. Table 1 illustrates
sequence of the used primers, gene symbol and GenBank accession number. g°PCR was
conducted to measure the changes in gene expression level according to [13, 14].

Table 1: Sequence of the used primers, gene symbol and GenBank accession number

Gene Forward Reverse Gene bank
symbol
Bax CCTGAGCTGACCTTGGAGCA | GGTGGTTGCCCTTTTCTACT U32098.1

INOS | CCAACCTGCAGGTCTTCGATG | GTCGATGCACAACTGGGTGAAC | U26686.1

Bcl2 TGATAACCGGGAGATCGTGA | AAAGCACATCCAATAAAAAGC | NM_016993.1

B-actin | TCCGTCGCCGGTCCACACCC | TCACCAACTGGGACGATATG NM_031144.3

Statistical analysis

Statistical significant between means was assessed using t test via SPSS Version 20 software.
The differences between the means are regarded as significant differences if the p-value is <
0.05.

Results

Gas chromatography—mass spectrometry (GC-MS) analysis

From the results of GC Mass analyzes of honey, it was possible to identify and define more
than 16 compounds based on the Wiley spectral library collection and the NSIT library
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database. Each compound was identified based on the retention times and % of peak aria

according to each compound's unique peak area in comparison to the sum of all peak areas in

the GC-chromatogram (Table 2 and Figure 1).

The most prevalent compounds were HEXADECANOIC ACID, 9-OCTADECENYL ESTER,

(2)-, with a retention time of 39.92 min and a peak area of 10.54 %. and Eicosen-1-ol, cis-9-

with a retention time of 40.10 min and a peak area of 60.10%.
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Figure 1 :- Chromatograms of honey compounds obtained from

Table 2: Chemical compounds identified by GC-MS analysis of honey

peak | (RT) Name of Area Molecular Molecula Molecular
compound (%) formula r weight structure
1 6.55 | Clindamycin 4.21 | C18H33CIN20 424
5S L e
1{}]* “}1
:].
2 7.78 | 2,3-DIHYDRO- | 3.46 Ce6Hs04 144 \
3,5-
DIHYDROXY-6
-METHYL-4H- - o
PYRAN-4-ONE
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Effect of honey treatment on spleen weight

Spleen weight was measured, and the data obtained showed that treatment with cisplatin
significantly reduces spleen weight in the (PC) group when compared to other groups. While
using honey significantly increases spleen weight (Figure 2).
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Figure 2: Effects of honey and cisplatin on weight of spleen
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Effect of honey of WBCs and Neutrophils counts

CBC test was carried out to detect the effect of honey on WBCs and neutrophils counts.
Obtained data showed that treatment with cisplatin significantly reduces WBCs and nutrophiles
counts (PC) group when compared to other groups. While using honey significantly increases
both WBCs and nutrophiles counts (Figures 3&4).
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Figure 4:- Effect of honey and cisplatin on
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Effect of honey treatment on inflammatory markers

Results in Figure 5 demonstrate the treatment with honey on IL-4 and IL-6. The cisplatin group
(PC) group showed a significant increase (p < 0.05) in IL-4 and IL-6 levels compared to the
control group (CO). In contrast, when the (PC) group was treated with honey the levels of IL-
4 and IL-6 were markedly decreased (p < 0.05) compared to the PC group (figure 5)
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Figure 5:- Effect of honey and cisplatin on

Interleukin 4, Interleukin 6 inflammatory markers

Effect of honey treatment on Immune parameters
Obtained data showed that treatment with cisplatin significantly reduces antibodies IgG and
IgM in (PC) group when compared to control group. While using honey alone or a mixture

significantly increases antibodies 1gG and IgM (figures 6 & 7)
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Figure 6 : Effect of honey and cisplatin on
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Figure 7: Effect of honey and cisplatin on

Histological analysis

Microscopic examination of splenic tissue from the CO group revealed normal histology of
splenic parenchyma that appeared formed of white and red pulps; red pulp was represented by
splenic cords and sinusoids while the splenic white pulp was consisted of three compartments;
Periarterial lymphatic sheath (PALS), lymphatic follicles and the marginal zone (Figure 8).
Concerning PC group (Figure 8), serious pathological alterations were detected in the affected
splenic tissue. Expansion of splenic red pulps associated with atrophy of some white pulps
were commonly observed that also displayed lymphoid depletion. Apoptosis was seen in
affected lymphoid follicles and characterized by shrinkage of lymphocytes, nuclear chromatin
condensation, and fragmentation of apoptotic cells into membrane-bound bodies (apoptotic
bodies) that were engulfed by macrophages giving the characteristic tingible body
macrophages. Variable number of megakaryocytes were detected among the splenic
parenchyma. Angiectasis was noticed in several examined section that characterized by
existence of variable-size blood-filled spaces occupied the splenic parenchyma and lined by
delicate to inapparent endothelium. Partial protection was observed in H group (Figure 8) that
showed numerous variable sized white pulps with apparently normal lymphoid follicles.
Atrophied lymphoid follicles were limited in few examined sections that were accompanied by
expanded red pulps. Focal hemorrhagic area and angiectasis were observed in splenic
parenchyma in some examined sections.apparently normal lymphoid follicles. Atrophied
lymphoid follicles were limited in few examined sections that were accompanied by expanded
red pulps. Focal hemorrhagic area and angiectasis were observed in splenic parenchyma in

some examined sections.
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Figure 8:- (Al) Spleen of rat, CO group showing normal histological structure of
splenic white pulp (WP) and red pulp (RP) (H&E). (A2) Spleen of rat, CO group
higher magnification showing normal lymphoid tissue (white pulp) with germinal
center (arrow) (H&E). (A3) Spleen of rat, CO group higher magnification showing
normal lymphocytes of white pulp (H&E). (B1)Spleen of rat, PC group expansion of
the red pulp with lymphocytic depletion (H&E). (B2) Spleen of rat, PC group showing
multiple variable sized blood-filled spaces (arrows) (H&E). (B3) Spleen of rat, PC
group showing higher magnification of multiple variable sized blood-filled spaces
(arrows) (H&E). (C1) Spleen of rat, H group showing atrophy of some lymphoid

pg. 48

Haggagy et al., 2024



https://aujes.journals.ekb.eg/

ASWAN SCIENCE AND TECHNOLOGY BULLETIN (ASTB)1 (1), pp. 38-57, (March 2024).
Online ISSN: 3009-7916, Print ISSN: 1110-0184. http://193.227.33.90/scijournal/

Gene expression analysis

Cisplatin treatment causes significant differences in gene expression level of BAX , BCL2 and
INOS genes in comparison with other two groups. Whereas, honey treatment modulate the
effect of cisplatin in all studied groups. Cisplatine induce upregulation of both BAX and iNOS
gene and downregulate the Bcl2 gene. However, obtained results indicated that honey modulate
such effect of cisplatin treatment throughout downregulation of both BAX and iNOS genes as

well as upregulation of Bcl2 gene (Figure 9).
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Figure 9:- Effects of honey and cisplatin on gene expression of BAX , BCL2 and
INOS genes

Over many ages, honey has had a significant influence on alternative medicine. In addition to
its abilities to heal wounds, operate as an anti-microbial, and have antioxidant properties,
numerous lines of evidence have highlighted the usefulness of honey and related bioactive
chemicals as anti-tumor agents against a range of cancer types. A few in vitro and in vivo
investigations have demonestrated that honey can influence the immune system. The present
work aimed to delve into studying and investigate the mechanism of the role of honey as an
immune modulator on several biochemical, histological and molecular levels. Treatment with
cisplatin led to decrease in spleen weight, reduction of WBCs count, neutrophils count, elevate
of the IL-4 and IL-6, histological changes in spleen tissue and changes in mRNA level of BAX,
Bcl2 and iNOS genes. Moreover, honey treatment of cisplatin-injected rats led to improving
the immune system, as demonstrated by analyses of the effect of honey on spleen weight,
WBCs, neutrophils, 1L-4, IL-6 and gene expression of BAX, BCL2 and INOS genes.
Additionally, honey stopped the histological alterations caused by CISP that were seen in the
rat spleen tissue. These findings showed that honey alters the immunological response in

cisplatin-induced immune-suppressed rats.
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This can be explained by the observation of [15] that Cisplatin works as a representative redox
cycler, resulting in direct injury to multiple organs and considerable weight loss. Similar to the
conclusions of [16, 4, 17]. Several in vivo, in silico, in vitro, and clinical research have
suggested that honey plays a part in weight management. [17, 18, 19, 20, 21]. Male honey-fed
rats had larger pancreatic and caecum weights. The intestinal bacteria in the caecum and the
pancreas’ enzymatic activity may work more efficiently during digestion as a result of the
weight gain of the organs. In addition, rats fed honey displayed improved intestinal villi growth
and no disease in their abdominal viscera, suggesting that honey may have nutritional benefits
[22]. Aflatoxins treatment decreased body weight in mice, while treatment with honey
increased body weight in mice injected with aflatoxins and honey for 90 days [23]. Honey also
prevents the CISP-induced histological alterations seen in the rat spleen. [24] showed a
protective effect of royal jelly and bee honey against CISP-induced nephrotoxicity in cancer
patients treated with CISP, which is consistent with our findings. Royal jelly and honey also
provided protection for rats against CISP-induced nephrotoxicity [25, 26].

In other studies, the modulatory properties of honey have been examined using pre-clinical
cancer models. The histopathological grade was improved when Malaysian Tualang honey
(TH) or MH were given orally to Sprague-Dawley rats after tumors were palpable [27].
Manuka honey also lessens the histological alterations in the kidneys and liver that are induced
by CISP. The histological alterations in the liver casued by CISP were lessened by acacia honey
[28]. The results obtained indicated that honey has an anti-inflammatory role and this was
shown by reducing the levels of interleukin 4 and 6 after treatment with honey in rat PC group.
Previous studies indicate that such an anti-inflammatory role can be attributed to bioactive
compounds found in honey, such as phenolic and flavonoids continents honey [6]. The
potential health advantages of honey against inflammation were supported by both in vivo and
in vitro research on the effect of honey various types [29, 30, 31, 32, 33].

The basic components of the immune response are immunoglobulins (Igs) or antibodies (Abs)
[34]. In another study, CY injection decreased IgG and IgM levels in serum [35], whereas
honey therapy increased antibody production (I1gG, IgM) [36]. This is consistent with what we
found. Another study found that giving coriander honey to Ehrlich ascites carcinoma mice
increased IgG and IgM levels [37].

The regulation of CISP-induced apoptosis involves both the pro-apoptotic and anti-apoptotic
molecules BAX and the Bcl-2 [38]. In the present study, CISP upregulate the expression level
of BAX and iNOS and downregulate Bcl2 expression level in spleen. [28] reported that
consuming of MAN and TALH honey reduced BAX and caspase-3 expression while
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increasing Bcl-2 expression in the both liver and kidney tissue . They explained these results
as, the attachment of BAX to the mitochondrial membrane resulted in the release of chemicals
such as cytochrome C, a caspase Smac and Omi activator, and other compounds into the
cytosol. Both activate caspase-9 and caspase-3, which both have the ability to cleave a wide
range of protein substrates and trigger apoptosis. Both also activate the procaspase-9 initiator.
The Bcl-2 proto-oncogene encodes the protein Bcl-2, which is one of the molecular members
of the Bcl-2 family of cell survival factors and one of the components regulating apoptotic
pathways [39].

According to [40], Bcl-2 prevents apoptosis by blocking the release of cytochrome C from the
mitochondria. Nitric oxide (NO), which is produced by the enzyme inducible nitric oxide
synthase (iNOS) from l-arginine, is a crucial mediator of immunological activation and
inflammation, which is present in a significant number of human disorders. Numerous illnesses
have been linked to overexpressed or dysregulated iINOS [41]. The level of INOS gene
expression, which had increased as a result of cisplatin injection, was decreased as a result of
honey treatment. According to the findings of [42], Gelam honey has a dose-dependent effect
on reducing edema in inflamed rat paws. which in turn suppresses the production of iNOS in
the paw tissue. Such positive effects of honey can be attributed or explained through the results
obtained from the chemical analysis of honey by GC-MAS analysis. It was found that there are
chemical compounds that are most prevalent in honey ( HEXADECANOIC ACID, 9-
OCTADECENYL ESTER, (Z)- and Eicosen-1-ol, cis-9-). According to research [43], n-
Hexadecanoic acid has anti-inflammatory, antioxidant, hypocholesterolemic, and cancer-
prevention properties. According to [44], 9-octadecenoic acid methyl ester, (E)- has the highest
score (0.401 kcal/mol) against urate oxidase receptor. A study conducted by [45] demonstrated
the antioxidant efficacy of 9-octadecenoic acid methyl ester and 9-hexadecenoic acid methyl
ester. The immune system is stimulated by (Z)-11-eicosenol, methyl cis-11-eicosenoate, and

cis-11-eicosenoic acid [46].
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Conclusion & Recommendations

The results obtained from this study support the role of honey as an immune modulator. This
is through the bioactive compounds honey contains that have an anti-inflammatory role and
reduce oxidative stress. This is explained by honey’s ability to restore improvement in spleen
histology and counts of white blood cells and neutrophils. In addition to the inflammatory
markers interleukins 4 and 6, as well as the gene expression of Bax, BCL2, and iNOS genes.
Despite these encouraging findings, more investigation is required to expand upon the present
findings and determine the precise pathways by which honey triggers its immunomodulatory

action.
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