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Honey and its derivatives are extensively acknowledged for their diverse biological attributes. Sidr 
honey, a specific type of monofloral honey, is obtained from the nectar of the Sidr tree (Ziziphus spina-
christi). Muslims believe that water from the Zamzam well has the potential to treat a wide range 
of diseases. Across the globe, millions utilize Zamzam water, which is characterized by its naturally 
alkaline properties. SidrZamZam honey represents an innovative variant of honey, fundamentally 
akin to Sidr honey, with the notable difference being that bees are supplied with Zamzam water as 
their hydration source. The objective of this research was to evaluate the capacity of two distinct 
varieties of honey to produce silver nanoparticles (AgNPs), examine their antibacterial properties, 
investigate their impact on immune cells, and assess their anticancer efficacy against luminal A 
breast cancer (MCF-7). The findings indicated that both Sidr and SidrZamZam honeys possessed the 
ability to synthesize varying sizes of silver nanoparticles (AgNPs). In this study, AgNPs synthesized 
by both honeys and incorporated within them demonstrated significant antibacterial properties. In 
addition, the two varieties of honey, when evaluated independently, displayed anticancer effects 
against the MCF-7 cancer cell line; however, this was not the case when these honeys were combined 
with AgNPs. Additionally, both varieties of honey facilitated the proliferation of immune cells. In this 
context, our bioinformatic analyses demonstrate that several immune cell types exert a clinically 
significant influence on patients with luminal-A breast cancer. These immune cell types include CD8+ 
T cells, regulatory T cells (Tregs), neutrophils, M0 macrophages, M1 macrophages, M2 macrophages, 
resting myeloid dendritic cells, resting mast cells, and follicular helper T cells. Therefore, these 
immune cell subsets represent promising targets for the treatment of luminal-A breast cancer utilizing 
both varieties of honey. In conclusion, Sidr and SidrZamZam honeys may serve as a source for the 
environmentally-friendly synthesis of AgNPs. Furthermore, both honey types have the potential to 
enhance immune cell activity and can function as immunomodulators. Besides, both honeys may hold 
promise in the combat against breast cancer, pending further research.
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Sidr honey has been valued in traditional medicine for its therapeutic properties, containing various chemical 
constituents like sugars, enzymes, acids, proteins, flavonoids, and minerals1. Its composition varies based on 
floral origin, geography, and honeybee species2. Saudi Arabia, a notable source of monofloral honey, produces 
ziziphus honey, also known as Sidr honey3. Derived from Ziziphus nummularia, Z. mucronata, and Z. spina-
christi4, this honey exhibits medicinal properties5. Research has linked its bioactive compounds to antioxidant, 
anti-inflammatory, and antitumor effects, particularly through polyphenols and flavonoids that inhibit 
tumorigenesis6. Specifically, compounds like carvacrol and thymol contribute to its anticancer potential7.
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The importance of water in living organisms is critical, and honey typically contains 16–20% moisture. 
Zamzam water, sourced from a well in Makkah, Saudi Arabia, is believed to have unique curative properties and 
has been in use for around 4000 years8. This water’s mineral composition, including calcium, sodium, potassium, 
and magnesium, differs significantly from other waters, and it is safe for consumption as toxic elements are 
below harmful levels.

The application of nanotechnology in food safety and biomedicine has increased9. Nanoparticles, especially 
silver nanoparticles, are notable for their applications in healthcare. They aid in diagnostics, drug delivery, and 
anticancer therapies10. Green synthesis using natural products for nanoparticle production is gaining popularity, 
as it is more cost-effective and sustainable11. Honey has shown synergistic effects with silver nanoparticles against 
infections, encouraging combined use12.

Globally, cancer remains a pressing healthcare challenge, with breast cancer as the most common malignancy 
and a leading cause of cancer death among women. In Saudi Arabia, it constitutes 19.8% of cancer cases, 
predominantly the luminal A subtype13,14. Despite advancements in prevention and treatment, challenges 
remain in eradicating the disease, influenced by the tumor microenvironment, which includes various cell types 
crucial for tumor progression15.

Exploring complementary and alternative medicines could unveil novel therapeutic molecules. Honey, a 
prominent source of bioactive phytochemicals, shows promise in cancer therapy16.

This study focused on comparing the biological activities of two honey types and their synthesized silver 
nanoparticles. Ziziphus honey samples and SidrZamZam honey samples (where honeybees were fed with 
Zamzam water) were sourced from King Khalid University. Further, bioinformatic analyses were performed on 
immune cells within the tumour microenvironment of luminal-A breast cancer patients to identify prospective 
treatment targets.

Results
Production and characterization of nano silver
The assessment of nano silver synthesis was performed by monitoring the color changes in the mixtures of 
AgNO3 with Sidr honey (Fig. 1A) and AgNO3 with SidrZamZam honey (Fig. 1C). Following the observation of 
these color changes, spectrophotometric analysis was executed to evaluate the formation of AgNPs. The results 
from the reaction involving AgNO3 and Sidr honey produced significant observations, indicating the presence of 
a distinct peak region indicative of AgNPs (Fig. 1B). This peak region was identified within the wavelength range 
of 380–450 nm, with the peak intensity reaching its maximum at 408 nm. Conversely, the analysis of the AgNO3/
SidrZamZam honey mixture also revealed a distinct peak associated with AgNPs (Fig. 1D), observed within the 
wavelength range of 360–460 nm, with the peak intensity occurring at 407 nm.

Furthermore, investigations conducted using scanning electron microscopy (SEM) demonstrated that the 
AgNPs derived from both Sidr honey and SidrZamZam honey exhibited a nearly spherical morphology (Fig. 2). 
The average particle size of the AgNPs was determined to be 72 nm for Sidr honey (Fig. 2A) and 82 nm for 
SidrZamZam honey (Fig. 2B). The SEM images further indicated the presence of agglomerations of AgNPs.

Fig. 1.  Monitoring of AgNPs synthesis. (A) Change in color of 40% Sidr honey; (B) light absorbance of 40% 
Sidr honey containing AgNPs; (C) Change in color of 40% SidrZamZam honey; (D) light absorbance of 40% 
SidrZamZam honey containing AgNPs.
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Antimicrobial potentiality
The current investigation sought to assess the antimicrobial effectiveness of Sidr honey and SidrZamZam honey 
either alone or in combination with AgNPs, against four bacterial strains, specifically Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli, and Bacillus subtilis. The inhibition zones generated by both honey 
varieties were measured in millimeters, as presented in Table 1.

The honey samples consisted of six distinct concentrations, utilized either independently or in conjunction 
with AgNPs. Neither type of honey alone demonstrated antibacterial properties; however, both exhibited 
antibacterial activity when augmented with AgNPs. The two antibiotics used as positive controls, Cefalexin and 
Amoxicillin, exhibited notable antibacterial efficacy. The results revealed that Sidr honey containing AgNPs 
displayed a significant antibacterial effect, particularly against Gram-positive bacteria such as Staphylococcus 
aureus and Bacillus subtilis, in contrast to Gram-negative bacteria such as Pseudomonas aeruginosa and 
Escherichia coli. Conversely, SidrZamZam honey, when combined with AgNPs, exhibited a stronger antibacterial 
response against Gram-negative bacteria than against Gram-positive bacteria. The antibacterial properties 
demonstrated by both honey types were analogous to those observed in the positive control samples.

Clearance zone (mm2)

Sidr-NPs (%) SidrZam-NPs Positive control

40 20 10 5 2.5 1.25 40 20 10 5 2.5 1.25 Cefalexin Amoxicillin

P. aeruginosa 11a 10a 7b 6b 0 0 21 17 11 0 0 0 20 25

Clearance zone (mm2)

Sidr-NPs (%) SidrZam-NPs Positive control

40 20 10 5 2.5 1.25 40 20 10 5 2.5 1.25 Cefalexin Amoxicillin

E. Coli 10c 11c 12c 9c 0 0 22 17 12c 8d 7d 0 22 18

Clearance zone (mm2)

Sidr-NPs (%) SidrZam-NPs Positive control

40 20 10 5 2.5 1.25 40 20 10 5 2.5 1.25 Cefalexin Amoxicillin

St. aureus 26e 17 14 7f 0 0 15 10 9 7f 0 0 25 14

Clearance zone (mm2)

Sidr-NPs (%) SidrZam-NPs Positive control

40 20 10 5 2.5 1.25 40 20 10 5 2.5 1.25 Cefalexin Amoxicillin

B. subtilis 23g 12h 11h 10h 11h 0 10h 11h 8 0 0 0 27 12

Table 1.  Antibacterial potential of different dilution of Sidr + AgNPs and SidrZamZam + AgNPs. NB: All 
organisms were treated with different concentrations of the two honey types, significant differences were 
calculated for each organism separately.

 

Fig. 2.  SEM analysis of AgNPs. (A) AgNPs synthesized by Sidr honey; (B) AgNPs synthesized by SidrZamZam 
honey; and Red arrows indicate AgNPs agglomerations.
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Effects on immune cells
Here, the objective of the study was to evaluate the efficacy of Sidr honey, Sidr honey + AgNPs, SidrZamZam 
honey, and SidrZamZam honey + AgNPs in modulating the division of splenic cells. Splenic cells were utilized 
to represent two distinct functionalities: the first being as a control for normal cells, and the second as rapidly 
dividing cells. The assessment was conducted by determining the average percentage of cell stimulation or 
inhibition. Cell stimulation serves as a measurable parameter that reflects the ability of a substance to promote 
the proliferation and division of spleen-derived cells in a controlled laboratory setting. An increase in cellular 
stimulation is indicative of a stronger stimulatory effect, whereas a decline suggests either a reduced stimulatory 
response or the potential for cytotoxic effects. The results revealed variability in mean cell stimulation, which was 
influenced by the concentration and type of honey sample utilized (Fig. 3).

All honey preparations demonstrated stimulatory effects on immune cells harvested from rat spleens. Sidr 
honey (Fig. 3A) showed a significant (p < 0.001) dose response effects on normal splenic cells, where the growth 
stimulation effect decreased when the honey concentration decreased. The same trend was clear in Sidr honey 
containing AgNPs (Fig. 3A). At each honey concentration, Sidr honey containing AgNPs showed a significantly 
(p < 0.001) higher cell growth stimulation than Sidr honey alone. Also, SidrZamZam honey and SidrZamZam 
honey + AgNPs showed a significant (p < 0.001) dose response effects on growth of normal splenic cells (Fig. 3B). 
Notably, the SidrZamZam honey solution containing AgNPs exhibited a significant (p < 0.001) capacity to 
stimulate cell activity at 40% concentration than that SidrZamZam honey alone (Fig. 4).

Inter-group comparisons showed a significant variability among different splenic cells treatment as indicated 
in Fig. 4. However, it is critical to acknowledge that the 5% dilution of SidrZamZam honey did not exhibit any 
observable effects on splenic cells, lacking both stimulating and inhibiting activities. We conducted pathway 
and cell type enrichment analyses against proteins that were significantly expressed within splenic tissue by 
employing a curated tissue protein expression dataset. Our findings from the Elsevier pathway collection 
revealed that these proteins were significantly integrated into numerous essential pathways associated with 
immunity, inflammation, and oncogenesis (see Table 2).

Next, we performed cell type enrichment analysis using PanglaoDB’s upgraded databases, which revealed 
significant similarities between these proteins and numerous immune cell types such as macrophages, B cells, 
dendritic cells, and monocytes (see Table 3).

Fig. 3.  Mean cell stimulation (%) of normal splenic cells treated with different concentrations of honey 
samples. Where Sidr: Sidr (Ziziphus spina-christi) honey; Sidr NPs: Sidr honey containing AgNPs; SidrZam: 
SidrZamZam honey; SidrZam NPs: SidrZamZam honey containing AgNPs. Different letters (a,b,c,d) above 
the columns indicate significant differences between the different concentrations in each group: a significance 
versus concentration 40, b significance versus concentration 20, c significance versus concentration 10, d 
significance versus concentration 5, *significance within Sidr group or Sidr-Zam group, # significance within 
Sidr NPs group or Sidr-Zam-NPs group. Letters (a,b,c,d) indicate significant differences at p < 0.05.
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Effects on cancer cell lines
The cytotoxic effects of Sidr honey, Sidr honey combined with silver AgNPs, SidrZamZam honey, and 
SidrZamZam honey combined with AgNPs displayed variability contingent upon the concentration, as 
illustrated in Fig. 5.

Index Name P-value Adjusted p-value

1 T-Cell Independent B-Cell Activation 7.295E−10 5.618E−7

2 NFKB Canonical Signaling Activation in Cancer 9.194E−10 5.618E−7

3 NF-kB Canonical Signaling 2.509E−9 0.000001022

4 NFKB Signaling Activation by Blocking of Tumor Suppressors 5.156E−8 0.00001575

5 TLR4—> IRF Signaling 1.041E−7 0.00002543

6 B-Cell Chronic Lymphocytic Leukemia 2.095E−7 0.00004267

7 Diffuse Large-B-Cell Lymphoma 7.691E−7 0.0001214

8 Mucosa-Associated Lymphoid Tissue (MALT) Lymphoma 7.947E−7 0.0001214

9 mTOR/NF-kB/BCR Signaling Disregulation in Mantle Cell Lymphoma 9.648E−7 0.0001310

10 Toll-like Receptors in Sterile Inflammation 0.000001168 0.0001427

Table 2.  Pathway enrichment study of spleen protein expression using the Elsevier pathway collection. * The 
symbol “E” represents “*10^ “. The adjusted p value is computed using the Benjamini–Hochberg method for 
correction for multiple hypotheses testing.

 

Fig. 4.  Mean cell stimulation (%) of normal splenic cells treated with different concentrations of honey 
samples. Where Sidr: Sidr (Ziziphus spina-christi) honey; Sidr NPs: Sidr honey containing AgNPs; SidrZam: 
SidrZamZam honey; SidrZam NPs: SidrZamZam honey containing AgNPs. Error bars represent standard 
deviation. The letters (a,b,c) above the columns denote significant changes within each concentration: a versus 
Sidr; b versus Sidr NPs; c versus Sidr Zam. Letters (a,b,c) indicate significant differences at p < 0.05.
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Sidr honey exhibited an inhibitory effect on the proliferation of MCF-7 cells, which was found to be 
significantly reduced (p < 0.001) in correlation with a decrease in the concentration of Sidr honey (see Fig. 5A). 
Inclusion of AgNPs in Sidr honey significantly (p < 0.001) reduced its growth-inhibitory effect at a concentration 
of 40%. Both Sidr honey and the combination of Sidr honey with AgNPs displayed diminished inhibitory effects 
on cell growth as the concentration of honey decreased. When comparing the inhibitory effects of Sidr honey 
and Sidr combined with AgNPs at concentrations of 20–1.25%, their effects were found to be comparable (see 
Fig. 6).

SidrZamZam honey showed cell growth stimulatory effect on MCF-7 cells (Fig. 5B) at 40% concentration, 
but upon dilution to 20% concentration, SidrZamZam honey turned into MCF-7 cell growth inhibitory factor. 
This cell growth inhibitory effect decreased with the decrease of honey concentration. In contrast, the application 
of SidrZamZam honey combined with AgNPs at a 40% concentration resulted in a noteworthy inhibition in 
cellular division (Fig. 5B), which increased upon honey dilution to 20%. The inhibitory cell division effect of 
SidrZamZam honey + AgNPs decreased upon further dilution.

Fig. 5.  Mean cell growth stimulation (%) of MCF-7 cells treated with different concentrations of honey 
samples. Where Sidr: Sidr (Ziziphus spina-christi) honey; Sidr NPs: Sidr honey containing AgNPs; SidrZam: 
SidrZamZam honey; SidrZam NPs: SidrZamZam honey containing AgNPs. Error bars represent standard 
deviation. The letters (a,b,c,d,e) above the columns show significant differences between the varied 
concentrations in each group: a Significance versus concentration 40, b Significance versus concentration 20, c 
Significance versus concentration 10, d Significance versus concentration 5, e Significance versus concentration 
2.5, * Significance within the Sidr or Sidr-Zam groups, # Significance within the Sidr NPs or Sidr-Zam-NPs 
groups. Letters (a,b,c,d,e) indicate significant differences at p < 0.05.

 

Index Name P value Adjusted p value

1 Macrophages 5.540E−25 5.462E−23

2 B Cells Naive 6.661E−25 5.462E−23

3 B Cells Memory 2.306E−24 1.261E−22

4 Dendritic Cells 1.312E−23 5.379E−22

5 B Cells 1.505E−21 4.937E−20

6 Kupffer Cells 1.536E−18 4.198E−17

7 Microglia 2.496E−18 5.847E−17

8 Langerhans Cells 4.145E−18 8.498E−17

9 Monocytes 9.280E−17 1.691E−15

10 Plasmacytoid Dendritic Cells 1.745E−15 2.862E−14

Table 3.  Cell types enrichment study of spleen protein expression using the PanglaoDB upgraded databases: 
*The symbol “E” represents “*10^ “. The adjusted p value is computed using the Benjamini–Hochberg method 
for correction for multiple hypotheses testing.
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The LogIC50 for Sidr honey was estimated to be approximately 0.09506 (IC50 = 13.12 to 44.22), the LogIC50 
for Sidr honey + AgNPs was estimated to be approximately 0.2343 (IC50 = 0.4890 to 9.772). The LogIC50 for 
SidrZamZam was approximately 3.738 (IC50 = 1.004e–010 to 5.674e+010) and the LogIC50 for the SidrZamZam 
combined with AgNPs was approximately 1.985 (IC50 = 8.058 to 8.482e+011).

Our bioinformatic analysis of The Cancer Genome Atlas (TCGA) data utilizing TIMER2.0 elucidated the 
clinical significance of various immune cell subsets within the tumor microenvironment of luminal-A breast 
cancer. This analysis encompassed CD8 + T cells, regulatory T cells (Tregs), neutrophils, and three macrophage 
types (M0, M1, and M2), along with resting myeloid dendritic cells, resting mast cells, and T follicular helper 
cells (refer to Fig. 7A–I). Likewise, when incorporating race as a clinical factor, our findings indicated that these 
same immune cell types maintained a clinically significant impact, albeit with varying p values (see Fig. 8A–I).

Conversely, when examining age as a clinical variable, our results indicated that Tregs, neutrophils, M0 
macrophages, M1 macrophages, resting mast cells, and T follicular helper cells exhibited a substantial clinical 
impact on the survival of patients with luminal A breast cancer (refer to Fig. 9A–F). With respect to clinical 
staging, only five immune cell types were found to exert a clinical influence on the survival outcomes of luminal 
A breast cancer patients (see Fig.  10A–E). Ultimately, our investigation identified four immune subsets that 
demonstrated a clinically relevant impact on the purity of luminal A breast cancer patients: CD8 + T cells, 
neutrophils, resting myeloid dendritic cells, and T follicular helper cells (refer to Fig. 11A–D).

In contrast, M2 macrophage-like mast cells exhibited no clinical influence concerning age or purity, and M1 
macrophages showed minimal clinical relevance with respect to stage or purity. Furthermore, in terms of purity, 
M0 macrophage-like Tregs demonstrated no significant therapeutic advantage, and T follicular helper cells did 
not display clinically relevant influence regarding stage (see Figs. 12 and 13).

Honey’s sugars content
In Sidr honey, the concentrations of fructose and glucose were identified as 38% and 28%, respectively, while the 
levels of sucrose and maltose were observed to be comparatively low, at 4% and 1%, respectively, as presented 
in Table 4.

In SidrZamZam honey, the concentrations of fructose and glucose were determined to be 37.88% and 36.25%, 
respectively. Conversely, the proportions of sucrose and maltose were found to be relatively low, recorded at 
5.03% and 0% respectively, as illustrated in Table 4. Glucose concentration was significantly (< 0.001) higher in 
SidrZamZam honey than Sidr honey. Maltose sugar was absent in SidrZamZam honey.

Discussion
In the present investigation, two distinct types of honey were employed in the production of AgNPs. The synthesis 
procedure was visually observed through changes in color, and optically monitored by doing UV/Vis scanning17. 

Fig. 6.  Mean cell growth stimulation (%) of MCF-7 cells treated with different concentrations of honey 
samples. Where Sidr: Sidr (Ziziphus spina-christi) honey; Sidr NPs: Sidr honey containing AgNPs; SidrZam: 
SidrZamZam honey; SidrZam NPs: SidrZamZam honey containing AgNPs. Error bars represent standard 
deviation. The initials (a,b,c) above the columns represent significant differences within each concentration: a 
versus Sidr; b versus Sidr NPs; and c versus Sidr Zam. Letters (a,b,c) indicate significant differences at p < 0.05.
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The variation in coloration acted as an indicator of the synthesis of silver nanoparticles (AgNPs) as referenced by 
Verma and Mehata18. The spectroscopic analysis conducted via scanning revealed that the AgNPs produced from 
both honey samples were situated within the characteristic peak absorption region specific to AgNPs. Notably, the 
spectral peak absorption range for AgNPs was identified within the wavelength spectrum of 390–460  nm. The 
absorbance peaks observed in the AgNPs synthesized from both honey types exhibited an extensive area under the 
curve, which implies the occurrence of agglomeration, or a variety of sizes, in the synthesized AgNPs. Numerous 
chemical and physical methodologies exist for the production of metal nanoparticles, with an intention to attain 
specific size and morphology characteristics. However, it is essential to recognize that a considerable number of 
these techniques may lack economic feasibility or environmental sustainability. Consequently, in this research 
endeavor, we opted for the environmentally friendly and cost-efficient strategy of green synthesis to generate AgNPs, 
as noted by Chirumamilla et al.19. A multitude of studies has substantiated the considerable antibacterial attributes 
of honey, demonstrating its effectiveness against a diverse range of microorganisms20. In the current investigation, 
both honey varieties exhibited no antibacterial efficacy; however, when combined with AgNPs, their antibacterial 
properties were significantly enhanced. The observed absence of antibacterial activity in the two honey types when 
used independently may be attributed to their inability to diffuse effectively through the agar or to interact with the 
bacterial media. All tested dilutions of the two honey types containing AgNPs were capable of inhibiting bacterial 
biofilm growth at concentrations of up to 5% in most instances, with this activity declining at reduced concentrations 
of honey + AgNPs. Recent advancements in treatment alternatives for antibiotic-resistant bacteria have led to the 
approval of several novel agents based on their in vitro and in vivo efficacy. Additionally, antibiotics may sometimes 
be co-utilized alongside these substances to enhance their effectiveness. A substantial number of these agents have 
been discovered to exhibit comparable inhibitory effects and mechanisms to conventional antibiotics, influencing the 
bacterial cell wall and influencing microbial protein synthesis21. Several studies have indicated that honey possesses a 
significant concentration of phenolic compounds, hence contributing to its antibacterial properties20. The antibacterial 
mechanism of honey has been attributed by certain researchers primarily to the presence of hydrogen peroxide, albeit 
at minimal concentrations22. Furthermore, various studies have identified heightened sugar concentration, acidic pH, 
bee defensin-1, methylglyoxal, and hydrogen peroxide as widely acknowledged antimicrobial components within 
honey23. Previous research has documented the antibacterial activities of silver nanoparticles24. The synergistic action 
of the antimicrobial compounds embedded in honey and AgNPs demonstrated noteworthy antibacterial efficacy. 
The antibacterial properties intrinsic to AgNPs are contingent upon their interactions with thiol groups present in 
bacterial cells, leading to the inhibition of respiratory functions as well as transcription and replication processes 

Fig. 7.  Bioinformatic analysis of TCGA data from TIMER 2.0: The clinical significance of immune subsets 
inside the tumor microenvironment of luminal A breast cancer, including CD8+ T cells (p = 0.04) (A), T 
cells regulatory (Tregs) (p = 0.005) (B), neutrophils (p = 0.005) (C), M0 macrophages (p = 0.012) (D), M1 
macrophages (p = 0.026) (E), M2 macrophages (p = 0.023) (F), myeloid dendritic cell resting (p = 0.004) (G), 
mast cell resting (p = 0.042) (H), and T cell follicular helper (p = 0.029) (I).
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involving RNA and DNA. Consequently, bacterial survival is compromised, resulting in their eventual death25. Both 
Sidr honey and SidrZamZam honey displayed significant enhancements in splenic cell proliferation across all tested 
concentrations, indicating their potential as immunostimulants or agents that bolster the immune system. Emerging 
evidence supports the assertion that certain types of honey can stimulate the production of essential cytokines such 
as tumor necrosis factor-α, IL-1β, and IL-6. Past research has illustrated honey’s capacity to augment the generation 
of various immune cells, encompassing T and B lymphocytes, eosinophils, neutrophils, monocytes, and natural killer 
cells, alongside promoting antibody production during both primary and secondary immune responses in tissue 
culture26. These characteristics may account for the significant elevation in splenic cell numbers observed following 
in vitro treatment with the two honey types. The presence of AgNPs in various concentrations within the two honey 
types resulted in a marked decrease in cell proliferation. In this context, nanoplatforms may be employed alongside 
established antitumor strategies, including radiation, immunotherapy, phototherapy, and chemotherapy, to enhance 
clinical outcomes in solid tumors27. There exists evidence suggesting that AgNPs can traverse multiple pathways into 
the human body, subsequently accumulating in various organs, including the spleen28. Honey’s major flavonoid, 
chrysin, has been demonstrated to decrease IL-2, IL-1β, IL-12, IFN-γ, and TNF-α production from the spleen29. It is 
not surprising that an increase in cellular activation of the spleen indicates a more potent stimulatory action of Sidr 
honey and SidrZamZam honey.

Clinical trials are examining the potential of combining immunotherapy with conventional treatments, such 
as hormone therapy or chemotherapy, to ascertain whether this strategy can enhance therapeutic outcomes for 
individuals with this subtype of cancer. Furthermore, ongoing studies aim to identify biomarkers that might predict 
which luminal A breast cancer patients would derive the greatest benefit from immunotherapy30. The luminal A 
subtype of breast cancer is characterized by its heterogeneity, necessitating a deeper understanding of its molecular 
mechanisms and immunological diversity to improve treatment strategies31. Thus, we propose an exploration of the 

Fig. 8.  Bioinformatic analysis of TCGA data from TIMER 2.0: The clinical significance of immune subsets 
inside the tumor microenvironment of luminal A breast cancer dependent on race as a clinical determinant, 
including CD8+ T cells (p = 0.029) (A), T cells regulatory (Tregs) (p = 0.008) (B), neutrophils (p = 0.002) (C), 
M0 macrophages (p = 0.015) (D), M1 macrophages (p = 0.034) (E), M2 macrophages (p = 0.023) (F), myeloid 
dendritic cell resting (p = 0.003) (G), mast cell resting (p = 0.026) (H), and T cell follicular helper (p = 0.029) (I).
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Fig. 10.  Bioinformatic Analysis of TCGA Data from TIMER 2.0: The therapeutic importance of immune 
subsets within the tumor microenvironment of luminal A breast cancer depends on stage as a clinical factor, 
including T cells regulatory (Tregs) (p = 0.012) (A), neutrophils (p = 0.001) (B), M0 macrophages (p = 0.023) (C), 
M2 macrophages (p = 0.031) (D) and myeloid dendritic cell resting (p = 0.005) (E).

 

Fig. 9.  Bioinformatic analyses of TCGA data of TIMER2.0: The clinical impact of immune subsets within 
the tumor microenvironment of luminal A breast cancer based on age as clinical condition, includes T cells 
regulatory (Tregs) (p = 0.006) (A), neutrophils (p = 0.017) (B), M0 macrophages (p = 0.013) (C), M1 macrophages 
(p = 0.027) (D), mast cell resting (p = 0.018) (E), and T cell follicular helper (p = 0.024) (F).
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intricate interplay among immune cells within the tumor microenvironment of luminal A breast cancer patients. 
Notably, our bioinformatics analyses from TCGA data established the clinical significance of nine immune cell subsets 
within the tumor microenvironment of luminal A breast cancer: CD8+ T cells, regulatory T cells (Tregs), neutrophils, 
M0 macrophages, M1 macrophages, M2 macrophages, resting myeloid dendritic cells, resting mast cells, and follicular 
helper T cells. The comparative toxicity of AgNPs is markedly elevated relative to other metallic nanoparticles, a 
phenomenon attributed to the generation of higher levels of reactive oxygen species and the consequent release of 
the enzyme lactate dehydrogenase32. The cytotoxic effects imparted by AgNPs can be influenced by diverse factors, 
encompassing the physical and chemical properties of the nanoparticles, the local microenvironment, and the 
interactions between the particles and cellular entities33. The MCF-7 cell line, derived from luminal A breast cancer, is 
routinely used as a model for probing human breast cancer34. The current study revealed a reduction in the number of 
MCF-7 cells across various dilutions of both Sidr honey and SidrZamZam honey. However, it should be emphasized 
that the combination of SidrZamZam honey and AgNPs did not elicit this same effect, except at a dilution rate of 
10%. This decrease in cell viability can be attributed to the apoptotic properties of the two types of honey in relation to 
MCF-7 cells. Hamadou and his colleagues35 have documented the capability of honey to induce apoptosis in the MCF-
7 cell line, initiating cell cycle arrest at the G0/G1 phase. A recent investigation elucidated ATP-induced cell death 
within breast cancer cell lines36, indicating that honey may serve as an energy source for cellular processes. Moreover, 
honey has been evidenced to promote the production of immune-modulatory cytokines such as TNF-α and IL-1β, 
facilitating the release of calcium ions from the endoplasmic reticulum. Previous research37 has demonstrated that 
the activation of caspases-6 and -9 leads to the induction of apoptotic processes. Additionally, some studies have 
indicated honey’s ability to induce cytotoxicity against MCF-7 cells, primarily associated with the phenolic content and 
antioxidant properties38. Bioactive compounds derived from honey are believed to stimulate p53-dependent apoptotic 
pathways35.

Conclusions
This comprehensive study meticulously explored the potential of Sidr honey and SidrZamZam honey in the green 
synthesis of silver nanoparticles (AgNPs), encompassing their antimicrobial properties, effects on immune cell 
proliferation, and anticancer efficacy against luminal A breast cancer cell lines. The synthesis of silver nanoparticles 

Fig. 11.  Bioinformatics Analysis of TCGA Data from TIMER 2.0: The therapeutic significance of immune 
subsets within the tumor microenvironment of luminal A breast cancer is determined by purity as a clinical 
state, including CD8+ T cells (p = 0.023) (A), neutrophils (p = 0.003) (B), myeloid dendritic cell resting 
(p = 0.04) (C) and T cell follicular helper (p = 0.040) (D).
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Fig. 13.  Bioinformatics Analysis of TCGA Data from the TIMER 2.0: The clinical significance of 
immunological subsets within the tumour microenvironment of luminal Breast cancer varies. Mast cells have 
little clinical significance in terms of age or purity. T cell regulatory (Tregs) have demonstrated no significant 
therapeutic advantage. T cell follicular helper had no clinically significant influence on stage.

 

Fig. 12.  Bioinformatics Analysis of TCGA Data from TIMER 2.0: The clinical importance of immune 
subgroups inside the tumour microenvironment of luminal Breast cancer depends on age and purity. M2 
macrophages exhibited little clinical influence in terms of age or purity, while M0 macrophages had no 
significant therapeutic benefit. M1 macrophages have limited clinical value in terms of stage and purity.
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was achievable with both varieties of honey, which demonstrated antibacterial activities in tandem with AgNPs. 
Furthermore, this research underscored the immunostimulatory capacities of both Sidr honey and SidrZamZam 
honey. In terms of anticancer efficacy, both honey types exhibited a capability to diminish the viability of luminal A 
breast cancer MCF-7 cells. The bioinformatics analyses of data from The Cancer Genome Atlas further elucidated the 
clinical significance of targeting diverse immune cell subsets within the tumor microenvironment.

Materials and methods
Preparation of honey and synthesis of nanoparticles
Sidr honey and SidrZamZam honey were obtained from bee colonies maintained in the apiary of King Khalid 
University. These honeys were utilized to synthesize silver nanoparticles (AgNPs) following the methodologies 
outlined by Ibrahim et al.39. Sidr honey is characterized as a monofloral honey sourced from the Sidr tree, 
while SidrZamZam honey is equivalent to Sidr honey, with the distinction that the honeybees were provided 
with ZamZam water for consumption. Various concentrations of honey were prepared using double-distilled 
water, specifically at concentrations of 40%, 20%, 10%, 5%, 2.5%, and 1.25% (w/v). Prior to utilization, all honey 
solutions underwent filter sterilization using a filter with a pore size of 0.45 µm (Coaster). The honey solutions, 
ranging from 1.25 to 40%, were separately mixed with silver nitrate (AgNO3) at a concentration of 0.01  M 
(filtered) in straightforward chemical reactions. The pH of each dilution was incrementally elevated using 0.1 M 
sodium hydroxide (NaOH) until a discernible color change was observed in the mixture40. The transition of the 
mixture solution to a brown hue indicated the successful formation of AgNPs. All honey preparations, whether 
or not containing AgNPs, were freshly prepared prior to their application.

Characterization of Sider and SidrZamZam-produced AgNPs
The synthesis of silver nanoparticles was characterized using a double-beam spectrophotometer (Lambda 25, 
PerkinElmer), with measurements taken at wavelengths spanning from 300 to 700 nm, as detailed by Ghramh 
et al.41. The morphology and dimensions of the synthesized AgNPs were examined using a scanning electron 
microscope (SEM, JEM-1011, JEOL, Tokyo, Japan).

Well-diffusion method for antibacterial susceptibility assay
The susceptibility of bacteria to Sidr and SidrZamZam honey samples, ranging from 1.25 to 40% concentration, 
was investigated. Additionally, the antibacterial properties of these honey samples containing AgNPs were 
examined. The growth of the bacterial strains, specifically Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, and Bacillus subtilis, was monitored until they attained the logarithmic phase, defined as an 
optical density at 610 nm (OD610) between 0.4 and 0.6. This proliferation was detected in Mueller Hinton (MH) 
broth. Following this, further dilution of the bacterial strains was performed in MH broth until reaching a 
theoretical optical density of 0.01 at OD610. To evaluate the antibacterial efficacy of the two types of honey, 
either alone or containing AgNPs, the agar well-diffusion technique employed by Arora et al42 was utilized. 
In this experimental setup, aseptic techniques were applied to create wells in a nutrient agar medium using a 
sterile syringe cap, with the wells measuring 6 mm in diameter. A sterile cotton swab, preloaded with a diluted 
culture, was employed to establish a grass culture on the agar medium. Subsequently, 20 µL aliquots from various 
dilutions of the two types of honey, either independently or combined with AgNPs, were placed in the wells of 
Petri dishes prepared in triplicate. These Petri dishes were then incubated under aerobic conditions at 37 °C 
for a period of 24 h. The diameter of the clear zone, indicative of bacterial growth inhibition, was measured in 
millimeters. Subsequently, 20 µL aliquots from various dilutions of the two types of honey, either independently 
or combined with AgNPs, were placed in the wells of Petri dishes prepared in triplicate. These Petri dishes were 
then incubated under aerobic conditions at 37  C for a period of 24 h. The diameter of the clear zone, indicative 
of bacterial growth inhibition, was measured in millimeters.

In vitro effects of the two types of honey alone and containing AgNPs on normal splenic cell 
proliferation
The experiment was executed in alignment with the methodologies established by Ibrahim et al.43, albeit with 
certain modifications. A single-cell suspension from the spleen was prepared using healthy adult male Sprague 
Dawley rats, each averaging approximately 280 g in weight. The rats were generously supplied by the animal facility 
at King Khalid University. The cells were then suspended in a complete RPMI-1640 medium supplemented with 
10% fetal calf serum, achieving a density of 0.05 × 106 cells per milliliter. The objective of this experiment was to 
assess the cytotoxicity and the capacity to promote normal cell division of Sider and SidrZamZam honeys, either 
independently or in conjunction with AgNPs, on splenic cells. Each honey solution was applied to distinct wells, 
each containing 5000 rat splenic cells, in triplicate. A control culture was established by introducing 5000 splenic 
cells in 200 μL of the culture media into 8 wells. The plates were incubated at a temperature of 37 °C within a 

Sugar Sidr honey (%) SidrZamZam honey (%)

Fructose 38.02200a 37.87958a

Glucose 28.88848b 36.24784a

Sucrose 4.27660c 5.02549c

Maltose 1.01143d 0d

Table 4.  Sugar content in Sidr and SidrZamZam honeys.
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controlled, humidified atmosphere containing 5% carbon dioxide, utilizing a CO2 incubator manufactured by 
Memmert GmbH, for a duration of 72 h. Cell viability assessments across all plates were performed employing 
the Vybrant® MTT cell proliferation test kit (Thermo Fisher Scientific), in accordance with the manufacturer’s 
instructions. The evaluation of the percentage increase or decrease in cell number was carried out following the 
methodology delineated in the study conducted by Oves et al.44.

Anticancer properties of Sider and SidrZamZam honeys
The American Type Culture Collection (ATCC) MCF-7 human breast cancer cell line served as the model 
for this investigation. In accordance with the methodologies established by Ibrahim et al.39, MCF-7 cells were 
cultured in cell culture flasks and sustained in RPMI-1640 medium, which was supplemented with 10% fetal 
bovine serum (FBS) and penicillin/streptomycin at concentrations of 100 U/mL and 100 µg/mL, respectively. 
The cells underwent incubation within a CO2 incubator, as noted by Masad et al.45. Subsequently, MCF-7 cells 
were seeded into 96-well plates at a density of 1 × 105 cells per well and the plates were incubated for a duration of 
24 h within a CO2 incubator. Following this incubation period, the medium from all wells was removed, and the 
cells were treated with various concentrations of Sidr and SidrZamZam honey formulations, ranging from 1.25 
to 40%. These treatments were applied either individually or in conjunction with AgNPs over a span of 72 h. Cell 
viability assessments were performed utilizing the MTT cell proliferation assay, as detailed above.

Honey’s sugar content
Determination of sugar contents in Sidr and SidrZamZam honey samples was done using high performance 
liquid chromatography (HPLC, Agilent) using the method and material described by Ghramh et al.46.

Bioinformatic analyses
We used many bioinformatics tools, such as the Harmonizome web portal, to explore the pathways and cell 
types of enrichment analysis by employing the highly expressed proteins in the spleen from the curated tissue 
protein expression dataset47,48. We evaluated the clinical significance of tumor immune cells using CIBERSORT 
deconvolution of TCGA data via the outcome module TIMER2.0, which allows for the correction of many 
covariates in a multivariable Cox proportional hazards model49. Furthermore, covariates may include clinical 
characteristics such as age, stage, race, and purity50.

Statistical analysis
Outcomes were expressed as averages of six values ± standard deviation across the research period. A One-
way ANOVA test for intra-group comparison and Two-ways ANOVA test (GraphPad Prism-Version 7.0 for 
Windows) for paired/unpaired values was conducted, and a p-value < 0.05 was considered statistically significant. 
Each experiment was carried out three times independently. The pop-up function shows Kaplan–Meier curves 
for the relevant immune infiltrates and luminal A breast cancers. The penetration level is divided into two 
categories: low and high. The split infiltration percentage of patients is 50% and survival time between equal to 
two hundred months. The Cox model’s hazard ratio and p value, as well as the log-rank p value for the KM curve, 
were calculated50. The p value of pathway and cell cycle enrichment analysis is computed from the fisher exact 
which is a proportion test that assumes a binomial distribution and independence for probability of any gene 
belonging to any test. The adjusted p value is computed using the Benjamini–Hochberg method for correction 
for multiple hypotheses testing 51.

Data availability
All data generated or analyzed during this study are included in this published article.
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