


Ethyl Acetate Extract of Embelia ribes Seed (Myrsinaceae) and Vitamin E (alpha-tocopherol) Protect Against Hematological Disorder and Redox Imbalance Associated with Tamoxifen Administration


ABSTRACT
Tamoxifen is a widely used hormonal therapy for the treatment and prevention of hormone receptor-positive breast cancer. Its prolonged administration may be associated with adverse effects. Natural products of plants have gained considerable attention in recent years as potential drug sources. This study evaluated the protective roles of ethyl acetate extract of Embelia ribes seed, and Vitamin E against hematological disorder and redox imbalance associated with Tamoxifen administration in female Wistar rats. Fifty-six (56)  rats averagely weighing 120g used for this study were acclimatized and randomly selected into eight groups, A-H: Group A (control), Group B (2.5mg/kg Tamoxifen only), Group C (100mg/kg Extract and 2.5mg/kg Tamoxifen), Group D (100mg/kg Vitamin E and 2.5mg/kg Tamoxifen), Group E (100mg/kg Extract, 100mg/kg Vitamin E and 2.5mg/kg Tamoxifen), Group F (100mg/kg Extract only), Group G (100mg/kg Vitamin E only), Group H (100mg/kg Extract and 100mg/kg Vitamin E) all carried out orally in 0.1ml solution daily for 60 days. Hematological and tissue Redox indices were determined using standard methods. Results showed that Tamoxifen significantly (p < 0.05) decreased serum and breast Total protein level, Red blood cell count, Hemoglobin concentration and Packed cell volume, while significantly increasing White blood cell, Lymphocyte and Platelet counts. In contrast treatments in Groups C, D and E showed improved metabolic alterations as these were reversed comparably with control. Antioxidants indices results in group B showed significant (p < 0.05) decreased in breast tissue Super oxide dismutase, Catalase, Glutathione peroxidase and Reduced glutathione, with a corresponding increase in Malondialdehyde concentration, which were reversed by group C, D and E, although the magnitude of response varied across the measured parameters and treatment combinations. Result obtained are suggestive of adverse effects of Tamoxifen via induction of oxidative stress, inflammation and hematological disorders while extract or combined treatment with vitamin E exhibited antioxidant and hematological protective potential against some of the biochemical alterations associated with Tamoxifen administration. Further studies are required to characterize the active constituents and investigate the underlying mechanisms of action.	Comment by DELL: Add conclusions
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I. INTRODUCTION
Breast cancer remains one of the leading causes of cancer-related morbidity and mortality among women worldwide (Zhang et al., 2024). The increasing prevalence of the disease has continued to be a major public health concern, particularly in developing countries where access to early diagnosis and effective treatment remains limited (Francis et al., 2024). One of the therapeutic drugs commonly used in the treatment and management of hormone-responsive breast cancer is Tamoxifen, a selective estrogen receptor modulator widely recognized for its anti-estrogenic activity in breast tissues (Lloyd et al., 2022). Tamoxifen inhibits estrogen-dependent proliferation of malignant cells and this has led to its usage for prevention and treatment of breast cancer with high rate of patient’s survival (Javankiani et al., 2025). Despite its clinical importance, the prolonged use as preventive and therapeutic agent for breast cancer have been linked with several adverse effects including hepatotoxicity, nephrotoxicity, hematological abnormalities, and oxidative stress (Radeva, and Yoncheva, 2025). Studies have shown that Tamoxifen metabolism may generate reactive oxygen species known as ROS capable of disrupting cellular redox homeostasis, leading to cellular oxidative damage of lipids, proteins, nucleic acids and subsequent effect on membrane integrity and altered normal cellular functions (Sadiq, 2023).
Tamoxifen-induced hematological disorder has been linked to oxidative injury and suppression of hematopoietic tissues (Rossi et al., 2023), which represent another major clinical challenge during cancer treatment (Costanzo et al., 2024). Alterations in red blood cell indices, hemoglobin concentration, lymphocyte counts, and platelet parameters may compromise immune function, oxygen transport and redox balance thereby affecting the overall physiological condition of the affected individuals (Shah et al., 2024). In recent years, medicinal plants have gained considerable attention due to their rich phytochemical composition and therapeutic potentials (Nwozo et al., 2023). Natural products possessing antioxidant activities have been widely investigated for their ability to reduce oxidative damage associated with several pathological conditions such as Malaria, Diabetes, Ulcer and Cancer (Adedosu et al 2017; Adedosu et al.,2018; Muscolo et al., 2024). 
Embelia ribes, commonly called black pepper (Family:Myrsinaceae) is a medicinal plant commonly used in traditional medicine in Ayurvedic and Unani medicine for antioxidant ,antimicrobial, anti-inflammatory , antihelmintic ,antidiabetic and anti-cancer effects  (Rout et al., 2021) These biological activities have largely been attributed to the presence of bioactive compound such as flavonoids, phenolic, tannins, alkaloids, and embelin (Naik and Gamare, 2025). Vitamin E is a lipid-soluble antioxidant vitamin which plays important role in protecting cellular membranes against oxidative damage and commonly used as adjuvant in cancer treatment. It neutralizes free radicals and inhibit lipid peroxidation (Kilicarslan et al., 2024). However, due to its potent antioxidant activity, Vitamin E has been extensively studied as a protective agent against oxidative stress-induced tissue injury and related diseases (Jomova et al., 2024). Hence, with limited scientific data on the medical claims of Embelia ribes seed traditionally used for the treatment and management of breast cancer and several other ailments, this study evaluated the roles of ethyl acetate extract of Embelia ribes seed and vitamin E a known antioxidant adjuvant in cancer treatment following Tamoxifen administration in female Wistar rats.



II. MATERIALS AND METHODS
Materials
Materials used in this study includes; electronic, weighing balance, measuring cylinders, syringes and needles, beakers, test tubes, conical flasks, plasma bottles, water bath, pH meter, spatula, centrifuge, thermometer, disposable gloves, tissue papers, micropipette, washing brushes, detergents, separating funnels, refrigerator, spectrophotometer, dissecting sets, mortar and pestle, stopwatch and test tube racks.
Reagents
Some of the reagents used for this study includes: Trisbuffer, Phosphate buffer, Carbonate buffer, Sodium azide, Hydrogen peroxide, Potassium chloride, sodium hydroxide, adrenaline, Trichloroacetic acid (TCA), Trishydrochloric acid, Ellman’s reagent (5,5-thiobis-2-nitrobenzoic acid, DTNB), thiobarbituric acid (TBA), Tris(hydroxylmethyl)aminomethane, Triton X-100 distilled water, chloroform, ethyl-acetate, washing buffer and homogenizing buffer. Tamoxifen, a product of Khandelwal laboratories pvt. ltd. India, obtained from Bowen University Teaching Hospital Pharmacy Ogbomoso, Oyo state, Nigeria. Tocopherol, a product of Nigerian Airforce manufacturing Unit Ltd, Airforce Base Ikeja, Lagos, obtained from Savidep Medical and Scientific Laboratory, Osogbo, Osun state. All the reagents used were of good and high analytical grade mostly obtained from Sigma USA.
Plant Material and Preparation of ethyl acetate Extract 
Embelia ribes seed was obtained at Oja-igbo local market Ogbomoso, Oyo State and identified at the Botany Unit of the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso with herbarium voucher number LHO 969 deposited. The seed was air dried, powdered and weighed. The powdered seeds (310g) were soaked in 3000ml ethyl acetate solution for 72 hours and filtered. The filtrate of the extract was concentrated to dryness between 30-350 C to obtain dried ethyl acetate extract residue inside a 1000ml measuring beaker (Rafiu et al. 2019).

Experimental Animals and Groupings
Female Wistar rats used for this study were obtained from the Animal house of Ladoke Akintola University of Technology, Ogbomoso, Oyo State. The animals were handled and treated based on our institutions guidelines on ethics and conducts for handling experimental animals which conformed with international standards. They were acclimatized in the laboratory for two weeks before any experimental work was undertaken. Animal were fed with dietary pellets and water ad-libitum and their weights were monitored during this period. The animals were randomly selected into eight groups; A-H, with seven animals in each group and treated as shown below. 	Comment by DELL: Age for rats
Group A: Control (treated with normal saline)
Group B: Tamoxifen only (2.5 mg/kg body weight) made into 0.1 mL of normal saline and administered orally, daily by intubation for 60 days.
Group C: Extract (100 mg/kg body weight) made into 0.1 mL of corn oil and treated with Tamoxifen (2.5 mg/kg body weight) made into 0.1mL of normal saline orally, daily by intubation for 60days.
Group D: Vitamin E (100 mg/kg body weight) made into 0.1mL 0f corn oil with Tamoxifen (2.5 mg/kg body weight) made into 0.1mL of normal saline all administered orally, daily by intubation for 60 days.
Group E: Extract (100 mg/kg body weight), Vitamin E (100 mg/kg body weight) and Tamoxifen (2.5 mg/kg body weight) were treated orally, daily by intubation for 60 days.
Group F: Extract only (100 mg/kg body weight) administered orally, daily by intubation for 60 days.
Group G: Vitamin E only (100 mg/kg body weight) administered orally, daily by intubation for 60 days.
Group H: Extract (100 mg/kg body weight) and Vitamin E (100 mg/kg body weight) were administered orally, daily by intubation for 60 days. All the procedures involving the use of laboratory animals were in accordance to the Institute Animal Ethics Committee regulation approved by the committee for the purpose of control and supervision of Experiments on Animals (CPCSEA) as made available in our laboratory.
Animal sacrifice, blood collection and preparation of breast homogenates
The animals were fasted for 24 hours and sacrificed under light lights anesthesia using chloroform. Blood was obtained through cardiac puncture from the jugular vein using a 5 ml syringe and needle. The obtained blood was transferred into an EDTA sample bottle for analysis of hematological indices while blood serum was obtained from centrifuged blood in plain bottles spined at 4000rpm for 10 minutes.
The animals were carefully opened using dissecting set and tissue homogenates (breast) was prepared as they were excised and placed in a pre-weighed beaker containing 5ml of washing buffer. The washed tissues were weighed while 1g of the tissues was transferred to a beaker containing 4 ml of homogenizing buffer and homogenized to prepare the breast homogenates.
Biochemical Parameters evaluated
Serum and tissue total protein were determined by Biuret method as described by (Dominiczak, 1998). Hematological indices were determined using standard hemocytometry and automated method as described by (Dacie and Lewis, 2011).
 Malondialdehyde (MDA) concentrations   was estimated spectrophotometrically by thiobarbituric acid- reacting substances (TBARS) as described by (Ohkawa et al., 1979), Reduced glutathione (GSH) concentration was evaluated using the method described by (Andersen, et al., 1997), Glutathione Peroxidase activity was  determined by the method of (Anderson, 1985), while Superoxide Dismutase (SOD) and Catalase (CAT) activities were determined by the methods of (Misra and Fridovich, 1975) and   Aebi , (1984 ), respectively.
Statistical Analysis
The results were reported as means ± SD with data obtained analyzed using analysis of Variance (ANOVA). Value of p<0.05 was considered statistically significant.

III. RESULTS & DISCUSSION

Figure 1: Serum total protein concentration (g/dl) of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 2: Total protein concentration (g/dl) in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference	Comment by DELL: Discussion after results



Figure 3: White blood cell (WBC) count of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 4: Platelet count of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference




Figure 5: Lymphocyte (%) count of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 6: Red blood cell (RBC) count of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference



Figure 7: Hemoglobin count of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 8: Packed cell volume (PCV) of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference



Figure 9: Superoxide dismutase (SOD) activity in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 10:  Catalase (CAT) activity in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference


Figure 11:  Glutathione peroxidase (GPX) activity in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

Figure 12: Reduced glutathione (GSH) level in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference


Figure 13: Malondialdehyde (MDA) concentration in breast homogenate of various treatment groups. Values are expressed as mean ± SD (n=7); significant differences (p <0.05). Bar with same superscript indicate no significant difference while Bar with different superscript indicate significant difference

[bookmark: _Hlk238807104]Complications associated with anticancer therapy have been linked to oxidative stress, redox imbalance and alterations in normal physiological functions (Adedosu et al., 2018). Tamoxifen is an important drug used in the prevention and treatment of hormone receptor-positive breast cancer, although prolonged use may be associated with adverse effects (Gaies et al., 2012; Manavi et al., 2024). Therefore, the identification of interventions that may attenuate treatment-associated biochemical and hematological alterations remains important (Zhang et al., 2023). In the present study, the effects of Embelia ribes seed extract and Vitamin E on Tamoxifen-associated alterations in total protein, hematological indices and breast tissue antioxidant status were evaluated. 
[bookmark: _Hlk237716292]Protein determination provides useful information on metabolic and cellular status because proteins are involved in numerous physiological processes, including transport, enzymatic activity and maintenance of cellular structure. In the present study, Tamoxifen administration significantly (p<0.05) reduced total protein concentration in both serum and breast homogenate (figure 1 and 2) compared with the control group. The reduction may reflect disturbances in protein metabolism, increased protein degradation or cellular alterations associated with oxidative stress (Sharma and Kim, 2021; Liu et al., 2024). Interestingly, administration of Embelia ribes seed extract and Vitamin E attenuated the reduction in total protein observed in the Tamoxifen-treated animals. In serum, Extract and Tamoxifen increased total protein to 5.58 g/dL, while Vitamin E and Tamoxifen and the combined treatment produced values of 5.00 and 5.02 g/dL, respectively, compared with 3.69 g/dL in the Tamoxifen-only group. A similar pattern was observed in breast homogenate, where Extract and Tamoxifen, Vitamin E and Tamoxifen and the combined treatment (Extract, Vitamin E and Tamoxifen) increased total protein relative to Tamoxifen alone. These findings suggest that the treatments may have reduced the biochemical disturbances associated with Tamoxifen administration (Abdelqader et al., 2023; Fang et al., 2023). The improvement observed with Vitamin E may be related to its established antioxidant role and ability to reduced lipid peroxidation and oxidative damage to cellular components (Ralla et al., 2024; Khalid et al., 2024). The effects observed with Embelia ribes seed extract may also be associated with its previously reported antioxidant properties (Rudrapal et al., 2024; Mubeen et al., 2025). However, the specific compounds responsible for the effects were not characterized in the present study. Although the combination treatment produced the most pronounced improvement in serum total protein, all treatment groups showed better protein status than the Tamoxifen-only treated group, suggestive of varying degrees of protection against Tamoxifen-induced biochemical disturbances (Fang et al., 2023). These findings suggesting that the extract and Vitamin E may attenuate some of the biochemical disturbances associated with Tamoxifen administration (Khallouki et al., 2023; Ahmed et al., 2026).
[bookmark: _Hlk237708725][bookmark: _Hlk237708437]Hematological parameters are useful indicators of physiological changes and may provide evidence of drug-associated alterations in blood homeostasis. In the present study, figure 3, 4 and 5 it was observed Tamoxifen administration significantly (p<0.05) increased white blood cell (WBC), lymphocyte and platelet counts, while red blood cell (RBC) count, hemoglobin concentration and packed cell volume (PCV) figure 6, 7 and 8 were significantly (p<0.05) reduced compared with the control group. These findings indicate that prolonged Tamoxifen administration was associated with hematological alterations, including changes consistent with anemic status (Mahdiani et al., 2022). The elevations in WBC and lymphocyte counts following Tamoxifen administration may reflect a physiological response to drug-associated cellular stress or inflammatory processes (Fang, 2023; Sikora et al., 2023). Persistent changes in leukocyte populations have been associated with cellular injury and inflammatory stress (Gaman et al., 2019). Treatment with Embelia ribes seed extract and Vitamin E attenuated the increases in WBC and lymphocyte counts observed in the Tamoxifen-only group, suggesting improvement in the hematological response associated with Tamoxifen administration (Barboza et al., 2018). Tamoxifen administration also elicited a significant increase in platelet count, indicating an alteration in normal hematological balance. Increased platelet counts may occur in association with inflammatory and oxidative conditions (Chaudhary et al., 2022). Treatment with the extract and Vitamin E reduced the elevated platelet count relative to the Tamoxifen-only group, although the reduction was not complete in all treatment groups. This suggests that the treatments attenuated, but did not uniformly normalize, the platelet alteration associated with Tamoxifen administration (Pather, 2020; Giurranna et al., 2024).


The reduction in RBC count, hemoglobin concentration and PCV observed in the Tamoxifen-treated group suggests the development of mild anemia. Such alterations may result from oxidative damage to erythrocytes, impaired erythropoiesis or reduced red-cell survival (Obeagu et al., 2024). Red blood cells are particularly susceptible to oxidative damage because of their continuous exposure to oxygen and the high polyunsaturated fatty acid content of their membranes (Engwa et al., 2022). Treatment with Embelia ribes seed extract and Vitamin E improved RBC count, hemoglobin concentration and PCV compared with the Tamoxifen-only group, indicating attenuation of the hematological alterations associated with Tamoxifen administration (Orrico et al., 2023; Vona et al., 2021). Vitamin E may contribute to this effect by protecting membrane lipids against peroxidation (Altamura et al., 2019). 
Oxidative stress results from an imbalance between reactive oxygen species generation and antioxidant defense and is an important mechanism underlying drug-associated cellular injury (Alfhili et al., 2023; Afzal et al., 2023). In the present study, the evaluation of redox indices as indication of oxidative stress and lipid peroxidation are reported in our results obtained in figure 9. 10, 11, 12 and 13 which showed that animal treated with Tamoxifen only (group B) caused significant (p<0.05) decreases in the activities of Superoxide Dismutase (SOD), Catalase (CAT), Glutathione Peroxidase (GPx) and concentrations of Reduced Glutathione (GSH) in breast homogenates. While, malondialdehyde (MDA) concentration was significantly (p<0.05) increase. This pattern indicates impaired antioxidant defense accompanied by increased lipid peroxidation and is consistent with disruption of breast tissue redox balance following Tamoxifen administration (Guneidy et al., 2024; Sadiq, 2023). Such alterations suggest that excessive production of free radicals overwhelmed the antioxidant system, resulting in oxidative damage to cellular macromolecules (Sadiq, 2023).
Super oxide dismutase (SOD) constitutes an important component of enzymatic antioxidant defense by converting superoxide radicals to hydrogen peroxide, which is subsequently removed by enzymes such as Catalase and Glutathione peroxidase (Jomova et al., 2024). The reduction in SOD activity following Tamoxifen administration suggests reduced capacity to neutralize superoxide radicals (Al-Hameed and Al-Ani, 2023). Treatment with Embelia ribes seed extract and Vitamin E increased SOD activity relative to the Tamoxifen-only group, indicating attenuation of the antioxidant imbalance (Abu-Zahra et al., 2025). The extract-only group showed the highest SOD activity among the treatment groups; therefore, the response should not be described as evidence that the combined treatment produced the greatest SOD improvement.
Catalase function together with Super oxide dismutase to remove hydrogen peroxide and protect cells from oxidative injury (Anwar et al., 2024). Tamoxifen administration reduced CAT activity, suggesting impairment of enzymatic antioxidant defense (Nazmeen et al., 2020). Treatment with Embelia ribes ssed extract and Vitamin E increased CAT activity compared with the Tamoxifen-only group, indicating improved antioxidant capacity (Andrés et al., 2022; Dubey and Sharm, 2025). The highest CAT activity was observed in the extract-only group, followed by the extract and Vitamin E group, indicating that the antioxidant response varied according to treatment combination. Vitamin E may have contributed through its membrane-protective antioxidant activity (Polutchko et al., 2021).
Glutathione peroxidase (GPx) and Reduced glutathione (GSH) form an important intracellular antioxidant system involved in the removal of peroxides and maintenance of cellular redox balance (Vašková et al., 2023). The reductions in GPx activity and GSH concentration observed in the Tamoxifen-treated group indicate depletion of antioxidant capacity during oxidative stress (Rui et al., 2021; Chen et al., 2024). However, administration of Embelia ribes seed extract and Vitamin E increased GPx and GSH relative to the Tamoxifen-only group, with several treatment groups approaching or exceeding the control values. This suggests that the treatments attenuated the depletion of endogenous antioxidant defenses associated with Tamoxifen exposure (Liu et al., 2024; Chandimali et al., 2024).
Malondialdehyde (MDA) is a commonly used indicator of lipid peroxidation and oxidative damage to cellular membranes (Al-Hameed and Al-Ani, 2023). In this study, Tamoxifen produced a marked increase in MDA concentration, from 1.78 in the control group to 10.62 in the Tamoxifen-only group, indicating enhanced lipid peroxidation (Guneidy et al., 2023; Voronina et al., 2024). Co-administration of Embelia ribes seed extract or Vitamin E with Tamoxifen substantially reduced MDA relative to the Tamoxifen-only group, with values of 2.93, 1.58 and 1.87 in the extract and Tamoxifen, Vitamin E and Tamoxifen and combination treatment groups (Extract, Vitamin E and Tamoxifen), respectively. The extract-only group also showed a low MDA value of 1.50. These findings indicate attenuation of Tamoxifen-associated lipid peroxidation, although the response varied among treatment combinations (Dell’Acqua et al., 2023; Uti et al., 2025). The antioxidant response observed with Embelia ribes seed is consistent with previous reported antioxidant properties of the plant (Tumilaar et al., 2024; Parcheta et al., 2021). However, the specific phytochemical constituents responsible for the observed effects were not characterized in the present study.  Similarly, Vitamin E is a lipid-soluble antioxidant that protects polyunsaturated fatty acids in biological membranes from peroxidative damage (Recknagel et al., 2020). Its ability to limit lipid peroxidation may therefore contribute to the improved antioxidant status observed in several Vitamin E-treated groups. The combined treatment produced an enhanced response for some parameters compared with individual treatments, although the magnitude of the effect varied across the biochemical and hematological indices (Chaib et al., 2026).
 Overall, the improvement in antioxidant enzyme activities and reduction in MDA observed in several treated groups indicate that Embelia ribes seed extract and Vitamin E attenuated the redox disturbances associated with Tamoxifen administration. Together with the improvement in hematological and total protein parameters, these findings support the potential of Embelia ribes seed extract as a candidate for further investigation in the context of Tamoxifen-associated biochemical alterations. However, the present biochemical findings do not by themselves establish histological protection or identify the specific compounds responsible for the observed effects.

IV. CONCLUSION	
The findings of this study indicate that prolonged Tamoxifen administration was associated with alterations in serum and breast total protein, hematological parameters and antioxidant defense in breast tissue, as evidenced by changes in SOD, CAT, GPx, GSH and MDA. Administration of the ethyl acetate extract of Embelia ribes seed and Vitamin E ameliorated several of these alterations, although the magnitude of the response varied across the measured parameters and treatment combinations. The findings suggest that the ethyl acetate extract of Embelia ribes seed may have antioxidant and hematological protective potential against some of the biochemical and hematological alterations associated with Tamoxifen administration. These findings provide a basis for further investigation of Embelia ribes seed as a potential complementary candidate during Tamoxifen administration.
V. LIMITATION 
This study was limited to selected biochemical and hematological investigations, with seven animals analyzed per group. Detailed phytochemical characterization of the Embelia ribes seed extract and histopathological evaluation of the breast, liver and kidney tissues were not included in the present study. Therefore, further studies involving detailed phytochemical characterization, histopathological assessment and molecular investigations are recommended to identify the specific constituents and mechanisms underlying the observed effects and to provide further evidence of tissue-level changes.
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