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Background: The present study aims to assess the subchronic toxicity of Graviola leaf powder (Annona 

muricata) and a combination of natural immunostimulants—β-glucan and arabinogalactan—in male 
Swiss albino mice. The study focuses on evaluating the potential adverse effects of these substances over 

an extended period, providing critical insights into their safety profiles for potential therapeutic 

applications. 

Methods: Eighteen mice were divided into three groups: a control group and two experimental groups 

that received Graviola powder or a mixture of immunostimulants for 13 weeks. The reproductive toxicity 

study involved 36 mice, divided into male and female groups. 

Results: The study shows no significant variation in body weight or major changes in blood counts, except 

for increased lymphocytes, red blood cells, and monocytes in the Graviola group. Graviola decreased 

triglycerides and cholesterol, while the immunostimulants affected cholesterol levels. No significant 

changes were observed in transaminases or oxidative stress parameters. Graviola reduced the pregnancy 

rate and litter size; however, the immunostimulants showed no effects. Histological analyses revealed 

healthy tissues in the liver, brain, and uterus. Graviola extract at a dose of 212 mg/kg did not cause major 
toxic effects, except for reduced fertility. Administration of β-glucan and arabinogalactan at 256 mg/kg 

showed no toxicity.  

Conclusion: These findings suggest that while Graviola may have mild reproductive toxicity, the tested 

immunostimulants appear safe and well-tolerated under subchronic conditions. Further studies are 

recommended to confirm long-term safety and clarify mechanisms of action. 
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Introduction

Natural products are a valuable source of medicinal agents 

[1]. Graviola, extensively used in traditional medicine, 

exhibits therapeutic properties, including anti-inflammatory, 

antimicrobial, antioxidant, and cytotoxic effects against 

tumor cells [2]. However, its potential toxicity raises 

significant concerns. Studies have demonstrated that 

Graviola extracts, while effective against cancer cells, may 

also harm healthy cells [1]. 

Toxicological research highlights acute effects, including 

impaired survival and cardiac function in zebrafish embryos 

exposed to Graviola extracts, emphasizing the need for 

precise dosage control (Daddiouaissa et al., 2020) [3]. 

Additionally, chronic consumption of Graviola has been 

linked to neurotoxicity, notably an atypical form of 

Parkinson’s disease unresponsive to standard treatments, 

attributed to acetogenins, a class of neurotoxic compounds 

[4-6]. This duality of therapeutic potential and toxicity 

underscores the importance of evaluating Graviola's 

safety profile before its broader application.  

β-glucans and arabinogalactans are natural 

polysaccharides that have been extensively studied for 

their immunomodulatory properties and beneficial effects 

on health. However, despite their well-documented 

advantages, their potential toxicity remains an important 

area of interest for the scientific community. β-glucans, 

primarily found in the cell walls of cereals, mushrooms, 

and yeast, are known to stimulate immune responses [7]. 

Nevertheless, some studies suggest that they could also 

cause adverse effects under specific conditions, 

particularly by triggering excessive activation of the 

immune system [8]. Similarly, arabinogalactan, a 

polysaccharide extracted from plants, such as larch, is 
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recognized for its prebiotic properties and its ability to 

stimulate immunity [9]. However, its long-term safety and 

toxic potential require further evaluation, especially 

regarding its interactions with immune receptors and its 

impact on intestinal balance. 

Materials and Methods 

We selected Graviola and a mixture of immunostimulants 

based on preliminary screening results, where only these two 

natural substances showed notable anticancer activity. To 

support the development of a safe dietary supplement, we 

conducted a subchronic toxicity study focusing particularly 

on reproductive effects. This was crucial because Graviola, 

unlike the immunostimulants, induced significant 

reproductive impairment in mice. The purpose was not to 

compare the two substances pharmacologically but to 

confirm the specific reproductive toxicity associated with 

Graviola. 

In accordance with standard guidelines for subchronic 

toxicity testing in rodents, which typically use a 90-day (3-

month) exposure period (OECD TG 408; FDA Redbook 

2000; ICCF guidance), our subchronic study in mice was 

conducted over approximately three months. 

Animals and Housing Conditions 

In this study, 36 Swiss albino mice (18 males and 18 

females) aged three weeks were used. These animals were 

supplied by the Pasteur Institute of Algiers, Algeria. Upon 

arrival, the mice had a body weight ranging between 17 g 

and 20 g. They were housed in a controlled animal facility, 

where environmental conditions (temperature, humidity, 

light-dark cycle) and nutritional standards were maintained. 

A two-week acclimatization period was observed prior to the 

start of the experiment. The mice were fed a standard pellet 

diet provided by ONAB (Annaba, Algeria) and given water 

ad libitum. They were maintained under standard housing 

conditions at a temperature of 25±4°C. The body weights of 

the animals were recorded weekly throughout the study. 

The female mice were dedicated to the reproductive 

toxicity experiment. 

Tested Products and Preparation 

Two substances that were evaluated in this study are as 

follows: 

Graviola Leaf Powder (Annona muricata): The fine 

powder of Graviola leaves, originating from Peru and 

produced in Germany, was employed. The product, 

commercially available in capsule form (lot C17030059, 

Zein Pharma), is recommended for human consumption at a 

dosage of two to three 500-mg capsules per day. For animal 

experimentation, the powder was extracted from the 

capsules and prepared in a form suitable for oral 

administration. 

β-Glucan and Arabinogalactan Mixture: β-glucan, 

extracted from Saccharomyces cerevisiae yeast, and 

arabinogalactan, derived from larch tree, were obtained from 

Now Foods (lot no. 21046780740, Illinois, USA). This 

mixture, known for its immunostimulant properties, was 

provided in capsules, with each capsule containing 250 

mg of β-glucan and 200 mg of arabinogalactan. The 

powder was extracted from the capsules and prepared in 

a form suitable for oral administration. 

Experimental Design 

The overall experimental design can be summarized in 

the following diagram:   
 

Male mice: The mice were then randomly divided into three groups 

(n=6 per group). 

[Cage Control 

(C)] 

[Cage Graviola 

(G)] 

[Cage 

Immunostimulants 

(IS)] 

♂♂♂♂♂♂ ♂♂♂♂♂♂ ♂♂♂♂♂♂ 

used for the subchronic toxicity experiment 
 

Female mice: The mice were then randomly divided into three groups 

(n=6 per group). 

[Cage Control 

(C)] 

[Cage Graviola 

(G)] 

[Cage 

Immunostimulants 

(IS)] 

♀♀♀♀♀♀ ♀♀♀♀♀♀ ♀♀♀♀♀♀ 

used for the reproductive toxicity experiment 

Mating occurring four weeks after the start of the 

treatment: 

C × C                   G × G                   IS × IS  

Subchronic toxicity experiment: 

The male mouse groups were divided as follows: 

Group Control (C): The mice received only water via 

gastric gavage throughout the experiment. 

Group Graviola (G): The mice were administered, via 

gastric gavage, a dose 10 times the normal dose used in 

the traditional pharmacopoeia for Graviola leaf powder 

dissolved in water. The reference dose being X=0.53 

mg/mouse, they received 10*X=5.3 mg/mouse, assuming 

an average weight of 25 g per mouse (i.e., 212 mg/kg). 

Group Immunostimulants (IS): The mice received, 

via gastric gavage, a dose 10 times the standard dose used 

in the traditional pharmacopoeia of the immunostimulant 

mixture (Saccharomyces cerevisiae β-glucan and 

arabinogalactan) dissolved in water. With a reference 

dose of X=0.64 mg/mouse, they received 10*X=6.4 

mg/mouse, assuming an average weight of 25 g per mouse 

(i.e., 265 mg/kg). 

After 13 weeks of experimentation on the subchronic 

toxicity of Graviola powder as well as the β-glucan and 

arabinogalactan mixture [10], the mice were euthanized 

by decapitation, followed by blood collection, and then 

the immediate shipment of the samples for biochemical 

testing. 

All sacrificed male mice were dissected to collect the 

liver and brain, while for female mice (Control and G 

groups), the uterus was also removed. The organs were 

divided into two parts: one was preserved in a 10% 

formalin solution for future histological examination, 
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while the other was used for oxidative stress analysis. 

Measurement of Plasma Biochemical Biomarkers 

The assessment of biochemical parameters related to 

subchronic toxicity was performed using an automated 

system (MINDRAY). The analyzed biomarkers include 

glucose, triglycerides, cholesterol, aspartate 

aminotransferase (ASAT), and alanine aminotransferase 

(ALAT). ("Biochemical analyses were performed using kits 

designed for human clinical use. Physiological differences 

between humans and mice may affect measurement 

accuracy, requiring cautious interpretation of the results.") 

Histological Analysis 

Organ samples were promptly fixed in 10% formalin 

solution. They were then dehydrated through a series of 

ethanol baths, followed by a clearing step with toluene, and 

embedded in paraffin at 56–58°C. Thin sections of 5 μm 

were obtained using a microtome (Leica RM2235). Staining 

was performed following the Hematoxylin-Eosin (H&E) 

technique. Finally, the stained sections were examined and 

photographed using an optical microscope (Leica, 

Germany). 

Preparation of Organ Homogenates for Oxidative Stress 

After removal and washing in 0.9% NaCl solution, the 

organs (0.8 g of liver or 0.25 g of brain) were processed at 

4°C by grinding in 4 ml of phosphate-buffered saline (TBS: 

50 mM Tris, 150 mM NaCl, pH 7.4). Once homogenized, 

the resulting cell suspensions were centrifuged at 9000 rpm 

for 15 minutes at 4°C. The supernatants were then 

aliquoted and stored at –20°C for later analysis. 

The measured oxidative stress parameters include 

catalase (CAT), glutathione peroxidase (GPx), reduced 

glutathione (GSH), and malondialdehyde (MDA). 

Reproductive Toxicity 

The female control groups, as well as those treated with 

Graviola and immunostimulants, underwent the same 

subchronic toxicity protocol described above, in parallel 

with the male groups. 

One month after the start of treatment for both sexes, 

mating was initiated between male and female mice of 

each similar group (C × C     G × G      IS × IS). The 

males were separated from the females one week after the 

beginning of mating, while gastric administration of 

Graviola or immunostimulants continued for all treated 

groups until the females gave birth. The newborn mice 

were then counted for each female group. 

Data were analyzed using Microsoft Excel software for 

statistical calculations. 

Results  

Body Weight Variation 

The results indicate no significant difference in body 

weight changes between mice treated with crude Graviola 

extract or immunostimulants and the control group 

(Figure 1).

 

 
Figure 1. Variations in the average weight of mice. 

 

Complete Blood Count (CBC) 

We observed a highly significant increase in the 

percentage of lymphocytes (+25.24%) (Figure 2). Graviola 

appears to have a notable effect on red blood cell and 

monocyte levels (Figure 3). Specifically, we recorded a 

significant increase in monocytes (+40.47%) and red 

blood cells (+53.38%) compared to the control group. In 

the group treated with immunostimulants, significant 

increases in white blood cell levels (+24.88%) and 

lymphocyte levels (+29.66%) were observed compared to 

the control group.
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Figure 2. Variation in the blood cell count formula for white blood cells (WBC), red blood cells (GR), monocytes (MO), and lymphocytes (LY) (*p≤0.05 

vs. control). 

 

Biochemical Parameters 

Blood Glucose, Cholesterol, and Triglycerides 

The data presented in Figure 4 indicate a significant 

decrease in plasma cholesterol levels (-45.06%) in mice 

treated with immunostimulants compared to the control 

group. Additionally, the plasma concentration of blood 

triglycerides showed a highly significant reduction (-

49.04%) in mice that received the Graviola-based 

treatment. However, no significant difference in blood 

glucose levels was observed among the three groups.

 

 
Figure 4. Variations in blood glucose (Gly), cholesterol (chol), and triglyceride (Tri-gly) levels (*p≤0.05 vs. control, **p≤0.01 vs. control). 

 

Transaminases 

For both Graviola and immunostimulants, the results 

show no significant difference in Aspartate 

Aminotransferase (AST) levels between treated mice and 

the control group. However, Alanine Aminotransferase 

(ALT) levels decreased significantly in mice treated with 

immunostimulants compared with the control group 

(Figure 5). 

Histological Analyses 

Graviola 

Histological analysis of the liver, brain, and uterus (Figure 

6) in mice treated with Graviola revealed no structural 

alterations compared to the control group. Hepatic and brain 

cells remained intact, and the overall tissue architecture 

appeared normal. In the uterus, no significant differences 

were observed between the groups, except for natural 

variations in endometrial thickness due to the mice's estrous 

cycles. No lesions or inflammatory immune cell infiltration 

were detected in the different uterine layers.  
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Figure 5. Variations in AST and ALT levels (*p≤0.05 vs. control). 

 

 
Figure 6. Histological sections of the liver, brain, and uterus in the group treated with Graviola leaf powder: A, B, C) control (×10); A’, B’, C’) treated 

(×10); A’’, B’’, C’’) treated (×40). Optical microscope Leica (×10) and (×40). 

 

Immunostimulants 

Given that the reproductive toxicity results in mice treated 

with immunostimulants showed no significant differences in 

litter and offspring numbers compared to the control group, 

the present study focused on the potential toxicity of 

immunostimulants on the liver and brain. 

Histological analysis (Figure 7) revealed no alterations 

or lesions in the hepatic and brain tissues of mice treated 

with immunostimulants compared to the control group.
 

 
Figure 7. Histological sections of the liver and brain in the group treated with immunostimulants: A, B) Control (×10); A’, B’) Treated (×10); A’’, B’’) 

Treated (×40). Optical Microscope Leica (×10) and (×40). 
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Oxidative Stress Parameters 

• Catalase (CAT): Graviola induces a significant decrease 

in hepatic CAT activity (-29.26%) without affecting 

brain activity. Immunostimulants showed no effect on 

this enzyme (Figure 8.A), (Figure 8.B).

 

 

 

 

 
Figure 8. Variations in oxidative stress enzyme activities in mice treated with Graviola (G) or immunostimulants (IS). A) Hepatic catalase activity. B) Brain 

catalase activity. C) Hepatic glutathione peroxidase (GPx) activity. D) Brain glutathione peroxidase (GPx) activity (*p ≤0.05 vs control; **p≤0.01 vs control). 

E) Hepatic MDA concentration. F) Brain MDA concentration. G) Brain GSH concentration (*p≤0.05 vs control). 

 

• Malondialdehyde (MDA): Graviola does not affect MDA 

levels, whereas immunostimulants lead to a significant 

increase in the brain (+56.68%), with no changes in the 

liver (Figure 8.C), (Figure 8.D). 

• Glutathione Peroxidase (GPx): Hepatic GPx activity 

significantly increases under Graviola treatment 

(+53.18%), while immunostimulants cause a significant 

rise in brain GPx activity (+50.34%) (Figure 8.E), 

(Figure 8.F). 

• Reduced Glutathione (GSH): A marked reduction in 
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brain GSH levels (-55.36%) is observed under Graviola 

treatment, suggesting a potential neurotoxic effect. 

Immunostimulants do not influence this parameter (Figure 

8.G). Given that the literature reports low catalase activity 

and high GSH levels in the nervous system, we chose to 

quantify GSH to assess stress, particularly in relation to the 

suspected neurodegenerative effects of the plant.  

Reproductive Toxicity 

Graviola administration reduced the gestation rate in 

mice, with only 33.33% of females becoming pregnant 

compared to 100% in the control group. Additionally, a 

decrease in the average number of offspring was observed 

(6 compared to 7.83 in the control group). The newborns 

were counted, and the results are presented in Table 1.
 

Table 1. Birth outcomes and percentage of pups. 

 Control Group (CG) Group G Group IS % G/CG % IS/CG 
% Reduction Compared to Group control 

G IS 

Pregnant females (Pf) 6 2 6 33.33 100 66.66 0 
Number of pups (Np) 47 12 44 25.53 93.61 74.46 6.39 

Male pups 23 9 21 39.13 91.30 60.86 8.7 

Female pups 24 2 23 8.33 95.83 91.66 4.17 
Np/Pf 7.83 6 7.33     

 

Unlike Graviola, immunostimulants had no impact on 

reproduction. All treated females became pregnant, and the 

number of offspring remained similar to that of the control 

group. 

Discussion 

The study assessed the subchronic toxicity of Graviola leaf 

powder and immunostimulants (β-glucan and 

arabinogalactan) in 18 male Swiss albino mice. Biochemical 

parameters, oxidative stress, and blood count were analyzed 

after weekly weight monitoring and animal sacrifice. No 

significant changes in feeding behavior, systemic disease 

symptoms, or histopathological abnormalities were 

observed, suggesting that the tested substances are not toxic. 

Graviola 

The extract of Annona muricata (Graviola) contains 

alkaloids and flavonoids (anthocyanins and leuco-

anthocyanins), which are known for their biological activities, 

including anti-inflammatory, antioxidant, and hepatoprotective 

effects [11,12]. Graviola is traditionally used in tropical 

regions to treat various ailments. Clinical studies support its 

hypoglycemic, antioxidant, antimicrobial, and hypotensive 

properties, but also highlight potential toxicological effects, 

such as neurotoxicity, severe nausea and vomiting, as well as 

acute and chronic nephrotoxicity [13-16]. 

The detection of alkaloids and flavonoids (anthocyanins 

and leuco-anthocyanins) in the Annona muricata extract 

suggests that they may induce various biological activities, 

since flavonoids, a group of phenolic compounds, are 

involved in several biological effects, such as anti-

inflammatory action, antioxidant capacity, and 

hepatoprotective effects [11,12]. 

Biochemical Parameters and Complete Blood Count (CBC) 

In our study, we observed a 5.1% weight loss in mice 

treated with the crude Graviola extract (subchronic group), 

which aligns with the findings of [17], who reported 

significant weight loss in mice treated for 14 days, despite 

no reduction in caloric intake [18]. Furthermore, an increase 

in adiponectin levels was observed in the group treated with 

50 mg/kg, suggesting anti-diabetic, anti-inflammatory, and 

anti-atherogenic effects [19]. High adiponectin levels are 

associated with reduced risk of type 2 diabetes and 

improved insulin sensitivity [20]. 

Therefore, the observed weight loss may be explained 

by a hypolipidemic effect of the plant, as evidenced by 

reduced cholesterol and triglyceride levels. On the other 

hand, the present work showed a slight, non-significant 

increase in blood glucose levels (+7.08%), consistent with 

the results of [18], who observed a similar increase in a 

chronic toxicity study using Graviola extract in male rats. 

Our results indicated a highly significant reduction in 

blood triglyceride levels (-49.03%) in mice treated with 

Graviola compared to controls. We also noted a slight, 

non-significant decrease in total cholesterol levels (-

24.15%) in treated mice. These findings are consistent 

with those of Adeyemi et al. (2008), who reported a 

significant antihyperlipidemic activity of methanolic 

Graviola extract (100 mg/kg) after two weeks of treatment 

in streptozotocin-induced diabetic Wistar rats. 

According to [21], flavonoids present in Graviola 

extracts play a major role in the hypolipidemic effect, and 

also protect LDL (low-density lipoproteins) from 

oxidative damage, which may help prevent cardiovascular 

diseases, such as hypertension and atherosclerosis. 

Additionally, [22] suggest that the presence of flavonoids, 

tannins, saponins, phytosterols, and phenolic compounds 

contributes to the hypoglycemic and hypolipidemic 

effects observed. 

The present study demonstrated no significant changes 

in transaminase levels (AST and ALT) in mice treated 

with Graviola leaf powder, suggesting no hepatotoxicity 

at the tested dose, consistent with the findings of [23]. In 

contrast, [24] reported hepatic enzyme alterations 

(↑ALT, ↓AST) and dose-dependent signs of toxicity in 

Wistar rats treated with increasing doses of ethanolic 

Graviola leaf extract. 

In this subchronic toxicity study, Graviola leaf extract 

did not cause any significant changes in general blood 

parameters (white blood cells [WBCs], lymphocytes, 

percentage of lymphocytes, and red blood cells). 

However, a significant increase in red blood cells 
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(+53.38%) and monocytes (+40.47%) was observed. These 

findings are consistent with those of [25], who reported a 

non-significant increase in both red and white blood cell 

counts in rats treated with 200 mg/kg of dry Graviola extract 

for eight weeks. In contrast, [26] reported a significant 

increase (P<0.05) in red blood cells after administering 

various extracts from different parts of the Graviola plant. 

This effect was attributed to the presence of alkaloids, 

flavonoids, and phenolic compounds, which may act on the 

bone marrow to stimulate or regulate blood cell production. 

Oxidative Stress Parameters 

In the present study, we observed a significant decrease in 

hepatic catalase activity, but no change in the brain. This 

inhibition may be related to a high concentration of 

superoxide anions. As compensation, hepatic GPx activity 

increased, while it remained stable in the brain. 

The levels of MDA, a marker of lipid peroxidation, did not 

change, suggesting the absence of oxidative damage to 

cellular membranes in the liver or brain, which contrasts 

with the findings of [27]. 

On the other hand, we observed a marked decrease in brain 

reduced glutathione (GSH), indicating a high level of 

oxidative stress. This depletion of GSH is linked to 

neurological disorders such as Parkinson’s disease, 

Alzheimer’s, or stroke. These findings are consistent with 

those of Grover et al., who also reported a decrease in 

cerebral GSH and genotoxicity associated with the 

accumulation of reactive oxygen species (ROS). 

Histological Analysis 

Histological images revealed no tissue abnormalities in 

the liver or brain, which supports our hematological, 

biochemical, and oxidative stress results. These findings 

are consistent with those of [28], who reported no lesions 

in the liver or pancreas of rats treated with A. stenophylla 

extract. However, our brain results contradict some 

epidemiological studies suggesting a link between 

Graviola consumption and Parkinson's disease. This 

discrepancy may be explained by the three-month 

experimental duration. 

In contrast, [24] observed liver lesions at doses of 100 and 

200 mg/kg, while [29] found that Graviola powder protected 

against liver damage induced by paracetamol. The protective 

effects seem to be due to the restoration of redox balance in 

the liver. 

The Acetogenins in Graviola, such as Annonacin, can 

cross the blood-brain barrier, but their concentration in the 

brain is limited [30]. Studies suggest that Annonacin may 

induce an atypical Parkinsonian state due to its neurotoxic 

effects, resulting from its deposition in nerve cells 

[16,31,32]. In our study, an immunohistochemical analysis 

could have detected neurofibrillary tangles, a characteristic 

feature of neurodegenerative diseases. 

Finally, [33] suggested that Graviola leaf extracts could 

modulate DMN toxicity in the liver due to the presence of 

chemical compounds like Acetogenins, tannins, phenols, 

and flavonoids, which enhance endogenous enzyme and 

antioxidant capacities. 

Reproductive Toxicity 

The reproduction-based experiment revealed a 

significant decrease in the litter rate in mice treated with 

Graviola compared to the control group. Additionally, 

there was a reduction in the average number of offspring 

per litter (expressed as the Ns/Fp ratio) in the treated 

group, suggesting a potential impairment of fertility in 

male, female, or both mice. No cases of abortion were 

observed, which aligns with the findings of Damasceno et 

al. [34], who reported no abortifacient or anti-

implantation effects in pregnant rats treated orally with 

high doses of Annona squamosa aqueous seed extract 

during the first five days of gestation.  

Histological sections of the uterus from Graviola-

treated mice showed no architectural abnormalities 

compared with controls, despite the clear reduction in 

fertility. Similarly, Damasceno et al. [34] observed no 

morphological alterations in the uterine endometrium of 

pregnant rats treated with high doses of Annona squamosa 

aqueous seed extract during early gestation. Although this 

study used a different Annona species and extract type, 

the absence of uterine pathology provides a useful 

comparison for discussing reproductive effects in our 

Graviola (Annona muricata) model.  

The scientific literature suggests that Graviola may 

have an effect on: 

• Testicles: Affecting sperm production and quality 

[35,36]. However, [37] contradicted this hypothesis, 

showing that the ethanolic leaf extract of Graviola might 

have a positive impact on sperm quality and hormone 

levels in subjects with testicular dysfunction related to 

arsenic trioxide. 

• Ovaries: Disrupting gamete maturation by affecting 

hormone secretion [38]. 

• Hypothalamus and pituitary: Disrupting the 

regulation of hormones in the hypothalamo-pituitary-

gonadal (HPG) axis, including testosterone, luteinizing 

hormone, and follicle-stimulating hormone. In females, 

this could lead to disturbances in folliculogenesis and 

oogenesis, resulting in ovulation failure and uterine 

cycle issues [39]. 

• Fallopian tubes: Causing obstruction or dysfunction 

[40]. 

All of these hypotheses require further investigation to 

determine the exact mechanisms by which Graviola 

affects fertility. 

Furthermore, it should be noted that the number of mice 

used in our experiment is relatively small to definitively 

confirm the reproductive toxicity of Graviola. We believe 

that more advanced studies involving a larger sample size 

of mice will likely provide a more precise answer to this 

question. 
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Immunostimulants 

The toxicity of immunostimulant polysaccharides, 

particularly β-glucans and arabinogalactan, has been 

extensively studied. β-glucans are known for their low 

toxicity, which supports their potential for therapeutic 

applications [41,42]. Similarly, arabinogalactan is 

considered safe by the FDA and is well-tolerated in both 

humans and animals [43,44].  

The findings indicate that β-glucan contributes to lowering 

lipid levels in the organism. Bae et al. [45] reported that both 

enzymatically produced β-glucan hydrolysates and native β-

glucan led to a marked reduction in serum LDL and VLDL 

cholesterol, along with an improvement in hepatic lipid 

parameters in mice. Notably, the hydrolysates promoted a 

greater fecal elimination of cholesterol and triglycerides than 

the native form, suggesting a superior lipid-lowering 

potential. Earlier, Bae et al. [46] reported that oat β-glucan 

hydrolysates were more effective than native β-glucan in 

increasing fecal cholesterol and triglyceride excretion in rats 

fed a high-cholesterol diet. 

Biochemical parameters and Complete Blood Count (CBC) 

Regarding hematological effects, our study indicated a 

significant increase in white blood cells (WBCs) and 

lymphocytes (Ly), which is consistent with previous studies 

that reported slight but non-significant increases in WBC, 

Ly, and %Ly, as well as non-significant changes in 

monocytes and red blood cells (RBC or GR) [47,48]. 

Clinical studies on arabinogalactan also reported a 

significant rise in lymphocyte levels [49,50]. These findings 

suggest a potential synergistic immunostimulatory effect 

between the two polysaccharides. 

On the metabolic level, a slight, non-significant decrease 

in body weight and blood glucose was observed in the mice 

treated with immunostimulants, consistent with the results of 

[51,52]. However, a study by [53] reported a significant 

reduction in blood glucose following 28 days of oral 

administration of β-(1→6)-D-glucan from Lasiodiplodia 

theobromae in mice. 

These findings confirm the safety and immunomodulatory 

potential of the natural immunostimulants used, while 

highlighting the need for further studies to better understand 

their full effects. 

The consumption of dietary fiber, particularly β-glucans 

derived from cereals, is well known for its cholesterol-

lowering effect [54]. In our study, the administration of an 

immunostimulant blend led to a significant reduction in 

blood cholesterol levels, with no change in triglyceride 

levels. These findings are consistent with those of [55,56], 

who reported similar effects using yeast and barley-derived 

β-glucans. On the other hand, [49] showed that 

arabinogalactan had no impact on lipid parameters, 

suggesting that the observed hypocholesterolemic effect in 

the present study is mainly attributable to β-glucan. Viscous 

β-glucans modulate host cholesterol by affecting bile acid 

metabolism—they bind to bile acids and prevent their 

reabsorption in the ileum, increasing their fecal excretion. 

This, in turn, stimulates the synthesis of new bile acids 

from cholesterol, thereby lowering systemic LDL 

cholesterol levels [57]. 

Regarding transaminases, no significant change was 

observed in hepatic AST (TGO) levels, while a significant 

decrease in ALT (TGP) levels was recorded. These 

findings are partially consistent with [58], who found no 

significant changes in AST or ALT across various doses 

of yeast β-glucans. Other studies on β-glucans from 

different sources support this observation, also reporting 

no significant changes in these liver enzymes [48,56,59]. 

Given the limited number of studies addressing 

arabinogalactan toxicity and its well-established safety 

profile, it is plausible that the observed decrease in ALT 

levels is mainly due to β-glucan, suggesting a potential 

hepatoprotective effect of the immunostimulant mixture. 

Oxidative Stress Parameters 

β-glucan has been proposed as a regulator of 

antioxidant enzyme activity (e.g., SOD) and an inhibitor 

of lipid peroxidation in various animal studies involving 

rats and rabbits [60,61]. Additionally, arabinogalactan 

exhibits strong antioxidant activity and is emerging as a 

safe plant-based source of natural antioxidants with 

promising biomedical applications [62]. 

In our study, no significant changes were observed in 

hepatic catalase or GPx activity, nor in MDA levels, 

aligning with [63], who reported no changes in 

antioxidant enzyme activity in rabbits fed a diet 

containing Pleurotus ostreatus mushrooms. However, in 

the brain, we observed a highly significant increase in 

GPx activity and a significant rise in MDA levels, while 

catalase activity and GSH levels remained unchanged. 

Similar results were reported by [64], who found 

increased CAT activity in erythrocytes and enhanced 

SOD activity in the liver after β-glucan administration. 

Likewise, Zhang et al. [62] demonstrated that 

arabinogalactan significantly reduced MDA levels and 

increased SOD activity in H₂O₂-challenged IEC-6 cells in 

vitro, indicating antioxidant effects of the polysaccharide. 

These findings suggest that the immunostimulant 

mixture is not systemically toxic, as the liver—its primary 

detoxifying organ—showed no adverse effects. However, 

the brain response appears more complex: while elevated 

GPx activity may reflect a protective response to 

neutralize free radicals, the concurrent rise in MDA levels 

suggests that oxidative stress may exceed antioxidant 

defenses, supporting the hypothesis of a potential pro-

oxidant effect in the brain. 

Additionally, [65] observed that β-glucan-induced 

immune stimulation increased antioxidant SOD activity 

in shrimp (Litopenaeus vannamei). 

Histological Analysis 

Our histological examination revealed no tissue damage 
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or abnormalities in the livers or brains of mice treated with 

the immunostimulant mixture compared with the control 

group. These results are consistent with [47], who, in a study 

on barley-derived β-glucan, reported no treatment-related 

lesions in examined organs. Several other studies also 

highlight the protective effect of β-glucans. For instance, 

[66] described significant hepatic damage caused by 

cisplatin, such as sinusoidal congestion, hydropic 

degeneration, hepatocyte disorganization, and mononuclear 

cell infiltration. However, when β-glucan was co-

administered with cisplatin, these histological alterations 

were substantially alleviated. 

Reproductive Toxicity 

Our findings indicated no differences between the control 

and treated groups concerning reproductive toxicity, 

supporting the safety of the immunostimulant mixture—

even at doses ten times higher than standard—regarding 

fertility or general toxic effects. 

Conclusions 

This study assessed the subchronic effects of Graviola leaf 

powder and a mixture of natural immunostimulants (β-

glucan and arabinogalactan) in mice. Both treatments 

showed no signs of general toxicity, with normal histological 

architecture in major organs and no significant changes in 

key biochemical parameters. 

Graviola exhibited hypolipidemic and hematological 

effects, but also showed potential neurotoxicity (GSH 

depletion in the brain) and reproductive toxicity, marked by 

reduced fertility. These effects suggest the need for caution 

and further investigation into its safety profile. 

In contrast, the immunostimulants demonstrated favorable 

immunomodulatory and metabolic effects without adverse 

impacts on the liver, brain, or reproductive system, 

supporting their good safety and therapeutic potential. 

Further studies are recommended to clarify long-term 

effects and underlying mechanisms, especially regarding 

Graviola’s possible neuro- and reproductive toxicity. 

Note: This study was derived from the PhD thesis of 

Mohammed Abdellaoui, completed at Université Badji 

Mokhtar, Annaba, Algeria. 
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