


Acute and Sub-acute Oral Toxicity Study of Allium sativum Powder in Sprague Dawley Rats
Abstract
This study evaluated the acute and sub-acute oral toxicity of Allium sativum powder in male Sprague Dawley rats. Thirty-five rats weighing 180–220 g were used. In the acute toxicity study, rats were assigned to three groups of five animals each and received sterile water or a single oral dose of garlic powder preparation. In the sub-acute study, rats were assigned to four groups of five animals each and received sterile water or garlic powder preparation at 2000, 3000 and 5000 mg/kg body weight daily for four weeks. Body weight, selected organ weights and serum biochemical markers of liver and kidney function were assessed. Acute administration did not produce significant changes in body weight, organ weight, liver-function markers or kidney-function markers compared with the control group. In the sub-acute study, the 2000 mg/kg group showed a significant increase in body weight during weeks 2 and 3, a significant decrease in liver weight, and significant increases in aspartate aminotransferase and direct bilirubin. These changes were not dose-dependent and were not accompanied by significant increases in alanine aminotransferase, creatinine, urea or uric acid. The findings suggest that the tested garlic powder preparation did not produce a consistent pattern of acute or sub-acute systemic toxicity under the conditions of this study. Further evaluation including histopathology, hematology, food-intake monitoring and both sexes is recommended.
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Introduction
Medicinal plants include substance in their organs that can be utilized for medicinal or precursor purposes for the production of valuable medications (Bagul et al., 2025). Plants have been used for medical purposes since ancient times, and scientific studies have validated these claims. Before the development of conventional medicine, tea produced from willow tree bark was used to treat a number of illnesses (Fowotade et al., 2017). Additionally, it has been demonstrated that plants that naturally produce and store certain secondary compounds, such as alkaloids, glycosides, tannins, volatile oils, minerals, and vitamins, have therapeutic qualities (Bocso & Butnariu, 2022). Allium sativum Linn. (A. sativum), a perennial blooming plant that can reach a height of 30 to 60 cm, belongs to the Alliaceae family. When raw or cooked, it boasts a wide range of flavors and textures and a distinctively strong scent (Singh et al., 2023).
Recent reviews emphasize that the biological activity of garlic depends strongly on its organosulfur chemistry, particularly alliin-derived allicin and related compounds such as diallyl disulfide, diallyl trisulfide, S-allylcysteine, and ajoene; these constituents are affected by processing, storage, and extraction method (Lawson & Wang, 2005; Trio et al., 2014; El-Saadony et al., 2024). Because the composition of garlic products can vary, toxicity testing should be interpreted in relation to the specific preparation and route of administration used in the experiment.
It is widely used for its biological benefits, including lowering risk factors for cardiovascular disease, cancer prevention, immune function stimulation, detoxification of foreign components, antioxidant effects, cholesterol lowering, hypoglycemic effects, and neuro-protection against Alzheimer's disease (Siddique et al., 2015). Its distinctive profile of sulfur-containing chemicals, including allicin, diallyl disulfide, S-allyl cysteine, and ajoene, which have considerable antioxidant, anti-inflammatory, antibacterial, and lipid-lowering actions, is largely responsible for these health-promoting qualities (Ahmed et al., 2025). Allicin is an organosulfur substance with broad-spectrum antibacterial properties; excessive use can disrupt normal body flora and increase infection risk. Because it inhibits cholinesterase and causes excessive parasympathetic activation, its toxicity is similar to that of organophosphates. Cholinergic symptoms such as diarrhea, bronchoconstriction, bradycardia, and neurological disorders are brought on by this, and in extreme situations, they may result in syncope or coma. Atropine treatment can counteract these harmful consequences (Alare & Alare, 2020). However, concerns about the long-term safety and toxicity of garlic supplements have surfaced as they become more and more popular and are taken at concentrations greater than usual dietary levels. Although garlic is often thought of as a harmless and health-promoting substance, some research indicates that consuming too much of it may have negative consequences, such as hepatotoxicity, oxidative stress, gastrointestinal problems, and hemolytic anemia (Lawson & Wang, 2005; Giannini et al., 2005).
Animal investigations have reported both protective and potentially adverse outcomes after garlic exposure, indicating that dose, duration, extract type, and route of administration are important determinants of the observed response (Fowotade et al., 2017; Aprioku & Amah-Tariah, 2017; Dorrigiv et al., 2020). Therefore, the present study is positioned as a safety assessment of a defined garlic powder preparation rather than as evidence for universal safety of all garlic-derived products.
The current study is to explore the acute and subacute oral toxicity of garlic powder in Sprague Dawley rats. Changes in body and organ weights and important biochemical indicators of liver and kidney function (such as ALT, AST, creatinine, urea, uric acid, total protein, and bilirubin) are all assessed in this thorough evaluation. By examining these factors, this study aims to clarify any possible harmful consequences linked to different garlic administration times and dosages.
Materials and Methods
Processing of garlic into powder
The garlic was purchased from a nearby market. Cloves of garlic were peeled, diced, dried at 55 degrees Celsius in an oven, and then ground into a powder. The garlic powder was kept at 4°C in the refrigerator (Senani et al., 2024).
The design of experiments
In the experimental, thirty five male Sprague Dawley rats with weight between 180 and 220 g for the male rats are used, When the rats arrived, they were put in polypropylene plastic cages with two rats per cage, wood chips for bedding, commercial chew, and tap water for drinking. In the second week of the acute toxicity research, the rats were split into three groups at random, each consisting of five rats, and each group received a single oral gavage dose. Group A obtained sterile water and served as control. Groups B obtained doses of garlic extract at 2000 mg/kg and C obtained doses of garlic extract at 5000 mg/kg. In sub-acute toxicity study The rats were split into four groups of five at random, and for four weeks, oral gavage was given to each group every day. Group A obtained sterile water and served as control. Groups B, C and D obtained doses of garlic extract at 2000 mg/kg, 3000 mg/kg and 5000 mg/kg body weight, respectively. The rats were anesthetised using xylazine and ketamine mixture, the organ brain, lungs, heart, liver, kidneys, spleen, thymus, ADGL, Following necropsy, the testes were blotted dry and weighed right away.
Parameters measured
Biochemistry of blood
Each rat's heart was used to extract blood, which was then collected into serum vacuum-sealed blood collection containers. The blood samples were centrifuged for five minutes at 5000 rpm using a Hettich Zent EBA20, Germany. Collections of serum were gathered, placed in microcentrifuge tubes, and kept at -20°C. Alanine transaminase (ALT), aspartate transaminase (AST), direct bilirubin, albumin, total protein, creatinine, uric acid, and urea were all measured in the serum samples using an automatic biochemistry analyzer.
Statistical analysis
The data were analyzed by comparing results between groups using the ONE WAY ANOVA test, the Kruskal Wallis non-parametric ANOVA test and Mann-Whitney U test.
Results and Discussion
The impact of Allium sativum extract on body weight in acute and subacute oral toxicity tests
The body weight of the control group and Allium sativum treated rats were as showing in Table 1A and Table 1B. In the acute toxicity studies, Allium sativum administration caused no significant changes in body weight compared with the control group (p > 0.05). In sub-acute study, group B show significant (p < 0.05) increase in week 2 and 3 when compare with control group.
Body-weight stability is an important screening indicator in oral toxicity studies because persistent loss of body mass may reflect reduced food intake, metabolic stress, dehydration, or systemic toxicity. The absence of acute body-weight reduction in the present study is consistent with previous animal work in which garlic did not produce marked body-weight depression at tolerated doses (Fowotade et al., 2017; Aprioku & Amah-Tariah, 2017). The transient increase observed in the 2000 mg/kg sub-acute group should be interpreted cautiously because it was not dose-dependent and was not accompanied by parallel deterioration in liver or kidney biochemical indices (Dorrigiv et al., 2020).
	Group
	Week 1 (mean ± S.D)
	Week 2 (mean ± S.D)
	Week 3 (mean ± S.D)

	A control
	202ᵃ ± 18.5
	242ᵃ ± 33.2
	275.4ᵃ ± 33.1

	B (A. sativum 3000 mg/kg)
	200.8ᵃ ± 9.7
	241ᵃ ± 11.6
	278.2ᵃ ± 12.9

	C (A. sativum 5000 mg/kg)
	198.2ᵃ ± 32.8
	231.4ᵃ ± 38.7
	254.8ᵃ ± 40.2


Superscript a indicates no significant difference compared with control (p > 0.05).
Table 1A. Effect of garlic on body weight in the acute oral toxicity test.
	Group
	Week 1 (mean ± S.D)
	Week 2 (mean ± S.D)
	Week 3 (mean ± S.D)
	Week 4 (mean ± S.D)
	Week 5 (mean ± S.D)

	A control
	189.8ᵃ ± 6.4
	229ᵃ ± 16.5
	254.8ᵃ ± 27.5
	322.2ᵃ ± 7.6
	354.2ᵃ ± 21.1

	B (A. sativum 2000 mg/kg)
	212.6ᵃ ± 7.6
	259.8ᵇ ± 19.1
	289.4ᵇ ± 22.6
	334.4ᵃ ± 61.1
	348.2ᵃ ± 55.5

	C (A. sativum 3000 mg/kg)
	197.6ᵃ ± 22.3
	249.2ᵃ ± 19.0
	282ᵃ ± 18.4
	328.2ᵃ ± 20.5
	344.8ᵃ ± 18.8

	D (A. sativum 5000 mg/kg)
	189.8ᵃ ± 29.9
	241ᵃ ± 19.1
	267.2ᵃ ± 17.3
	339.4ᵃ ± 25.1
	357.8ᵃ ± 33.0


Superscript a indicates no significant difference compared with control (p > 0.05); superscript b indicates a significant increase compared with control (p < 0.05).
Table 1B. Effect of garlic on body weight in the sub-acute oral toxicity test.
The impact of Allium sativum extract on organ weight in acute and subacute oral toxicity tests
The acute garlic toxicity test showed no significant differences (p > 0.05) among groups A, B and C, While in the sub-acute garlic toxicity tests the relative liver weights show significant decrease (p < 0.05) practically in group B when compare with control group. Table 2A and Table 2B.
Relative organ weight is useful for detecting target-organ changes, but isolated organ-weight variation should be interpreted together with clinical chemistry and histological evidence where available. In this study, the liver-weight reduction in the 2000 mg/kg sub-acute group was not dose-dependent and was not accompanied by an ALT increase, which limits the strength of any inference of direct hepatocellular injury. Earlier reports similarly indicate that garlic-related hepatic effects can vary with dose, preparation, and exposure conditions (Fowotade et al., 2017; Ujoh & Ohanu, 2023), while reviews describe garlic organosulfur compounds as modulators of oxidative and metabolic pathways rather than uniform toxicants (Trio et al., 2014; El-Saadony et al., 2024).
	Parameters
	Liver (mean±S.D)
	Lung (mean±S.D)
	Kidney (mean±S.D)
	Spleen (mean±S.D)
	Heart (mean±S.D)
	Thymus (mean±S.D)
	ADGL (mean±S.D)
	Brain (mean±S.D)
	Testes (mean±S.D)

	A control
	10.91±2.10
	1.75±0.15
	2.75±0.39
	0.65±0.10
	0.95±0.08
	0.70±0.02
	0.088±0.19
	1.988±0.11
	2.78±0.41

	B (A. sativum 2000 mg/kg)
	10.488ᵃ±1.20
	1.692ᵃ±1.69
	2.558ᵃ±0.31
	0.714ᵃ±0.13
	0.946ᵃ±0.11
	0.704ᵃ±0.16
	0.088ᵃ±0.17
	2.066ᵃ±0.21
	2.886±0.18

	C (A. sativum 5000 mg/kg)
	10.782ᵃ±2.43
	1.97ᵃ±0.43
	2.648ᵃ±0.34
	0.622ᵃ±0.16
	0.978ᵃ±0.22
	0.71ᵃ±0.22
	0.074ᵃ±0.021
	2.122ᵃ±0.19
	2.416±1.3


Superscript a indicates no significant difference compared with control (p > 0.05).
Table 2A. Effect of garlic on organ weight in the acute oral toxicity test.
	Parameters
	Liver (mean±S.D)
	Lung (mean±S.D)
	Kidney (mean±S.D)
	Spleen (mean±S.D)
	Heart (mean±S.D)
	Thymus (mean±S.D)
	ADGL (mean±S.D)
	Brain (mean±S.D)
	Testes (mean±S.D)

	A control
	13.796±0.86
	2.042±0.23
	2.544±0.04
	0.664±0.04
	1.14±0.05
	0.668±0.12
	0.082±0.004
	1.648±0.16
	3.18±0.12

	B (A. sativum 2000 mg/kg)
	10.782ᵇ±1.7
	1.69ᵃ±0.32
	2.38ᵃ±0.63
	0.712ᵃ±0.63
	1.1ᵃ±0.20
	0.486ᵃ±0.11
	0.11ᵃ±0.01
	1.778ᵃ±0.22
	2.896±0.46

	C (A. sativum 3000 mg/kg)
	11.302±1.5
	1.704±0.10
	2.37±0.21
	0.622±0.09
	1.122±0.06
	0.486±0.03
	0.114±0.02
	1.672±0.22
	3.028±0.27

	D (A. sativum 5000 mg/kg)
	11.814ᵃ±1.7
	1.732ᵃ±0.29
	2.578ᵃ±0.43
	0.63ᵃ±0.18
	1.112ᵃ±0.14
	0.666ᵃ±0.08
	0.102ᵃ±0.01
	1.692ᵃ±0.10
	3.118±0.56


Superscript a indicates no significant difference compared with control (p > 0.05); superscript b indicates a significant decrease compared with control (p < 0.05).
Table 2B. Effect of garlic on organ weight in the sub-acute oral toxicity test.
The impact of Allium sativum extract on blood biochemistry parameters in acute and sub-acute oral toxicity tests
The Biochemical parameters of liver function were evaluated in rats treated with Allium sativum in two experimental models: acute and sub-acute, compared to a control group Table 3A and Table 3B. The measured parameters included alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein, albumin, and direct bilirubin. The acute oral administration of Allium sativum at group B and C show insignificant (p > 0.05) in liver and kidney biochemical parameters. In the sub-acute model, Administration of Allium sativum resulted in minimal alterations in liver biochemical parameters compared with the control group. A increase (p < 0.05) in AST was observed in group B; however, this change was not dose-dependent and was not accompanied by a significant increase in ALT. While direct bilirubin showed significant increase (p < 0.05) in group B. Total protein and albumin, did not showed significant (p > 0.05).
ALT is generally regarded as more liver-specific than AST, whereas AST may also originate from extrahepatic tissues, including skeletal and cardiac muscle; therefore, an isolated AST increase should not be overinterpreted as hepatocellular damage without concordant ALT elevation or histopathological support (Giannini et al., 2005). The observed bilirubin change in the 2000 mg/kg sub-acute group may reflect a mild alteration in bilirubin handling, but the absence of dose-response and the stability of albumin and total protein argue against a strong conclusion of impaired hepatic synthetic function. Previous studies have reported both enzyme elevations at higher or prolonged exposures and protective effects under oxidative-stress models, supporting a cautious, preparation-specific interpretation of garlic safety (Fowotade et al., 2017; Kumar et al., 2017; Dorrigiv et al., 2020).
	Group
	ALT (IU/L) (mean±S.D)
	AST (IU/L) (mean±S.D)
	T. Protein (g/L) (mean±S.D)
	Albumin (g/L) (mean±S.D)
	D. Bilirubin (µmol/L) (mean±S.D)

	A control
	19.03±4.15
	174.33±82
	57.33±10.90
	34.26±6.16
	0.21±0.22

	B (A. sativum 2000 mg/kg)
	22ᵃ±9.30
	184.25ᵃ±60.2
	51.5ᵃ±5.47
	32.87ᵃ±4.09
	0.46ᵃ±0.11

	C (A. sativum 5000 mg/kg)
	14.1ᵃ±1.50
	180.5ᵃ±15.32
	47.62ᵃ±11.07
	30.17ᵃ±6.02
	0.42ᵃ±0.09


Superscript a indicates no significant difference compared with control (p > 0.05).
Table 3A. Effect of garlic on biochemical parameters of liver function in the acute oral toxicity test.
	Group
	ALT (IU/L) (mean±S.D)
	AST (IU/L) (mean±S.D)
	T. Protein (g/L) (mean±S.D)
	Albumin (g/L) (mean±S.D)
	D. Bilirubin (µmol/L) (mean±S.D)

	A control
	48.4±16.45
	110.33±15.14
	88.36±28.14
	46.93±14.03
	0.196±0.07

	B (A. sativum 2000 mg/kg)
	31.36ᵃ±6.79
	211.4ᵇ±99.65
	92.12ᵃ±36.20
	49.78ᵃ±8.63
	0.352ᶜ±0.09

	C (A. sativum 3000 mg/kg)
	31.48ᵃ±13.14
	85.16ᵃ±22.87
	82.3ᵃ±20.23
	46.11ᵃ±9.28
	0.186ᵃ±0.10

	D (A. sativum 5000 mg/kg)
	19.65ᵃ±14.26
	105.67ᵃ±32.49
	66.28ᵃ±295
	39.11ᵃ±15.39
	0.168ᵃ±0.07


Superscript a indicates no significant difference compared with control (p > 0.05); superscript b indicates a significant increase in AST compared with control (p < 0.05); superscript c indicates a significant increase in direct bilirubin compared with control (p < 0.05).
Table 3B. Effect of garlic on biochemical parameters of liver function in the sub-acute oral toxicity test.
The impact of Allium sativum extract on kidney function parameters in acute and sub-acute oral toxicity tests
The Biochemical parameters of kidney function in the acute model and subacute model were showed no significant differences (p > 0.05) in urea, uric acid and creatinine. Table 4A and Table 4B.
Creatinine and urea are widely used screening markers for glomerular filtration and nitrogenous waste handling, and uric acid may reflect purine metabolism and renal excretion. The absence of significant changes in these indices suggests that the tested garlic powder did not produce measurable impairment of renal filtration under the present experimental conditions. This interpretation is consistent with reports describing stable renal biochemical markers or nephroprotective effects in selected garlic-treated animal models, although garlic effects remain dependent on dose, preparation, and the presence of co-administered toxicants (Aprioku & Amah-Tariah, 2017; Ghalehkandi et al., 2012; Dorrigiv et al., 2020).
	Group
	Creatinine (µmol/L) (mean±S.D)
	Urea (mmol/L) (mean±S.D)
	Uric Acid (µmol/L) (mean±S.D)

	A control
	55.33±7.76
	4.66±0.20
	219.33±31.7

	B (A. sativum 2000 mg/kg)
	54ᵃ±3.65
	4.6ᵃ±0.77
	213.5ᵃ±37.34

	C (A. sativum 5000 mg/kg)
	49.75ᵃ±7.80
	4.37ᵃ±1.11
	210.75ᵃ±13.17


Superscript a indicates no significant difference compared with control (p > 0.05).
Table 4A. Effect of garlic on biochemical parameters of kidney function in the acute oral toxicity test.
	Group
	Creatinine (µmol/L) (mean±S.D)
	Urea (mmol/L) (mean±S.D)
	Uric Acid (µmol/L) (mean±S.D)

	A control
	71.33±11.06
	5.33±0.55
	272±119.3

	B (A. sativum 2000 mg/kg)
	76.8ᵃ±20.4
	7.48ᵃ±4.78
	168.2ᵃ±45.88

	C (A. sativum 3000 mg/kg)
	73.33ᵃ±10.74
	5.7ᵃ±0.49
	174.83ᵃ±68.04

	D (A. sativum 5000 mg/kg)
	58.33ᵃ±19.61
	4.83ᵃ±1.51
	196.66ᵃ±88.30


Superscript a indicates no significant difference compared with control (p > 0.05).
Table 4B. Effect of garlic on biochemical parameters of kidney function in the sub-acute oral toxicity test.
Integrated discussion
In general, the use of herbal medications is considered safe due to the collection of information over a long history of use. Unlike chemical pharmaceuticals, herbal medicines are not tested for toxicity before being utilized in clinical settings. Due to the increasing usage of herbal treatments worldwide, evaluations of their efficacy and safety are necessary to ensure their security and quality (Jordan et al., 2010). Current study comprehensively evaluated the acute and sub-acute oral toxicity of Allium sativum (garlic powder) in male Sprague Dawley rats. Observations covered changes in body and organ weights, liver and kidney function biomarkers, and hematological indices. The Allium sativum administration did not cause significant adverse effects on body weight in the acute toxicity model, but In the sub-acute study, moderate increase in body weight in week 2 and 3 in group B, indicating sustained metabolic activity and typical development trends. In experimental animals, body weight is commonly regarded as a significant predictor of systemic toxicity, and the absence of weight loss indicates minimal toxicity. These results are in line with earlier research showing that moderate doses of garlic do not significantly affect the body weight of experimental animals. (Aprioku & Amah-Tariah, 2017). Additionally, a Multiple research studies have shown that garlic has nutritional and metabolic advantages that may even help animals develop better because of its antioxidant and bioactive sulfur compounds (Fowotade et al., 2017). Relative organ weight assessment revealed only minor, non-significant variations during the acute toxicity studies, indicating the absence of gross systemic toxicity. Liver and kidney weights remained within physiological ranges, supporting preserved hepatic and renal integrity. In the sub-acute model, a drop in liver weight, especially in group B, was accompanied with an increase in AST but not an increase in ALT. Although both enzymes are frequently used as biomarkers of liver function, AST is less liver-specific and is also seen in cardiac and skeletal muscle, which may indicate metabolic adaptations or stress connected to the muscles rather than direct hepatotoxic injury. According to earlier research, garlic extract may affect hepatic metabolism by modifying antioxidant and lipid metabolism pathways. This could result in changes in liver weight without necessarily signifying clinical harm (Ujoh & Ohanu, 2023). Additionally, bioactive sulfur compounds found in garlic, such as allicin and S-allylcysteine, have been shown to affect oxidative stress responses and hepatic metabolic pathways (El-Saadony et al., 2024). It's interesting to note that in the sub-acute group B, direct bilirubin increased statistically significantly. Elevated bilirubin may occasionally be a marker of hemolysis or poor hepatic excretion, but if there are no corresponding increases in ALT or notable drops in albumin and total protein, the observed shift may not imply clinically severe liver disease. Garlic has been reported to influence hepatic detoxification pathways and bile metabolism, which may explain mild variations in bilirubin levels without overt hepatotoxicity (Wu et al., 2024). In both experimental models, total protein and albumin levels did not alter, suggesting that garlic extract did not hinder the synthesis of proteins in the liver. Albumin is synthesized exclusively in the liver and is commonly used as an indicator of hepatic synthetic function. Stable levels of albumin and total protein indicate that the liver's ability to function was maintained throughout the tria. However, neither the acute nor the sub-acute models showed any significant alterations in kidney function parameters such as urea, uric acid, or creatinine. These results suggest that neither renal filtration nor excretory function were negatively impacted by garlic extract. The same results from earlier research have shown that giving experimental animals garlic extract did not significantly change their kidney biochemical markers (Ghalehkandi et al., 2012). Furthermore, garlic's anti-inflammatory and antioxidant qualities have been shown in multiple studies to have protective effects against nephrotoxicity (Dorrigiv et al., 2020).
Taken together, the present biochemical and organ-weight findings support relative short-term safety of the tested garlic powder within the specific acute and sub-acute protocols used here. However, the isolated AST and direct bilirubin changes in group B should be reported as observations requiring cautious interpretation rather than as evidence of definite hepatic injury. The lack of a clear dose-response pattern, together with unchanged creatinine, urea, uric acid, albumin, and total protein, supports the view that no consistent systemic toxicity pattern was detected in this experiment (Giannini et al., 2005; Fowotade et al., 2017; Dorrigiv et al., 2020).
Conclusion
The findings indicate that the tested Allium sativum powder preparation did not produce a consistent pattern of acute or sub-acute systemic toxicity in male Sprague Dawley rats under the experimental conditions used. Acute administration showed no significant adverse changes in the measured body weight, organ weight or biochemical parameters. In the sub-acute study, isolated changes in body weight, liver weight, aspartate aminotransferase and direct bilirubin were observed, but these were not dose-dependent and were not supported by parallel changes in alanine aminotransferase or kidney-function markers. Therefore, the safety interpretation should be limited to the tested preparation, doses, duration and animal model.
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