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ABSTRACT 
Aluminum (Al) constitutes approximately 8% of the Earth's surface. Al  is extensively used in 

various industrial applications, including medicines, food additives, cosmetics and farming 

practices. However, Al poses a risk to human health when it enters the body, potentially 

leading to various pathological conditions. Nigella sativa,  known for its active compound 

thymoquinone (TQ), has demonstrated anti-inflammatory and antioxidant properties. TQ is 

recognized for its potential in the prevention and treatment of numerous diseases. This study 

aimed to explore the effect of N. sativa extract (NSE) in preventing the elevation of 

malondialdehyde (MDA) levels in the blood serum of rats subjected to aluminum-induced 

oxidative stress. Twenty-four male Wistar rats were divided into four groups. Groups K1 and 

K2 were fed a standard diet, while groups K3 and K4 received NSE at doses 200 mg/kg/day 

and 400 mg/kg/day, respectively, administrated through oral gavage. After two weeks of NSE 

pretreatment, groups K2, K3, and K4 were exposed to AlCl3 (34 mg/kg, oral gavage) for an 

additional three weeks. There were no significant differences (P > 0.05) in body weight or 

hemoglobin levels among the groups. Interestingly, a significant reduction in MDA level (P < 

0.05) was observed among groups. Notably, MDA levels were lower in the NSE-treated and 

control groups compared to the AlCl3-exposed group. In conclusion, NSE may have a positive 

effect  against oxidative stress induced by Al exposure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

The earth's surface contains 8% aluminum (Al), it appears in rocks such as bauxite, 

silicates, and cryolite [1]. Al is widely used  in industrial setting, including medicines 

(such as antacids), food additives, cosmetics (such as deodorants), and various 

household goods. Additionally, it is  present in common items salt, spices, maize, tea, 

and yellow-colored cheese. It is also frequently employed as a flocculant in drinking 

water treatment, making it easy  for Al to enter the body through various routes [1,2]. 

Al can become toxic to the human body and  various pathological conditions have been  

linked to Al toxicity. These include anemia, granulomatosis, fibrosis, interstitial 

pneumonia, toxic myocarditis, ischemic stroke, autism, Alzheimer's, hepatorenal 

disease, breast cancer, diabetes mellitus, inflammatory bowel disease, and many more 

[3].  

Previous animal studies have implicated Al as an exogenous factor to the development 

of anemia [4]. Rats treated with Al showed a decreased red blood cell count during the 

first month and worsened in the following months. Al can accumulate in the bone 

marrow led to osteomalacia. Elevated levels of Al in the body have been associated 
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with a reduction in osteoblasts and osteoclasts, as well as impaired bone marrow 

remodeling. Additionally, Al has the potential to impede hemoglobin (Hb) synthesis in 

the bone marrow, likely due to its inhibition of protein synthesis. This impairment in 

Hb synthesis can result in  microcytic hypochromic anemia [4]. 

Toxic effects associated with Al exposure are diverse, in which one of the suspected 

contributors is oxidative stress [3]. In vivo, Al does not  undergo redox reaction. 

However, reactive oxygen species (ROS), type of free radicals have been reported to 

increase during Al exposure [5]. Al induces cellular damage in multiple ways, such as 

excessive production of ROS and depletion of glutathione levels within the cell. These 

processes lead to mitochondrial dysfunction and activate caspases, ultimately resulting 

the cell death [6]. Free radicals are highly reactive and have deleterious effects on 

essential cell components such as proteins, DNA, and membrane lipids. The damage of 

cell-membrane polyunsaturated fatty acids (PUFA) caused by free radicals impairs cell 

structure and function [7]. Free radical-mediated lipid peroxidation of PUFA generates 

various bioactive aldehydes, such as malondialdehyde (MDA), which may form 

covalent adducts with cellular proteins.  Many studies have reported that protein 

carbonylation resulting from bioactive aldehyde overproduction is associated with a 

broad spectrum of disorders [3, 8]. Therefore, these lipid peroxidation end products 

may serve as reliable markers for disease risk and progression [8]. Al  can bind to a 

variety of amino acids or proteins firmly due to its substantial positive charges and 

short ionic radius, which induces conformational changes and inhibits protein 

degradation by protease, leading  to apoptotic cell death [9]. 

Medicinal plants with antioxidant properties have been used by human to treat or 

prevent disorders caused by oxidative stress [10]. One such plant is Nigella Sativa, 

commonly relgarded as  miracle herb, which belongs to the Ranunculaceae family. 

Numerous studies have revealed its   broad spectrum of pharmacological potential [11]. 

N. sativa contains oils (mostly  fixed oils and  smaller amounts of volatile oils), 

carbohydrates, amino acids, peptides or proteins, vitamins, minerals, alkaloids such as 

saponins, and coarse fiber. The extract of N. sativa  contains thymoquinone (TQ), 

nigellone, and α-hederin, which have demonstrated anti-histaminic, anti-

immunoglobulin, anti-leukotrienes, anti-eosinophilic, and anti-inflammatory effects 

across various models [12]. TQ particularly exhibits anti-inflammatory and antioxidant 

effects [13], supporting immune function, cellular viability, and energy metabolism, 

which forms the basis for  its broad range of health  benefits. These benefits include 

safeguard against a variety of disorders, such as metabolic, cardiovascular, digestive, 

hepatic, renal, respiratory, reproductive, and neurological issues,  and cancer [14]. TQ 

suppresses inflammatory factors such as nitric oxide (NO), nitric oxide synthase 

(iNOS), tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), interleukin-6 

(IL-6) and cyclooxygenase 2 (COX-2) by inhibiting IRAK-linked AP-1/NF-κB pathways 

[15]. The redox properties of TQ, along with its ability to cross biological barriers and 

enter intracellular spaces, suggest its potential role in preventing and/or treating a wide 

spectrum of diseases [16]. Thus, this study aimed to invistigate the role of N. 

sativa  extract (NSE) in preventing the increase of serum MDA levels in rats subjected to 

AlCl3-induced oxidative stress. 
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MATERIALS AND METHODS 

Sampling of N. sativa  

Black cumin was considered as the study material that was  obtained from the Batu 

Herbal Materia Medica Laboratory, Health Ministry of Batu, East Java, Indonesia, with 

letter number 074/478A/102.7/2019. At room temperature, two thousand grams of N. 

sativa  seeds were extracted by maceration using 96% ethanol obtained from PT Graha 

Jaya Pratama Kinerja, Jakarta, Indonesia for 72 h. Subsequently, the filtrate and the 

residue were separated by filtration. The ethanol extract was evaporated using a rotary 

vacuum evaporator from PT. Indolab Utama, Cengkareng, Jakarta Barat, Indonesia to 

obtain a thick extract. 

 

Animal study  

This study was permitted by the Faculty of Veterinary Medicine's Institutional Review 

Board of the Ethics Committee, Universitas Airlangga, Surabaya, Indonesia, under  

ethical clearance number 2.KE.103.05.2019. 

The study  was involved with twenty-four Wistar male rats (R. norvegicus), aged 2–3 

months, body weight (BW) ranging from 180 to 200 g.  A randomized post-test-only 

control group was designed. The rats were provided pellet feed and mineral water ad 

libitum. NSE was dissolved in 0.5% Na-CMC obtained from PT Hab Chemical Indonesia 

(Semarang, Indonesia). The AlCl3 (Sigma Aldrich Co, St. Louis, MO, United States) was 

used for Al treatment. 

Total four groups were  considered in a randomization allocation such as  K1 (control): 

supplied standard diet and water ad libitum for 36 days, K2: received AlCl3  100mg/kg 

BW daily for 21 days (days 16-36), with a standard diet and water ad libitum from day 

1 to 36, K3: received NSE 200 mg/kg BW and AlCl3  100mg/kg BW daily for 21 days 

(day 16-36), with standard diet and water ad libitum from day 1 to 36, and K4: received 

the NSE 400 mg/kg BW for 15 days and day 16 – 36 (21 days) and AlCl3  100mg/kg BW 

daily for 21 days (day 16-36), with standard diet and water were given ad libitum since 

day 1 to 36. On day 36, the rats were euthanized using ketamine HCl from PT Dexa 

Medica, Palembang, Indonesia. Post euthanasia blood samples were  collected  from 

twenty-four Wistar rats.  

 

Determination of MDA and Hb 

The MDA was determined by considering of thiobarbituric acid reactive substance 

(TBARS) with a single beam UV-Vis spectrophotometer (Merck Bosco, Darmstadt, 

Germany) according to the manufacturer's instructions. The reagent of MDA was 

divided into 4 types: 2-thiobarbituric acid from Merck Manufacture, East Jakarta, 

Indonesia with catalog number 108180; Trichloroacetic acid from Milipore Manufacture, 

East Jakarta, Indonesia with catalog number: 100807; 1,1,3,3-tetraethoxypropane from 

Aldrich Manufacture, Jakarta, Indonesia with catalog number: 122-31-6; and hidroclorat 

acid 37% from Milipore Manufacture, East Jakarta, Indonesia with catalog number: 

100317.  

Hb measurements were obtained using the STARTUP cycle. During the whole blood 

cell (WBC) analysis, 0.52 mL of Lyse reagent was added to 2.05 mL of diluted blood in 

the WBC chamber. The lyse reagent, containing potassium ferricyanide and potassium 

cyanide (PT. Smart Lab Indonesia, Tangerang Selatan, Indonesia)  that broke down the 
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red blood cell (RBC) membrane and released Hb within the RBC. The Hb level was 

measured using the ABX Micros 60 (Horiba Indonesia, Tangerang, Banten, Indonesia). 

 

Data analysis 

The data were first  subjected to a normality analysis using the Shapiro-Wilks test and 

homogeneity analysis using the Levene Test. The data for BW, Hb, and MDA data were  

analyzed using an analysis of variance (ANOVA) to compare  groups' means, followed 

by a least significant difference (LSD) test with  a significant level p < 0.05. The 

Wilcoxon test was used to compare BW before and after treatment. Data analysis was 

performed using SPSS version 24.0. 

 

RESULTS  

Effect of N. sativa extract on body weight in AlCl3-treated rats 

Table 1 shows that the K2 group had the lowest BW (171.5 ± 23.03 g) before treatment, 

while the K1 group had the highest BW (181.13 ± 28.75 g) before treatment. After 

treatment, the K1 group had the lowest (181.13 ± 28.75 g), and the K3 group had the 

highest BW (289.43 ± 53.06 g) Overall, we can conclude that the BW increased after 

treatment in rats. 

ANOVA and LSD analysis showed no significant difference in BW among groups 

before treatment (p = 0.876). Additionally, the Kruskal-Wallis test revealed no 

significant difference in BW among groups after treatment (p = 0.078). However,  using 

the Wilcoxon test, a significant difference (p = 0.0001) in rat BW before and after 

treatment was found (Table 1). 
 

Table 1. Effect of NSE on BW in rats before and after treatments  

 

BW (g) 

Groups (Mean ± SD) ANOVA 

(p value) 

Wilcoxon 

(p value) K1 K2 K3 K4 

Before treatment  181.13 ± 28.75 171.5 ± 23.03 178.71 ± 24.89 179.56 ± 13.14 0.876 
0.0001* 

After treatment  242.5 ± 24.78 269.33 ± 48.29 289.43 ± 53.06 232.67 ± 17.79 0.078 

K1 (control): supplied standard diet and water, K2: received AlCl3 (100 mg/kg BW) only, K3: received NSE 

200 mg/kg BW and AlCl3, and K4: received the NSE 400 mg/kg and AlCl3. *Significant, BW: Body weight; g: 

gram, NSE: N. sativa extract. 

 

Effect of N. sativa extract on hemoglobin levels in AlCl3-treated rats 

The value of Hb levels is summarized in Table 2. The Hb levels of all rats in groups K1, 

K2, K3 and K4 were 12.85 ± 0.26, 13.08 ± 0.33, 13.07 ± 0.25, and 12.92 ± 0.33, respectively. 

Statistical analysis using ANOVA and LSD revealed no significant differences among 

the control, AlCl3 -treated, and NSE-treated groups. 

 

Table 2. Effect of NSE on Hb levels in rats 

Parameter Groups (Mean ± SD) (p value) 

K1 K2 K3 K4 

Hb (g/dL) 12.85 ± 0.26 13.08 ± 0.33 13.07 ± 0.25 12.92 ± 0.33 0.934 

K1 (control): supplied standard diet and water, K2: received AlCl3 (100 mg/kg BW) only, K3: received NSE 

200 mg/kg BW and AlCl3, and K4: received the NSE 400 mg/kg and AlCl3. Hb, hemoglobin, NSE: N. sativa 

extract. 
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Effect of N. sativa extract on serum MDA levels in AlCl3-treated rats 

The mean and standard deviation of MDA serum levels of all groups are summarized 

in Table 3. Notably, the NSE-treated groups exhibited a significant reduction in MDA 

levels compared to AlCl3 -treated group, highlighting the potential effectiveness of 

NSE in mitigating oxidative stress.  

A comparison between K1 (the control group) with K2 revealed that significantly 

higher MDA levels were observed in K2, attributed to its exclusive exposure to AlCl3. 

These results suggest increased oxidative stress or lipid peroxidation in this group. 

Further comparisons between K2 and K3 (which received AlCl3 and NSE at a dosage of 

200 mg/kg) showed that a reduction in MDA levels in K3 (Table 3). Similarly, 

comparing K2 with K4 (where AlCl3 and NSE were administered at a dosage of 400 

mg/kg), also revealed a reduction in MDA levels in K4 (Table 3). Between K3 and K4, 

K4 exhibits the lowest MDA levels (Table 3), indicating that a higher dose of NSE  may 

further reduce oxidative stress. 
 

Table 3. Effect of NSE on serum MDA levels in rats 

Parameter Groups (Mean ± SD) (p value) 

K1 K2 K3 K4 

MDA (nmol/mL) 19.84 ± 2.75 31.79 ± 5.37 20.85 ± 1.64 17.26 ± 3.26 0.01* 

K1 (control): supplied standard diet and water, K2: received AlCl3 (100 mg/kg BW) only, K3: received NSE 

200 mg/kg BW and AlCl3, and K4: received the NSE 400 mg/kg and AlCl3. *Significant, MDA: 

malondialdehyde; NSE: N. sativa extract. *Significant. 

 

DISCUSSION 

Al is present in the soil, various foods, household products, and drinking water, posing 

human health risks [1,3]. Al exposure is believed to cause detrimental effects on the 

human body [3,5,8,17,18]. Numerous studies have discussed the connection between 

AlCl3 exposure and reduced weight in rats. In one  study, rats given 900 mg/kg of 

AlCl3 via oral intubation for twenty-eight days showed significant weight loss from 

day 22 to day 28,  a result not observed in rats given 100 and 300 mg/kg of AlCl3 [19]. 

Another study by Parasuraman et al. (2020) demonstrated that intraperitoneal injection 

of AlCl3  (10 mg/kg BW) for twenty-eight days caused weight reduction in rats [20]. 

Interestingly, our present study showed the opposite result, with no significant 

difference observed between groups after treatment, despite the fact that mean BWs in 

all groups were higher than before treatment. Thus, the current study suspected that 

different combinations of AlCl3 doses, application techniques, duration of exposure, 

and ad libitum feeding contributed to the inconsistent result compared to previous 

studies. 

Our study on Hb concentration showed no significant difference among groups. This 

finding is consistent with a prior study by Aftab et al. (2018), where Albino rats-treated 

with AlCl3  80 mg/kg of BW for 16 days via oral  administration showed no effect on 

blood count parameters, including Hb levels [18].  Similar outcome was observed in 

another study where three weeks of AlCl3 administration (dose of 34 mg/kg BW) 

combined with food did not alter Hb levels [2, 21]. On the contrary, a significant 

decrease in Hb concentration was reported in male rats fed a diet supplemented with 

726 mg/kg BW of AlCl3 for six weeks [22]. A corresponding result was found in a study 

where 100 mg/kg BW of AlCl3  was given orally to female rats for twenty-eight days  

caused a significant reduction in RBCs count and Hb levels(P<0.05) [23].  
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Another study demonstrated a similar effect,  showing the chronic exposure to  Al (as 

aluminum hydroxide) in rats from weaning with a dose of 80 mg/kg BW administered 

solution (0.3-0.5 ml) intraperitoneally three times a week induced microcytic anemia. 

Lower RBC counts and hematocrit (Hct) were found in the first month of treatment and 

mean corpuscular Hb (MCH) levels decreased  starting in the second month, indicating 

microcytosis. Hct and Hb levels also decreased  during the third and fourth months. 

Variations between study outcomes could be due to  differences in the experimental 

animals (including  their age at the time of the exposure),  the molecular form of Al, 

dosage, and duration of application [2, 21, 23].  

Although this study's findings suggest that Al had no effect on the Hb level, numerous 

studies have shown N. sativa improves the hematological profile in anemia caused by 

environmental agents. A study by Mohamed and Awad (2008) showed a significant 

increase in Hb levels in both Al and NSE groups, with a notable reduction in Hb levels 

in the N. sativa group compared to control group [24]. Similar findings have been 

reported in studies of other environmental agents. Elshamy et al. (2019)  found that 

treatment with N. sativa oil significantly improved all the tartrazine-induced 

hematological disturbances in rats [25]. Afghani et al. (2020) demonstrated that Wistar 

rats exposed to cigarette smoke given 400 mg/kg of NSE showed a significant 

improvement in erythrocytes and Hb levels [26]. 

Al exposure has also been linked to oxidative stress. The mechanisms are diverse, with 

one hypothesis  suggesting that Al generates an Al-superoxide complex that promotes 

the Fenton reaction, potentially increasing oxidative stress in biological systems[24]. 

Another study stated Al does not undergo redox reactions in vivo, yet free radical level  

still increased [5]. Several studies have also reported that Al inactivates antioxidant 

defense enzymes, such as superoxide dismutase (SOD) as well as catalase (CAT) [2,25]. 

Lipid  peroxidation is a key process of in oxidative stress, and one of the major and end 

products is MDA, which is commonly measured to estimate oxidative stress. 

Measuring circulating MDA levels  is a standard method to estimate oxidative stress 

status [8]. Examining MDA levels is also known to be easier than other biomarkers for 

lipid peroxidation. This is based on the fact that a significant portion of the circulating 

MDA is attached to plasma proteins; and acid or alkaline treatments  can hydrolyze this  

fraction [8, 26]. 

The outcome of our research revealed significant differences in MDA levels between 

control, AlCl3-treated, and NSE-treated groups. The highest MDA levels were observed 

in the AlCl3-treated group. Significantly high MDA levels found in this group could be 

linked to the biological membrane damage by lipid peroxidation. This finding  aligns 

with previous studies showing that AlCl3 treatment induces oxidative stress and  

increases MDA level [25, 27, 28]. 

The lowest MDA levels were found in group K4, which  received the highest dose of 

NSE (400 mg/kg BW). This finding is consistent with prior studies showing that N. 

sativa can reduce MDA levels and lipid peroxidation end products. Research by Bouasla  

et al. (2014) found that NS oil improved the MDA level in rats undergoing oxidative 

stress induced by AlCl3 [2]. Other studies have shown  that NS oil reduces MDA levels 

in streptozotocin (STZ)-induced diabetic rats  and dyslipidemic rats  treated with NS 

seed extract [29, 30].  Similarly, NSE has been shown to prevent  the increase in MDA 

levels in piroxicam-induced rats in a dose-dependent manner [31]. 

Numerous investigations have been highlighted the protective benefit of N. sativa 

against oxidative stress. N. sativa acts through various mechanisms, such as  scavenging 

free radicals , inhibiting lipid peroxidation, and enhancing  antioxidant enzyme activity, 
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such as glutathione peroxidase, glutathione transferase, superoxide dismutase, and 

catalase [32, 33]. 

The effect of N. sativa in blocking lipid peroxidation seems to be due to its phenolic 

compounds such as TQ, flavonoids and vitamins like ascorbic acid, which act as 

antioxidants. It functions as a scavenger of several reactive oxygen species, such as 

hydroxyl radicals, superoxide anion, and chelate metal ions [34, 35]. Of all the phenolic 

compounds contained in N. sativa, TQ has been proven in numerous studies to exhibit 

various potentials, including as an antioxidant. Therefore, TQ is considered  as active 

component of N. sativa [16, 33, 35, 36]. 

The N. sativa and its active component TQ as antioxidants linked to their efficiency to 

scavenge free radicals and increase antioxidant enzyme activity [32, 36, 37]. The redox 

property of TQ quinine structure and its ability to cross morphological barriers 

unrestrictedly allows TQ to access subcellular compartments easily [16, 34]. 

This antioxidant potential of N. sativa and TQ also provides more comprehensive 

benefits, including reducing nephropathy-related toxicity in nephrotic syndrome and 

presenting pancreatic β-cells in STZ-induced diabetes rats [29, 34]. N. sativa has also 

been shown to enhance T cell responses in rats infected with cytomegalovirus through 

antioxidant mechanisms [38]. Furthermore, TQ has been explored frequently for its 

potential in malignancy treatment. For instance, in an experiment study by Sayed-

Ahmed  et al., TQ supplementation was found to prevent liver cancer initiation by 

sustaining antioxidant enzyme expression and activity, thus lowering oxidative stress 

[39].  

 

CONCLUSION 

The MDA level was found to be lower in the NSE-treated group compared to the 

AlCl3-treated group, while no significant difference was found between the NSE-

treated and control groups. Therefore, NSE may have a beneficial effect in preventing 

oxidative stress and may consequently inhibit disease development and progression. It 

is believed that further studies are required to fully understand the potentials and 

mechanisms of NSE in preventing oxidative stress triggered by Al exposure, 

particularly regarding its effects on the antioxidant defense system and other markers 

related to oxidative stress.  
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