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Abstract: Moroccan flora is rich in plants used in traditional medicine, but the 

further scientific investigation is necessary. The aim of the research was to evaluate 

the nutritional content and antimicrobial activity of Moroccan Thymus vulgaris, as 

well as its possible acute and chronic toxicological effects on rodents. Inductively 

coupled plasma atomic emission spectroscopy (ICP-AES) was used to determine 

the mineral content. The antimicrobial activity was determined using a well-

diffusion test, a minimum inhibitory concentration (MIC), and a minimum 

bactericidal/fungicidal concentration (MBC/MFC) assay. Acute and chronic 

toxicity studies were conducted in vivo on mice and rats, respectively. Following 

that, haematological, serum-biochemistry, and histological investigations were 

performed. Moroccan Thyme was shown to be a source of numerous minerals 

which are necessary for health promotion. All antimicrobial testing, disc diffusion, 

MIC, and MBC tests revealed that thyme had potent antibacterial activity against 

all microorganisms tested. Staphylococcus aureus was the most susceptible 

bacterium, followed by Salmonella enterica and Escherichia coli.  Additionally, 

thyme exhibited great antifungal efficacy against Candida albicans. The acute 

toxicity results indicated that the aqueous extract of T. vulgaris is almost non-toxic 

when taken orally. According to the chronic toxicity study, the extract is generally 

safe when taken orally over an extended period of time. The biochemical and 

haematological characteristics of the serum and blood were within acceptable 

limits, and histological examination revealed no abnormalities. In conclusion, the 

findings of this investigation, confirm the antimicrobial efficacy of the aqueous 

extract of Moroccan T. vulgaris and its safety for experimental animals. 
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1. INTRODUCTION 

Since ancient times, natural products have been the main source of the most active ingredients 

in drugs and remedies (Mrabti et al., 2018, Bouyahya et al., 2020a; Bouyahya et al., 2021a; 

Bouyahya et al., 2021b; Bouyahya et al., 2021c). Despite the dominance of synthetic chemical 

drugs in the current modern era, natural products still receive great attention from the scientific 

community and the population. About 80% of the World's inhabitants rely on these products 

for primary healthcare, and almost half of the new medications approved since 1994 are based 

on natural products (Harvey, 2008). Recently, a new concept has emerged and is widely spread 

all over the globe, which is "functional food" or nutraceuticals. These are foods rich in nutrients 

and associated with a number of powerful health benefits, such as berries, some vegetables, 

green tea, fruits, nuts, and many more (Gupta & Mishra, 2020).  

Antimicrobial resistance, according to the World Health Organization, is a worldwide public 

health concern that must be addressed with the greatest seriousness (Mendelson & Matsoso, 

2015). The issue is exacerbated by the rise of emerging infectious diseases, with 335 new 

infectious diseases identified between 1940 and 2004 (Jones et al., 2008). Antibiotic abuse 

hastened the emergence of antibiotic-resistant bacteria and antibiotic resistant genes, 

significantly lowering their therapeutic value against human and animal infections (Bouyahya, 

et al., 2017c; Qiao et al., 2018). So, there is a real need for new antimicrobial drugs, and 

medicinal plants could be a good source for novel antimicrobial agents (Abdallah, 2011; 

Bouyahya et al., 2017b; Bouyahya et al., 2019). Secondary metabolites (phytochemical 

compounds) are produced by plants that are not necessary for regular growth or development 

but are vital for reproduction and defense mechanisms against herbivors, fungi, bacteria and 

viruses, among others. These substances include terpenoids, flavonoids, phenolic acids, and 

other groups and have a high potential for acting as medicines (Anand et al., 2019; Bouyahya,  

et al., 2020a; Chamkhi et al., 2021, 2022; Salehi et al., 2021; Sharifi-Rad et al., 2021). 

Extensive studies have shown that numerous medicinal plants possess extraordinary 

antimicrobial, antioxidant, anticancer, and anti-inflammatory properties ( Noumi et al., 2020; 

Reddy et al., 2020; Hajlaoui et al., 2021; Khalfaoui et al., 2021; Al Kaabi et al., 2022), and 

large drug companies should investigate the prospect of using these plants in the development 

of novel antimicrobials (Cowan, 1999).   Scientific research has proved the effectiveness of 

certain plants' extracts against a variety of microbes and their activities were competitive to 

antibiotics, including curry leaf plant (Murraya koenigii, Rutaceae) (Joshi et al., 2018; Abuga 

et al., 2020), ginger (Zingiber officinale, Zingiberaceae) ( Zare-Shehneh et al., 2014; Chakotiya 

et al., 2017), coriander (Coriandrum sativum, Apiaceae) (Matasyoh et al., 2009; Zare-Shehneh 

et al., 2014), rosemary (Salvia rosmarinus, Lamiaceae) (Miraj & Kiani, 2016; Pieracci et al., 

2021) and black cumin (Nigella sativa, Ranunculaceae) (Salman et al., 2008; Randhawa et al., 

2017). 

Thymus vulgaris L. known as thyme, belongs to the Lamiaceae family. It is a perennial short-

shrub (up to 25 cm high), with tiny oval to oblong leaves (6-12 mm) (Escobar et al., 2020). This 

herb is a famous functional food, known since ancient civilizations, indigenous to the 

Mediterranean countries and Northern Africa (Oliviero et al., 2016). It is a popular food in 

Morocco. Indeed, it has been used as a flavoring ingredient, cooking plant, and herbal medicine 

for ages (Mustafa et al., 2020). T. vulgaris has a long history of usage in traditional medicine 

to cure a variety of ailments, such as respiratory disorders, toothaches, urinary tract diseases, 

gastrointestinal disorders, and microbial infections (Abdallah, 2016). In the last decades, 

various pharmacological investigations carried out on thyme revealed interesting biological 

activities. Some studies reported that it has antioxidant, anti-inflammatory, antiviral, 

insecticidal, and antibacterial properties (Prasanth et al., 2014). T. vulgaris is a typical aromatic 

plant. Its essential oils reveale that it contains up to 47 compounds. Thymol, p-cymene, and 

carvacrol are the major constituents, together comprising about 79.2% of the essential oil 
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constituents (Rota et al., 2008). Morocco is rich in diverse flora and herbs grown in this area 

are an integral part of Moroccan traditions and culture (Eddouks et al., 2002a; Mrabti et al., 

2021). However, there is still a lot of this herbal wealth that needs scientific verification. 

Besides, the chemical composition of thyme and, subsequently, its biological activities might 

vary greatly from one region to another, and it is critical to figure out what the true composition 

of wild plants is in different localities (Guillén & Manzanos, 1998). Therefore, we have 

proposed in this study to evaluate the mineral contents, Acute and chronic toxicity of the 

aqueous extract of Moroccan thyme, besides the antimicrobial properties. 

2. MATERIAL and METHODS 

2.1. Plant Material Collection and Extraction  

The aerial parts of T. vulgaris were collected from north-eastern Morocco, about 30 km away 

from Taza (Morocco) in March 2021. The plant material was authenticated by a botanist in the 

laboratory of botany at the Scientific Institute of Rabat/Morocco, and a voucher number, RAB-

1201, was deposited in the herbarium for future reference. Plant material was dried in the shade 

at room temperature, powdered to achieve a mean particle size, and kept in the dark until future 

use. The powder was extracted by infusion (for toxicological assessment) and maceration with 

80% methanol (for antimicrobial profile). Briefly, 50 g of plant powders were infused in 500 

mL of distilled water for a period of 30 min, then filtered and evaporated under vacuum at 50 

°C using a rotary evaporator. The recovered extract was frozen and lyophilized to remove all 

traces of water.  

2.2. Minerals Content 

The mineral content of T. vulgaris was determined using inductively coupled plasma atomic 

emission spectroscopy (ICP-AES). Tests were carried out on T. vulgaris powder using the 

method we used before (Zaazaa et al., 2021). 

2.3. Well-Diffusion Assay 

The antibacterial activity of T. vulgaris was determined using an agar well-diffusion method, 

which was modified somewhat from a previously reported assay (Abdallah et al., 2021) with 

minor modifications. 25 mL of an autoclaved molten nutrient agar (Oxoid Ltd, Ireland) for 

bacteria or Sabouraud dextrose agar (Thermo Fisher Scientific, USA) for yeast was poured in 

sterile plates (90 mm diameter) and allowed to solidify. Microorganisms were distributed over 

the appropriate agar plate (adjusted to 0.5 McFarland). Using a sterilized cork borer. On the 

inoculated plates, three wells (6 mm in diameter) were bored. 100 µL of thyme methanolic 

extract was added to these wells, except for one well in each plate that was filled with 100 µL 

of the reference antibiotic (2.5 mg/mL chloramphenicol for bacteria or 5 mg/mL clotrimazole 

for yeast). After 24 hours of incubation at 35 oC, all plates were inspected for inhibition zones, 

which were measured in millimeters (mm). The test was repeated three times and the mean was 

calculated. 

2.4. Minimum Inhibitory Concentration Assay (MIC) 

Microorganisms which showed sensitivity in the well-diffusion assay were subjected to MIC 

test, using the micro-dilution method (Gulluce et al., 2006) with slight modifications. Briefly, 

tested microorganisms were sub-cultured for up to 12 hours, and inoculum was taken and 

adjusted to (0.5 McFarland standard). Thyme extract was diluted in two-fold serial dilution to 

get a concentration range from 3.9 to 250 mg/mL in nutrient broth for bacteria or Sabouraud 

dextrosebroth for yeast. The 96-well plates were prepared by loading 95 µL of double-strength 

nutrient broth and 5 µL of inoculum. The first well was filled with 100 µL of extract (250 

mg/mL) and then, from their successive dilutions, 100 µL was put into seven wells in a row. 

As a negative control, the last well was filled with 195 µL of nutrient broth without extract. The 
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prepared micro-wells were loaded with 5 µL of the inoculum in the appropriate medium, 

according to the type of microbe. Plates were covered with sterile plate sealer (Bio-Rad 

Laboratories Inc. USA) and incubated overnight at 35 oC with frequent gentle shaking. 

Determination of microbial growth in the 96-well plates containing the formulated media was 

performed using a microplate reader (Bio-Rad Laboratories Inc. USA) at 595 nm. The test was 

repeated three times to pinpoint the MIC value accurately. 

2.5. Minimum Bactericidal/Fungicidal Concentration Assay  

The minimum bactericidal concentration (MBC) for bacteria and minimum fungicidal 

concentration (MFC) for yeast were determined after the MIC test (Carolina et al., 2013). In 

brief, 50 µL was pipetted from each MIC tube and spotted over plates containing nutrient agar 

for bacteria or Sabouraud dextrose agar for yeast, then incubated at 35 oC for 24 hours. After 

incubation, the plates were checked for microbial growth. MBC was defined as the lowest MIC 

that showed no observable growth. The MBC/MIC was also determined to be bacteriostatic or 

bactericidal. 

2.6. Experimental Animals 

Adult Swiss albino mice and Wistar rats were used for acute treatment and ninety-day toxicity 

studies, respectively. Animals were obtained from the animal colony of the Department of 

Pharmacology and Toxicology of the Faculty of Medicine and Pharmacy, Mohamed V 

University (Rabat-Morocco). Animals were kept in standard animal house conditions including 

a 12 h light/dark cycle and a room temperature of 20–22 °C. All experimental procedures were 

performed based on the guidelines of the Ethical Committee for the care and use of laboratory 

animals. 

2.7. Acute Oral Toxicity Study  

The acute toxicity of T. vulgaris extract was evaluated according to OECD standards. 

Organization for Economic Cooperation and Development (OECD) 423 (OECD, 2001). A total 

of 60 mice weighing 25-35 g were randomly divided into six experimental groups of 10 mice 

each (6 males and 6 females per group). After overnight fasting, an aqueous extract (dissolved 

in aqueous solution) was administered by oral gavage as a single dose of 500, 1000, 2000 and 

5000 mg / kg body weight, respectively. After treatment, the animals were observed for 14 days 

while they had unrestricted access to water and food. 

2.8. Chronic Toxicity Study 

The chronic toxicity study was performed according to OECD Test Guidelines 408 for 90 days 

with certain modifications (El Kabbaoui et al., 2017). A total of 48 male and female Wister rats 

weighing between 190 and 250 g were randomly divided into four groups (n = 6 males and 6 

females/group). After conceiving the animals in 4 groups of 6 rats each, the treated group 

received daily gastric gavage at doses (500, 700, and 1000 mg/kg) of the aqueous extract tested 

at the time when the control group received physiological solution (vehicle) for 90 days. During 

the experimental period, the body weights of all groups were measured once a week. Animals 

were visually observed for mortality, behavioral changes, physical appearance changes, and 

signs of illness. 

2.9. Hematology and Serum Biochemistry 

For the hematological investigation, all animals were fasted overnight but were allowed access 

to water ad libitum. Rats were then anesthetized and blood samples were taken from the 

abdominal aorta. Whole blood was collected in EDTA tubes and processed immediately for 

hematologic analysis. The parameters measured were red blood cell count (RBC), hematocrit 

(HCT), hemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular hemoglobin 

concentration (MCHC), mean corpuscular hemoglobin (MCH), white blood cell count (WBC), 



Mrabti et al., 

401 

neutrophils (NEU), eosinophils (EOS), basophils (BASO), lymphocytes (LYM), and 

monocytes (MONO), platelet count (PLT). The hematological analysis was performed using an 

automatic hematological analyzer (Sysmex XN-550). Biochemical tests are done by using dry 

tubes that have been drained of blood. They were centrifuged at 3000 rpm at 4 °C for 10 minutes 

to get the serum, which was used to figure out the total serum protein (Anand et al., 2019), the 

total bilirubin (T-BIL), the alkaline phosphatase (Major, 1954), the ALT, and the AST, as well 

as uric acid (URIC), urea, creatinine, total cholesterol (TC), triglycerides (TG), and glucose 

(GLU) using an auto-analyzer called the "Cobas c 502." 

2.10. Histopathology 

Rats were sacrificed by sodium pentobarbital overdose. Liver, kidney, and spleen samples were 

obtained immediately and fixed in 10% phosphate buffered formalin for further examination. 

Tissue samples were cut into 2–3 mm thick slices with a surgical blade. The samples were 

processed using a tissue processor and embedded in paraffin. Paraffin blocks were cut using a 

microtome cutter and stained with hematoxylin and eosin before observation under light 

microscopy. 

2.11. Statistical Analysis 

Data was expressed as the mean ± standard deviation (Mann et al., 2000). Statistical 

significance between control and treated groups was determined by one-way analysis of 

variance (ANOVA), followed by Dunnett’s post hoc test. GraphPad Prism version 6.0 for 

Windows was used for statistical analysis. Data analyses from male and female groups were 

done separately, and the differences were considered statistically significant at p<0.05. 

3. RESULTS  

3.1. Mineral Composition 

As shown in Table 1, the mineral contents of the edible aerial parts of Moroccan thyme have 

some important minerals including macro-elements (Ca, P, K, Mg, and Na), the microelements 

(S, Co, Fe, B, Cu, Zn, Mn, and V). The result of the analyses was established to give nutrient 

values per mg/kg of dried weight. According to our results, the contents of Calcium (Ca) and 

Potassium (K) were very high, with a concentration of 13 574.51 mg/kg and 10764.47mg/kg 

respectively, while elements such as Cobalt (Co) were the least abundant microelements with 

a concentration of 0.001 mg/kg. 

Table 1. Levels of some mineral contents in the aerial parts of T. vulgaris. 

Mineral  Content in mg/kg dw 

Macro-elements  

K 10764.47 

Mg 2476.26 

Na 509.85 

Ca 13574.51 

P 1078.73 

Micro-elements  

B 26.83 

Cu 31.59 

S 89.190 

Mn 36.23 

Fe 419.26 

Zn 42.08 

Co 0.001 

Cr 1.224 

V 5.881 
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3.2. Antimicrobial Activity  

The antimicrobial activity of T. vulgaris was screened by the agar well-diffusion assay. The 

methanolic extract of T. vulgaris exhibited noticeable antimicrobial activity against all tested 

microorganisms (Figure 1). The statistical analysis revealed that Thyme has significant 

antimicrobial activity against all tested microorganisms at (P 0.05, one-way ANOVA), as 

shown in (Table 2). For antibacterial activity, Staphylococcus aureus was found to be the most 

sensitive (32.5±07 mm), Salmonella enterica came next (18.5±0.7 mm), followed by 

Escherichia coli (13.5±0.7 mm). Some bacteria were comparable in sensitivity against the 

extract to the antibiotic, such as Staphylococcus aureus (Figure 1 and Table 2). For antifungal 

activity, Candida albicans exhibited significant sensitivity to the extract (25.5±0.7 mm) and 

was comparable to the antibiotic used. The MIC and MBC/MFC results are shown in (Table 3). 

Bacteriostatic or bactericidal activity was assessed by MBC/MIC. When the MBC/MIC or 

MFC/MIC ratio is less than or equal to 4, the extract is considered bactericidal/fungicidal, 

whereas if the ratio is higher than 4, the extract is bacteriostatic/fungistatic (Abdallah, 2016). 

Accordingly, methanol extract of thyme was highly fungicidal to Candida albicans (at ˂3.9 

mg/mL), followed by other bacteria, where it was highly bactericidal to Staphylococcus aureus 

(15.6 mg/mL) and Escherichia coli (31.2 mg/mL), and to a lesser degree with Salmonella 

enterica (7.8 mg/mL). 

Figure 1. The inhibition zone (mm) of T. vulgaris against tested microorganisms. (Ext.) represent the 

methanolic crude extract (500 mg/ml), (Chl.) chloramphenicol (2.5 mg/ml), (Clo.) clotrimazole (5 

mg/ml). 

Table 2. Antimicrobial activity of methanol extract of thyme against tested microorganisms 

Tested 

microorganisms 

Mean inhibition zone diameter (mm) 

T. vulgaris 

(500 mg/mL) 

Chloramphenicol 

(2.5 mg/mL) 

Clotrimazole 

(5 mg/mL) 

Staphylococcus aureus 32.5±0.7a 32.5±0.7a - 

Salmonella enterica 18.5±0.7b 27.5±0.7b - 

Escherichia coli 13.5±0.7c 24.5±0.7c - 

Candida albicans 25.5±0.7b - 31.5±2.1a 
*Mean±Standard deviation, Different letters (a-c) indicate significantly differences (p<0.05). 
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Table 3. MIC, MBC and MBC/MIC rations of thyme methanol extract against tested microorganisms. 

Microorganisms 
Methanol extract of thyme (mg/mL) 

MIC MBC or MFC* MBC/MIC 

Staphylococcus aureus 15.6 15.6 1.0 

Salmonella enterica 7.8 31.2 4.0 

Escherichia coli 31.2 31.2 1 

Candida albicans ˂ 3.9 ˂ 3.9 0 
*MFC test for the yeast Candida albicans, MBC for other tested bacteria. 

3.3. Acute Toxicity Study 

Regarding acute toxicity evaluation of thyme aqueous extract, administration of different 500 

mg/kg,1000 mg/kg, 2000 mg/kg and 5000 mg/kg doses of aqueous extracts of the aerial parts 

of T. vulgaris did not show any signs of toxicity like restlessness, motor activity, breathing, and 

diarrhea, etc. There was no difference in body weight gained compared to the witness. As it is 

shown in (Figure 2), in other words, all mice survived for the first 24 h and up to 14 days of 

cage side follow-up. This implies that, the median lethal dose (LD50) of the extract causing 50% 

of the deaths of the animals is said to be greater than 5000 mg/kg, suggesting a good safety 

margin. 

Figure 2. Acute toxicity of T. vulgaris aqueous extract. 

 

3.4. Sub-Chronic Toxicity Study 

Since body weight is the best indicator of good health and efficient metabolic homeostasis. 

Throughout the study period, we found no signs of toxicity or deaths of animals at any dose up 

to the maximum of 1000 mg/kg during the 13 weeks of repeated oral treatment. No statistically 

significant difference in body weight was noted between the control group and the treated 

group, either females or males. As it is shown in (Figure 3), which allows us to deduce the 

absence of signs of toxicity in rats treated with the aqueous extract of the plant studied and the 

tolerance of this extract in rats. 
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Figure 3. Chronic toxicity of T. vulgaris aqueous extract. 

3.5. Hematology Analysis  

The hematological parameters of male and female rats after 90 days of treatment with aqueous 

extract of T. vulgaris are shown in (Tables 4 and 5). The effect of sub-chronic oral 

administration of different doses of 500, 700 and 1000 mg/kg of extract showed no significant 

difference from the control group. All hematological parameters were within normal limits. 

Table 4. Hematological parameters of male’s rats after 90 days of treatment with T. vulgaris extract. 

Parameters         Control 
T. vulgaris (mg/kg B.W) 

               500                  700             1000 

WBC (103/mm3)  

RBC (106/mm3) 

9.41 ± 0.60 

7.53 ± 0.29 

9.24 ± 0.81 

7.96 ± 0.25 

9.92 ± 0.63 

8.19 ± 0.62 

9.19 ± 0.92 

8.26 ± 0.45 

HCT (%) 38.92 ± 2.02 42.38 ± 4.39 42.56 ± 5.43 39.71 ± 2.29 

HGB (g/dL) 

MCV (µm3/red cell) 

13.64 ± 0.69 

58.02 ± 2.04 

13.74 ± 0.79 

57.85 ± 2.22 

13.16 ± 0.89 

57.71 ± 3.72 

14.21 ± 0.54 

56.37 ± 2.28 

MCH (pg/ red cell) 17.07 ± 0.12 17.27 ± 1.03 16.91 ± 0.05 16.83 ± 0.02 

MCHC (g/dL) 

PLT (103 cells/mm3) 

33.24 ± 1.02 

892.13 ± 107.11 

32.82 ± 0.01 

884.72 ± 103.07 

33.07 ± 0.09 

878.03 ± 105.06 

33.13 ± 0.01 

863.03 ± 99.01 

LYM (%) 73.11 ± 4.06 72.02 ± 4.04 71.57 ± 5.01 71.83 ± 4.21 

NEU (%) 24.02 ± 2.09 24.50 ± 0.11 24.22 ± 1.03 24.87 ± 1.05 

MONO (%) 3.48 ± 0.02 3.67 ± 0.06 3.35 ± 0.02 3.73 ± 0.04 

BASO (%) 0.05 ± 0.01 0.05 ± 0.10 0.06 ± 0.02 0.06 ± 0.04 

EOS (%) 1.57 ± 0.01 1.52 ± 0.04 1.49 ± 0.07 1.3 ± 0.03 

Values are expressed as mean ± SD, n = 6. 
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Table 5. Hematological parameters of female rats after 90 days of treatment with T. vulgaris extract. 

Parameters 
      Control T. vulgaris (mg/kg B.W) 

                                        500                 700                        1000 

WBC (103/mm3)  

RBC (106/mm3) 

8.46 ± 0.57 

8.32 ± 0.61 

9.11 ± 0.02 

8.35 ± 0.04 

9.21 ± 0.09 

8.56 ± 0.07 

9.24 ± 0.03 

8.42 ± 0.06 

HCT (%) 41.12 ± 0.05 39.15 ± 0.08 39.82 ± 0.02 40.16 ± 0.09 

HGB (g/dL) 

MCV (µm3/red cell) 

13.41 ± 0.01 

54.22 ± 0.06 

13.37 ± 0.09 

55.33 ± 0.01 

13.72 ± 0.08 

53.22 ± 0.09 

13.42 ± 0.08 

53.45 ± 0.03 

MCH (pg/ red cell) 16.71 ± 0.03 16.48 ± 0.09 16.57 ± 0.01 16.37 ± 0.05 

MCHC (g/dL) 

PLT (103 cells/mm3) 

33.12 ± 2.04 

871.37 ± 1.64 

32.87 ± 1.05 

873.13 ± 1.53 

32.91 ± 0.72 

901.75 ± 1.01 

33.08 ± 2.01 

904.17 ± 0.08 

LYM (%) 71.51 ± 0.04 70.63 ± 0.09 70.82 ± 0.07 71.51 ± 0.02 

NEU (%) 23.13 ± 1.09 23.22 ± 0.02 23.81 ± 0.08 23.79 ± 1.08 

MONO (%) 3.21 ± 0.02 3.14 ± 0.04 3.61 ± 0.05 3.47 ± 0.09 

BASO (%) 0.01 ± 0.02 0.01 ± 0.04 0.02 ± 0.01 0.02± 0.03 

EOS (%) 1.63 ± 0.08 1.65 ± 0.06 1.62 ± 0.07 1.60 ± 0.09 

Values are expressed as mean ± SD, n = 6. 

3.6. Clinical Biochemistry Analysis  

Tables 6 and 7 summarize the levels or activities of biochemical parameters in male and female 

rats. All the tested doses of T. vulgaris extract did not induce a significant change in the 

concentration of ALT, AST, total bilirubin, total protein, albumin, creatinine, urea and uric acid. 

However, the extracts studied at doses of 700 and 1000 mg / kg caused a significant reduction 

in the level of total cholesterol, triglycerides, in both groups of rats compared to the control 

groups. Although Thymus extract induced various significant decreases (p<0.05 and p<0.01) in 

the fasting glucose levels of the treated groups of rats, which was labeled at the dose of 1000 

mg / kg, (p<0.01). 

Table 6. Biochemical parameters of male rats after 90 days of treatment with T. vulgaris extract. 

 

Parameters 
        Control 

T. vulgaris (mg/kg B.W) 

               500            700           1000 

AST (UI/L)  145.72 ± 1.03 145.83 ± 1.04 146.15 ± 1.19 146.33 ± 1.02 

ALT (UI/L) 56.32 ± 0.05 52.80 ± 0.03 49.97 ± 0.08 54.45 ± 0.03 

ALP (UI/L) 185.07 ± 1.04 181.45 ± 1.03 179.22 ± 1.05 182.31 ± 1.02 

Total bilirubin (mg/L) 0.49 ± 0.02 0.48 ± 0.07 0.51 ± 0.04 0.52 ± 0.01 

Total proteins (g/L) 68.17 ± 1.01 69.25 ± 0.02 67.23 ± 0.08 67.85 ± 1.06 

Total cholesterol (g/L)  0.64 ± 0.06 0.61 ± 0.03 0.52 ± 0.02* 0.51 ± 0.01** 

Triglycerides (g/L) HDL 0.70 ± 0.03 0.62 ± 0.02* 0.58 ± 0.02** 0.58 ± 0.02** 

Glucose (g/L) 1.09 ± 0.16 0.93 ± 0.03* 0.90 ± 0.05** 0.88 ± 0.05** 

Urea (g/L) 0.35 ± 0.03 0.36 ± 0.04 0.36 ± 0.03 0.36 ± 0.05 

Creatinine (mg/L) 4.17 ± 0.09 3.81 ± 0.02 4.12 ± 0.09 4.22 ± 0.02 

Uric acid (mg/L)  11.25 ± 1.04 11.57 ± 1.33 11.83 ± 0.75 11.97 ± 1.02 

Values are expressed as mean ± SD, n = 6. Compared to control group (one-way ANOVA followed by Dunnet's post-hoc test). 
*p<0.05 compared to control group (one-way ANOVA followed by Dunnet's post-hoc test). **p<0.01 compared to control 

group (one-way ANOVA followed by Dunnet's post-hoc test). 
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Table 7. Biochemical parameters of female rats after 90 days of treatment with Thymus extracts. 

Parameters     Control 
T. vulgaris (mg/kg B.W) 

         500          700          1000 

AST (UI/L)  148.27 ± 1.01 148.83 ± 1.02 147.15 ± 1.03 148.33 ± 1.09 

ALT (UI/L) 54.12 ± 0.03 53.80 ± 0.01 54.27 ± 0.02 54.15 ± 0.08 

ALP (UI/L) 195.11 ± 0.04 191.18 ± 0.03 194.16± 0.04 192.21 ± 0.03 

Total bilirubin (mg/L) 0.47 ± 0.14 0.47 ± 0.25 0.49 ± 0.21 0.48 ± 0.31 

Total proteins (g/L) 67.05 ± 0.02 67.75 ± 0.01 68.33 ± 0.03 67.39 ± 0.04 

Total cholesterol (g/L)  0.61 ± 0.06 0.53 ± 0.08 0.49 ± 0.04** 0.48 ± 0.04** 

Triglycerides (g/L) HDL 0.69 ± 0.01 0.50 ± 0.01 0.47 ± 0.03** 0.43 ± 0.02** 

Glucose (g/L) 0.99 ± 0.13 0.84 ± 0.04* 0.80 ± 0.06** 0.80 ± 0.05** 

Urea (g/L) 0.36 ± 0.01 0.36 ± 0.02 0.35 ± 0.01 0.35 ± 0.03 

Creatinine (mg/L) 3.87 ± 0.05 3.91 ± 0.01 4.01 ± 0.05 4.11 ± 0.03 

Uric acid (mg/L)  12.78 ± 0.01 12.98 ± 0.03 13.03 ± 0.05 13.07 ± 0.02 

Values are expressed as mean ± SD, n = 6. *p<0.05 (one-way ANOVA followed by Dunnet's post-hoc test). **p<0.01 (one-

way ANOVA followed by Dunnet's post-hoc test). 

3.7. Histological Analysis 

Microscopic examination of liver, spleen, and kidney tissues was performed on rats that were 

either untreated (a, c, e) or treated with 1000 mg/kg of T. vulgaris aqueous extract (b, d, f, 

respectively). Demonstrate a normal morphology comparable to that of the control group, 

indicating that repeated oral administration of the aqueous extract of T. vulgaris for 13 weeks 

by gavage generated no detrimental modifications or morphological abnormalities (Figure 4).  

Figure 4. Chronic toxicity (tissue histology). There no difference between treated and control group. 

On the right, a (1000 mg/kg), b (700 mg/kg) and c (500 mg/kg) represent treated groups. On the left, a 

(1000 mg/kg), b (700 mg/kg) and c (500 mg/kg) represent no treated groups.  
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4. DISCUSSION 

Calcium is the most abundant mineral in this plant, owing to its role in the formation and 

strength of bones and teeth. Additionally, it is involved in a broad variety of biological 

processes, including muscular contraction and nerve impulse transmission (Vannucci et al., 

2018). Our results also suggested that Moroccan thyme was rich in macro- and micro-elements, 

which are necessary for health maintenance through supporting metabolism, energy generation, 

growth, and healing (Soni et al., 2010). Our findings corroborated previous studies on the 

mineral content of T. vulgaris, as the Turkish variety of this plant also included highest 

concentrations of Ca, Fe, K, Mg, and S, when compared to thirty-two Turkish medicinal herbs 

(Özcan, 2004).  

Other studies revealed also the richness of Thymus species in mineral compounds Indeed, 

according to study of Ouknin et al. (2018), it was revealed that T. zygis subsp. gracilis, T. 

pallidus, T. willdenowii containing numerous mineral compounds with certain variability 

depending on plant species and plant parts (Ouknin et al., 2018). Moreover, other species 

belonging to Thymus genus such as T. capitatus and T. broussonetii containing also different 

mineral compounds. The variability of these components depends to different factors such as 

the genetic of specie, plant parts used, and climatic changes (Bouyahya et al., 2020c; Naceiri 

Mrabti et al., 2021). 

Additionally, it was found that species belonging to the genus Thymus have a wide variety 

of chemical constituents; this diversity can be explained by both endogenous (plant varieties, 

organ tested and vegetative state) and exogenous factors such as soil characteristics, seasons 

and climatic features (Mseddi et al., 2020).  

The findings of this study also revealed that T. vulgaris showed good antimicrobial activity 

against all tested microorganisms to varied degrees using the well diffusion method. The well-

diffusion assay is a simple and effective method to determine the possible presence of 

antimicrobial agents in tested plant extracts (Savaroğlu et al., 2011). Previous studies have been 

done on thyme grown in various regions worldwide and showed antimicrobial potential of T. 

vulgarus (Al-Bayati, 2008; Jafari et al., 2020). 

Indeed, it was reported that thyme essential oils showed various degrees of antibacterial 

activity, but higher antifungal activity was recorded against C. albicans.  Tural & Turhan (2017) 

mentioned that thyme essential oils have remarkable antibacterial effects, against S. aureus, E. 

coli and L. monocytogenes. Moreover, the current study exhibited that, based on the MBC/MIC 

values, T. vulgaris has potent fungicidal (against C. albicans) and bactericidal effects especially 

against S. aureus and E. coli. Previous published studies confirmed the thyme essential oils 

recorded remarkable MIC values, which reflect its effectiveness as a potent antimicrobial 

against different microorganisms (Borugă et al., 2014; Fournomiti et al., 2015; Imelouane et 

al., 2011). Therefore, the aqueous extract of thyme has an effective antimicrobial properties. 

There is a robust relationship between the phytochemical structures of thyme and its 

antimicrobial activity, which could be related to terpenes present in thyme, and this compound 

is thought to cause rupture of the microbial membrane by a lipophilic mechanism (Imelouane 

et al., 2011). 

T. vulgaris, on the other hand, is regularly consumed by Moroccans with no obvious toxic 

effects documented (Eddouks et al., 2002b). The scientific assessment of this reputation needs 

an examination of the plant's long- or medium-term effect on the organism. To the best of our 

knowledge, no study assessing the safety of the aqueous extract of T. vulgaris has been 

conducted in Morocco. As a result, the oral route was selected for the acute toxicity 

investigation since it is the most often utilized route in people under normal settings. The results 

obtained indicated that there were no indicators of toxicity and no death in mice during a 14-
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day period with any of the dosages examined, indicating that its usage is safe and without 

harmful consequences.  

Concerning chronic toxicity, the male and female rats administered with the aqueous extract 

of T. vulgaris exhibited a normal body weight evolution, indicating the lack of toxicity. 

Hematological examination revealed no significant changes in the parameters measured in rats 

treated with T. vulgaris aqueous extract. The aqueous extract also did not influence biochemical 

parameters at any of the dosages studied. However, this extract resulted in a considerable 

decrease in total cholesterol and triglycerides. 

In agreement with our results, another study found that supplementing drinking water with 

thyme extract reduces plasma triglycerides and total cholesterol (Abdulkarimi et al., 2011). 

Thus, this extract resulted in a considerable drop in blood glucose levels throughout therapy, 

indicating that it is suitable for use in the treatment of diabetes (Tuama, 2016). A similar study 

conducted in Peru showed no evidence of toxicity in acute and repeated 28-day oral dosage 

toxicity tests of T. vulgaris essential oil in rats (Rojas-Armas et al., 2019). 

During the experiment, oral administration of the aqueous extract of T. vulgaris caused no 

detrimental alterations or morphological abnormalities in the tissues examined and this was also 

in harmoney with previous studies (Benourad et al., 2014). On the contrary, one study revealed 

that it had a healing impact on liver tissues when rabbits were exposed to methotrexate (MTX)-

induced toxicity (Swayeh et al., 2014). 
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