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Abstract 
 
     This study evaluated the possible ameliorative effect of hydromethanol extract of Thymus vulgaris on 

hepatorenal toxicity induced by cadmium in male rats. The experimental animals were divided into four groups 
and treated as follows: A (control - 0.5ml of 2% tween 80 in distilled water per os) for 3 weeks and a single 
subcutaneous dose of phosphate buffered saline, B (single subcutaneous dose of cadmium in phosphate 
buffered saline at 3 mg/kg); C (500 mg/kg extract per os daily for 3 weeks) and D (single subcutaneous dose of 
cadmium in phosphate buffered saline at 3 mg/kg + 500 mg/kg extract per os daily for 3 weeks). Cadmium 
administration resulted in suppression of erythrocyte count, hemoglobin concentration, packed cell volume, 
an elevated total leucocyte count with associated neutrophilia which improved with extract administration. 
Levels of serum alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase, creatinine and 
total bilirubin concentration increased with decrease in total serum protein and albumin in cadmium treated 
group B compared to control group A, group C (extract only) and cadmium plus extract treated group D. 
Cadmium led to a reduction in catalase and superoxide dismutase activities with increase in the level of 
malondialdehyde. However, co-administration of extract with cadmium in group D reduced lipid peroxidation 
and oxidative stress induced by cadmium. Histopathological examination of cadmium treated groups showed 
moderate vacuolar degeneration in the liver and degeneration of the kidney tubules which were ameliorated 
following co-administration with extract. This study shows that Thymus vulgaris extract has a potential 
protective effect against cadmium induced hepato-renal injury through the suppression of oxidative stress. 
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Introduction 
 
Cadmium (Cd) is an environmental and industrial pollutant with high toxicity and   carcinogenic 

activity (IARC, 2012). It is widely used in industry, but affects human health through occupational and 
environmental exposure. Humans are primarily exposed to cadmium from contaminated food and water, 
smoking and industrial emissions (El-Habit and Abdel Moneim, 2014). This pollutant gets into the body of 
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both man and animals to accumulate in various organs such as the kidney, liver, testes, pancreas, thyroid, 
salivary glands, bone and central nervous system (Huff et al., 2007; Nordberg et al., 2014). In these organs, 
cadmium causes severe pathology ranging from cellular degeneration and necrosis to carcinogenic effects. The 
main target organs for cadmium are the testes, liver and kidney.  

In the liver, cadmium causes liver failure associated with hepatocyte degeneration, focal necrosis, changes 
in the liver functional biomarkers and fat deposition (El-Refaiy and Eissa, 2013). Cadmium induced renal 
damage results in glomerular swelling and increased urinary space (Mouihs and Thevenod, 2010).  Previous 
studies have linked the toxic effects of cadmium to oxidative stress, since it can alter the antioxidant defense 
system in several tissues, causing a decrease in the activity of antioxidant enzymes and a change in cell membrane 
structure through increased lipid peroxidation (Dzobo and Naik, 2013; Kumar et al., 2019). Animals and 
humans that inhabit industrial areas where cadmium is used for manufacturing certain products are vulnerable 
to accidental cadmium exposure. Thus, various options are employed in the management and treatment of 
cadmium toxicity in both animals and humans with little or no success (Rafati Rahimzadeh et al., 2017).  

In recent years, numerous scientific studies have been undertaken to support the dietary intake of 
antioxidant - rich food which can reduce the risk of various disease and also protect the tissues and organs from 
vulnerability to various environmental hazardous substances like cadmium. The plant Thymus vulgaris L. 
(Lamiaceae), is known to contain essential oils which consist of carvacrol, linalool and thymol (Satyal et al., 
2016). The plant leave extract is reported to have immunomodulatory and anti-inflammatory properties 
(Ocaña and Reglero, 2012), as well as antioxidant and free radical scavenging effects (Vigo et al., 2004; El-
Nekeety et al., 2011). Therefore, this study was designed to evaluate the possible ameliorative effects of 
hydromethanol extract of Thymus vulgaris (HMETV) on cadmium-induced hepatorenal toxicity in rats. 

 
 

Materials and Methods 
 
Chemicals 
Cadmium chloride (CdCl2- 99% pure) was purchased from Sigma Aldrich Chemicals Co. (St. Louis, 

Mo, USA). All chemicals and kit reagents used were of analytical grade and obtained from commercial supplies. 
 
Preparation of plant material  
The leaves of T. vulgaris plant used in this study were purchased from a local market in Nsukka, Nigeria 

and identified by Mr. A. Ozioko, a botanist at the Department of Plant Science and Biotechnology, University 
of Nigeria, Nsukka. The leaves were carefully washed with tap water to remove dust and other impurities and 
dried under shade for about 10 days, after which they were ground to powder using a grinding machine. The 
dried ground powder of T. vulgaris was soaked in 70% methanol for 3 days after which the extract was 
evaporated using a rotary evaporator (Daud et al., 2017). The hydromethanol extract of Thymus vulgaris 
(HMETV) obtained was stored in a container at 4oC and reconstituted with 2% tween 80 in distilled water 
prior to administration. 

 
Acute toxicity study of the HMETV 
This was done to evaluate the acute toxicity of HMETV according to the Organization of Economic 

Cooperation and Development (OECD) guideline 423 (OECD, 2003). The LD50 was found to be greater 
than 5000 mg/kg, thus oral dose of 500mg/kg was selected for the HMETV treated groups. 

 
Experimental animals 
A total of twenty 10-12 weeks old healthy Sprague-Dawley outbred male albino rats (Rattus norvegicus) 

weighing between 150-200 g were purchased from the Experimental Animal Unit of the Zoological Garden, 
University of Nigeria, Nsukka. The rats were housed in standard metal cages with wood shavings as bedding in 
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the Experimental Animal Unit of the Department of Veterinary Pathology and Microbiology, University of 
Nigeria, Nsukka and acclimatized at a temperature of 25±4 °C and relative humidity of 65±5% with an 
alternating 12 h light and dark cycle for two weeks. They were fed growers diet (Top Feeds Ltd, Sapele, Nigeria) 
and given tap water ad libitum. 

 
Experimental design 
The experiment was conducted in compliance with the Ethics and Regulations Guiding the Use of 

Research Animals as approved by the University of Nigeria, Nsukka (FVM2020/117) based on the 
experimental protocols as directed by the National Institute of Health Guide for Care and Use of Laboratory 
Animals (NRC, 2011). After an acclimatization period of 2 weeks, the rats were randomly divided into four 
groups of five rats each based on body weight and treated as follows: A (control group given 0.5ml of 2% tween 
80 in distilled water per os (P.O) daily for 3 weeks and single subcutaneous dose of phosphate buffered saline 
(PBS); B (single subcutaneous dose of cadmium  dissolved in phosphate buffered saline (PBS) at 3 mg/kg); C 
(HMETV 500 mg/kg P.O daily for 3 weeks) and D (single subcutaneous dose of cadmium at 3 mg/kg + 
HMETV 500 mg/kg P.O daily for 3 weeks).The dose of cadmium used and the duration of study was based on 
previous reports (Ponnusamy and Pari, 2011). 

 
Animal sacrifice and sampling 
At the end of the experiment, the rats were fasted overnight and 4 mL of  blood was collected in the 

morning via the orbital plexus  into two sets of sample bottles, one with EDTA and another plain sample bottle 
in  order to obtain serum, after euthanasia by intraperitoneal injection  of 90mg/kg body weight  ketamine 
hydrochloride (Laborate Pharmaceutical, India) and  5 mg/kg body weight  xylazine-Kepro Holland (Zarei and 
Shahrooz, 2019). Blood in the plain sample bottles were centrifuged (1000g for 10 min) and serum collected 
for biochemical analyses. Thereafter, the rats were dissected and organs of interest such as the kidney and liver 
were harvested for antioxidant enzyme activity, lipid peroxidation assay and histopathology. 

 
Hematological analyses 
The packed cell volume (PCV) was determined using the microhaematocrit method while the 

erythrocyte count (EC) and total leucocyte count (TLC) were determined using the haemocytometer method 
(Thrall and Weiser, 2002). Differential leucocyte counts (DLC) was performed using the stained blood film 
(Thrall and Weiser, 2002), while haemoglobin concentration (Hb) was determined using the Drabkin’s 
reagent assay method for Hb concentration (Higgins et al., 2008a) 

 
Serum biochemical analyses 
The determination of total serum protein was performed using the direct biuret method for the in vitro 

determination of total protein in serum (Johnson, 2008), while albumin level was assayed using the 
Bromocresol green method (Doumas et al., 1971). Determination of serum creatinine was based on the 
modified Jaffe method (Blass et al., 1974), for the in vitro determination of creatinine in serum using the 
Quimica Clinica Applicada (QCA) Creatinine test kit (QCA, Spain).  Aspartate Aminotransferase (AST), 
Alanine Aminotransferase (ALT) and Alkaline Phosphatase (ALP) activity was assessed using the standard 
method (Colville, 2002). Catalase (CAT) and Superoxide dismutase (SOD) activity was estimated according 
to standard methods (Nishikimi, 1972; Hadwan, 2018). Lipid peroxidation biomarker, malondyaldehyde 
(MDA) was measured by spectrophotometric method as described previously (Ohkawa, 1979).  

 
Histopathological examination 
The liver and kidney tissues were dehydrated in graded concentrations of ethanol, cleared in xylene, and 

embedded in paraffin wax. Five-micrometer thick sections were cut, mounted on glass slides, and stained with 
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haematoxylin and eosin for light microscopy (Bancroft and Gamble, 2002). Photomicrographs were captured 
using a Moticam Image plus 2.0 digital cameras (Motic China Group Ltd. 1999-2004). 

 
Statistical analysis 
Statistical analysis of the data was done using SPSS statistics software. Multiple comparisons were 

performed using one-way ANOVA followed by Post-hoc Test (p value <0.05). Values were expressed as means 
± standard error of the mean (S.E.M). 

 
 
Results  
 
Hematological analyses showed a decrease in packed cell volume, hemoglobin concentration and 

erythrocyte count in cadmium treated group B rats compared to the control (group A), group C (HMETV 
only) and HMETV plus cadmium treated group D which were higher. There was also an increase in total 
leucocyte count associated with neutrophilia in cadmium treated group B compared to the control and 
HMETV only treated group C which reduced following treatment with HMETV plus cadmium in group D 
(Table 1). Serum activities of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase were 
higher in cadmium treated group B compared to other groups while there was a significant (p< 0.05) increase 
in total bilirubin in cadmium treated group B compared to the control, HMETV treated group C and HMETV 
plus cadmium treated group D, but total serum protein and albumin decreased with increased creatinine levels 
in cadmium treated group B compared to the control, HMETV treated group C and HMETV plus cadmium 
treated group D (Table 1). 

 
Table1.  Hematological and serum biochemical parameters (mean ± SEM) of the experimental groups of 
rats 

Parameters/Groups A (Control) B (CdCl2 only) C (HMETV only) D (Cd+ HMETV) 
     

PCV (%) 40.33 ± 1.20
a
 31.00 ± 2.00

b
 38.33 ± 2.03

a
 34.33 ± 1.45

b
 

Hb (g/dl) 16.44 ± 1.77
a
 13.60 ± 2.00

b
 14.32 ± 0.44

b
 14.71 ± 0.65

b
 

RBC (x10
6
/ml) 9.13 ± 0.50

a
 5.85 ± 0.65

b
 7.21 ± 0.44

a
 6.03 ± 0.82

b
 

WBC (x10
3
/µl) 1.48 ± 0.23a 2.00 ± 0.45a 1.33 ± 0.19a 1.53 ± 0.13a 

Basophils (x103/µl) 0.017 ± 0.01a 0.006 ± 0.00a 0.008 ± 0.00a 0.028 ± 0.01a 

Eosinophil(x103/µl) 0.02 ± 0.00a 0.02 ± 0.01a 0.02 ± 0.01a 0.01 ± 0.00a 

Neutrophils(x103/µl) 0.37 ± 0.04
a
 1.14 ± 0.30b 0.36 ± 0.05

a
 0.94 ± 0.19b 

Monocytes(x103/µl) 0.02 ± 0.00a 0.04 ± 0.01a 0.03 ± 0.00a 0.03 ± 0.00a 

Lymphocytes 

(x103/µl) 
1.05 ± 0.18a 0.80± 0.14a 0.91 ± 0.22a 0.53 ± 0.07a 

ALT (U/L) 30.31±9.09a 52.01±8.23a 36.18±1.60a 35.53±4.48a 
ALP(U/L) 86.03±14.82a 100.00±15.87a 80.66±5.59a 95.12±5.84a 
AST(U/L) 59.40±0.90a 69.24±2.21ab 48.17±9.39ac 65.84±2.94ab 

Bilirubin((µmol/L) 0.06±0.04b 0.41±0.06a 0.07±0.02b 0.16±0.04b 
Total Protein(g/l) 9.44±1.25b 6.47±1.71b 13.30±0.67a 7.12±1.07b 

Albumin (g/l) 2.88±0.56a 2.63±0.20a 3.99±0.81a 2.73±1.12a 
Creatinine (µmol/L) 0.84±0.08a 1.20±0.05a 1.04±0.14a 1.07±0.17a 

The values (mean ± SE) (n = 5) bearing different superscripts in the same row differ significantly at p < 0.05. Significance was determined by one-way 
ANOVA followed by Post-hoc Test). 
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Cadmium intoxication also led to a significant (p< 0.05) reduction in SOD and CAT activity with 
increased MDA concentration while cadmium plus HMETV significantly increased the activity of CAT and 
SOD with significant (p< 0.05) decrease in the MDA level in liver and kidney tissues when compared with the 
group treated with cadmium only (Table 2). 

 
Table 2. Hepatic and renal oxidative stress marker and antioxidant enzyme activity of the experimental 
groups of rats 

Groups Tissue MDA (nmol/g.tissue) SOD (U/g.tissue) CAT (U/g.tissue) 

A (Control) 
Liver 

Kidney 
30.92±1.10d 

112.65±1.62b 
28.08±1.65a 
65.55±2.59a 

72.38±1.17a 
44.02±1.24a 

B (CdCl2 only) 
Liver 

Kidney 
74.35±1.71a 

221.20±5.86a 
8.83±1.00d 

28.81±1.10d 
46.44±1.00d 
20.49±0.87c 

C (HMETV only) 
Liver 

Kidney 
28.62±0.62d 

107.56±2.03b 
26.03±1.30a 
60.43±0.71a 

70.07±1.72a 
43.70±1.03a 

D (CdCl2+ HMETV) 
Liver 

Kidney 
28.15±0.83d 

105.16±1.62b 
25.61±1.46a 
58.61±2.42a 

68.96±0.41a 
42.43±0.01a 

The values (mean ± SE) (n = 5) bearing different superscripts in the same column differ significantly at p < 0.05. 
Significance was determined by one-way ANOVA followed by Post-hoc Test). 

 
The histopathological examination of the liver in the control group of rats showed normal histo-

architecture as the hepatocytes had its characteristic prominent nucleus and nucleolus. These   were arranged 
in anastomosing plates and cords radiating from visible central vein separated by sinusoids. However, Cd 
administration in group B led to severe vacuolar degeneration of hepatocytes but mild degenerative changes in 
group D (Cd + HMETV) compared to the control (group A) and HMETV treated group C which had normal 
histological features (Figure 1). 

 

 
Figure 1. Photomicrograph of the liver from groups A (control) and C (500mg/kg HMETV) showing 
apparently normal hepatocytes (white arrows) 
Note the moderate vacuolar degeneration of hepatocytes in group B (CdCl2 at 3 mg/kg-black arrows) and dilated 
sinusoids with hemosiderin (arrowheads) and mild vacuolar degeneration of hepatocytes (black arrows) in group D 
(CdCl2 at 3mg/kg +500mg/kg HMETV). HE x 400. 
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The kidney sections of rats from the control (group A), showed a normal structure of renal cortex and 
medulla comprising of tubules and renal corpuscle consisting of a tuft of capillaries (the glomerulus) 
surrounded by a double-walled epithelial capsule called Bowman’s capsule which is separated by the urinary or 
Bowman’s space. The same normal features were observed in rats treated with HMETV only (group C). 
However, the groups treated with cadmium only (group B) showed mild degeneration of the renal tubules 
compared to HMETV + Cd treated group D which had only focal area of tubular epithelial cell apoptosis 
(Figure 2). 

 

 
Figure 2. Photomicrograph of the kidney from groups A (control) and C (500mg/kg HMETV) rats 
showing the renal tubules (white arrows) with no observable histological change while groups B (CdCl2 at 
3 mg/kg) shows mild renal tubular degeneration (black arrows)  
Note the focal area of tubular epithelial cell apoptosis (arrowhead) in group D (CdCl2 - 3mg/kg + 500mg/kg 
HMETV). HE x400. 

 
 
Discussion 
 
Cadmium exerts its known toxic effects on the various organs of the body like the kidney and liver 

through its induction of oxidative stress (Dzobo and Naik, 2013; Kumar et al., 2019). Thus, this study was 
undertaken to evaluate the possible ameliorative effect of hydromethanol extract of Thymus vulgaris on 
hepatorenal toxicity induced by cadmium in male rats. The reduction in erythrocytic indices in this study shows 
that cadmium induces anemia and this was ameliorated following treatment with HMETV. This may be due 
to increased rate of erythrocyte destruction, leading to a decrease in RBC count and an expected decrease in 
PCV level and Hb content as was demonstrated in earlier reports (Ognjanovic et al., 2003; Mladenovic´ et al., 
2014). The presence of Cd in the bloodstream is also known to cause iron deficiency and decrease in the 
amount of Hb, as acute Cd intoxication induces lipid peroxidation in erythrocytes membrane causing 
erythrocyte haemolysis and resultant anemia (Matovic et al., 2015; Suh et al., 2016). Although, the   
hemoglobin concentration and RBC count in the HMETV recipient group were reduced, the values were still 
higher than that of the group treated with Cd only. However, further research is required to understand the 
actual effect of HMETV on hematological indices in rats.  

In the present study, we observed increased WBC count in cadmium treated group of rats which was 
associated with neutrophilia and lymphopenia compared to the control and HMETV treated group. This 
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is similar to previous reports (Horiguchi and Oguma, 2016; Donmez et al., 2019) and may be due to neutrophil 
oxidative burst and immunosuppression (Descotes, 1992; Schulte et al., 1994; Dan et al., 2000; Milica et al., 
2017). Neutrophilia is also known to be associated with drug or chemical induced stress in animals (Pruett et 
al., 2007). The changes observed in serum activity of liver enzymes (ALT, ALP, and AST) were similar to 
previous work which reported significant increase in ALT and AST of cadmium treated rats (Haidri and Malik, 
2016; Oyinloye et al., 2016). This was confirmed by the liver histopathology of the cadmium treated group of 
rats.  

The present result also showed that total protein and albumin were decreased with concurrent increase 
in creatinine level in cadmium treated groups compared to the control and HMETV treated groups. This was 
confirmed by the renal histopathological lesions seen in this study which may have resulted in proteinuria, 
hypoproteinemia and increased serum creatinine.  Scientific reports have shown that many herbs and spices are 
effective in ameliorating toxicant induced oxidative stress (Wojdylo et al., 2007). In this study, the 
administration of cadmium (3 mg/kg) led to a significant increase in liver and kidney MDA concentration 
compared to the control group whereas the MDA concentration in the HMETV 500 mg/ kg+ cadmium 
groups were significantly lower compared to the cadmium treated group. MDA is used as a marker of tissue 
injury as it is a secondary product of lipid peroxidation in tissues (Gulcin, 2012; Gulcin and Beydemir, 2013). 

The results of this study showed that HMETV reduced MDA concentration in the liver and kidney 
tissues. Antioxidants enzymes such as SOD and CAT play an important role by protecting cells against 
oxidative damage. In this study, cadmium significantly reduced the antioxidant activities of SOD and CAT in 
the liver and kidney tissues compared to the control group. This was ameliorated following treatment with 
HMETV 500 mg/kg which led to an increase in antioxidant enzyme activities observed in the rat liver and 
kidney tissues. This is in agreement with previous reports where thymus oil treatment was observed to protect 
tissues against oxidative stress and induce an increase in antioxidant enzyme activities (Sathiavelu et al., 2009; 
Pushpavalli et al., 2010). 

The cadmium induced histopathological lesions in the liver and kidney as observed in this study were 
similar to previous reports (El-Refaiy and Eissa, 2013). However, the suppressive effects of the thymus vulgaris 
extract on cadmium induced tissue damage was further proven by the significant restoration of liver and kidney 
histology. 

 
 
Conclusions 
 
This study has shown that Thymus vulgaris has a protective effect against cadmium induced hepatorenal 

injury through the suppression of oxidative stress. 
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