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ABSTRACT 

 
The aim of this study was to investigate the effect of licorice at low and high dose (100&300 mg/kg b.w, 

respectively) on cadmium induced oxidative stress in male rats (100 mg cadmium/ kg in drinking water) for 
sixty days. The obtained results showed that control (+ve) showed significant decrease in nutritional results, 
hemoglobin, antioxidant enzymes and high density lipoprotein cholesterol (HDLc). Moreover, showed 
significant increase in free radical, NO and lipid peroxide (LPO); liver and renal function enzymes activity, and 
also serum cholesterol, triglyceride, low and very low density lipoprotein cholesterol (LDLc and 
VLDLc)compared to normal control group. Low and high licorice rat groups showed significant increase in 
nutritional results, antioxidant enzymes , hemoglobin and  HDLc but showed significant decrease in free radical, 
NO, LPO, CHO, LDLc and liver and kidney function parameters in compared to control (+ve). These results 
indicated that licorice improve growth performance and has antioxidant activity.  
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Introduction 
 

Oxidative stress results from the imbalance of reactive oxygen species (ROS) and defense mechanisms 
which results in cell damage. The enhanced production of free radicals and oxidative stress can also be induced 
by a variety of factors such as radiation or exposure to heavy metals and xenobiotics. Also, available reports 
indicate that cadmium-induced toxicity results from the generation of free radicals which leads to lipid 
peroxidation, causing damage to many systems and organs, and a change in their functions and structure (Sarkar 
et al., 1995 and Abd El-Ghany2007). 

Cadmium is a heavy metal that is highly toxic, even in low doses. The most common uses of cadmium 
include electroplating, some industrial paints and some types of batteries. Human uptake of cadmium takes 
place mainly through food. An exposure to significantly higher cadmium levels occurs when people smoke. 
Blood will transport it from lung through the rest of the body where it can increase effects by potentiating 
cadmium that is already present from cadmium-rich food. Other high exposures can occur with people who live 
near hazardous waste sites or factories that release cadmium into the air and people that work in the metal 
refinery industry. Cadmium can severely damage the lungs and may even cause death (Bagchi et al., 1996 and 
Godt et al., 2006). 

Lipoic acid is a disulfide compound found naturally in mitochondria as the coenzyme. It has been used as 
therapy for many diseases associated with impaired energy utilization, such as type II diabetes. Lipoic acid 
improved energy metabolism and lower oxidative stress for certain disease states has been described, it is known 
that lipoic acid supplementation may also reverse energy-linked metabolic deficits or reduce the increased 
oxidative stress (Suzuki et al., 1991). 

The roots and rhizomes of licorice (Glycyrrhiza) species are perennial herbs native to the Mediterranean 
region and have long been used worldwide as an herbal medicine and natural sweetener. Licorice root is a 
traditional medicine used mainly for the treatment of peptic ulcer, hepatitis C, and pulmonary and skin diseases. 
A large number of components have been isolated from licorice, including triterpene saponins, flavonoids, 
isoflavonoids and chalcones, with glycyrrhizic acid normally being considered to be the main biologically active 
component (Wang et al., 2000 and Hai et al., 2011). 

The present study was undertaken to evaluate the antioxidant property of low and high licorice extract 
consumption on cadmium induced oxidative stress in experimental rats.  
 
Material and Method 
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2.1. Licorice and Chemicals: 
 
Licorice (Glycyrrhiza glabra) was purchased from a local herb shop in Giza city, Egypt and identified by at 

Horticultural Research Institute, Agriculture Research Center, Egypt.  Thiotex drug is α lipoic acid (thioctic 
acid) and obtained from Marcyrl pharmaceutical industries El Obour City, Egypt. Thiotex drug (α lipoic acid) is 
considered as reference for antioxidant in this study. The human dose of α lipoic was 600mg daily. The 
calculated rat dose was 45 mg/kg daily according to Paget and Barnes (1964). Oxidative stress was induced by 
cadmium chloride at dose 100 mg cadmium/ kg b.wt/day in solution by stomach tube (Asagba and Eriyamremu 
2007). Bio Meriuex Kits were purchased from Alkan Co. for Chemicals and Biodignostics, Dokki, Egypt. 
 
2.2. Preparation of the standard diet and aqueous extract of licorice: 

 
The standard diet was performed according to Reeves et al., (1993). The licorice root was grinded to give a 

fine powder. 200 g of the licorice powder was suspended in 3 L of distilled water and boiled under reflux for 30 
min then filtrate to remove cellulose fibers. The filtrate was concentrated on a steam bath to give 60 g of the 
residue then dried using a lyophilizer. Licorice extract was suspended in distilled water and administered orally 
through stomach tube at low (100 mg/kg b.w) and high dose (300 mg/kg b.w) according to previous study of 
Hai et al., (2011).  
 
2.3. Animals and biological study: 

 
Sprague Dawley strain rats (130.41±8g) of either sex had free access to feed and water for adaptation. The 

rats were divided randomly into five groups of 10 rats. One group (n=10) of rats served as a normal control and 
four groups were administered cadmium for inducing oxidative stress. One group of them served as a control 
positive while the rest of rats were classified into three treated groups with the same number of rats which were 
α lipoic acid, low licorice and high licorice.  

The food intake was monitored daily and the growth of animals was monitored weekly by recording body 
weight. The animals were sacrificed after 60 days under light ether anesthesia. Blood was collected for 
separation of serum for biochemical assays.  
 
2.4. Biochemistry Analysis: 

 
Blood hemoglobin (HG), nitric oxide (NO), lipid peroxide (LPO) and free radical (FR) and were estimated 

according to Drabkin (1949), Green et al., (1981), Esterbauer and Cheeseman (1990) and Borg (1976), 
respectively.  

Superoxide dismutase (SOD), glutathione peroxidase (GPX) and catalase enzymes were estimated 
according to the methods of Misra and Frisovich (1979), Pagila and Valentine (1967) and Xu et al. (1997), 
respectively. Serum creatinine, urea and uric acid were estimated according to Bonsens and Taussky, (1984), 
Patton and Crouch, (1977) and Fossati et al., (1980), respectively. Briefly, Serum alanine and aspartate 
aminotransferase (ALT, AST) activity and alkaline phosphatase (ALP) were estimated according to Bergmeyer 
and Horder (1980) and Kind and King (1954), respectively. Serum cholesterol, triglycerides (TG) and high 
density lipoprotein cholesterol (HDL-c) were determined by using enzymatic colorimetric methods (Allain et 
al., 1974, Buccolo and David 1973 and Kostener 1977, respectively). 

2.4. Calculation of some parameters:  
Feed efficiency ratio (FER) was calculated according to Chapman et al., (1950). Very low density 

lipoprotein cholesterol (VLDL-c) was calculated as TG/5 while low density lipoprotein cholesterol (LDL-c) was 
calculated as following [LDL-C= Total cholesterol –HDL-C –VLDL-C] according to Lee and Nieman (1996) 
and Fruchart (1982).  
 
2.5. Statistical Analysis: 

 
Statistical analysis involved used of the Statistical Analysis System software package. Analysis of variance 

was performed by ANOVA procedures. Significant differences between means were determined by Duncan’s 
multiple range tests at a level of P < 0.05 (Abo-Allam 2003). 
 
Results: 

 
Food intake and growth performance results were illustrated in table (1). Final weight, body weight gain 

and FER were significantly decreased in control (+ve) at p<0.01 & 0.001 but FER only was significantly 
decreased in αlipoic acid group compared to normal control group. The treated groups showed significant 
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increase in final weight, body weight gain and FER in compared to control (+ve). There was no significant 
difference among low or high dose of licorice treated groups and also in compared to normal control.  
 
Table 1: Body weight gain, food intake and FER of the experimental rat groups 

Groups  
Variables 

Normal  control  Control +ve α lipoic acid Low licorice 
 

High licorice 

Final weight 204.51±13.21a 175.41±11.19b** 203.2±12.14a 205.41±13.36a 210.31±12.13a 
Body weight(g) 74.10±4.30a 43.20±3.99b*** 70.60±8.14a 72.01±7.16a 76.80±8.01a 
Food intake(g/w) 17.32±1.11a 15.41±1.24ab 17.66±1.32a 16.96±1.35a 18.24±1.49a 
FER 0.071±0.001a 0.046±0.003c*** 0.066±0.002b** 0.070±0.001a 0.070±0.001a 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
As shown in table 2, control (+ve) group showed significant decrease in HG (p<0.001) and significant 

increase in free radical, NO and LPO (p<0.001) while α lipoic acid group showed significant decrease in HG 
(p<0.05) and significant increase in free radical (p<0.05) and NO (p<0.01) compared to normal control group. 
Low and high licorice groups showed a non significant difference in HG and LPO but showed significant 
increase in free radical (p<0.05) and NO (p<0.01) compared to normal control group. The treated groups 
showed significant decrease in free radical, NO and LPO in compared to control (+ve). There was a non 
significant difference in HG, free radical, NO and LPO in low licorice group compared to high licorice group. 
 
Table 2: Mean values ± SD of HG, free radical, NO and LPO of the experimental rat groups 

Groups  
Variables 

Normal  control Control +ve α lipoic acid Low licorice 
 

High licorice 

HG 13.61±1.30a 9.61±1.21b*** 11.39±1.11bc* 13.21±1.20a 13.91±1.14a 
FR  12251.11± 

1031.34c 
52360.17± 
2110.39a*** 

21432.71± 
1142.11b* 

25315.01± 
1201021b* 

20323.30± 
1003.40b* 

N O 1.75±0.33c 10.87±2.11a*** 4.61±0.88b** 5.88±0.57b** 5.34±0.64b** 
LPO 2.14±0.39bc 7.67±1.35a*** 3.28±0.92b 3.71±0.73b 3.51±0.44b 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
As shown in table 3, control (+ve) group showed significant decrease in SOD, GPX and catalase (p<0.001) 

while α lipoic acid group showed significant decrease in GPX (p<0.01) compared to normal control group. Low 
and high licorice groups showed a non significant difference in SOD but showed significant decrease in GPX 
(p<0.01) and catalase (p<0.05) compared to normal control group. There was a non significant difference in 
SOD, GPX and catalase among treated groups but showed significant increase compared to control (+ve).  
 
Table 3: The Mean values ± SD of serum SOD, GPX and catalase of the experimental groups 

Groups  
Variables 

Normal  control Control +ve α lipoic acid Low licorice 
 

High licorice 

SOD 35.14±5.19a 14.37±2.11c*** 31.81±4.19a 27.14±4.22ab 26.35±3.21ab 
GPX 103.11±9.27a 45.21±5.10c*** 88.21±9.25b** 75.50±6.01b** 74.36±7.10b** 
Catalase  3.35±0.85a 0.66±0.01c*** 2.78±0.33ab 2.11±0.28b* 2.46±0.47b* 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
As shown in table 4, control (+ve) and α lipoic acid groups showed significant increase in AST, ALT and 

ALP (p<0.001 and p<0.05, respectively) compared to normal control group. Low licorice group showed 
significant increase in ALT and ALP (p<0.05) but high licorice group showed significant increase in AST and 
ALT (p<0.05) compared to normal control group. There was a non significant difference in AST, ALT and ALP 
among treated groups but showed significant decrease compared to control (+ve).  
 
Table 4: The Mean values ± SD of serum AST, ALT and ALP of the experimental rat groups 

Groups  
Variables 

Normal  control Control +ve α lipoic acid  Low licorice 
 

High licorice 

AST 35.88±5.11c 93.14±8.01a*** 51.19±6.17b* 43.30±5.33bc 49.21±4.96b* 
ALT 29.20±3.61c 51.36±4.77a*** 36.21±5.21b* 38.75±5.71b* 37.21±4.20b* 
ALP 41.71±4.11d 72.13±5.96a*** 55.16±6.61bc* 51.64±5.03c* 49.94±4.71cd 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
As shown in table 5, control (+ve) group showed significant increase in creatinine, urea and uric acid 

(p<0.001) compared to normal control group. α lipoic acid , low licorice and high licorice groups showed 
significant increase in creatinine and uric acid (p<0.01) compared to normal control group but showed 
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significant decrease in creatinine and urea compared to control (+ve).  There was a non significant difference in 
creatinine, urea and uric acid between low and high licorice groups. 
 
Table 5: Mean values ± SD of serum creatinine, urea and uric acid of the experimental rat groups 

Groups  
Variables 

Normal  control Control +ve α lipoic acid Low licorice 
 

High licorice 

Creatinine 0.55±0.01c 2.01±0.13a*** 1.76±0.15b** 1.11±0.12b** 1.34±0.11b** 
Urea  39.70±5.15b 68.87±8.11a*** 38.81±4.90b 35.16±4.08b 41.11±4.29b 
Uric acid  1.71±0.33c 5.36±0.78a*** 4.11±0.66ab** 3.21±0.54b** 3.00±0.43b** 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
As shown in table 6, control (+ve) group showed significant increase in serum cholesterol, triglyceride, 

LDLc at p<0.001 and VLDLc (p<0.01) and significant decrease in serum HDLc (p<0.01) compared to normal 
control group. α lipoic acid, low licorice and high licorice groups showed significant increase in TG and VLDLc 
(p<0.01) and non significant difference in cholesterol, HDLc and LDLc compared to normal control group but 
showed significant decrease in cholesterol and LDLc and significant increase in serum HDLc compared to 
control (+ve). There was a non significant difference in the lipid patterns among treated groups. 
 
Table 6: The Mean values ± SD of serum cholesterol, TG, HDLc , LDLc and VLDLc of the experimental rat groups 

Groups  
Variables 

Normal  control Control +ve α lipoic acid Low licorice 
 

High licorice 

CHO 98.81±9.27b 175.17±15.22a*** 102.40±10.16b 103.45±9.14b 107.27±8.11b 
TG 65.21±6.34c 109.97±9.27a*** 104.31±10.14a** 95.14±10.21ab** 99.41±9.61a** 
HDLc 34.74±4.21a 21.22±3.11b** 29.71±7.24a 28.16±6.43a 29.21±5.32a 
LDLc 51.02±5.71b 131.97±14.80a*** 51.83±6.03b 56.27±5.55b 58.18±6.71b 
VLDLc 13.04±1.15b 21.98±1.99a** 20.86±1.96a** 19.02±1.20a** 19.88±1.13a** 

Significant with control group * P<0.05 **   P<0.01 *** P<0.001 
Mean values in each raw having different superscript (a, b, c, d) are significant 

 
Discussion: 

 
It is known that α lipoic acid is a biologically occurring substance which acts as a cofactor in the pyruvate 

dehydrogenase, alpha ketoglutarate dehydrogenase and amino acid hydrogenase complex. α lipoic acid reduced 
to dehydro form with two free sulfide groups , both forms have strong antitoxin effects. It protects the cell from 
free radicals that result from intermediate metabolites or from the degradation of exogenous metals. 
Dihydrolipoic acid also scavenges superoxide radicals and hydroxyl radicals and prevents lipid peroxidation. α 
lipoic acid improves endothelial function by increasing the synthesis of NO vasodilator. Lipoic acid is also a 
powerful antioxidant and increases levels of other endogenous antioxidants when given as a supplement (Packer 
et al., 1995 and Shay et al., 2009).  

The improvement of nutritional results was explained by several studies. Licorice contains flavonoids and 
various plant estrogens (phytoestrogens). Licorice root contains triterpenoid saponins and glycyrrhizin, a 
mixture of potassium and calcium salts of glycyrrhizic acid. Other triterpenes present are liquiritic acid, 
glycyrretol, glabrolide, isoglaborlide and licorice acid (Williamson 2003). Glycyrrhizin in licorice is 50 times 
sweeter than sugar and exerts numerous beneficial effects on the body. It seems to prevent the breakdown of 
adrenal hormones such as cortisol (the body's primary stress-fighting adrenal hormone), making these hormones 
more available to the body (Afreen et al., 2005). 

Chronic cadmium intoxication can lead to anemia and the mechanism is still under investigation. However, 
some of the proposed mechanisms include decreased iron absorption, distortion of erythropoiesis and 
haemolysis of red blood cells (Horiguchi et al., 1996). Cadmium has been shown to stimulate the production of 
intracellular reactive oxygen species (ROS) due to an inhibitory effect on mitochondrial electron transport 
(Stohs et al., 2001). As a result of this inhibition, the electron transport chain becomes highly reduced; electrons 
are transferred directly to available oxygen and lead to enhanced formation of ROS. ROS may lead to cellular 
damage when the rate of its generation surpasses the rate of its decomposition by antioxidant defense systems, 
such as the enzymes superoxide dismutase, catalase ), or reduced GSH. The oxidative stress induced by Cd in a 
biological system may be due to increased lipid peroxidation, which may be attributed to alterations in the 
antioxidant defense system (Halliwell and Gutteridge 1990 and Mohammad 2010).  

Our results of licorice antioxidant effects were reported by several researchers. It has been demonstrated 
that isoflavonoids entering the composition of licorice (licochalcones B and D) inhibit NADPH-dependent 
oxidation of microsomal membranes, prevent formation during oxidation of xanthine with xanthine oxidase, and 
protect erythrocytes from oxidative hemolysis. Licorice extracts also inhibit free radical processes induced by 
ionizing radiation. Licorice has the ability to improve resistance to stress. It should be thought of during times of 
both physical and emotional stress possibly by its action on the adrenal glands (Konovalova et al., 2000).  
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Under oxidative stress, some endogenous protective factors such as GPx and catalase are activated in the 
defense against oxidative injury. It is reported that licorice, glycyrrhizic acid, is hydrolyzed in vivo to 
glycyrrhetinic acid, which is responsible for most of antioxidant properties (Marí et al., 2009). Licorice 
treatment also significantly reduced LPO and total peroxide levels, and increased glutathione levels in both renal 
tissue and blood. G. glabra accelerated the metabolism of cells in the bone marrow erythroid stem and increased 
the animal’s resistance to stress (Adamyan et al., 2005). Antioxidative effects licorice extracts showed great 
antioxidant and free radical scavenging activities in topical formulations and may be used in topical 
formulations in order to protect the skin against damage caused by free radical and reactive oxygen species (Di 
Mambro and Fonseca, 2005). Licorice treatment also significantly reduced lipid peroxide and total peroxide 
levels, and increased glutathione levels in both renal tissue and blood. Glabridin showed an antinephritis effect 
in the mouse glomerular disease model. Also, the extract of G. radix could protect the kidneys against 
peroxynitrite (ONOO−)-induced oxidative stress in vivo through scavenging ONOO−and/or its precursor NO 
(Fukai et al. 2003 and Yokozawa et al., 2005). 

Cadmium can induce lipid peroxidation in tissues, which might lead to necrosis in the liver that can cause 
the release of abnormal quantities of ALT and AST into the blood (Bagchi et al., 1996 and Guilhermino et al., 
1998). 

The main components of licorice root are glycyrrhizin/glyccyrrhizic acid and glycyrrhetic acid. 
Glycyrrhizic acid exhibits a number of pharmacological effects including anti-inflammatory and is used in 
hepatoprotective formulations. Glycyrrhizin suppressed the increases in AST and ALT, inhibited cell infiltration 
and the degeneration of hepatocytes in the liver of treated mice (Tsuruoka et al., 2009). It was suggested that 
glycyrrheitinic acid is a better hepatoprotective drug than glycyrrhizin in in vitro study. The glycyrrhetinic acid 
has protective effects against the carbon tetrachloride-induced hepatotoxicity and retrorsine-induced liver 
damage in mice and rats (Lin et al., 1999 and Jeong et al., 2002). 

The obtained results of urea, creatinine and uric acid proved that licorice was effective in reduction of blood 
urea, creatinine, and uric acid levels, and also effective in decreasing the tubular necrosis score. Glycyrrhizin 
could ameliorate renal defects in gentamicin induced acute renal failure in rats (Sohn et al., 2003 and Yokozawa 
et al., 2005). Glycyrrhizin alleviates CCl4-induced liver injury by diminishing free radical toxic properties and 
inducing heme oxygenase-1 and down regulating pro inflammatory mediators (Wan et al., 2009). It has a well-
documented that licorice has beneficial action on the liver; it increases bile flow and lowers cholesterol levels. It 
was shown that isoflavonoids of licorice (glabridine and its derivatives) inhibit free radical oxidation of low-
density lipoproteins in human plasma in vitro. Glabridin binds to the LDL and substantially protects its 
oxidation (Konovalova et al., 2000 and Rosenblat et al., 2002). 

Based on the experimental results, there was a non significant difference in low and high licorice 
consumption. It is concluded that licorice extract either low or high may play an important role in scavenging 
free radicals and stimulating activities of antioxidant enzymes. 
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