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Abstract: Acrylamide (ACR) has recently been found in fried and backed foods, suggesting widespread 
public exposure. ACR is an industrial chemical that causes neurotoxicity in humans and was designated as a 
probable human carcinogen by the International Agency for Research on Cancer (IARC) and the United 
States Environmental Protection Agency (USEPA). The aim of the present study was to evaluate the 
protective effects of barley and sage against ACR mutagenicity, biochemical and histological changes in rats. 
Forty mature male rats were divided into eight groups and were fed barley and/or sage-supplemented diet 
(5%) with or without ACR (50 mg/kg b.w). The results revealed that ACR increased ALT, AST, 
triglycerides, cholesterol, uric acid, micronucleated polychromatic erythrocytes and chromosomal aberrations 
in somatic and germ cells. Severe histological lesions were found in kidneys and testes of ACR-treated 
animals. Cotreatment with barley and/or Sage and ACR resulted in a significant improvement in all the 
parameters tested. It could be concluded that these plants contain antioxidant compounds and may be useful 
when used as food additives to foods cooked at high temperatures.  
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INTRODUCTION 
Formation of the carcinogenic compound, acrylamide (ACR), in heat-processed foods such 
as crisps and French Fried was discovered by Tareke et al. (2002). Since then ACR has 
been found in a range of cooked and heat-processed foods in many countries, including 
Netherlands, Norway, Switzerland, United States and United Kingdom (Shelby, 2004). 
Human exposure to ACR comes through the consumption of heat-cooked food such as 
potato crisps, chips, cocktail snacks and gingerbread. Chronic exposure to ACR has been 
associated with increased incidence of mesothelioma, cancer of central nervous system, 
thyroid and other endocrine glands, mammary glands and reproductive tracts in rats 
(Johnson et al., 1986). ACR is regarded as a potential mutagen based on experimental 
evidence that it can bind to DNA (Sega, 1990). ACR undergoes biotransformation by 
conjugation with glutathione (Miller et al., 1982) or reduction by microsomal cytochrome 
P-450 (Anzenbacher and Anzenbacherova, 2001). The major metabolite of ACR, 
glycidamide, is an epoxide that may be more critical for carcinogenic and genotoxic 
properties in animals than the parent compound (Bjellaas et al., 2007).  

Exposure of hamsters to ACR caused testicular atrophy with damage to spermatids 
and mature spermatozoa (Sakamoto et al., 1988). Reduced sperm motility and impaired 
fertility have also been reported in treated mice and rats (Zenick et al., 1986). ACR caused 
chromosomal aberrations in mammalian cells in vitro and in vivo (Backer et al., 1989, 
Collins et al., 1992). Micronuclei were found in mouse bone-marrow cells and splenocytes 
following exposure to ACR (Collins et al., 1992). ACR induced pathological lesions in 
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different body organs including variety of tumors in rats and mice (U.S.EPA, 1994; 
ACGIH, 1991). In human, inadequate evidence is available from human studies regarding 
the tumor formation by acrylamide.  

Previous studies indicated that the leaves of sage (Salvia officinalis L.) are well 
known for their anti-oxidative properties (Baricevic et al., 1996) and are used in the food 
processing industry. They are applicable also to the area of human health (Pearson et al., 
1997). The plant is reported to have a wide range of biological activities, such as anti-
bacterial, fungistatic, virustatic, astringent, eupeptic and anti-hydrotic effects (Dobrynin et 
al., 1976, Cherevaty et al., 1980). Experimental studies on sage extracts or sage essential 
oil showed hypotensive properties, central nervous system-depressant actions and anti-
spasmodic activity (Newall et al., 1996). Moreover, the antimutagenic potential of sage 
extracts was demonstrated on Escherichia coli repair proficient strains (Baricevic et al., 
1996; Filipic and Baricevic 1997, 1998).  

Barley (Hordeum vulgare L.) grains are relatively rich in dietary fibers such as β-
glucan, arabinoxylans and cellulose. The consumption of β -glucan-rich diet results in 
several beneficial physiological effects due to a relatively high concentration, soluble state 
and high molecular weight of this polysaccharide (Dongowski, et al., 2002). The 
extractability and viscosity of β-glucan are both influenced by the technologic conditions 
in the gastrointestinal tract (Robertson, et al., 1997, Johansen, et al., 1993). Generally, the 
previous studies concluded that dietary fiber-rich barley-containing diets have beneficial 
physiological effects. So, the aim of the present study was to evaluate the protective effects 
of barley and sage against ACR-induced toxicity, mutagenicity, biochemical and 
histological changes in rats. 
 

MATERIALS AND METHODS 
Acrylamide 

Acrylamide (>99%) NH2-C=O-CH-CH2 was purchased from Merck-Schuchardt 
Chemical Co. (Hohenbrunn, Germany). 
Kits: Transaminases (ALT and AST) were purchased from Randex Laboratories (San 
Francisco, CA, USA). Cholesterol, triglycerides and uric acid were obtained from 
Biomerieux, Laboratory of Reagents and Products (Marcy Létoile, France). 
Plants 

Barley (Hordeum vulgare L) was purchased from a local market in Cairo, Egypt. 
Whereas, Sage (Salvia officinalis) was supplied by the Department of Crop Production, 
Faculty of Agriculture, Ain-Shams University. 
Animal and Treatments 
Experimental Animals: Ten-week-old, adult male Sprague-Dawley rats weighing 180-
200 g (purchased from Animal House Colony, Giza, Egypt) were maintained on standard 
lab diet (Protein: 16.04%; Fat: 3.63%; Fiber: 4.1%, and metabolic energy: 0.012 MJ) and 
water ad libitum at the Animal House Lab., National Research Center, Dokki, Cairo, 
Egypt. Animals were housed in stainless steel cages housed in a temperature-controlled (23 
±1°C) and artificially illuminated (12 hr dark/light cycle) room free from any source of 
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chemical contamination. All animals received humane care in compliance with the 
guidelines of the Animal Care and Use Committee of National Research Center, Egypt. 
Experimental Design: After an acclimation period of one week, animals were divided 
into eight groups (5 rats/group). Groups 1-4 were maintained on barley meal only for three 
months, whereas groups 5-8 were maintained on the standard lab diet for the same period. 
At the end of the 3rd month, animals were treated for five days as follows: group (1) 
control, group (2) treated orally with ACR (50 mg/kg b.w), group (3) maintained on ad lib 
barley meal, group (4) maintained on barley meal and treated orally with ACR, group (5) 
maintained on standard lab diet supplemented with 5% dried sage leaves, group (6) 
maintained on lab diet supplemented with dried sage leaves and treated orally with ACR, 
group (7)  maintained on barley meal supplemented with 5%  dried  sage leaves, and  
group (8) maintained on barley meal supplemented with sage leaves and treated orally with 
ACR. 

At the end of the experiment period, blood samples were collected from the retro-
orbital venous plexus under diethyl ether anesthesia. Blood samples were left to clot and 
the sera were separated using cooling centrifugation and stored at –20°C until analysis. The 
levels of ALT and AST were determined according to Henry et al., (1974). Cholesterol was 
determined in serum according to Charles and Richmond (1974), triglycerides was 
determined in serum according to Wahlefeld, (1974) and uric acid was determined in 
serum according to Haisman and Muller (1977). Then animals were injected 
intraperitonealy (i.p) with 0.1 ml of 0.5% of colchicines 3 h before sacrifice. The femora 
and testis were removed from all animals and prepared for the micronucleus and 
chromosomes studies as follow: 
Micronucleus analysis: Slides were prepared according to Salamone et al. (1980). The 
bone marrow cells were mixed with one drop of fetal calf serum and smeared on clean 
glass slides. The slides were air dried and fixed in methyl alcohol for 5 min, then stained 
with 5% Giemsa and mounted with DPX. Two thousands PCEs/animal were recorded. 
Chromosomal analysis: The bone marrow was prepared, stained and scored according to 
Preston et al. (1987). To study the effects of different treatments on the mitotic activity of 
the bone marrow, 100 cells per animal were counted and the number of dividing cells 
including prophases and metaphases were scored. The testes of the same animals were 
removed and slides were prepared according to the method adopted by Russo (2000). 
Seventy-five metaphase spreads were examined in spermatocytes. 
Histological examination 

Samples of testes and kidneys were collected from each animal within each 
treatment group immediately after scarification and fixed in 10% neutral buffered formalin. 
Tissue specimens were processed routinely for paraffin sections of 4-5 micron thickness, 
stained with Hematoxylin and Eosin (H&E) according to Bancroft et al. (1996). Crystal 
violet-eosin stain was used to determine the normal and abnormal spermatozoa in the testis 
(Deeb, 1979). 
Statistical analysis 

All data for biochemical analysis were statistically analyzed using the General 
Linear Model Procedure of the Statistical Analysis System (SAS, 1982). The significance 
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of the differences among treatment groups was determined by Waller-Duncan k-ratio 
(Waller and Duncan, 1969). All statements of significance were based on probability of 
P≤0.05. For micronucleus test and chromosomal aberration study, the comparison of 
reliability analysis (F-test) was applied (Snedecor and Cochran, 1961). 
 

RESULTS AND DISCUSION 

Biochemical Study 
Results of the biochemical analysis (Table 1) revealed that treatment with ACR 

alone caused a significant increase in the values of all tested parameters compared to all 
other groups. Treatment with ACR plus Sage resulted in a significant improvement 
(decrease) in all tested parameters compared to the ACR-treated group. However, the 
values of all tested parameters (except for ALT) were still significantly higher than those 
of the control and Sage groups. ACR plus barley treatment caused a significant 
improvement  in all tested parameters  compared to the ACR-treated group.  However, 
AST and uric acid values were still higher than those of the control and barley groups 
(Table 1). 

The best significant improvement in the values of all tested parameters was seen in 
the ACR plus barley and sage group compared to those of the control and barley plus sage 
groups. Barley and/or sage significantly decreased (improved) TG, cholesterol and uric 
acid levels compared to the control group. Moreover, sage and sage plus barley 
significantly lowered ALT values compared to the control group (Table 1). 
 
Table 1. Effect of ACR with or without barley or sage on serum biochemical 

parameters in rats  

 
* (means ± SE) Within each raw, means superscript with the same letter are not 

significantly different (P≤ 0.05). 
 

Treatments 
 
Parameters 

Control ACR Barley Sage Barley 
+ Sage 

ACR  
+ Sage 

ACR 
+
Barley 

ACR 
+ Barley 
+ Sage 

ALT 
(U/L) 

36.52a*
± 0.85 

46.99c

± 1.53 
36.84a

± 0.68 
33.65b

± 0.68 
34.28b

± 1.29 
34.03b

± 0.75 
36.33a

± 0.61 
31.24d

± 0.95 
AST 
(U/L) 

42.17a

± 0.79 
56.50c

± 1.18 
43.33b

± 0.88 
41.08a

± 1.02 
41.62a

± 0.75 
45.33b

± 1.05 
44.67b

± 1.33 
41.57a

± 0.79 
TG 

(mg/dl) 
55.00a

± 1.41 
71.50c

± 1.41 
43.17b

± 1.08 
42.83b

± 1.35 
39.67b

± 0.67 
62.17d

± 1.99 
58.67ad 
± 1.05 

56.17a

± 1.30 
Cholesterol 

(mg/l) 
68.00a

± 1.41 
91.67c

± 1.82 
56.00b

± 1.15 
57.50b

± 1.43 
54.17b

± 1.17 
71.83d

± 1.40 
69.83ad 
± 2.09 

67.00a

± 0.97 
Uric Acid 
(mg/dl) 

0.47a

± 0.02 
0.94c

± 0.02 
0.36b

± 0.01 
0.38b

± 0.01 
0.34b

± 0.01 
0.66d

± 0.01 
0.64d

± 0.02 
0.61d

± 0.02 
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Micronucleus study 
Data presented in Table (2) show that treatment with ACR alone significantly 

increased the mean values of micronuclei (mono- and binuclei) in PCEs of bone marrow 
compared to all other groups. Furthermore, treatment with ACR plus barley significantly 
decreased the mean values of micronuclei in PCEs of bone marrow compared to the 
control and barley groups. However, treatment with ACR plus sage significantly decreased 
the mean value of micronuclei in these cells compared to ACR-treated group, but this value 
still significantly higher than that of the control group (Table 2). The best significant 
improvement in the reduction of micronuclei formation was seen in the ACR plus barley 
and sage group compared to the control group (Table 2). 
 
Table 2. The mean value of micronuclei detected in polychromatic erythrocytes of 

bone marrow cells in ACR-treated rats with or without barley and/or sage. 
 

Treatment 
 

Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage 
+ barley 

Mononuclear 1.0 ± 
0.41 

13.29 ± 
0.29*** 

1.75 ± 
0.85 

4.5 ± 
0.86 

2.5 ± 
1.04 

9.25 ± 
1.11** 

1.5 ± 
0.65 

3.25 ± 
0.25 

Binuclei ------ 1.0 ± 
0.41 

----- 0.25 ± 
0.25 

----- 0.5 ± 
0.29 

----- ----- 

Inhibition %    69.3%  35.42%  86.5 % 

** P ≤ 0.05, *** P ≤ 0.01 
 
Somatic cells 

There is a significant increase in the values of chromosomal aberrations (chromatid 
and chromosomal gaps, deletions and end to end associations, chromatid and chromosomal 
breaks and fragments) in ACR-treated group compared to all other groups (Table 3). 
Treatment with ACR plus barley caused a significant improvement in the mean values of 
all tested parameters compared to the ACR-treated group. However, such values are still 
significantly higher than those of the control and barley groups. Treatment with ACR plus 
sage significantly improved the mean values of all tested parameters compared to the 
ACR-treated group. However, such values are still significantly higher than those of the 
control and sage groups (Table 3). ACR plus barley treatment is better than ACR plus sage 
in the reduction of the mean values of all tested parameters. However, the best reduction in 
chromosomal aberration was seen in the ACR plus barley and sage group as compared 
with the control, barley plus sage and ACR plus sage groups (Table 3). 
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Table 3. Mean value of different chromosomal aberrations in bone marrow of rats 
treated with ACR alone or plus barley and/or sage (M ± SE). 

 
Treatment 

 
Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage+ 
barley  

Total aberrations 1.0 ± 
0.41 

40.3 ± 
1.8** 

2.75 ± 
0.47 

18.0 ± 
0.71*

4.0 ± 
0.91 

27 ± 
0.41** 

3.25 ± 
0.63 

17.0 ± 
4.4*

Total  structure 
aberrations 

0.75 ± 
0.25 

32.75 ± 
1.31**

2.2 ± 
0.48 

12.25 ± 
2.25*

3.75 ± 
0.25 

23.25 ± 
1.75**

2.5 ± 
0.65 

13.75± 
2.1 

Total structure. 
Ex. Gap 

0.5 ± 
0.29 

25.25 ± 
1.31**

1.5 ± 
0.29 

10 ± 
2.01*

2.25 ± 
0.85 

19 ± 
1.47**

1.5 ± 
0.87 

10.5 ± 
1.9*

Gap 0.25 ± 
0.05 

7.5 ± 
0.64** 

0.75 ± 
0.25 

2.5 ± 
1.04 

1.0 ± 
0.41 

4.25 ± 
63*

1.0 ± 
0.41 

3.75 ± 
1.25 

Chromos. Gap ____ 4.25 ± 
0.75** 

-- 2.5 ± 
0.96 

0.5 ± 
0.29 

2.75 ± 
0.25*

0.25 ± 
0.05 

1.75 ± 
0.63 

Breaks 0.25 ± 
0.05 

5.50 ± 
0.65** 

0.5 ± 
0.29 

2.75 ± 
0.48 

0.75 ± 
0.29 

3.75 ± 
0.93*

0.75 ± 
0.25 

2.25 ± 
0.75 

Chromos. Breaks -- 4.5 ± 
0.29** 

0.25 ± 
0.05 

2.25 ± 
0.49*

0.5 ± 
0.29 

3.5 ± 
0.64*

0.25 ± 
0.05 

1.5 ± 
0.65 

Deletions -- 4.0 ± 
0.41**

-- 1.5 ± 
0.65 

0.5 ± 
0.29 

3.75 ± 
0.85*

0.25 ± 
0.05 

2.25 ± 
0.85 

Fragments -- 4.0 ± 
0.41** 

-- 1.5 ± 
0.65 

0.5 ± 
0.29 

3.75 ± 
0.85*

0.25 ± 
0.05 

2.25 ± 
0.85 

E .E 0.25 ± 
0.05 

3.25 ± 
0.48** 

-- 1.0 ± 
0.58 

0.5 ± 
0.29 

2.0 ± 
0.91 

0.25 ± 
0.15 

0.75 ± 
0.29 

Polyploidy 0.25 ± 
0.05 

7.5 ± 
0.29** 

0.5 ± 
0.29 

3.0 ± 
0.41*

0.75 ± 
0.25 

3.75 ± 
0.85*

0.75 ± 
0.25 

3.25 ± 
0.48 

E.E= end to end associations Total struct. Ex. gap = Total structural excluding gaps,  
* P ≤ 0.05, * * P ≤ 0.01. 
 
Spermatocytes 

Data presented in Table (4) indicate that there is a significant increase in the mean 
values of total structural aberrations in the ACR-treated group compared to all other 
groups. The main types of abnormalities observed were chain, autosomal univalent, X-Y 
univalent and polyploidy. Treatment with ACR plus barley significantly decreased the 
mean values of all tested parameters compared to the ACR-treated group. However, the 
mean value of total chromosomal aberrations still higher than those of the control and 
barley groups. Treatment with ACR plus sage decreased the mean values of all tested 
parameters but such values were significantly higher than those of the control and other 
groups. However, such treatment significantly decreased the mean value of polyploidy 
compared to the control, barley, sage and barley plus sage groups. The best improvement 
in the mean values of all tested parameters was seen with ACR plus barley and sage group 
compared to all other groups (Table 4). 
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Table 4. Mean values of different aberrations in spematocytes of rats treated with 
ACR alone or plus barley and/or sage (M ± SE). 

 
Auto = autosomal univalents X-Y = x-y univalents. * P ≤ 0.05, ** P ≤ 0.01 
 
Histological results 

The histological examination of the testis of animal treated with ACR alone 
revealed severe pathological lesions in the testicular tissues. The lumen of the seminiferous 
tubules contained a large number of residual bodies. Some of the seminiferous tubules 
were completely devoid of mature sperms while others contained few numbers. Necrotic 
spermatocytes with chromatolysis were also noticed. The most common testicular lesion in 
this group was the presence of varied number of spermatid giant cells. Some of the 
seminiferous tubules appeared with single giant cell with foamy cytoplasm while others 
were impacted with 3-6 spermatid giant cells. The nuclei of these cells ranged from 2-5 
nuclei. Interstitial oedema was also observed in the testis with spermatid giant cells. 
Testicular lesions were less in animals treated with barley plus ACR. The seminiferous 
tubules appeared impacted with mature spermatocytes. Seminiferous tubules in animals fed 
sage supplemented diet and treated with ACR contained low number of mature and normal 
spermatocytes. 

Kidneys of ACR-treated group showed mild degenerative changes with shrunken 
glomerular capillary tufts. Animals fed barley and/or sage supplemented diet were 
comparable to the controls and showed no obvious pathological lesions in testes and 
kidneys. Kidneys of both groups that received ACR appeared normal. 
Discussion  

ACR has recently been found in fried and baked foods, suggesting a widespread 
public exposure (Erdreich and Friedman, 2004). Toxicity of ACR to human and 
experimental animals were reported by many workers (Van Landingham et al., 2004, 
LoPachin, 2004, Mucci et al., 2004, Ruden, 2004, Mannaa et al., 2006, Zodl et al., 2007). 
These bad effects promoted us to investigate the protective action of barley and sage 
against ACR-induced toxicity in rats. The selected dose of ACR was literature based 

Treatment 
 

Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage + 
barley 

Chain 0.0± 
0.0 

3.75 
±0.63** 

0.25 
± 0.25 

1.25 
± 0.48*

0.5 
± 0.29 

2.25 
± 0.48*

0.25 
± 0.25 

0.75 
± 0.48 

Auto 0.25 
± 0.25 

4.0 
± 0.42** 

0.75 
± 0.48 

1.5 
± 0.65 

0.75 
± 0.25 

3.0 
± 0.41* 

0.75 
± 0.25 

1.0 
± 0.71 

X-Y 0.75 
± 0.25 

5.0 ± 
0.71** 

1.0 
± 0.41 

2.5 
± 0.87 

1.25 ± 
0.48 

3.5 
± 0.96*

0.75 
± 0.25 

2.25 
± 1.0 

Total 1.25 
± 0.25 

13.0 ± 
0.71***

2.75 
± 0.95 

5.25 
± 1.03*

2.25 
± 0.48 

9.0 
± 0.91**

1.5 
± 0.65 

4.25 
± 0.95 

Ploidy 0.25 
± 0.25 

2.75 
± 0.48**

0.75 
± 0.48 

1.25 
± 0.69 

0.75 
± 0.25 

1.75 
± 0.25 

1.0 
± 0.41 

1.75 
± 0.63 
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(Lehning et al., 2002). Our results indicated that ACR is a potent toxicant to the liver as 
indicated by the high levels of the biochemical parameters tested. The activities of 
transaminases were increased in serum and this is in agreement with the finding of Awad et 
al. (1998) who reported that cell damage exhibited good correlation with the enzymes 
leakage. Hence, cellular damage caused by toxic substances is frequently accompanied by 
increasing in the cell membrane permeability. In the same concern, Yousef and El-
Demerdash (2006) reported that ACR exerted deterioration effects on enzyme activities 
and lipid peroxidation in a dose-dependent manner. 

The current study indicates that ACR induced micronuclei in the polychromatic 
erythrocytes and this finding is in agreement with many previous studies (Chihak and 
Vontorkova, 1990 and Dobrzynska and Gajewski, 2000). Significant increases in 
micronucleus frequency were also reported in reticulocytes and spleenic lymphocytes from 
mice i.p. injected with ACR (Russo et al. 1994). According to Jagerstad and Skog (2005), 
ACR induces gene mutation, structural chromosomal aberrations, sister chromatid 
exchange and mitotic disturbances in somatic and germ cells in vitro. ACR induces 
unscheduled DNA synthesis in rat spermatocytes in vivo but apparently not in rat 
hepatocytes and causes transformation in cultured mammalian cells (IARC, 1994; 
Dearfield et al., 1995). 

ACR treatment increased the total structural aberrations of spermatocytes. Similar 
to these observations, Yang et al. (2005) found reduced sperm concentration in cauda 
epididymis, as well as increased morphological abnormalities of sperm. These authors 
suggested that treatment with ACR decreased the viability of Leydig cells and lowered the 
testosterone level, which, in turn, reduced spermatogenesis in the rat testis. Moreover, 
ACR affects kinesin-based microtubule motility (Sickles et al., 1996) and dynein-based 
spermatid translocation in Sertoli cells (Miller et al., 1999). Based on these observations, 
Tyl and Friedman (2003) reported that the mechanisms of ACR toxicity are (1) 
acrylamide/glycidamide binding to spermatid protamines results in dominant lethality of 
gonadal cells, and affects sperm morphology; and (2) acrylamide binds to motor proteins 
(e.g. kinesin and dynein) causes distal axonopathy, and affects sperm motility. 

The histological examination reported in the current study revealed severe lesions 
typical to those reported previously (Rotter et al., 1993). Indeed, Gassner and Adler (1996) 
observed that ACR treatment caused cell cycle delay in the spermatocytes. The testicular 
lesions reported in the current study were similar to those reported by U.S EPA (2002) in 
animals treated with ACR. On the other hand, decreased number of mature sperms in the 
lumen of semeniferous tubules reported herein indicated that ACR induces impairment of 
spermatogenesis either by direct action on spermatogonia or indirectly by affecting the 
integrity of the sertoli cells. Sakamoto and Hashimoto (1988) found that, the decreased 
number of sperm count and spermatocytes were the main effects of ACR on testicular 
tissue. The histological changes in the kidney reported in the current study indicated that 
the kidney was affected by ACR treatment and supported the earlier finding reported by 
EU (2002). 

The protective effects of barley and sage have been documented previously 
(Dongowski et al., 2002; Perry et al., 2003; Lima et al., 2005). In the present study, 
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supplementation of the diet with either barley or sage to ACR-treated animals resulted in a 
significant improvement in the serum clinical chemistry. Several reports indicated that ß-
glucan in barley reduced blood cholesterol and lipoprotein concentrations in humans and 
animal (Kalra and Jood, 2001). The antioxidant properties of barley may be due to the 
higher total phenolics and proanthocyanidins contents (Liu and Yao, 2007) as well as the 
higher content of triacylglycerols which are primarily composed of palmitic, oleic, linoliec 
and linolenic acids (Ragaee.et al., 2006). Moreover, Deguchi et al. (2000) stated that the 
novel purple pigment hordeumin, an anthocyanin-tannin pigment in barley, decreased a 
reverse mutation. Generally, the protective effects of barley may be due to its higher 
content of phenolic compounds such as benzoic and cinnamic acid derivatives, 
proanthocyanidins, quinines, flavonols, chalcones, flavones, flavanones, and amino 
phenolic compounds (Hernanz et al., 2001). 

The current results revealed that sage succeeded to prevent the toxicity and 
mutagenicity of ACR which may be due to its composition of phenolic compounds 
(Baricevic and Bartol, 2000). Several reports indicated that sage exhibits strong antioxidant 
(Ozcan, 2003; Jaswir et al., 2005) and free radical scavenging activities (Cuvelier et al., 
1996; Shan et al., 2005) as well as having oxygen radical absorbance capacity (Zheng and 
Wang, 2001). Recently, Iuvone et al. (2006) reported that sage has neuroprotective effects 
which were attributed, at least in part, to rosmarinic acid. Another mechanism for the 
protective effects of sage may be due to the main phenolic constituents, rosmarinic acid 
and luteolin-7-glucoside. These compounds have previously shown to possess 
cytoprotective activities (Lima et al., 2006). Furthermore, the antioxidant effects at cellular 
level of sage prevent cell death, lipid peroxidation and GSH depletion. This protection 
seemed to be due mainly to their ability to prevent GSH depletion or probably to the 
induction of glutathione synthesis (Lima et al., 2007). 
 

CONCLUSION 

The present study revealed that ACR induced toxic, clastogenic, and histological 
alterations typically to those reported in the literature. Both barley and sage have a 
protective role against these deleterious effects possibly due to their higher contents of 
antioxidant substances which can modulate the metabolism of ACR resulting in the 
reduction of its toxicity and/or increase the GSH production by the target organs which are 
involved in the detoxification of ACR. These plants may be useful when added to certain 
foods cooked at high temperatures. 
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