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ABSTRACT  
The aim of this study is to investigate the protective effect of royal jelly (RJ) against Aluminum Chloride (AlCl
and some biochemical parameters with histological sections of liver.The animals were given a dose of Aluminum Chloride (AlCl
(30mg/kg) every other day intraperitoneally for eight weeks, and a dose of Royal jelly (RJ)(400mg/kg) daily in drinking water
weeks. The following parameters were measured in blood serum: Glucose, Total protein, Albumin, Total Cholesterol, Triglycerides, 
Bilirubin, Alkaline Phosphatase (ALP), Aspartate Amino Transferase (AST), Alanine Amino Transferase (ALT), Gamma
Transferase (GGT). AlCl3 caused an increase in serum glucose levels, total cholesterol and triglycerides, bilirubin, ALP, AST, ALT and 
GGT. And caused a decrease of total protein and albumin level, while royal jelly ameliorates these parameters ne
AlCl3 caused hepatocytic degenerations and necrosis in addition to severe vascular congestion, especially in the portal blood vesse
liver, but royal jelly attenuates these effects. 
 

KEYWORDS: Aluminum chloride (AlCl
alkaline phosphatase (ALP), aspartate amino transferase (AST), alanine amino transferase (ALT), gamma glutamyl transferase (G
histology. 

 

 
Aluminum (Al) is the third most common element found on earth. It constitutes of approximately 8% of 

total mineral components in the earth’s crust. It is found in combination with oxygen, silicon, fluorine and other 
elements in soil, rocks, clays and gems.
distributed in the environment and extensively used in daily life, therefore, humans are easily exposed to it in its 
different forms. It gets access to the human and animal’s body via the gas
Al accumulates in all tissues of the body, including kidney, liver, heart, blood, bone and brain 
exposition to this trace element can cause alterations in skeletal, nervous, hematopoietic and respira
[4,5]. Several cosmetics including antiperspirant and deodorant contain significant amount of aluminum 
chloride (AlCl3) [6]. 

Royal jelly (RJ), a honey bee secretion used in the nutrition of larvae, as well as adult queens is secreted 
from the glands in the hypopharynx of worker bees, and fed to all larvae in the colony 
sold as a dietary supplement, claiming various health benefits because of components like B
such as pantothenic acid (vitamin B5) and vi
67% water, 12.5% crude protein (including small amounts of many different amino acids), and 11% 
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The aim of this study is to investigate the protective effect of royal jelly (RJ) against Aluminum Chloride (AlCl
parameters with histological sections of liver.The animals were given a dose of Aluminum Chloride (AlCl

(30mg/kg) every other day intraperitoneally for eight weeks, and a dose of Royal jelly (RJ)(400mg/kg) daily in drinking water
llowing parameters were measured in blood serum: Glucose, Total protein, Albumin, Total Cholesterol, Triglycerides, 

Bilirubin, Alkaline Phosphatase (ALP), Aspartate Amino Transferase (AST), Alanine Amino Transferase (ALT), Gamma
caused an increase in serum glucose levels, total cholesterol and triglycerides, bilirubin, ALP, AST, ALT and 

GGT. And caused a decrease of total protein and albumin level, while royal jelly ameliorates these parameters ne
caused hepatocytic degenerations and necrosis in addition to severe vascular congestion, especially in the portal blood vesse

 

Aluminum chloride (AlCl3), royal jelly, glucose, total protein, albumin, total cholesterol, triglycerides, bilirubin, 
alkaline phosphatase (ALP), aspartate amino transferase (AST), alanine amino transferase (ALT), gamma glutamyl transferase (G

INTRODUCTION 

Aluminum (Al) is the third most common element found on earth. It constitutes of approximately 8% of 
total mineral components in the earth’s crust. It is found in combination with oxygen, silicon, fluorine and other 
elements in soil, rocks, clays and gems. Al has significant toxic potential for humans 
distributed in the environment and extensively used in daily life, therefore, humans are easily exposed to it in its 
different forms. It gets access to the human and animal’s body via the gastrointestinal and the respiratory tracts. 
Al accumulates in all tissues of the body, including kidney, liver, heart, blood, bone and brain 
exposition to this trace element can cause alterations in skeletal, nervous, hematopoietic and respira

. Several cosmetics including antiperspirant and deodorant contain significant amount of aluminum 

Royal jelly (RJ), a honey bee secretion used in the nutrition of larvae, as well as adult queens is secreted 
glands in the hypopharynx of worker bees, and fed to all larvae in the colony 

sold as a dietary supplement, claiming various health benefits because of components like B
such as pantothenic acid (vitamin B5) and vitamin B6 (pyridoxine). The overall composition of royal jelly is 
67% water, 12.5% crude protein (including small amounts of many different amino acids), and 11% 
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The aim of this study is to investigate the protective effect of royal jelly (RJ) against Aluminum Chloride (AlCl3) toxicity on liver function 
parameters with histological sections of liver.The animals were given a dose of Aluminum Chloride (AlCl3) 

(30mg/kg) every other day intraperitoneally for eight weeks, and a dose of Royal jelly (RJ)(400mg/kg) daily in drinking water for eight 
llowing parameters were measured in blood serum: Glucose, Total protein, Albumin, Total Cholesterol, Triglycerides, 

Bilirubin, Alkaline Phosphatase (ALP), Aspartate Amino Transferase (AST), Alanine Amino Transferase (ALT), Gamma Glutamyl 
caused an increase in serum glucose levels, total cholesterol and triglycerides, bilirubin, ALP, AST, ALT and 

GGT. And caused a decrease of total protein and albumin level, while royal jelly ameliorates these parameters near to their normal values. 
caused hepatocytic degenerations and necrosis in addition to severe vascular congestion, especially in the portal blood vessel in the 

yal jelly, glucose, total protein, albumin, total cholesterol, triglycerides, bilirubin, 
alkaline phosphatase (ALP), aspartate amino transferase (AST), alanine amino transferase (ALT), gamma glutamyl transferase (GGT), liver, 

Aluminum (Al) is the third most common element found on earth. It constitutes of approximately 8% of 
total mineral components in the earth’s crust. It is found in combination with oxygen, silicon, fluorine and other 

Al has significant toxic potential for humans [1]. Al is widely 
distributed in the environment and extensively used in daily life, therefore, humans are easily exposed to it in its 

trointestinal and the respiratory tracts. 
Al accumulates in all tissues of the body, including kidney, liver, heart, blood, bone and brain [2,3]. Chronic 
exposition to this trace element can cause alterations in skeletal, nervous, hematopoietic and respiratory systems 

. Several cosmetics including antiperspirant and deodorant contain significant amount of aluminum 

Royal jelly (RJ), a honey bee secretion used in the nutrition of larvae, as well as adult queens is secreted 
glands in the hypopharynx of worker bees, and fed to all larvae in the colony [7]. It is collected and 

sold as a dietary supplement, claiming various health benefits because of components like B-complex vitamins 
tamin B6 (pyridoxine). The overall composition of royal jelly is 

67% water, 12.5% crude protein (including small amounts of many different amino acids), and 11% 
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monosaccharides, and a relatively high amount (5%) of fatty acids. It also contains many trace minerals, some 
enzymes and trace amounts of vitamin C [8]. Royal jelly is a time-honored Chinese remedy known to have 
numerous functions, such as maintenance of health. Furthermore, RJ functions as an antimicrobial [9] and 
antitumor [10]. RJ is capable of exhibiting potential immunomodulation in mice by stimulating antibody 
production and immunocompetent cell proliferation [11, 12]. Proteins and peptides of RJ have many effects 
such as antioxidative[13], monocyte-proliferation stimulating [14], anti-inflammatory [15]. 

 
MATERIALS AND METHODS 

 
1. Aluminum chloride (AlCl3): 

The animals will be given a dose of 30mg/kg every other day intraperitoneally for eight weeks [16]. 
 

2. Royal jelly (RJ): 
The animals will be given a dose of 400mg/kg daily in drinking water for eight weeks [17] 
The animals to be sampled were weighed and they are 36 animals as of 6 animals from each group. Blood 

sampling was by animal slaughter and blood was collected in test tubes for each animal without adding 
anticoagulant and serum was extracted to be used in the required measurements. Immediately after slaughter the 
animal were dissected to harvest the liver and were preserved in neutral formalin solution until histological 
section were made. 

Blood was collected then serum was distributed in small glass bottles for each animal and were kept in the 
freezer at -18°C to be used for biochemical measurements. 

- Liver function includes measurement of Glucose, Total protein, Albumin, Total Cholesterol, 
Triglycerides, Bilirubin, Alkaline Phosphatase (ALP), Aspartate Amino Transferase (AST), Alanine Amino 
Transferase (ALT), Gamma Glutamyl Transferase (GGT).  

 
Statistical study: 

Mean will be calculated for control group and treated groups, also the standard deviation S.E. for means and 
T-Test at a 5% significant level. 

 
Results: 
1. Glucose: 

There was a significant increase in glucose of the AlCl 3 group in all 8 weeks compared to control.There was 
a significant decrease in royal jelly group and AlCl3+royal jelly group glucose content in all 8 weeks compared 
to AlCl3 group. Royal jelly group showed asignificant decrease in glucose in week 1 and 3 compared to control 
group, AlCl3+royal jelly group had a significant decrease in the second week compared to control (Table 1). 

 
2. Total protein: 

AlCl 3 group showed a significant decrease in total protein in all 8 weeks of experiment except for the first 
week compared to control.There was a significant increase in total protein of the royal jelly group from week 2, 
4, 5, 6 and 8 compared to AlCl3 group, but no significant difference in week 1, 3 and 7 compared to control and 
AlCl 3 group. A significant decrease in total protein was seen in the AlCl3+royal jelly group in the second week 
compared to control, and a significant increase in week 7 compared to control, and a significant increase from 
week 3 to 8 compared to AlCl3 group, but no significant difference in the first week compared to control and 
AlCl 3 group (Table 2). 

 
3. Albumin: 

A significant decrease in albumin was noticed in the AlCl3 group in all 8 weeks compared to control. The 
royal jelly group showed a significant increase in albumin in week 2, 4, 6, 7 and 8 compared to AlCl3 group, but 
had no significant difference in week 1, 3 and 5 compared to control and AlCl3 group. AlCl3+royal jelly group 
had a significant increase in albumin in week 1 and 3 to 8 compared to AlCl3 group, except for the third week 
which didn’t have any significant difference compared to control and AlCl3 group (Table 3).  

 
4. Total cholesterol: 

There was a significant increase in cholesterol in the AlCl3 group in all 8 weeks compared to control.A 
significant decrease in cholesterol of the royal jelly and AlCl3+royal jelly group in all 8 weeks compared to 
AlCl 3 group, royal jelly treated group showed a significant decrease in week 1, 3, 5, 6, 7 and 8 compared to 
control group, and a significant decrease in cholesterol of the AlCl3+royal jelly group in week 8 compared to 
control group, and a significant increase was seen in week 2 and 4 compared to control group (Table 4). 
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Table 1: Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg and combination of Royal jelly and 
Aluminum chloride on glucose (mg/dl) of adult albino rats. 

AlCl3+ Royal Jelly Royal Jelly AlCl3 
 

Control  

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
78.63 ± 7.35 b 

-7.45 % 
63.00 ± 3.55a,b 

-25.85 % 
116.02 ± 5.85 a 
36.55 % 

84.97 ± 4.76 
 

Week1 

61.40 ± 2.98a,b 
-24.15 % 

73.79 ± 5.53 b 

-8.84 % 
101.03 ± 6.63 a 
24.81 % 

80.95 ± 5.80 
 

Week2 

101.35 ± 4.38 b 
-0.29 % 

77.00 ± 6.97a,b 
-24.25 % 

138.32 ± 7.73 a 
36.09 % 

101.64 ± 4.37 
 

Week3 

90.74 ± 6.37 b 
-9.05 % 

95.09 ± 6.54 b 
-4.68 % 

133.17 ± 12.19 a 

33.49 % 
99.76 ± 1.90 
 

Week4 

109.97 ± 1.96 b 
1.10 % 

104.24 ± 8.71 b 
-4.17 % 

139.60 ± 8.77 a 
28.33 % 

108.78 ± 3.33 
 

Week5 

113.49 ± 9.43 b 

-0.29 % 
116.57 ± 3.46 b 

2.42 % 
144.47 ± 4.14 a 

26.93 % 
113.82 ± 6.53 
 

Week6 

95.77 ± 4.15 b 
-1.76 % 

82.52 ± 8.19 b 
-15.34 % 

136.18 ± 2.90 a 

39.71 % 
97.48 ± 3.37 
 

Week7 

124.65 ± 2.21 b 

12.03 % 
109.48 ± 6.52 b 
-1.61 % 

158.27 ± 3.13 a 
42.25 % 

111.27 ± 5.47 
 

Week8 

 

aSignificant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 
 
Table 2: Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on total protein (g/dl) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 

 
Control  

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
6.30 ± 0.30 
-3.92 % 

7.30 ± 0.24 
11.34 % 

6.97 ± 0.31 
6.38 % 

6.56 ± 0.43 
 

Week1 

5.82 ± 0.13 a 
-13.78 % 

7.21 ± 0.47 b 
6.94 % 

5.29 ± 0.22 a 
-21.57 % 

6.75 ± 0.31 
 

Week2 

6.41 ± 0.36 b 
-0.89 % 

6.15 ± 0.32 
-4.97 % 

5.25 ± 0.34 a 

-18.90 % 
6.47 ± 0.36 
 

Week3 

5.01 ± 0.30 b 
-13.47 % 

5.42 ± 0.19 b 
-6.31 % 

4.16 ± 0.24 a 
-28.14 % 

5.79 ± 0.27 
 

Week4 

6.65 ± 0.20 b 
-4.96 % 

7.14 ± 0.18 b 
2.04 % 

5.84 ± 0.20 a 
-16.50 % 

7.00 ± 0.35 
 

Week5 

6.24 ± 0.35 b 
1.22 % 

6.24 ± 0.36 b 
1.33 % 

5.27 ± 0.18 a 
-14.44 % 

6.16 ± 0.18 
 

Week6 

7.35 ± 0.24 a,b 
19.02 % 

5.95 ± 0.30 
-3.66 % 

4.98 ± 0.39 a 
-19.40 % 

6.18 ± 0.30 
 

Week7 

7.94 ± 0.53 b 
7.76 % 

7.44 ± 0.59 b 
0.96 % 

5.64 ± 0.25 a 
-23.43 % 

7.37 ± 0.11 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 

 
5. Triglycerides: 

AlCl 3 groupshoweda significant increase in triglycerides in all 8 weeks compared to control.Royal jelly 
group showed a significant increase in triglycerides in week 1 and 5 compared to control, and a decrease from 
week 6 to 8 compared to control, and there was a significant decrease in triglycerides from week 2 to 8 
compared to AlCl3 group. There was a significant decrease in triglycerides of and AlCl3+royal jelly group in all 
8 weeks except for the first week compared to AlCl3 group, and a significant increase in week 5 of royal 
jelly+AlCl 3 group compared to control (Table 5). 

 
Table 3: Effect of daily administration of Royal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on albumin (g/dl) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 

 
Control  

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
4.53 ± 0.24 b 
1.95 % 

4.32 ± 0.32 
-2.66 % 

3.76 ± 0.17 a 
-15.44 % 

4.44 ± 0.21 
 

Week1 

2.96 ± 0.22 
-8.45 % 

3.21 ± 0.26 b 
-0.48 % 

2.38 ± 0.16 a 
-26.45 % 

3.23 ± 0.25 
 

Week2 

3.00 ± 0.26 

-10.82 % 
3.07 ± 0.23 

-8.77 % 
2.50 ± 0.15 a 
-25.67 % 

3.37 ± 0.14 
 

Week3 

3.52 ± 0.25 b 
-15.84 % 

3.79 ± 0.09 b 
-9.39 % 

2.77 ± 0.15 a 
-33.70 % 

4.18 ± 0.31 
 

Week4 

4.26 ± 0.23 b 
-3.28 % 

3.74 ± 0.24 
-15.14 % 

3.32 ± 0.09 a 
-24.68 % 

4.40 ± 0.20 
 

Week5 
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4.08 ± 0.22 b 
20.80 % 

3.15 ± 0.15 b 
-6.58 % 

2.25 ± 0.12 a 
-33.33 % 

3.38 ± 0.28 
 

Week6 

3.48 ± 0.28 b 
9.79 % 

3.00 ± 0.19 b 
-5.32 % 

2.15 ± 0.10 a 

-32.10 % 
3.17 ±  0.10 
 

Week7 

3.88 ± 0.29 b 
4.24 % 

3.36 ± 0.28 b 
-9.82 % 

2.31 ± 0.17 a 
-37.95 % 

3.73 ± 0.29 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 
 
Table 4: Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on total cholesterol (mg/dl) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 

 
Control  

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
60.12 ± 5.00 b 
-16.18 % 

48.07 ± 3.51a,b 
-32.99 % 

95.83 ± 6.77 a 
33.61 % 

71.73 ± 2.93 
 

Week1 

92.56 ± 1.36a,b 
10.99 % 

81.85 ± 1.57 b 
-1.86 % 

110.71 ± 2.76 a 
32.76 % 

83.39 ± 3.65 
 

Week2 

83.95 ± 6.09 b 
-12.31 % 

73.74 ± 5.58a,b 

-22.98 % 
115.38 ± 6.27 a 
20.52 % 

95.74 ± 4.91 
 

Week3 

59.51 ± 3.29a,b 

28.31 % 
49.02 ± 3.14 b 
5.69 % 

74.59 ± 5.24 a 
60.81 % 

46.38 ± 1.55 
 

Week4 

82.00 ± 4.95 b 

-5.74 % 
65.51 ± 1.99a,b 

-24.70 % 
98.84 ± 2.78 a 

13.62 % 
86.99 ± 2.87 
 

Week5 

69.63 ± 4.80 b 

-1.62 % 
56.16 ± 2.47a,b 

-20.65 % 
86.82 ± 3.71 a 
22.67 % 

70.77 ± 4.83 
 

Week6 

78.90 ± 6.02 b 
-10.14 % 

68.03 ± 5.55a,b 

-22.52 % 
121.52 ± 4.38 a 
38.40 % 

87.80 ± 6.75 
 

Week7 

80.36 ± 2.64a,b 

-19.48 % 
76.38 ± 2.80a,b 
-23.46 % 

130.92 ± 4.17 a 

31.18 % 
99.80 ± 7.63 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 

 
6. Bilirubin: 

A significant increase in AlCl3 group in bilirubin can be noticed in all 8 weeks compared to control. A 
significant decrease in bilirubin was seen in royal jelly and AlCl3+royal jelly group in all 8 weeks compared to 
AlCl 3 group. There was a significant decrease in bilirubin in week 1, 2, 6 and 7 of royal jelly group, and in week 
1, 3 and 7 of compared to control group. A significant increase was seen in week 4 and 8 of AlCl3+royal jelly 
group compared to control (Table 6). 

 
Table 5: Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on triglycerides (mg/dl) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
82.42 ± 7.65 
15.35 % 

89.76 ± 6.79 a 
25.63 % 

84.96 ± 6.64 a 

18.92 % 
71.45 ± 3.61 
 

Week1 

76.43 ± 4.64 b 
-7.05 % 

77.20 ± 3.76 b 
-6.11 % 

107.63 ± 5.05 a 
30.90 % 

82.22 ± 4.25 
 

Week2 

101.11 ± 3.41 b 
10.34 % 

99.00 ± 3.45 b 
8.03 % 

113.60 ± 3.89 a 
23.97 % 

91.64 ± 4.27 
 

Week3 

81.27 ± 5.95 b 
-2.42 % 

76.96 ± 6.03 b 
-7.59 % 

120.36 ± 9.20 a 

44.53 % 
83.28 ± 3.88 
 

Week4 

84.10 ± 6.60a,b 
32.71 % 

74.98 ± 0.74a,b 
18.33 % 

151.12 ± 4.12 a 
138.48 % 

63.37 ± 3.21 
 

Week5 

115.11 ± 6.73 b 
9.67 % 

76.70 ± 1.99a,b 
-26.92 % 

172.66 ± 7.57 a 
64.51 % 

104.96 ± 7.52 
 

Week6 

161.63 ± 6.20 b 
4.73 % 

114.12 ± 2.87a,b 
-26.06 % 

293.97 ± 1.96 a 
90.48 % 

154.33 ± 4.03 
 

Week7 

100.28 ± 4.51 b 

-15.67 % 
76.12 ± 3.26a,b 
-35.98 % 

308.24 ± 8.67 a 
159.23 % 

118.91 ± 10.84 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 
 
7. Alkaline phosphatase (ALP):  

A significant increase was seen in AlCl3 group in ALP in all 8 weeks compared to control. Royal jelly 
group showed a significant decrease in ALP in week 7 and 8, and showed a significant decrease in all 8 weeks 
compared to AlCl3 group. AlCl3+royal jelly group had a significant decrease in ALP during 8 weeks of 
administration compared to AlCl3 group, and a significant decrease in week 7 and 8 compared to control (Table 
7). 
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Table 6:  Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 
Aluminum chloride on bilirubin (mg/dl) of adult albino rats. 

AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
1.21 ± 0.10a,b 
-30.38 % 

1.37 ± 0.08a,b 
-21.25 % 

1.99 ± 0.02 a 
15.00 % 

1.73 ± 0.08 
 

Week1 

1.20 ± 0.09 b 
-1.07 % 

1.09 ± 0.01a,b 
-10.36 % 

1.79 ± 0.16 a 
47.50 % 

1.21 ± 0.02 
 

Week2 

0.94 ± 0.04a,b 
-30.35 % 

1.13 ± 0.09 b 
-16.61 % 

1.71 ± 0.09 a 
25.88 % 

1.36 ± 0.06 
 

Week3 

1.07 ± 0.01a,b 
22.89 % 

1.14 ± 0.06 a 
31.34 % 

1.19 ± 0.02 a 
37.06 % 

0.87 ± 0.07 
 

Week4 

1.02 ± 0.07 b 
9.30 % 

1.20 ± 0.08 a 
29.07 % 

1.43 ± 0.11 a 
53.15 % 

0.93 ± 0.07 
 

Week5 

1.23 ± 0.08 b 
0.39 % 

0.91 ± 0.03a,b 

-26.12 % 
1.47 ± 0.05 a 

19.83 % 
1.23 ± 0.02 
 

Week6 

1.09 ± 0.07a,b 
-14.13 % 

0.77 ± 0.04a,b 
-39.30 % 

1.52 ± 0.04 a 
19.56 % 

1.27 ± 0.03 
 

Week7 

0.92 ± 0.04a,b 
144.81 % 

0.35 ± 0.02 b 
-8.05 % 

1.45 ± 0.06 a 
283.91 % 

0.38 ± 0.02 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 
 
8. Aspartate aminotransferase (AST): 

A significant increase was seen in AlCl3 group in AST in all 8 weeks except for the first week compared to 
control, and there was no significant difference the first week compared to control. Royal jelly group showed a 
significant decrease in AST in all 8 weeks except for the first week compared to AlCl3 group, and a significant 
decrease in AST from week 5 to 8 compared to control group, no significant difference in AST in the first week 
compared to control and AlCl3 group.AlCl3+royal jelly group had a significant decrease from week 2 to 8 
compared to AlCl3 group, and a significant decrease in week 5, 6, 7 and 8 and significant increase in the third 
week compared to control, but had no significant difference in AST during the first week of administration 
compared to control and AlCl3 group (Table 8). 

 
Table 7: Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on alkaline phosphatase (ALP) (U/l) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
37.21 ± 2.48 b 
21.30 % 

30.32 ± 2.42 b 
-1.16 % 

43.65 ± 3.22 a 
42.28 % 

30.68 ± 2.04 
 

Week1 

36.60 ± 2.14 b 
-21.42 % 

45.28 ± 2.94 b 
-2.77 % 

64.78 ± 5.51 a 
39.09 % 

46.57 ± 4.22 
 

Week2 

45.88 ± 2.03 b 

-1.77 % 
43.16 ± 2.04 b 
-7.60 % 

75.62 ± 4.37 a 
61.91 % 

46.71 ± 3.22 
 

Week3 

62.17 ± 3.85 b 
-7.93 % 

54.52 ± 5.16 b 

-19.27 % 
82.55 ± 3.64 a 
22.24 % 

67.53 ± 3.19 
 

Week4 

52.07 ± 3.93 b 
-34.71 % 

79.79 ± 5.06 b 
0.05 % 

93.26 ± 4.75 a 
16.95 % 

79.75 ± 3.44 
 

Week5 

80.08 ± 5.08 b 
-3.15 % 

69.53 ± 6.56 b 
-15.90 % 

116.55 ± 5.82 a 
40.97 % 

82.68 ± 4.84 
 

Week6 

39.08 ± 1.61a,b 
-59.23 % 

39.79 ± 1.50a,b 
-58.49 % 

118.72 ± 2.59 a 
23.86 % 

95.85 ± 2.41 
 

Week7 

58.91 ± 5.37a,b 

-19.50 % 
40.30 ± 3.24a,b 
-44.93 % 

118.00 ± 5.74 a 

61.26 % 
73.18 ± 1.19 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 
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Table 8:  Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 
Aluminum chloride on aspartate aminotransferase (AST) (U/l) of adult albino rats. 

AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
23.07 ± 2.27 
-18.13 % 

27.24 ± 2.11 
-3.34 % 

28.50 ± 2.20 
1.14 % 

28.18 ± 1.66 
 

Week1 

38.14 ± 2.40 b 
13.39 % 

38.15 ± 2.66 b 

13.42 % 
51.53 ± 2.61 a 
53.19 % 

33.63 ± 1.93 
 

Week2 

37.71 ± 3.28a,b 
20.81 % 

35.87 ± 3.14 b 
14.90 % 

53.14 ± 4.10 a 
70.24 % 

31.21 ± 1.00 
 

Week3 

30.34 ± 2.65 b 
-17.62 % 

36.06 ± 1.43 b 
-2.09 % 

63.24 ± 3.95 a 
71.71 % 

36.83 ± 2.07 
 

Week4 

29.08 ± 1.30a,b 
-26.12 % 

29.86 ±1.85a,b 
-24.14 % 

65.18 ± 3.51 a 
65.62 % 

39.36 ± 3.00 
 

Week5 

34.61 ± 2.64a,b 
-12.91 % 

25.80 ± 2.35a,b 
-35.06 % 

75.15 ± 1.43 a 
89.12 % 

39.74 ± 2.71 
 

Week6 

29.56 ± 2.12a,b 

-25.48 % 
28.47 ± 1.65a,b 
-28.23 % 

76.40 ± 0.72 a 
92.60 % 

39.67 ± 0.73 
 

Week7 

31.38 ± 2.39a,b 
-28.35 % 

29.03 ± 2.88a,b 

-33.73 % 
88.73 ± 3.13 a 
102.59 % 

43.80 ± 2.37 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05.statistical 
analysis was performed between control (C=6) and treated (T=6) using T-Test 

 
9. Alanine aminotransferase (ALT): 

A significant increase was seen in AlCl3 group in ALT in all 8 weeks compared to control. A significant 
decrease was found in royal jelly treated group in ALT in all 8 weeks compared to control and AlCl3 group. A 
significant decrease in ALT was seen in AlCl3+royal jelly group in all 8 weeks compared to AlCl3 group, 
AlCl 3+royal jelly group had a significant decrease in ALT in week 1, 4, 5, 6 and 8 and a significant increase in 
the third week compared to control (Table 9). 
 
Table 9:  Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and 

Aluminum chloride on alanine aminotransferase (ALT) (U/l) of adult albino rats. 
AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
3.05 ± 0.25a,b 
-79.58 % 

10.85 ± 0.89a,b 
-27.27 % 

24.29 ± 0.47 a 
62.72 % 

14.93 ± 0.34 
 

Week1 

10.37 ± 0.14 b 
-9.95 % 

7.37 ± 0.61a,b 
-36.04 % 

18.42 ± 1.01 a 
59.95 % 

11.52 ± 0.63 
 

Week2 

15.59 ± 0.54a,b 
15.77 % 

10.66 ± 0.43a,b 

-20.83 % 
25.90 ± 1.00 a 
92.31 % 

13.47 ± 0.49 
 

Week3 

13.18 ± 0.75a,b 
-21.42 % 

11.44 ± 0.72a,b 
-31.80 % 

25.10 ± 2.10 a 
49.71 % 

16.77 ± 0.69 
 

Week4 

7.85 ± 0.71a,b 
-39.56 % 

9.54 ± 0.72a,b 

-26.57 % 
28.97 ± 0.80 a 
123.04 % 

12.99 ± 0.81 
 

Week5 

8.30 ± 0.64a,b 
-38.84 % 

8.52 ± 0.57a,b 
-37.17 % 

28.27 ± 1.16 a 
108.35 % 

13.57 ± 0.68 
 

Week6 

21.33 ± 1.03 b 
1.34 % 

18.02 ± 0.38a,b 

-14.39 % 
31.90 ± 1.37 a 
51.60 % 

21.04 ± 1.18 
 

Week7 

15.30 ± 0.73a,b 
-42.13 % 

22.53 ± 0.94a,b 
-14.80 % 

32.54 ± 0.51 a 
23.10 % 

26.44 ± 1.29 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 

 
10. Gamma glutamyl transferase (GGT): 

A significant increase was seen in AlCl3 group in GGT in all 8 weeks compared to control. Royal jelly 
group and AlCl3+royal jelly group showed a significant decrease in GGT from week 2 to 8 compared to control 
and AlCl3 group, Royal jelly group showed a significant increase in GGT in the first week compared to control, 
and AlCl3+royal jelly group had a significant increase in GGT in the first week and a significant decrease in 
week 2, 3, 4, 5, 6, 7 and 8 compared to control (Table 10). 
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Table 10:Effect of daily administration ofRoyal jelly (400 mg/kg), Aluminum chloride (30 mg/kg) and combination of Royal jelly and Aluminum 
chloride on gamma glutamyl transferase (GGT) (U/l) of adult albino rats. 

AlCl3+ Royal Jelly Royal Jelly AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
5.04 ± 0.36 a 

54.43 % 
5.43 ± 0.41 a 

66.44 % 
5.45 ± 0.40 a 

67.04 % 
3.26 ± 0.21 
 

Week1 

3.27 ± 0.13a,b 

-30.45 %
 

2.90 ± 0.16a,b 

-38.30 % 
6.10 ± 0.37 a 

29.81 % 
4.70 ± 0.08 
 

Week2 

4.09 ± 0.31a,b 
-32.12 % 

3.34 ± 0.40a,b 
-44.63 % 

8.17 ± 0.75 a 
35.53 % 

6.03 ± 0.21 
 

Week3 

3.88 ± 0.29a,b 
-39.84 % 

3.27 ± 0.22a,b 
-49.29 % 

8.87 ± 0.18 a 
37.51 % 

6.45 ± 0.44 
 

Week4 

2.68 ± 0.26a,b 

-38.78 % 
2.88 ± 0.07a,b 
-34.21 % 

8.25 ± 0.09 a 
88.58 % 

4.38 ± 0.21 
 

Week5 

2.62 ± 0.16a,b 
-57.67 % 

2.75 ± 0.17a,b 

-55.44 % 
9.90 ± 0.68 a 
60.29 % 

6.18 ± 0.57 
 

Week6 

2.73 ± 0.05a,b 
-58.77 % 

1.42 ± 0.05a,b 

-78.56 % 
9.21 ± 0.22 a 
39.25 % 

6.61 ± 0.03 
 

Week7 

4.57 ± 0.22a,b 
-23.78 % 

3.19 ± 0.29a,b 
-46.91 % 

9.52 ± 0.19 a 
58.62 % 

6.00 ± 0.17 
 

Week8 

 

a Significant difference from the control group at p < 0.05.b Significant difference from the AlCl3-intoxicated group at p < 0.05. 
Statistical analysis was performed between control (C=6) and treated (T=6) using T-Test 

 
Effect of Aluminum chloride (AlCl3) on histological structures of liver: 

Fig. (1)Shows normal liver structure of the control group. The study of histological structures of liver of the 
Aluminum chloride intoxicated rats showed that after two weeks of administration (Fig. 2) distortion and 
inflammationof portal area, deposition of red blood cells in the portal vein and lipid droplets. After four weeks 
of administration (Fig. 3) there was bleeding in sinusoids and distorted portal area. After six weeks of 
administration (Fig. 4) showed distorted portal area, bleeding in the portal vein, bleeding in sinusoids and lipid 
droplets. After eight weeks of administration (Fig. 5, 6) showed distorted portal area and oedema, bleeding in 
the portal vein, fibrosis around portal area and vacuolar degeneration of hepatocytes. 

 
Effect of Royal jelly on histological structures of liver: 

The liver tissue structure of the Royal jelly treated group (Fig. 7) was studied and showed no change from 
the control group. 

 
Effect of and combination of Royal jelly and Aluminum chloride on histological structures of liver: 

The study of histological structures of liver of the AlCl3+Royal jelly group after two weeks (Fig. 8) 
showednormal central vein normal hepatocytes lining of central vein, slight expansion of sinusoids, more 
normal hepatocytes nucleus and atrophy of some hepatocytes nucleus. After four weeks (Fig. 9) showed normal 
central vein, normal hepatocytes lining of central vein, most hepatocytes have normal nucleus and less atrophy 
of hepatocytes nucleus. After six weeks (Fig. 10) there was bleeding in the portal vein normal portal area 
structure, some normal hepatocytes nucleus and atrophy of some hepatocytes nucleus. After eight weeks (Fig. 
11) showed normal central vein, some hepatocytes have normal nucleus and atrophy of some hepatocytes 
nucleus. 

 

 
Fig. 1:A transverse section in rat liver from the control group that shows normal liver structure: 1- Branch of 

portal vein. 2- Branch of hepatic artery. 3- Branch of bile duct. Portal area. 4- Hepatocytes arranged in 
sheets.X400, H&E. 
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Fig. 2: A transverse section in rat liver from the two weeks AlCl3 intoxicated group shows distortion and 

inflammationof portal area (1), deposition of red blood cells in the portal vein (2) and lipid droplets 
(3).X400, H&E. 

 
Fig. 3:A transverse section in rat liver from the four weeks AlCl3 intoxicated group shows bleeding in sinusoids 

(1) anddistorted portal area (2). X400, H&E. 

 
Fig. 4:A transverse section in rat liver from the six weeks AlCl3 intoxicated group shows distorted portal area 

(1), bleeding in the portal vein (2),bleeding in sinusoids (3) and lipid droplets (4). X400, H&E. 

 
Fig. 5:A transverse section in rat liver from the eight weeks AlCl3 intoxicated group shows distorted portal area 

and oedema (1), bleeding in the portal vein (2), fibrosis around portal area (3) and vacuolar degeneration 
of hepatocytes (4). X400, H&E. 
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 Fig. 6:A transverse section in rat liver from the eight weeks AlCl3 intoxicated group shows distorted portal area 

(1), bleeding in the portal vein (2) and vacuolar degeneration of hepatocytes and necrosis(3). X400, 
H&E. 

 
Fig. 7: A transverse section in rat liver from the royal jellygroup from one to eight weeks shows normal tissue 

structure of liver.X400, H&E. 

 
 Fig. 8:A transverse section in rat liver from the two weeks AlCl3+Royal jelly group shows normal central vein 

(1) normal hepatocytes lining of central vein (2), slight expansion of sinusoids (3),  more normal 
hepatocytes nucleus (4) and atrophy of some hepatocytes nucleus (5). X400, H&E. 

 
Fig. 9: A transverse section in rat liver from the four weeks AlCl3+Royal jelly group shows normal central vein 

(1), normal hepatocytes lining of central vein (2), most hepatocytes have normal nucleus (3) and less 
atrophy of hepatocytes nucleus (4).X400, H&E. 
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Fig. 10: A transverse section in rat liver from the six weeks AlCl3+Royal jelly group shows bleeding in the 

portal vein (1) normal portal area structure (2), some normal hepatocytes nucleus (3) and atrophy of 
some hepatocytes nucleus (4). X400, H&E. 

 
 

Fig. 11: A transverse section in rat liver from the eight weeks AlCl3+Royal jelly group shows normal central 
vein (1), some hepatocytes have normal nucleus (2) and atrophy of some hepatocytes nucleus (4). 
X400, H&E. 

 
Discussion: 

The data showed that AlCl3 increase serum glucose levels significantly,Table (1). That agrees with Abdel-
Wahab[18] who resulted that the administration of AlCl3 increased blood glucose level which may indicate 
disruption in carbohydrate metabolism. The observed increase in the blood sugar level. Our result in the same 
line with El-Demerdash[19]andShati and Alamri[20]. This AlCl3-induced hyperglycemia may be attributed to 
enhanced breakdown of liver glycogen, its subsequent increased glucose productionand decrease glucose 
utilization [19,21,22].  

In the current study Royal jelly caused a significant decrease in serum glucose, and a significant decrease in 
glucose when given along with AlCl3 compared to AlCl3 group. That agrees with Münstedtet 
al.[23]andPourmoradianet al. [24] who said that Serum glucose levels were significantly lower after royal jelly 
administration in rats. Substances originating from the pharyngeal glands of the honey bee with insulin-like 
activity are likely to have caused this effect may be responsible for the lowering impact of honey on blood 
glucose levels. RJ can reduce blood sugar level via insulin-like peptides and other compounds (like chromium, 
Sulphurand vitamins B3).Takikawaet al. [25] found that these findings indicate that 10-Hydroxy-2-decenoic 
acid is one of the unique medium-chain fatty acids found in royal jelly has multiple biological functions and aid 
in 5'-AM protein kinase and affect the glucose transport system in skeletal muscle. Insulin independently 
enhances glucose uptake through activation of AM protein kinase by 10-Hydroxy-2-decenoic acid following 
translocation of glucose type 4 to plasma membrane and enhances glucose uptake. RJ is also capable to sustain 
the optimal blood level of sugars by taking part in the oxidation of glucose to obtain energy, through the 
insulinic effect of insulin-like peptides found in it [26]. 

In this study AlCl3 exposure caused a decrease of total protein and albumin level,Table (2 and 3) because 
aluminum accumulation leading to nephrotoxicity, or reduced enzymes of protein synthesis in liver 
(hepatotoxicity) and oxidative stress which generates free radicals that leads to protein fragmentation, protein 
peroxides generation, enzymatic oxidation and degradation of proteins which causes decline in protein content 
in liver [27].The inhibitory effect of AlCl3 on protein profile is in agreement with the finding of El-
Demerdash[19]; Yousef [21]; Al-Hashem [28]; Newairyet al. [22]; El-Wakfet al.[29]; Abdel-Wahab, 
[18];Chinoy and Memon[30];  Belaïd-Nouiraet al. [31]; Mahmoud and Elsoadaa[32]; Bouaslaet al.[33]&Wang 
et al.[34].  
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The current study found an increase in total protein and albumin level of the royal jelly treated groups. And 
that is in line with the findings of Mahmoud and Elsoadaa, [32] who said that the presence of royal jelly with 
AlCl 3 maintained the levels of parameters closer to the normal values. And also agrees with Kanburet al. [35] 
who said that the administration of royal jelly to animals alleviated the adverse effects of fluoride.Royal jelly 
has hepatoprotective effects [35] and anti-oxidant [36].Mahmoud and Elsoadaa[32]& El-Hanounet al. [37] 
reported that royal jelly contains vitamin C. Annae and Creppy[38] resulted that vitamin C stimulation of the 
protein synthesis mechanism and increase total protein content, liver function enzyme activities through 
breaking down the binding of aluminum with DNA and RNA. 

In this study AlCl3 exposure caused a significant increase in total cholesterol and triglyceridesTable (4 and 
5). This data are in agreement with Newairyet al.[22]; Shati and Alamri[20]; Abdel Aziz and Zabut[39]& 
Manisha et al. [40] who recorded that AlCl3 increased cholesterol and triglyceride levels compared to the 
controls. ThirunavukkarasuandSakthisekaran, [41] demonstrated that consistent with increasing lipogenesis in 
the liver. Also, administration of AlCl3 increased lipid peroxidation and significantly affect various membrane-
bound enzymes loss of membrane integrity which altered lipid metabolism and are closely associated with 
hyperlipidemia and/or hypercholesterolemia due to hepatic dysfunction. Also the increase in serum triglycerides  
due to hypoactivity of lipoprotein lipase in blood vessels which breaks up triglycerides and higher serum 
cholesterol level due to hepatic dysfunction [42&28]. 

There was a significant decrease in cholesterol and triglycerides level in royal jelly treated group compared 
to control, and a significant decrease in total cholesterol and triglycerides in AlCl3+ RJ group compared to AlCl3 

group. That agrees with the studies of Azabet al. [43] who found that royal jelly administration reduced serum 
cholesterol, triglycerides in serum. Moreover, significant amelioration were observed in high density lipoprotein 
level of royal jelly treated irradiated rats. It is reported that antioxidants reduce oxidative susceptibility to high 
density lipoprotein [44] and control hyperlipidemia [45].Siliciet al. [46] said that royal jelly decreased total 
cholesterol and triglycerides level when given with cisplatin. That might potentiate antiatherogenic effects of 
antioxidants including royal jelly. Therefore, they suggested that daily administration of royal jelly might have a 
beneficial effect in treatment of the hyperlipidemic cases.Vittek[47] suggested that RJ decreased total serum 
cholesterol levels and total serum lipids in rabbits fed a hyperlipemic diet and atherosclerosis patients. 
Kamakura et al. [48] provided that the hypocholesterolaemic action of royal jelly appears to be associated with a 
decrease of squalene epoxidase is a key enzyme in cholesterol biosynthesis and an increase of low-density 
lipoprotein receptor which is involved in cholesterol incorporation in liver in mice.Royal jelly contains vitamin 
C.Yousef [21] found that administration of vitamin C in rabbits with AlCl3 intoxication resulted in reduce the 
level of cholesterol, as vitamin C involved in the metabolism of cholesterol to bile acids. 

The current study showed a significant increase in bilirubin level of AlCl3 exposed groupTable (6). That 
agrees with Al-Hashem[28]&Newairyet al. [22] who said that bilirubin was increased due to AlCl3 
administration that cause liver injury. Gonzalez et al. [49]observed that AlCl3 exposure can result in its 
accumulation in the liver which can be toxic to the hepatic tissue and lead to the increase in bilirubin level. Abu 
Aita[50] found that increased level of bilirubin of AlCl3 administered group may be resulted from increased 
bilirubin production sequence to the destructive effect of AlCl3 on erythrocyte and this is in accordance with the 
present results. The obtained results coincide with the previous study of Yousef et al. [21]. Moreover, 
Mangoodet al.[51] found that the induction rate of serum bilirubin was associated with free radical production. 
Thomas et al.[52] found that the induction rate in serum bilirubin was associated with free radical production 
and this is in accordance with the present results. Rana et al.[53]; Fyiad[54]&Bouaslaet al. [33] found an 
increase in plasma total bilirubin, result from decrease liver uptake, conjugation or increased bilirubin 
production from hemolysis. 

 Treatment with royal jelly caused a significant decrease in serum bilirubin compared to control, and a 
significant decrease in bilirubin when RJ was given. Which agrees with Siliciet al.[46] who said that royal jelly 
decreased total bilirubin level when given with cisplatin, and that is because of antioxidant potential of royal 
jelly. Andriţoiuet al.[55] found that animals treated with CCl4 had an increase in bilirubin, however, treating 
animals with CCl4-induced hepatopathy with royal jelly tends to revert total bilirubin to normal levels. Cihan 
and Deniz[56] found that irradiation plus royal jelly caused normalization of the elevated bilirubin levels, royal 
jelly high antioxidant activity has been found to protect against reactive oxygen species, and its antioxidant 
activity may be attributed, to the vitamins, polyphenolic compounds, or protein fractions. Royal jelly has the 
advantage of therapy, although it is generally protective when administered at pharmacological doses. 

The activities of serum liver function enzymes: alkaline phosphatase (ALP), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) and gamma glutamyle transferase (GGT) were increased by the AlCl3 
(Table 7, 8, 9, 10). That agrees with the studies of Newairyet al. [22]; Abdel Aziz and Zabut[39]; Viezelieneet 
al. [57]; Gawet al.[58]; Ighodaroet al.[59]; Al-Qayim and Saadoon[60]& Mahmoud and Elsoadaa[32]that found 
that the increased activity of intracellular enzyme ALT in serum of mice that were treated with Al indicates 
significant liver cellular damage has occurred. They suggest that chronic AlCl3 exposure induce hapatoxicity 
manifested by elevation of liver function enzymes [58].Lakshmi et al. [61]; Hassoun and Stohs[62]; Bansal et 
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al. [63]; Gaskillet al. [64]& Kumar et al. [65] demonstrated that it increases in serum when cellular 
degeneration or destruction occurs in liver which causes alterations in liver function and that could be a sign of 
impaired liver function, the activity of these enzymes may be elevated in acute and chronic liver diseases.  

Aluminum chloride treatment induced elevation of serum ALP that may be referred to either increase 
osteoblastic activity, provoked by the disturbance ofbone formation caused by aluminum [66]or it may 
becontributing to the increased permeability of the plasma membrane or cellular necrosis of hepatic cell [67, 
64]. Bansal et al. [63]found that alkaline phosphatase has a specific location within both sinusoidal and bile 
canalicular membranes, accounting for its more predominant elevation in certain disorders, acute cell necrosis 
liberates alkaline phosphatase into the blood circulation and its level is elevated. 

In this study there was a significant decrease in serum ALP, AST, ALT, and GGT levels in royal jelly and 
AlCl 3+royal jelly group. And that agrees with previous findings of Kanburet al. (35) who noticed when rats 
were given royal jelly with paracetamol there was a decrease in serum ALT, AST, ALP levels and that means 
RJ have hepatoprotective and antioxidant effects. Karadenizet al. [68]& Ahmed et al. [69] found that 
administration of azathioprine or cisplatin induced a significant increase of serum transaminases (ALT and AST 
enzymes) activities, alkaline phosphatase, while treatment with royal jelly was efficient in counteracting 
azathioprine or cisplatin toxicity. This protective effect may be due to antiapoptotic, antioxidant, and free radical 
scavenging activity of royal jelly. Treatment of rats with AlCl3 plus royal jelly the activities of AST, ALT, ALP 
and GGT were normalized to their control values [32]. This effect could be because royal jelly contains vitamin 
C, vitamin E and arginine [70]. Abdel Aziz andZabut[39] resulted that vitamin E or vitamin C reversed the toxic 
effects of aluminium ions on the activities of alkaline phosphatase and alanine aminotransferase. 

Hasseebet al.[71] resulted that the changes in liver were manifested by hepatocytic degenerations and 
necrosis in addition to severe vascular congestion, especially in the portal blood vessel. Buraimohet al. [72] 
found that aluminum chloride exposure was detrimental to the liver of wistar rats, as indicated by congested 
central vein and distorted sinusoids. Abdel-Wahab[18] studies revealed that liver sections from rats 
administered AlCl3 showed distorted liver architecture: Marked necrosis and degeneration of hepatocytes, 
centrilobular necrosis and congestion of the central vein, vacuolization of hepatocytes, dilatation and congestion 
of the blood sinusoids in addition to infiltration of inflammatory cells were observed. 

Karadenizet al.[68] noticed that in the Cisplatin treated groups, significant histological alterations 
consisting of congestion, dilatation, epithelial vacuolization, and infiltration of mononuclear cells in both liver 
and kidney tissues took place. On the other hand, these changes were decreased in the RJ + Cisplatin treated 
animals. Kanburet al.[35] said that administration of royal jelly+paracetamol caused less severe damage on the 
liver: Blood vessels were hyperaemic, and being less severe, erythrocyte accumulations were observed in parts 
of the sinusoids, haemorrhages were observed in the form of foci, the vacuolar degeneration in some of the 
hepatocytes was much less severe, Periacinarly and portallylocalised areas of hepatocyte necrosis were less 
diffuse, perivascularlylocalised pink-coloured homogeneous hyalinized areas. 
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