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ABSTRACT  
The aim of this study is to investigate the effect of Turmeric (Curcuma longa) against Aluminum Chloride (AlCl3) toxicity on some 
pituitary, thyroid and testosterone hormone supported with histological sections of testis. The animals were given a dose of Aluminum 
Chloride (AlCl3) (30mg/kg) every other day intraperitoneally for eight weeks, and a dose of Turmeric (Curcuma longa) (4mg/kg) daily 
intraperitoneally for eight weeks. The following parameters were measured in blood serum: follicle stimulating hormone (FSH), luteinizing 
hormone (LH), thyroid stimulating hormone (TSH), thyroxin (T4), triiodothyronine (T3), triiodothyronine to thyroxin ratio (T3/T4) and 
testosterone level. AlCl3 caused a significant decrease of FSH, LH, TSH, T4, T3, T3/T4 and testosterone, while Curcuma longa attenuates 
these parameters near their normal levels. The study of histological structures of testis in the Aluminum chloride intoxicated rats showed the 
development of oligospermia, hypoplasia, congested blood vessel and exfoliated tubules, but Curcuma longa ameliorates these effects. 
 
KEYWORDS: Aluminum chloride (AlCl3), Turmeric, Curcuma Longa, Pituitary, Thyroid, Sex Hormones, follicle stimulating 
hormone (FSH), luteinizing hormone (LH), thyroid stimulating hormone (TSH), thyroxin (T4), triiodothyronine (T3), triiodothyronine to 
thyroxin ratio  (T3/T4), testosterone, testes, histology. 
 

INTRODUCTION 
 

Aluminum metal is abundantly present in the earth’s crust. From the environment it gets access to the 
human body via the gastrointestinal and the respiratory tracts. Aluminum is a constituent of cooking utensils and 
medicines such as antacids, deodorants and food additives and this has allowed its easy access into the body [1]. 
The sources of aluminum are especially corn, yellow cheese, salt, herbs, spices, tea, cosmetics, ware and 
containers. Also, it is present in medicines and is also added to drinking water for purification purposes [2]. 
Aluminum absorption/accumulation in humans can occur via the diet and drinking water, ingestion of fruit 
juices with citric acid causes a marked increase in both gastrointestinal absorption and urinary excretion of 
aluminum in healthy subjects [3]. It has been proposed as an environmental factor that may contribute to some 
neurodegenerative diseases, and affects several enzymes and other biomolecules relevant to Alzheimer's disease 
[4]. Aluminum chloride (AlCl3) has been reported to induce oxidative damage and to inhibit the activities of 
antioxidant enzymes [5]. 

Herbs and herbal products are incorporate in livestock feeds instead of chemical products and antibiotics in 
order to stimulate the effectiveness of feed nutrients which result in more rapid gain, higher production and 
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better feed efficiency. Herbs contain active components which stimulate body metabolism, improve digestion, 
and have bactericidal, immunostimulant action improved productivity of poultry [6]. 

The Curcuma longa L. (Family: Zingiberaceae) named turmeric is perennial herb. Curcuma longa L. has 
received attention as a component of designer foods for its cancer-preventing ability [7]. Curcumin a noteworthy 
component in turmeric has a powerful antioxidant activity [8]. Turmeric has also been used as a conventional 
remedy for treatment of inflammation and other disease [9]. Curcuminoids have been associated with anti-
oxidative [10] and anti-carcinogenic [11] activities. Recently, much attention has been focused on the apoptotic 
activity of curcumin [12]. 

 
MATERIALS AND METHODS 

 
1) Aluminum chloride (AlCl3): 

The animals were given a dose of 30mg/kg every other day intraperitoneally for eight weeks [13]. 
 

2) Turmeric (Curcuma Longa): 
The animals were given a dose of 4mg/kg intraperitoneally daily for eight weeks [14]. 
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 and used in the required measurements. Immediately after slaughter the 
animal were dissected to harvest the testes 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. 

The following hormones were measured: 1) Pituitary gland hormones: follicle stimulating hormone (FSH), 
luteinizing hormone (LH), thyroid stimulating hormone (TSH). 2) Thyroid gland hormones: thyroxin (T4), 
triiodothyronine (T3), triiodothyronine to thyroxin ratio (T3/T4). 3) Testosterone level. 

 
Statistical study: 

Mean was 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) Follicle stimulating hormone (FSH): 

AlCl 3 group showed a significant decrease in FSH from the fourth to eighth week compared to control. A 
significant increase in FSH was noted in the curcumin group and AlCl3+curcumin group from the fourth to 
eighth week compared to AlCl3 group (Table 1). 

 
Table 1: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and Aluminum chloride on follicle stimulating hormone (FSH) of adult albino rats. 
AlCl3+ Curcuma longa Curcuma longa AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
3.22 ± 0.16 
-8.75 % 

3.15 ± 0.11 
-10.64 % 

3.54 ± 0.29 
0.47 % 

3.53 ± 0.33 
 

1st week 
% 

3.65 ± 0.28 
-3.10 % 

3.78 ± 0.32 
0.44 % 

3.63 ± 0.34 
-3.54 % 

3.77 ± 0.31 
 

2nd week 
% 

3.84 ± 0.26 
4.68 % 

3.58 ± 0.27 
-2.27 % 

3.32 ± 0.21 
-9.55 % 

3.67 ± 0.28 
 

3rd week 
% 

4.25 ± 0.23b 
4.00 % 

4.27 ± 0.31b 
4.40 % 

3.22 ± 0.20a 
-21.29 % 

4.09 ± 0.30 
 

4th week 
% 

3.83 ± 0.34b 
-3.36 % 

3.52 ± 0.18b 
-11.34 % 

2.80 ± 0.17a 
-29.41 % 

3.97 ± 0.23 
 

5th week 
% 

3.85 ± 0.30b 
-5.71 % 

3.58 ± 0.27b 
-12.24 % 

2.92 ± 0.14 a 
-28.57 % 

4.08 ± 0.34 
 

6th week 
% 

4.27 ± 0.18b 
2.40 % 

4.15 ± 0.33b 
-0.40 % 

3.15 ± 0.22a 
-24.40 % 

4.17 ± 0.11 
 

7th week 
% 

3.83 ± 0.28b 
-6.88 % 

4.42 ± 0.28b 
7.29 % 

2.68 ± 0.07a 
-34.82 % 

4.12 ± 0.36 
 

8th week 
% 

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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2) Luteinizing hormone (LH): 
AlCl 3 group showed a significant decrease in LH from week 3 to 8 compared to control, but did not show 

any significant difference in LH in the first 2 weeks. There was a significant increase in the LH of curcumin 
group and AlCl3+curcumin group from week 3 to 8 compared to AlCl3 group, and a significant decrease in 
curcumin group in week 5 compared to control (Table 2). 

 
Table 2: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and Aluminum chloride and on luteinizing hormone (LH) (mIu/ml) of adult albino rats. 
AlCl3+ Curcuma longa Curcuma longa AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
5.25± 0.05 
1.29 % 

4.56±0.20 
-12.03 % 

4.93± 0.14 
-4.82 % 

5.18± 0.39  
 

1st week 
% 

4.68± 0.06 
-7.87 % 

5.20± 0.37 
2.30 % 

5.30± 0.27 
4.26 % 

5.08± 0.36 
 

2nd week 
% 

5.23± 0.31 b 

-10.03 % 
5.15±0.30 b 

-11.46 % 
4.20± 0.24 a 

-27.79 % 
5.82± 0.40 
 

3rd week 
% 

4.67± 0.30 b 

-17.16 % 
4.80± 0.29 b 
-14.79 % 

3.73± 0.27 a 
-33.73 % 

5.63±0.36 
 

4th week 
% 

4.82± 0.30 b 
-12.95 % 

4.23± 0.25a,b 

-23.49 % 
3.73± 0.29 a 
-32.68 % 

5.53± 0.20 
 

5th week 
% 

5.83± 0.24 b 
-7.16 % 

6.47± 0.41 b 
2.92 % 

3.80± 0.28 a 
-39.52 % 

6.28± 0.17 
 

6th week 
% 

5.55± 0.26 b 
7.77 % 

5.33± 0.47 b 
3.56 % 

3.38± 0.22 a 
-34.30 %  

5.15± 0.48 
 

7th week 
% 

5.62± 0.41 b 
3.06 % 

5.73± 0.29 b 
5.20 % 

3.93± 0.03 a 
-27.83 % 

5.45± 0.46 
 

8th week 
% 
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 

 

  
3) Testosterone: 

AlCl 3 group showed a significant decrease in testosterone from week 2 to 8 compared to control, but did not 
show any significant difference in testosterone in the first week. A significant increase was noted in the 
testosterone of curcumin group in all 8 weeks compared to AlCl3 group. A significant increase was seen in all 8 
weeks except the first week in the AlCl3+curcumin group compared to AlCl3 group, and from week 5 to 8 
compared to control, and no significant change in testosterone was seen in the first week compared to control 
and AlCl3 group (Table 3). 
 
Table 3: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and Aluminum chloride on testosterone (ng/ml) of adult albino rats. 
AlCl3+ Curcuma longa Curcuma longa AlCl3 Control  

 
 

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 

4.09± 0.37 
2.39 % 

4.54± 0.27 b 
13.48 % 

3.71± 0.20 
-7.23 % 

4.00± 0.33 
 

1st week 
% 

4.26± 0.19 b 

-14.31 % 
5.07± 0.40 b 
2.00 % 

2.80±0.16 a 
-43.66 % 

4.97± 0.44 
 

2nd week 
% 

4.48± 0.34 b 
5.28 % 

4.60± 0.41 b 
8.02 % 

2.63± 0.12 a 
-38.15 % 

4.26± 0.39 
 

3rd week 
% 

4.17± 0.39 b 
-14.08 % 

4.76± 0.17 b 
-1.93 % 

2.78± 0.05 a 

-42.77 % 
4.86± 0.17 
 

4th week 
% 

6.07± 0.37a,b 
33.02 %  

4.14± 0.27 b 
-9.21 % 

3.37± 0.26 a 

-26.18 % 
4.56± 0.38 
 

5th week 
% 

6.71± 0.11a,b 
35.76 % 

4.36± 0.25 b 
-11.78 % 

2.95± 0.17 a 
-40.29 % 

4.94± 0.19 
 

6th week 
% 

6.77± 0.06a,b 

39.33 % 
4.70± 0.31 b 
-3.25 % 

2.09± 0.02 a 
-57.10 % 

4.86± 0.32 
 

7th week 
% 

6.60± 0.21a,b 

40.72 % 
4.54± 0.21 b 
-3.36 % 

2.25± 0.16 a 
-52.02 % 

4.69± 0.26 
 

8th week 
% 
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 

 

 
4) Thyroid stimulating hormone (TSH): 

AlCl 3 group showed a significant decrease in TSH from week 3 to 8 compared to control, but did not show 
any significant difference in TSH in the first 2 weeks. A significant increase in TSH was noted in curcumin 
group and AlCl3+curcumin group from week 3 to 8 compared to AlCl3 group, but no significant difference was 
noted in the TSH in the first 2 weeks compared to control and AlCl3 group (Table 4). 
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Table 4: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 
and Aluminum chloride on thyroid stimulating hormone (TSH) (mIu/l) of adult albino rats 

AlCl3+ Curcuma longa Curcuma longa AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
1.01± 0.08 
-15.13 % 

1.23± 0.08 
3.64 % 

1.20± 0.10 
0.84 % 

1.19± 0.05 
 

1st week 
% 

1.11± 0.07 
6.89 % 

1.05± 0.08 
0.64 % 

1.05± 0.09 
0.80 % 

1.04±0.04 
 

2nd week 
% 

1.39± 0.10 b 
-12.11 % 

1.49± 0.13 b 
-5.68 % 

1.06± 0.02 a 
-33.26 % 

1.58± 0.07 
 

3rd week 
% 

1.22± 0.08 b 
10.12 % 

1.15± 0.03 b 
4.53 %  

0.71± 0.06 a 
-35.80 % 

1.10± 0.04 
 

4th week 
% 

1.06± 0.09 b 
-14.73 % 

1.19±0.03 b 
-4.55 % 

0.75± 0.03 a 
-39.89 % 

1.25± 0.03 
 

5th week 
% 

1.15± 0.04 b 
7.64 % 

1.10± 0.03 b 
2.81 %  

0.50± 0.02 a 

-52.89 % 
1.07± 0.09 
 

6th week 
% 

1.03± 0.09 b 
-5.88 % 

1.03± 0.07 b 
-6.01 % 

0.77± 0.01 a 
-29.38 % 

1.10± 0.08 
 

7th week 
% 

1.23± 0.10 b 
-6.29 % 

1.39± 0.12 b 
5.58 % 

0.86± 0.03 a 
-34.98 % 

1.32± 0.10 
 

8th week 
% 
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) Thyroxine (T4): 

AlCl 3 group showed a significant decrease in T4 from week 4 to 8 compared to control, but did not show 
any significant difference in T4 in the first 3 weeks. A significant increase in T4 of curcumin group and 
AlCl 3+curcumin group was noted from week 1 to 8 compared to AlCl3 group except week 5 in curcumin group, 
and a significant increase from week 1 to 3 compared to control, no significant difference was noted in T4 in 
week 5 compared to control and AlCl3 group for the curcumin group (Table 5). 
 
Table 5: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and Aluminum chloride on thyroxine hormone (T4) (ng/ml) of adult albino rats. 
AlCl3+ Curcuma longa  Curcuma longa AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
7.25± 0.42a,b 

169.07 % 
6.35± 0.47a,b 
135.41 % 

2.32± 0.11 
-13.94 % 

2.70± 0.19 
 

1st week 
% 

7.74± 0.43a,b 
120.93 % 

8.10± 0.44a,b 
131.12 % 

3.58± 0.30 
2.22 % 

3.50± 0.33 
 

2nd week 
% 

10.86± 0.39a,b 
65.17 % 

9.10± 0.29a,b 
38.38 % 

5.22± 0.37 
-20.64 % 

6.57± 0.57 
 

3rd week 
% 

7.57± .0.65 b 
8.53 % 

7.45± 0.57 b 

6.82 % 
4.55± 0.21 a 

-34.79 %  
6.98± 0.20 
 

4th week 
% 

8.07± 0.62 b 
-8.62 % 

7.73± 0.63 
-12.53 %  

6.22± 0.54 a 

-29.57 % 
8.83± 0.56 
 

5th week 
% 

11.38± 0.91 b 
13.53 % 

10.82± 0.64 b 

7.93 % 
7.69± 0.52 a 
-23.32 % 

10.02± 0.59 
 

6th week 
% 

11.15± 0.39 b 
13.23 % 

10.30± 0.63 b 
4.64 % 

7.91± 0.12 a 

-19.70 %  
9.84± 0.29 
 

7th week 
% 

8.43± 0.77 b 
17.60 % 

7.95± 0.65 b 

10.96 % 
5.53± 0.47 a 
-22.92 % 

7.17± 0.18 
 

8th week 
% 
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) Triiodothyronine (T3): 

AlCl 3 group showed a significant decrease in T3 in all 8 weeks of experiment except for the first week 
compared to control, and did not show any significant difference in T3 in the first week. A significant increase 
in T3 was noted in curcumin group and AlCl3+curcumin and in week 2 to 8 compared to AlCl3 group, also a 
significant increase in T3 was noted in curcumin group in the first week compared to AlCl3 group. A significant 
increase was noted in T3 in curcumin group in week 1 and 2 compared to control (Table 6). 
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Table 6: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and on triiodothyronine (T3) (ng/ml) of adult albino rats. 
AlCl3+ Curcuma longa Curcuma longa AlCl3 Control   
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
1.42± 0.11 
-10.43 % 

2.62± 0.18a,b 
65.27 % 

1.38± 0.13 
-12.79 % 

1.58± 0.14 
 

1st week 
% 

1.58± 0.12 b 

-17.12 % 
2.62± 0.17a,b 

37.42 % 
1.24± 0.09 a 
-34.96 % 

1.90±0.11 
 

2nd week 
% 

2.55± 0.09 b 

-4.56 % 
2.31± 0.13 b 

-13.59 % 
1.72± 0.10 a 
-35.86 %  

2.68± 0.15 
 

3rd week 
% 

2.57± 0.16 b 
-1.47 % 

2.52± 0.04 b 
-3.35 % 

1.33± 0.13 a 

-49.18 % 
2.61± 0.16 
 

4th week 
% 

2.48± 0.19 b 
6.12 % 

2.25± 0.05 b 
-3.67 % 

0.68± 0.07 a 
-70.88 % 

2.34± 0.13 
 

5th week 
% 

2.42± 0.08 b 
2.96 % 

2.25± 0.11 b 

-4.38 % 
0.94± 0.06 a 
-60.29 % 

2.35± 0.12 
 

6th week 
% 

3.54± 0.15 b 
2.75 %  

3.48± 0.12 b 
0.88 % 

1.80± 0.04 a 
-47.68 % 

3.45± 0.15 
 

7th week 
% 

3.51± 0.15 b 
9.55 % 

3.35± 0.22 b 
4.48 % 

1.43± 0.11 a 
-55.41 %  

3.20± 0.21 
 

8th week 
% 
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) Triiodothyronine to thyroxine ratio (T3/T4): 

AlCl 3 group showed a significant decrease in T3/T4 in week all 8 weeks except for the first week compared 
to control, but did not show any significant difference in T3/T4 in the first week. A significant decrease in 
T3/T4 was noted in curcumin group from week 1 to 3 compared to control, and a significant decrease was noted 
in week 1 and 3 compared AlCl3 group, a significant increase was noted in the last 4 weeks compared AlCl3 

group. No significant difference was noted in T3/T4 in the fourth week compared to control and AlCl3 group. A 
significant decrease in T3/T4 was seen in the AlCl3+curcumin group in the first three weeks compared to control 
and AlCl3 group, and a significant increase was seen in the last four weeks compared to AlCl3group, but no 
significant change in the fourth week compared to control and AlCl3 group (Table 7). 

 
Table 7: Effect of daily administration of Curcuma longa (4 mg/kg), Aluminum chloride (30 mg/kg) and combination of Curcuma longa 

and Aluminum chloride on triiodothyronine to thyroxine ratio (T3/T4) (ng/ml) of adult albino rats. 
AlCl3+ Curcuma longa Curcuma longa AlCl3 Control  
Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E 
0.20 ± 0.012a,b 
-65.89 % 

0.42 ± 0.020a,b 
-28.00 % 

0.59 ± 0.043 
1.59 % 

0.59 ± 0.019 
 

1st week 
% 

0.21 ± 0.010a,b 
-64.08 % 

0.33 ± 0.010a 
-43.59 % 

0.36 ± 0.023a 
-38.78 % 

0.58 ± 0.022 
 

2nd week 
% 

0.24 ± 0.009a,b 
-45.97 % 

0.25 ± 0.010a,b 
-41.95 % 

0.33 ± 0.014a 
-24.04 % 

0.44 ± 0.028 
 

3rd week 
% 

0.34 ± 0.017  
-8.96 % 

0.35 ± 0.018 
-7.76 % 

0.30 ± 0.017a 
-21.62 %  

0.38 ± 0.022 
 

4th week 
% 

0.32 ± 0.027 b 
17.61 % 

0. 30 ± 0.016b 
11.26 % 

0.12 ± 0.002a 
-57.44 % 

0.27 ± 0.009 
 

5th week 
% 

0.22 ± 0.015b 
-9.28 % 

0.21 ± 0.010b 
-12.63 % 

0.13 ± 0.008a 
-47.82 % 

0.24 ± 0.023 
 

6th week 
% 

0.32 ± 0.020b 
-8.98 % 

0.35 ± 0.028b 
-1.89 % 

0.23 ± 0.007a 
-35.10 %  

0.35 ± 0.020 
 

7th week 
% 

0.43 ± 0.034b 
-4.15 % 

0.44 ± 0.024b 
-1.80 % 

0.28 ± 0.017a 
-38.18 % 

0.45 ± 0.036 
 

8th week 
% 
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 testis: 

Fig. (1, 2) shows normal testis structure of control group. The study of histological structures of testis in the 
Aluminum chloride intoxicated rats showed that after two weeks of administration (Fig. 3, 4) the development 
of oligospermia, hypoplasia, congested blood vessel and exfoliated tubules but normal leydig cells. After four 
weeks (Fig. 5, 6) the previous effects were increased and vascular degeneration was developed and leydig cells 
were still normal. After six weeks (Fig. 7, 8) tubules showed increased oligospermia, exfoliated tubule with 
hypoplasia, increased spaces between tubules and degeneration of interstitial tissue. Eight weeks of 
administration (Fig. 9, 10) showed distorted tubule shape, lack of normal distribution of epithelial lining, 
increased space between tubules with degeneration of interstitial tissue, congested blood vessel and abnormal 
leydig cells. 
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Effect of Curcuma longa on histological structures of testis: 
Histological structures of testis in the animals treated with Curcuma longa (Fig. 11, 12) showed a normal 

tissue structure of testis which resembles the control group. 
 
Effect of combination of Curcuma longa and Aluminum chloride on histological structures of testis: 

Studying the histological structure of testis in the AlCl3+Curcuma group after two weeks (Fig. 13, 14) 
showed a degeneration of interstitial tissue with increased spaces between tubules, oligospemia, hypoplasia and 
exfoliation of tubules. After four weeks (Fig. 15, 16) some seminiferous tubules had hypoplasia and 
oligospermia, but other tubules were regaining normal cell distribution and had normal leydig cells, increase of 
sperm and normal spacing between tubules. After six weeks (Fig. 17, 18) more tubules were regaining normal 
cell distribution and increase of sperm with normal leydig cells, but there was some tubules with hypoplasia, 
oligospermia and vacuolar degeneration. Eight weeks of treatment with AlCl3+Curcuma (Fig. 19, 20) showed 
less tubules with hypoplasia and oligospermia and more tubules regaining normal cell distribution and increase 
of sperm. 

 

  
Fig. 1: A transverse section in rat testis from the control 

group shows normal seminiferous tubules (1), 
germinal epithelium (2) sperms (3) and leydig 
cells (L.C.). X100, H&E. 

 

Fig. 2: A transverse section in rat testis from the control 
group shows layers distribution of seminiferous 
epithelium cells in their different stages inside 
the seminiferous tubule: 1) Spermatogonia. 2) 
Primary spermatocytes. 3) Secondary 
spermatocytes. 4) Spermatids. 5) Mature 
Spermatozoa, Sertoli cells (S.C.) and leydig 
cells (L.C.). X400, H&E. 

  
 
Fig. 3: transverse sections in rat testis from the two 

weeks AlCl3 intoxicated group shows 
oligospermia (1), hypoplasia (2), congested 
blood vessel (C) and exfoliated tubule (Ex). 
X100, H&E. 

 
Fig. 4: transverse sections in rat testis from the two 

weeks AlCl3 intoxicated group shows 
oligospermia (1), hypoplasia (2), congested 
blood vessel (C), exfoliated tubule (Ex) and 
decrease of leydig cells (L.C.). X400, H&E. 
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Fig. 5: transverse sections in rat testis from the four 
weeks AlCl3 intoxicated group shows 
hypoplasia (1), congested blood vessel (C) and 
exfoliated tubule (Ex). X400, H&E. 

Fig. 6: transverse sections in rat testis from the four 
weeks AlCl3 intoxicated group shows 
hypoplasia (1), vascular degeneration (V.D.) 
and decrease of leydig cells (L.C.). X400, 
H&E. 

Fig. 7: transverse sections in rat testis from the six 
weeks AlCl3 intoxicated group shows 
oligospermia (1) and increased spaces between 
tubules (2). X100, H&E. 

 

Fig. 8: transverse sections in rat testis from the six 
weeks AlCl3 intoxicated group shows 
degeneration of interstitial tissue and decrease 
of leydig cells (1) and exfoliated tubule (Ex) 
with hypoplasia. X400, H&E. 

Fig. 9: transverse sections in rat testis from the eight 
weeks AlCl3 intoxicated group shows distorted 
tubule shape (1), increased space between 
tubules with degeneration of interstitial tissue 
(2) and congested blood vessel (C). X100, 
H&E. 

Fig. 10: transverse sections in rat testis from the eight 
weeks AlCl3 intoxicated group shows lack of 
normal distribution of epithelial lining (1), 
oligospermia (2) and decrease of leydig cells 
(L.C.). X400, H&E. 
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Fig. 11: transverse sections in rat testis of the Curcuma 
longa treated group that shows normal tissue 
structure of testis. X100, H&E. 

Fig. 12: transverse sections in rat testis of the Curcuma 
longa treated group that shows normal tissue 
structure of testis. X400, H&E. 

Fig. 13: transverse sections in rat testis from the two 
weeks AlCl3+Curcuma group shows 
degeneration of interstitial tissue and increased 
spaces between tubules (1), oligospemia (2), 
hypoplasia (3) and exfoliated tubule (Ex). 
X100, H&E. 

 

Fig. 14: transverse sections in rat testis from the two 
weeks AlCl3+Curcuma group shows 
exfoliated tubule (Ex). X400, H&E. 

 

Fig. 15: transverse sections in rat testis from the four 
weeks AlCl3+Curcuma group shows 
oligospemia (1), hypoplasia (2), a tubule 
regaining normal cell distribution (3) and 
normal leydig cells (L.C.). X100, H&E. 

 

Fig. 16: transverse sections in rat testis from the four 
weeks AlCl3+Curcuma group shows a tubule 
regaining normal cell distribution (1), increase 
of sperm (2) and normal leydig cells (L.C.). 
X400, H&E. 
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Fig. 17: transverse sections in rat testis from the six 
weeks AlCl3+Curcuma group shows tubules 
regaining normal cell distribution (1), tubules 
with hypoplasia and oligospermia (2) and 
vacuolar degeneration (V.D.). X100, H&E. 

Fig. 18: transverse sections in rat testis from the six 
weeks AlCl3+Curcuma group shows a tubule 
regaining normal cell distribution and increase 
of sperm (1) and normal leydig cells (L.C.). 
X400, H&E. 

 
Fig. 19: transverse sections in rat testis from the eight 

weeks AlCl3+Curcuma group shows tubules 
with hypoplasia and oligospermia (1) and 
tubules regaining normal cell distributionand 
increase of sperm (2). X100, H&E. 

 

Fig. 20: transverse sections in rat testis from the eight 
weeks AlCl3+Curcuma group shows tubules 
with hypoplasia and oligospermia (1) and 
tubules regaining normal cell distributionand 
increase of sperm (2). X400, H&E. 

 

Discussion: 
From Table (1, 2 and 3) results showed a decrease in follicular stimulating hormone (FSH), luteinizing 

hormone (LH) and testosterone in the AlCl3 group compared to control. This is in agreement with Reza and 
Palan [15] and Ige and Akhigbe [16] that said that AlCl 3 significantly decreased plasma FSH, LH and 
testosterone. Reza and Palan [15] & Khattab et al. [17] found that calcium ion is important for FSH, LH and 
testosterone formation and secretion, Aluminum cross the blood brain barrier and obstructed voltage-sensitive 
calcium cannels in cells that are responsible for gonadotropin releasing hormone (GnRH) formation and 
secretion. These diminished luteinizing hormone (LH) in the pituitary gland and then led to significantly 
lowered testosterone. 

In this study curcumin caused a significant increase in FSH, LH and testosterone when given alone or with 
AlCl 3. That agrees with Salama and El-Bahr [18] who observed that curcumin raised testosterone levels in rats 
and stimulated antioxidant protection, and also Al-Taee et al. [19] found significant elevation in the levels of 
fertility hormones (FSH and LH) after using curcumin in rats. Tousson et al. [20] said that curcumin attenuated 
the cisplatin-reduced serum sexual hormones which include FSH, LH and testosterone in albino rats, and agrees 
with Sakr and Badawy [21] who said that administration of curcumin to monosodium glutamate exposed rats 
increased the serum LH and testosterone. Curcumin had anti-inflammatory and anti-infectious effect and also to 
control nitric oxide production, which play a role in improving fertility, testicular performance and stimulate 
androgen production [22,23]. Also, curcumin increased the level of 17-ketosteroid reductase enzyme and 
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subsequently increased the testosterone level in cadmium induced testicular damage [3] and in gallic acid 
induced testicular toxicity [24]. 

The current study showed a significant decrease in TSH, T4, T3 and T3/T4 of AlCl3 exposed group Table 
[4,5,6 and 7]. Our results agrees with Orihuela [25] & Pal et al. [26] who said that AlCl3 significantly decreased 
TSH and thyroid hormones T3 and T4. Utas et al. [27] found that TRH under normal physiological conditions, 
causes movement of intracellular calcium and induces influx of extracellular Ca2 + on thyrotropin cells. Presence 
of the calcium channel blocker could reduce calcium influx in vitro. Cannata-Andia and Fernandez-Martin [28] 
suggested that TRH uses both intracellular calcium stores and extra cellular calcium through voltage-dependent 
calcium channels to raise intracellular calcium concentration causing TSH secretion. Release of TRH as a 
neurohormone depends on extracellular ca1cium [29]. Busselberg et al. [30] & Platt and Busselberg [31] 
conclude that Aluminum is a powerful calcium channel b1ocker and inhibit both TRH and TSH release. 

Thyroid hormone is a critical regulator of growth, development and metabolism in virtually all tissues, and 
altered thyroid status affects many organs and systems. A considerable amount of data shows that thyroid 
hormone influences steroidogenesis as well as spermatogenesis. The involvement of triiodothyronine (T3) in the 
control of sertoli cell proliferation and functional maturation is widely accepted, as well as its role in postnatal 
leydig cell differentiation and steroidogenesis. The presence of thyroid hormone receptors in testicular cells 
throughout development and in adulthood implies that T3 may act directly on these cells to bring about its 
effects [32]. In the present study aluminum chloride decreases thyroid hormones which affects testes tissue and 
that leads to low testosterone levels. 

The current results showed a significant increase in TSH, T4, T3 and T3/T4 in AlCl3+curcumin and 
curcumin group. The results agrees with the findings of Nabavi et al. [33] that said that curcumin caused the 
serum T4 and T3 levels to maintain their normal levels after treatment with sodium fluoride which caused 
thyroid dysfunction in rats. Papiez et al. [34] & Rajput et al. [35] said that curcumin caused raise in TSH, T4, 
T3 levels. Curcumin had a stimulating effect on biosynthetic activity of the thyroid gland in rat [34]. Karan et al. 
[36] found that thyroid hormones responded to curcumin which has antioxidant properties against harmful 
effects of processes that causes oxidations. 

Fig. 1 and 2 shows normal testicular structure in the control group. In the current study histological 
structures of the testes in the Aluminum chloride intoxicated rats showed the development of oligospermia, 
hypoplasia, congested blood vessels, exfoliated tubules, distorted tubule shape, lack of ordinary distribution of 
epithelial lining, expanded space between tubules with degeneration of interstitial tissue, and abnormal leydig 
cells (Fig. 3, 4, 5, 6, 7, 8, 9 and 10). Abdul-Rasoul et al. [37] found that these progressions may be attributed to 
impairment of sperm development and secretory functions of epididymal cells which might be due to oxidative 
stress or to inadequacy of androgens [38]. Mahran et al. [39] found histological changes as damages within the 
seminiferous tubules and vascular degeneration of the germ cells and sertoli cells cytoplasm. The impairment 
caused by aluminum was accompanied primarily by the prolonged accumulation of aluminum in the mice testes. 
Khattab [13] said that aluminum chloride caused testicular toxic as indicated by histological changes in the 
seminiferous tubules of the testes. That is because aluminum induced oxidative damage and the ability of 
aluminum to cross the blood-testis barrier after inducing oxidative stress and lipid peroxidation that damages the 
biological membrane of the testes and cause modification and atrophy of spermatogenic cells [16]. 

Al treatment elicited broad cytotoxic effects in the leydig cells of mice. The presence of multiple lipid 
droplets in these cells could eventually lower secretory activity, probably by decreasing the use of free 
cholesterol for steroidogenesis [40,41,42]. Two recent studies [43,44] have shown that intact mitochondria with 
active respiration are essential for LH-induced leydig cell steroidogenesis.  

Histological structures of the testes in the animals treated with Curcuma longa (Fig. 11 and 12) showed a 
normal tissue structure of the testes which resembles the control group, while the histological structure of testis 
in the AlCl3+Curcuma group (Fig. 13, 14, 15, 16, 17, 18, 19 and 20) showed less tubules with hypoplasia and 
oligospermia and more tubules regaining normal cell distribution and increase of sperm. Turmeric was shown to 
have powerful antioxidant elements 11). The role of turmeric in testicular protection might be because of its 
anti-apoptotic property [45]. Soliman et al. [46] found that the testes of Aflatoxin B1 + curcumin treated group 
revealed no histopathological changes. Salama and El-Bahr [18] observed that the use of curcumin damaged 
ameliorated the effects of cadmium on reproduction of male rats, improved its spermatogenic damage, 
decreased sperm count, increased testosterone levels and induced antioxidant defense. 
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