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ABSTRACT 
Aluminum is present in several manufactured foods and medicines and also used in water 

purification. Therefore, the present experiment was undertaken to determine the effect of Clitoria 
ternatea (CT) in modulating the aluminum maltolate (AlM) induced toxicity in liver and kidney of 
rats. Twenty-four rats were equally assigned into control (CON), AlM treated (AlM), CT 
administered (CT) and combination of AlM+CT treated groups. Both AlM and CT were orally 
administered for one month. We found AlM administration significantly (P<0.05) increased the 
liver and kidney marker enzymes, alkaline phosphatase(ALP), alanine amino transferase(AAT) and 
aspartate amino transferase (AST). However co-administration of CT significantly (P<0.05) 
decreases these marker enzyme activities against AlM-induced reduction.  Furthermore, evidences 
from light microscopic images clearly demonstrating that AlM-induced histological alterations in 
liver congestion and necrotic changes at central vein and kidney tissue showing the degenerative 
changes in bowman’s capsule and glomeruli. Moreover, simultaneous administration of CT with 
AlM significantly modulated the structural alteration and toxic effects of AlM.   
Keywords: Alkaline phosphatase, Alanine amino transferase, Aspartate amino transferase, AlM. 

 

Introduction 

Aluminum is an environmental potential neurotoxicant, which has been involved in 
neurodegenerative disorders such as Alzheimer’s disease (Dia Cheng et al., 2014). It is regarded as 
a harmful contaminant for humans based upon its physical and chemical properties Al has gained 
wide industrial and commercial importance including therapeutic agents, water purifiers, and as 
food additives (Zawilla et al., 2014). Being the cheap, aluminum wares are commonly used in India 
(Madhavi et al., 2013). Exposure to Al has been demonstrated to increase the production of reactive 
oxygen species (ROS) and oxidative stress (El-Demerdash et al., 2004). In deed the inter-action 
between Al and Fe contributes to the formation of reactive oxygen species (ROS), elevated levels of 
ROS have been shown in various models of Al toxicity (Giunto et al., 2014) and oxidative damage 
has been systematically observed in the brain and other organs (Li et al., 2012). Al-induced ROS can 
diminish the activities of primary antioxidant enzymes, and trigger membrane peroxidation (John 
Sushma et al., 2014). A small portion of Al is absorbed by the gastrointestinal tract; however, oral 
intake causes greatest toxicological implications. Al can progressively accumulate in mammalian 
tissues especially brain, bone, liver and kidney resulting in impairment of cognitive functions 
including long-term memory (Shrivastava et al., 2012; Walton et al., 2006). It has been proposed to 
accelerate the aging process by inflicting oxidative damage resulting in biochemical changes. Al 
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effectively absorbs along with compounds like maltolate, ascorbate, succinate and citrate (Walton, 
2012). Al provoked cardiotoxicity, nephrotoxicity and neurotoxicity (Reinke et al., 2003; Sushma 
and Rao, 2007).  

Clitoria ternatea (CT) known as Butterfly pea cultivated throughout India it is a popular 
traditional ayurvedic medicinal plant, extensively used for the treatment of neurological disorders, 
epilepsy, insomnia and anxiety (Taur et al., 2010). It was reported that it acts as a mild sedative and 
memory enhancer. The extract of flowers is reported to be used in insect and skin bites (Sethiya et 
al., 2009). Flavonols i.e., kaempherols, quercetin and myricetin and their glycosides used to treat 
body aches, infections, urinogenital disorders (John Sushma et al., 2015). The roots are useful in 
asthma, burning sensation, inflammation, leucoderma, leprosy, hemicrania, amentia, pulmonary 
tuberculosis, ophthalmology (Agrawal et al., 2007). The methanolic extract of CT been reported to 
contain a mixture of alkaloids, flavonoids, saponins, tannins and triterpenoids such as taraxerol and 
taraxerone (Durga mahalakshmi et al., 2014). It was reported that CT extract has hepto protective 
potential by chelating metal ions scavenging of free radicals and enhanced antioxidant defense 
system (Manju lata et al., 2013). Liver is considered as the major site for detoxification of toxic 
metabolites and functions as metabolic centre for various nutrients such as carbohydrates, proteins 
and lipids (Barrett et al., 2010) kidney is involved in the elimination of toxic substances, due to their 
ability to reabsorb and accumulate metals, kidney are one of the first target organs of metal toxicity 
(Barbiear et al., 2005) 

 

Materials and methods 

Chemicals  

Aluminum-maltolate, Magnesium chloride, Para nitrophenol, L-Aspartic acid, α-keto glutaric 
acid, Dinitro phenyl hydrazine and other chemicals were purchased from Himedia company. 

Collection of plant material 

Plant samples of leaves of Clitoria ternatea were collected Fresh leaves of Clitoria ternatea 
were collected from surrounding area of Tirupati, Andhra Pradesh and washed properly to remove 
all the durt and soil with double distilled water and dried under shade, dust free condition for one  
week at  room  temperature (370C) . The dried leaves were then powdered with the aid of a mixer, 
and the fine powder is used for extract preparation. 

Preparation of Clitoria ternatea extract 

The powdered CT leaves were used for the preparation of the methanol extract. Methanol 
was added to CT leaf extract and kept for continuous stirring for 72 hrs. Then the extract was 
filtered using Whatman no.1 filter paper and these filtrates were rotary evaporated for 30 min. The 
extract was freeze dried by lyophilizer in to dried powder and stored at 40C for further analysis. 

Experimental design: The animals (3-months age) were equally randomized to four groups and 
six animals in each:  

Group I   : Control group treated with 0.9% saline solution. 

Group II  : AlM administered group for 30-days. 

Group III : CT administered group for 30-days. 

Group IV :  AlM+CT administered simultaneously for 30-days. 
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Preparation of homogenates 

After the experimental period, the rats were dissected, liver and kidney tissue were isolated 
and homogenates were prepared in buffer and centrifuged at 10,000 rpm for 10 minutes. 
Supernatant was collected and used for further biochemical assays and histological studies. 

Biochemical assays 

Determination of Alkaline Phosphatase (ALP) 

Alkaline phosphatase was estimated by using the method of King (1954). Absorption was 
taken at 510 nm, the activity of ALP was expressed as µmoles of phenol liberated/mg protein/hr. 

Determination of Aspartate amino transaminase (AST) 

Activity of aspartate amino transaminase (AST) was estimated by using the method 
Reitmann and Frankel in 1957.  The colour developed was read at 545 nm in a spectrophotometer. 
The enzyme AST was expressed as µmoles of pyruvate formed/ mg protein/hour 

Determination of Alanine Amino Transaminase (ALT) 

Activated alanine amino transaminase (ALT) was estimated by using Reitman and Frankel 
(1957). The colour was developed was read at 545nm in a spectrophotometer. The enzyme AAT 
activity was expressed as µ moles of pyruvate formed/ mg protein / hour. 

Histopathology  
Histopathological evaluation of liver and kidney tissues was performed in both, control and 

treated groups (Humason 1972). The tissues were processed and stained with hematoxylin-eosin 
and examined under light microscope.  

Statistical Analysis  
All experimental data were summarized as mean ± S.D (standard deviation, n=6).  

Results 

In the present study, there was a significant increase in the liver and kidney markers, 
alkaline phosphatase(ALP), alanine aminotransferase(ALT) and aspartate aminotransferase (AST)  
following AlM exposure for 30 days in the liver and kidneys of albino rats. AlM treatment for one 
month at a dose of 100 mg/kg/day was found to enhance alkaline phosphatase(ALP), alanine 
aminotransferase(ALT) and aspartate aminotransferase (AST) significantly in comparison to 
control group rats (Fig.1 to 6).  
Co-administration of CT along with AlM significantly inhibited the ALP, ALT and AST levels in 
comparison to AlM alone treated rats. AlM+ CT treated group shown a significant decrease in ALP, 
ALT and AST activities as compared to the AlM treated group (Fig.1 to 6). We performed the 
histopathological studies by light microscopy to explore the therapeutic effects of CT treatment 
against AlM-induced liver and kidneys damage. Light Photomicrographs of AlM treated group liver 
tissue showing the congestion (C) and necrotic changes (NC) at central vein indicates the 
degenerative changes (Fig.8). Kidney tissue showing the degenerative changes (DC) in bowman’s 
capsule and glomeruli indicates that AlM induced anatomic damage of kidney (Fig-12). It was 
observed that CT reduces the AlM induced liver and kidney damage (Fig.9&13) in AlM+CT 
administered group liver tissues showing less necrotic changes (NC) compared to AlM treated 
group by showing normal central vein (CV) and hepatocytes (Fig-10). Kidney tissue showed 
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recovery of AlM caused degenerative changes by normal Bowman’s capsule (BC) and glomeruli (G) 
(Fig-14). The key findingsof this study reveals that AlM alone induced liver and kidneys damage 
which was reduced by CT treatment.  

 

 

Fig-1: Effect of CT on alkaline phosphatase (ALP) levels in liver tissue of AlM-exposed rats. Data 
were expressed as mean ± SD (standard deviation of the mean, n=6) in micro moles of phenols 
liberated /mg protein / hr.  

 

 

Fig-2: Effect of CT on alkaline phosphatase (ALP) levels in kidney tissue of AlM-exposed rats. Data 
were expressed as mean ± SD (standard deviation of the mean, n=6) in micro moles of phenols 
formed/mg protein/hr.  
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Fig-3: Effect of CT on alanine amino transferase (AAT) levels in liver tissue of AlM-exposed rats. 
Data were expressed as mean ± SD (standard deviation of the mean, n=6) in macro  moles of 
pyruvate formed/mg protein/hr.  

 

 

Fig-4: Effect of CT on alanine amino transferase (AAT) levels in kidney tissue of AlM-exposed rats. 
Data were expressed as mean ± SD (standard deviation of the mean, n=6) in macro moles of 
pyruvate formed/mg protein/hr.  
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Fig-5: Effect of CT on aspartate amino transferase (AST) levels in liver tissue of AlM-exposed rats. 
Data were expressed as mean ± SD (standard deviation of the mean, n=6) in micro moles of 
pyruvate formed/mg protein/hr 

 

 

Fig-6: Effect of CT on aspartate amino transferase (AST) levels in kidney tissue of AlM-exposed rats. 
Data were expressed as mean ± SD (standard deviation of the mean, n=6) in micro moles of 
pyruvate formed/mg protein/hr 
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 Number of reports demonstrated that aluminum administration increases liver and kidney marker 
enzymes and cellular damage in rat (Kalaiselvi et al., 2015; El-Demerdash et al., 2014; Chaithanya et 
al., 2012; John sushma et al.,2011; Turkez et al., 2010). Our results reported that the levels of ALT, 
ALP and AST in both the liver and kidney of AlM treated group were significantly increased 
compared to the control groups. Our results are in consonance with the previous reports, due to 
AlM induced oxidative stress increases transaminases ALT, ALP and AST enzymes and hepatic 
structural alterations, it may accelerate the progression of chronic hepatodegenerative disorders 
(Turkez et al., 2010). Omer et al. (2003) reported that the Al administration causes increase in ALT, 
ALP, AST and structural damage in liver, kidney and spleen.  Osama et al., 2014 reported elevation 
of AST and ALT activities may be lead to hepatic cellular degeneration due to oral intake of Al. 
Serum hepatic function markers of ALT and AST were significantly increased in Al administered 
group (Nashwa et al., 2014). Chinoy and Memon, 2001 and El-Demerdash et al., (2014) found that 
exposure to Al caused necrosis to the liver with the subsequent release of these enzymes from the 
injured hepatic cells.  John sushma et al., 2011 reported that Al can cause structural degeneration of 
cells in both kidney and liver. Production of free radicals and antioxidant defence mechanism is a 
common process in a living system, but sometimes because of toxic metals, excess of free radicals 
will be generated which may not be removed by antioxidant system (Sharma et al., 2012). Existing 
reports indicated that flavonoids, tannins, coumarins and xanthenes are responsible for the 
antioxidant and tissue protective properties of CT (Manju lata et al., 2013). Methanolic extract of CT 
showed a significant increase in ALT, AST, and bilirubin, hence CT possessed strong 
hepatoprotective and antioxidant activity in a mouse model (Nithianantham et al., 2011)  

In the present investigation, AlM treated group elevated the levels of ALT, ALP and AST, CT 
maintained the levels of ALT, ALP and AST activities in the liver and kidney nearly at control values. 
Co-administration of CT with AlM significantly (p<0.05) inhibited the increase in ALT, ALP and AST 
levels. Structural studies revealed that AlM exposure induced congestion and necrotic changes at 
central vein in liver, kidney tissue showing the degenerative changes in Bowman’s capsule. 
Whereas CT extract is potential to counter this hepto and nephro damage. In conclusion, the results 
of the current study suggest that CT methanolic leaf extract ameliorates liver and kidney structural 
damage against the toxicity induced by AlM in rats. 
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  Fig-7: Control group anatomic section of liver tissue showing the normal cyto-architechture 
showing central vein (CV) and hepatocytes (40X magnification).  

 

 

Fig-8: AlM group liver tissue showing the congestion (C) and necrotic changes (NC) at central vein 
indicates the degenerative changes (40X magnification). AlM group liver tissue showing the 
congestion (C) and necrotic changes (NC) at central vein indicates the degenerative changes 
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 Fig-9: CT administered group anatomic section of liver tissue showing the normal cyto-
architechture showing central vein (CV) and hepatocytes similar to control (40X  magnification). 

 

 

Fig-10: AlM+CT administered group liver tissues showing less necrotic changes (NC) compared to 
AlM treated group by showing normal central vein (CV) and hepatocytes  (40X magnification).  

 

 

 

 

 

Kidney 
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  Fig-11: Control group anatomic section of kidney tissue showing the normal cyto-architechture 
showing bowman’s capsule (BC), glomeruli (G) and mesangial cells (MC) (40X magnification).  

 

 

Fig-12: AlM administered group kidney tissue showing the degenerative changes (DC) in bowman’s 
capsule indicates that AlM induced anatomic damage of kidney, (40X magnification).  
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  Fig-13: CT administered group anatomic section of kidney tissues showing the normal cyto-
architechture showing bowman’s capsule (BC) and glomeruli (G) similar to control group, (40X 
magnification).  

 

 

Fig-14: AlM+CT administered group kidney tissues showing recovery of AlM caused degenerative 
changes by showing normal bowman’s capsule (BC) and Glomeruli (G), (40X magnification).  

 

 


