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ABSTRACT 
 
This study was carried out to investigate the effects of ethyl acetate and n-butanol fractions of Indigofera pulchra on 
liver enzymes and lipid profile in  alloxan induced diabetic rats. 20 Wistar rats of both sexes were used for the study. 
The rats were divided into four groups with five rats in each group. Group 1 and 2 representing negative and 
positive control respectively. Group 3 and 4 received 50 mg/kg and 250 mg/kg body weights of ethyl acetate and n-
butanol respectively. After 14 days of treatment, the animal were anaesthetized and sacrificed to obtain blood by 
cardiac puncture. Serum was collected and assayed for alanine aminotranferase (ALT) aspartate aminotranferase ( 
AST)  alkaline phosphatise(ALP)total protein ( TP), albumin (ALB), total cholesterol, triacylglycerol , high density 
lipoproteins and low density lipoproteins.   The result showed that ALT,AST, TP and ALB levels of the treatment 
groups decrease(P<0.05) when compared with the ccontrol untreated group( Negative control) . As regards to the 
lipid profile there was a significant decrease (P<0.05) in the triacylglycerol, when compared with the untreated 
control group. Also in relation to the High density lipoprotein and low density lipoprotein there was a slight 
increase but no significant. The preliminary phytochemical screening of the two fractions Indigofera pulchra 
fractions revealed the presence of alkaloids, flavonoids, and saponins. The LD50 was 775mg/kg and 2,154 mg/kg for 
Ethylacetate and n-Butanol fractions respectively.  
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INTRODUCTION 
 

The number of people suffering from the disease worldwide is increasing at an alarming rate with a projected 366 
million peoples likely to be diabetic by the year 2030 as against 191 million estimated in 2000 [1] .  From literature 
review it has been revealed that 15 - 20% of diabetic patients are suffering from insulin-dependent diabetes mellitus 
(IDDM) or type-I [2] . The IDDM is noted both in adult and childhood [ 2,3].  It is characterizedby elevation of both 
fasting and post-prandial blood sugar levels.  Chronic hyperglycemia during diabetes causes glycation of body 
proteins that in turn leads to secondary complications affecting eyes, kidneys, nerves, and arteries [4].  Lipids and 
lipoproteins abnormalities are common in diabetes, particularly type 2 [5]. It is very important to lower the levels of 
lipids in the body. This is done by drug therapy with drugs such as statins[ 6,7]. This is seen in patients with diabetes 
with elevated triglyceride concentrations and decreased high-density lipoprotein cholesterol (HDL-C) concentrations 
[5]. Low-density lipoprotein cholesterol (LDL-C) concentrations may be elevated as well, but this finding is not as 
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consistent across all patients with diabetes. National guidelines published by the American Diabetes Association [ 8]  
and National Heart, Lung, and Blood Institute [9]  recommend annual assessment of a fasting lipid profile in patients 
with diabetes. 
 
It has been suggested that increased AST activity in the serum is sensitive marker of liver damage, even if the 
damage is of subclinical nature [10] ).  Administration of the two fractions of the plant significantly decreases the 
levels of serum concentration of transaminase.  ALT has the highest concentration in the liver, kidney and skeletal a 
muscle having the least activity of the enzyme.  The AST activity is located in the microsomal and mitochondrial 
portion of the liver cells as well as the skin, skeletal and cardiac muscles, pancrease and kidney.  ALT measurements 
are more liver specific than AST and its activity is usually greater than AST activity at early or acute hepatocellular 
disease[ 11].  AST on the other hand tend to be released more than ALT in chronic liver diseases such as cirrhosis 
[11] .  A normal ALT in the presence of elevated activities of AST and lactate dehydrogenase rules out the hepatic 
origin of the enzymes while a marked elevation of ALT, however, in the presence of mild to moderate elevation of 
AST is suggestive of either hepatic disease or disease combined with other conditions[12] . 
 
Indigofera pulchra (Wild) family: papilionaceae is an annual non climbing herbs or shrub that can grow up to 1m 
tall.  It is widely distributed throughout west-Africa [13] . The local name in Hausa is  Bakin bunu and inEnglish it is 
called Indigofera. In ethnomedicine, the leaves are used to treat infected wound [13,14], while the decoction of the 
aerial part is used as prophylactic against snake-bite [15 ]and as anti-inflammatory [16] .  Previous pharmacological 
studies on the methanol extract of the aerial part of this plant showed that it exhibited venom detoxifying activities 
[17] .  Also previous work reported  [ 18]  reported that the crude hydro methanolic extract of Indigofera pulchra  
has anti-diabetic effects. 
 
The aim of this research work was to determine the effects of Ethyl acetate and n-Butanol fractions of Indigofera 
pulchra on some biochemical parameters in alloxan-induced diabetic Wistar rats. 
 

MATERIALS AND METHODS 
 
Animals 
animals were handled in accordance with international principles guiding the use and handling of experimental 
animals (United State National Institute for Health, 1985). A total of twenty (20) albino Wistar rats of both sexes 
between the ages of 8 to 12 weeks old and weighing 120-250grams were used for this study. The animals were 
housed in the Animal House, Department of Human Physiology, ABU, Zaria. The animals were randomized into 
experimental and control groups and were kept in polypropylene cages. The animals were maintained on standard 
animal feeds and drinking water ad libitum. 
 
Plant Material 
Fresh leaves Indigofera pulchra were collected from the Ahmadu Bello University, Zaria main campus. It was 
identified and authenticated at the herbarium unit of Biological Sciences Department, A.B.U. Zaria .by Mallam 
A.U.Gallah  It was identical with the voucher specimen (No. 6558) previously deposited at the herbarium. 
 
Chemicals and drugs 
All chemicals and drugs used were of analytical grade. 
 
Preparation of plant fractions 
The  air dried Indigofera pulchra  leaves under the shade and grounded into a fine powder using mortar and pestle. 
Five hundred grams of the powdered material was macerated in 70% methanol at room temperature for 48 hours. It 
was then filtered using a filter paper (Whatmann size 1). The filtrate was then partitioned with Ethylacetate to get 
the Ethylacetate fraction which was evaporated to dryness in an oven at 37 0C. A greenish-brown residue weighing 6 
grams was obtained and kept in a sealed container at 40 C in a refrigerator until use. Another five hundred grams of 
the powdered material was macerated in 70% methanol   at room temperature for 48 hours.  It was then filtered 
using a filter paper (Whatmann size 1). The filtrate was then be partitioned with n-Butanol to get an n-Butanol 
fraction which was evaporated to dryness in an oven at 370 C. A brownish residue weighing 20 grams was obtained 
and kept in a sealed container at 40 C in a refrigerator until use.  
 
 



Tanko, Y et al                                                                             Ann. Exp. Bio., 2014, 2 (1):28-35    
_____________________________________________________________________________ 

 30

Phytochemical screening of plant fraction 
 Preliminary screening of the two fractions were performed for the presence of secondary metabolites using the 
following reagents and chemicals: alkaloids - with Mayer’s and Dragendorff’s reagents [19, 20] ; flavonoids with 
the use of Mg and HCl[21,22] ; tannins with 1% gelatin and 10% NaCl solutions and saponins with ability to 
produce suds [22] ). 
 
Acute toxicity studies (LD50) 
The LD50 determination for each of the fractions was conducted separately using modified method of[23] . For each 
of the fractions, the evaluation was done in two phases. In phase one, three groups of three rats each, were treated 
with 10, 100 and 1000 mg/kg body weight of the fractions intraperitoneally (ip) respectively.  The control groups 
received distilled water.  The rats were observed for clinical signs and symptoms of toxicity within 24 hours and 
death within 72 hours.  
 
Based on the results of phase one for the Ethylacetate fraction, twelve fresh rats were divided into 3 groups of 3 rats 
each and were treated with 600, 1000,1600 and 2900 mg /kg fraction (ip). Clinical signs and symptoms of toxic 
effects and mortality were then observed for seven days.  
 
Also based on the results of phase one for the n-Butanol fraction, nine fresh rats were divided into 3 groups of 3 rats 
each and were treated were treated with the fraction at the doses of 1600, 2900 and 5000 mg/kg (ip) respectively. 
Clinical signs and symptoms of toxic effects and mortality were then observed for seven days.  
 
The LD50 were then calculated as the square root of the product of the lowest lethal dose and highest non-lethal dose 
i.e. the geometric mean of the consecutive doses for which 0 and 100% survival rates were recorded in the second 
phase. 
 
Induction of experimental diabetes mellitus 
The animals were fasted for 16–18 hours with free access to water prior to the induction of diabetes. Induction of 
diabetes was carried out by single intraperitoneal injection of Alloxan monohydrate (Sigma St Louis, M.O., USA) 
dissolved in 0.9%v/v cold normal saline solution at a dose of 150 mg/kg body weight[24] ). Since alloxan is capable 
of producing fatal hypoglycemia as a result of massive pancreatic insulin release, rats were treated with 20 % 
glucose solution intraperitoneally after 6h. The rats were then kept for the next 24h on 5 % glucose solution bottles 
in their cages to prevent hypoglycemia [25] . The diabetes was assessed in alloxan-induced rats by determining the 
blood glucose concentration 72 hours after injection of alloxan. The rats with blood glucose level above 200mg/dl 
were then selected for the study. 
 
Experimental design 
After the induction of diabetes mellitus in the Wistar rats, the animals were randomly divided into experimental and 
control groups. All animals were fasted for 16-18 hours before treatment. Fasting blood glucose levels of each group 
was determined weekly for the two weeks. All the animals were sacrificed at the end of the two weeks after fasting 
them for 16-18 hours. The rats were anaesthetized at the time of sacrifice by being placed in sealed cotton wool 
soaked chloroform inhalation jar. Blood was collected via cardiac puncture from each animal for determination of 
haematological parameters. The Wistar rats were subdivided as follows; 
 
Group 1 - Diabetic control Wistar rats (Received  5ml/Kg body weight) 
Group 2 Diabetic Wistar rats were treated with Insulin 6 I.U/Kg body Weight[26]      
Group 3-Diabetic Wistar rats were treated with 50mg/Kg of Ethyl acetate fraction 
Group 4-Diabetic Wistar rats were treated with 250mg/Kg of n-Butanol fraction  
 
Determination of blood glucose levels 
Fasting blood glucose levels were determined by using the glucose oxidase method[27]  with ONE TOUCH 
BASIC® Glucometer (LIFESCAN, Inc 2001 Milpitas, CA 95035, USA) and results were reported as mg/dl[28]. 
 
Determination of Liver enzymes 
The serum enzymes Alanine aminotransferase (ALT), Aspartate  aminotransferase (AST), Alkaline phosphatase 
(ALP) were determined spectrophotometrically, using enzymatic colometric assay kits according to the laboratory 
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procedures of  Randox Laboratories Limited kits, United  kingdom, using method of[29] . Serum total protein and 
albumin were assayed by the methods described of [30,31 ] respectively. 
 
Determination of Lipid profle 
The method of   [32]  was adopted.  Total cholesterol, HDL-C, triglycerides, albumin, total protein, alkaline 
phosphatase, alanine and aspartate aminotransferases were determined in the serum using assay kits from Randox 
using Automated Bayer chemistry analyzer Express plus system 2004 (Bayer Healthcare, LLC, 9664, Fast 4 system 
Tarrytown, NY, 10591-5097, USA).  LDL-C was calculated by using the formula of [33] . 
 
Statistical analysis 
All the data are expressed as mean ± SEM. Statistical comparisons were performed by one way analysis of variance 
(ANOVA) followed by Duncan’s multiple range tests [34]. The results were considered statistically significant if the 
p values were 0.05 or less.  
 

RESULTS 
 
Preliminary phytochemical Screening  
Preliminary phytochemical screening of the two fractions of Indigofera pulchra extracts revealed the presence or 
absence of the secondary metabolites as shown in Table 1 below. 
 

Table 1 : Preliminary phytochemical screening of   Ethylacetate  and n-Butanol fractions of Indigofera pulchra. 
 

S/no Phytochemical 
Constituent 

Ethylacetate Fraction n-Butanol Fraction 

1 Alkaloids - - 
2 Flavonoids + + 
3 Saponins - + 
4 Tannins - + 
5 Steroids - - 

+ = present; - = absent 
 
Acute Toxicity Studies 

 
Table 2: The Percentage Mortality of the Different Doses of Ethylacetate Fraction of Indigofera pulchra Extract Administered 

Intraperitoneally in Wistar Rats during the First P hase of the Acute Toxicity Study. 
 
 

Group(n=3) Treatment Mortality % Mortality 
1 Control  0/3 0 
2 10 mg/kg fraction 0/3 0 
3 100 mg/kg fraction 0/3 0 
4 1000 mg/kg fraction 1/3 33.3 

 
The sign of toxicity were first noticed after 4-6 hours of fraction administration.  There was decreased locomotor 
activity, decreased feed intake, and prostration after 10 hours of extract administration. 
 

Table 3: The Percentage Mortality of the Different Doses of Ethylacetate Fraction of Indigofera pulchra Extract Administered 
Intraperitoneally in Wistar Rats during the Second Phase of the Acute Toxicity Study. 

 
Group(n=3) Treatment Mortality % Mortality 

1 600 mg/kg fraction 0/3 0 
2  1000 mg/kg fraction 0/3 0 
3 1600 mg/kg fraction 3/3 100 
4 2900 mg/kg fraction 3/3 100 

 
There were deaths recorded in the groups that received 1600mg/kg and 2900mg/kg of the extract as showed in Table 
3  above.  The percentage mortality in each group was 100 %.  The LD50 were then calculated as the square root of 
the product of the lowest lethal dose and highest non-lethal dose i.e. the geometric mean of the consecutive doses for 
which 0 and 100% survival rates were recorded in the second phase. The LD50 of the Ethylacetate fraction was thus; 
√1000 x 1600 = 774.6 mg/kg.  The median lethal dose (LD50) in rats was calculated to be 7.75 mg/kg body weight. 
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Table 4:  The Percentage Mortality of the Different Doses of n-Butanol Fraction of Indigofera pulchra Extract Administered 
Intraperitoneally in Wistar Rats during the First P hase of the Acute Toxicity Study. 

 
Group(n=3) Treatment Mortality % Mortality 

1 Control  0/3 0.00 
2 10 mg/kg fraction 0/3 0.00 
3 100 mg/kg fraction 0/3 0.00 
4 1000 mg/kg fraction 0/3 0.00 

 
The sign of toxicity were first noticed after 8-10 hours of fraction administration. There was decreased locomotor 
activity, decreased feed intake, and prostration after 14 hours of fraction administration.  
 

Table 5: The Percentage Mortality of the Different Doses of n-Butanol Fraction of Indigofera pulchra Extract Administered 
Intraperitoneally in Wistar Rats during the Second Phase of the Acute Toxicity Study. 

 
Group(n=3) Treatment Mortality % Mortality 

2 1600 mg/kg fraction 0/3 0.00 
3 2900mg/kg fraction 2/3 66.6 
4 5000mg/kg fraction 3/3 100 

 
The LD50 were then calculated as the square root of the product of the lowest lethal dose and highest non-lethal dose 
i.e. the geometric mean of the consecutive doses for which 0 and 100% survival rates were recorded in the second 
phase.  For the n-butanol fractions there was two mortality at the doses of 2900 mg/kg and three mortality at the 
dose of 5000 mg/kg.  The percentage mortality was 66.6% mortality for the dose of 2900mg/kg and 100% for the 
dose of 5000mg/kg as shown in Table 5 above. The LD50 of was thus; √1600 x 2900 = 2.154 mg/kg.body weight.  

 
Table 6:  Effects of n-butanol and ethylacetate fractions of Indigofera pulchra Serum biochemical changes (Mean ± SEM) on Alloxan- 

Diabetic Rats (n=5) at   14 days of treatments 
 

Groups AST 
(iu/L) 

ALT 
(iu/L) 

ALP 
(iu/L) 

Total protein 
(g/L) 

Alb 
(g/L) 

Diabetic control + distilled water 77.6+8.91 65.8+10.5 72.0+8.31 90.0+3.20 70.0+5.54 

Diabetic+Insulin 6.i.u/kg 29.8+3.10a 34.8+2.72a 57.8+5.73ns 65.2+1.59a 32.6+1.24a 

 250 mg/kg n-Butanol 31.6+3.29a 35.2+2.05a 56.6+0.81ns 66.2+2.24a 38.6+2.37a 

 50 mg/kg Ethylacetate 29.8+1.52a 34.4+2.18a 52.6+2.60a 67.8+1.35a 34.6+1.50a 

Values are mean ± SEM; n=5.; Values are statistically significant compared to control at:aP<0.05 
ns= not significant. 

 
Table 6 above showed the effect of the two fractions of Indigofera pulchra  on liver enzymes, total ptotein and 
albumin after 14 day of treatment.However there was a significant decrease (p<0.05)  in the aspatate amino 
transferase, alanine amino trasferase,total protein and albumin when compared to control group.  As regard to the 
alkaline phosphatase levels there was no significant change with the n-butanol fraction when compared to control 
while there was a significant decrease (p<0.05) with the ethylacetate fraction when compred to the control group. 
 

Table 7: Effects of n-butanol and ethylacetate fraction of Indigofera pulchra   on serum Cholesterols, Triacylglycerols, High density 
lipoproteins and Low density lipoproteins (Mean + SEM) on alloxan-diabetic rats (n=5) at 14 days of treatments. 

 

Groups Total cholesterol 
(mmol/L) 

Triacylglycerols 
(mmol/L) 

High density lipoproteins 
(mmol/L) 

Low density Lipoproteins 
(mmol/L) 

Diabetic+  Distilled water 7.80±0.66 4.90±1.68 1.98±0.10 3.59±1.08 
Diabetic+ Insulin(6.i.u/kg) 4.40±0.10 a 1.54±0.13 a 1.12±0.10 ns 2.57±0.14 ns 
Diabetic+250mg/kg of n-Butanol fraction 3.72±0.19 a 1.38±0.08 a 1.02±0.08 ns 2.07±0.17 ns 
Diabetic+50mg/kg of Ethylacetate fraction 3.82±0.09 a 1.78±0.06 a 1.08±0.14 ns 1.92±2.57 ns 

Values are mean ± SEM; n=5.; Values are statistically significant compared to control at:aP<0.05; ns= not significant. 
 
Table 7: Above showed the effect of the two fractions of Indigofera pulchra on total cholesterol, triglycerides, low 
density lipoproteins, and high density lipoproteins after 14 days of treatment.  However there was a significant 
decrease (p< 0.05) in total cholesterol and triglyceride while there was a slightly increase but not significant when 
compared with the control. 
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DISCUSSION 
 

The preliminary phytochemical screening of n-butanol fraction of the plant  Indigofera pulchra revealed the 
presences of tannins, saponins, and flavonoids.  The sign of toxicity were first noticed after 8-10 hours of extract 
administration.  There was decreased locomotor activity, decreased feed intake, and prostration after 14 hours of 
extract administration.  The median lethal dose (LD50) in rats was calculated to be 2,154 mg/kg body weight.   Also 
the phytochemical screening of the ethylacetate fraction of the plant  revealed the presences of alkaloids and 
flavonoids.  The sign of toxicity were first noticed after 4-6 hours of extract administration.  There was decreased 
locomotor activity, decreased feed intake, and prostration after 10 hours of extract administration.  The median 
lethal dose (LD50) in rats was calculated to be 775 mg/kg body weight. 
 
In general with liver disease, serum levels of AST and ALT rise and fall at the same time [35] . A mild elevation of 
AST level has been shown to be associated with liver injury or myocardial infarctions [36] . The higher the activity 
of AST, the larger the infarctions size [37] . ALT level is known to increase in liver disease and it has been used as a 
tool for measuring hepatic necrosis, especially in small animals[38] . In a serious liver injury through oxidative 
stress, currently available drugs have little effect and thus create a demand to develop new drugs. Herbs have 
attracted a great deal of interest as physiologically functional foods and as a source for the development of drugs 
because herbal constituents may have stimulating or regenerating effect on hepatocytes and restored the activities of 
hepatic system through their anti-hepatotoxic, antioxidant and antihyperlipidemic activities [39] .  
 
The results of this study showed liver enzymes alkaline phosphatase, alanine amino-transferase albumin and total 
protein, in normal rats, there was no significant change when compared to control group.  In relation to the diabetic 
group control there was increase  levels of AST, ALP, ALT ,ALB and TP is suggestive of hepatocellular damage 
which may be accompany with alloxan induced diabetes mellitus in rats. Also after treatment of the two fractions of 
the plant, there was a significant decrease (p<0.05) when compared to the control as showed in table 6.  Elevated 
serum transaminases are generally associated with tissues especially the liver tissues damage.  In this study the 
fractions caused a significant decrease in both AST and ALT it may be inferred, therefore that the changes may be 
due to the effect of the fractions coupled with some other intrinsic factors.  In relation to the ALP the n-butanol 
fraction of the plant did not cause significant changed in which might also be due to some other intrinsic factors 
while the ethyl acetate fraction of the plant caused a significant decreased as compared to the diabetic untreated 
control group. The total protein measurement provides a good assessment of glomerular and tubularnephropathies 
and also assessment of the synthetic function of the liver [11,12.] Proteinuria is one of the features associated with 
long term diabetes mellitus.  Proteinuria is a common feature of diabetic glomerulosclorosis and there is usually a 
progression from symptomatic proteinuria to the nephritic syndrome and finally chronic renal failure.  In this study 
total protein was no significant change when administered to the normoglycemic groups two fractions of Indigofera 
pulchra while there was significant decrease of total protein level in diabetic rats treated when compared with the  
control untreated group.   
 
The serum lipid profile (cholesterol, triacylglycerol and high density liporoteins) are usually elevated in diabetes 
[40]. The marked hyperlipaemia that characterizes the diabetic state may be regarded as a consequence of 
uninhibited actions of lypolytic hormones on the fat depot [41].  Diabetes significantly increased the levels of 
cholesterol and triglycerides in this study.  The fractions of Indigofera pulchra plant administered to the diabetic rats 
significantly reduced (p<0.05) the concentrations of cholesterol, triglycerides when compared to the control 
untreated group. Also high density lipoprotein was decrease but not significant when compared with the control 
untreated group as showed in Table 7. The hypolipidaemic effect of the two fractions can therefore be explained as a 
consequence of reduction in blood glucose. Diabetes induced hyperlipidemia may be due to low level of serum 
insulin or due to interference in insulin action.  The fractions of the extract resulted significant recovery in the serum 
levels of lipid profile biosensors that may be explained from above two dimensions. From this result, it may be 
stated that the plant  may exert its remedial efficacy against experimentally induced diabetes by two ways.  One way 
may be the insulinotrophic effects of this fractions, which is proved by other plant parts as investigated by[42] .    
 

CONCLUSION 
 

The results obtained in our study demonstrated that the ethyl acetate and n-butanol fractions of Indigofera pulchra at 
tested doses significantly the decrease the liver enzyme, total protein and albumin levels in diabetic rats. However, it 
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also decrease the levels of triacylglycerol, cholesterol, low density lipoprotein and slightly increase the level of high 
density lipoprotein but not significant.  

 
REFERENCES 

 
[1] S.G. Wild ,A Roglic ,R. Green , H. King. Diabetes  Care 2004 27: 1047- 1054. 
[2] R.H. Urger, D.W. Foster. Diabetes mellitus. In: J.D Wilson, D.W Foster, H.M.  Kronenserg,P.R Larson. (Eds.), 
Williams’s Text Book  of Endocrinology.WB Saunders, Philadelphia, 1998, pp.973–1060. 
[3] I. Muhlhauser, P.T. Sawicki, M .Blank, H. Overmann , R. Bender , M. Berger  J. Inter. Med. 2000, 248:333–341. 
[4] V.K. Sharma, J .Choi, N. Sharma,M .Choi, and S. Seo. Phytotherapy Research, 2004 18: 841-844. 
[5] C.F. Agbola-Abu, A.E. Ohwovariole, K.S. Akinlade,K.S. West Afr-J-Med. 2000 April-Jun; 19 (2):126-31. 
[ 6 ] N. Howard,S .Srinivasan, J.M Silver, J. Molnes, E.L Edghill, T.M. Frayling.  Diabetes care, 1987 11: 63-66.  
[7] N.C. Schaper, A. Nabuurs-Franssen and M.S. Huijberts. Diabetes  Metab Res Rev. 2000 Sept-Oct;16 
Suppl:1511-5  
[8] ADA American Diabetes Association : Standards of medical care in diabetes. Diabetes Care, 2008 31(suppl 
1):S12-S54. 
[9] S.M. Grundy,J.I.Cleeman and C.N. Merz. National Heart, Lung, and Blood Institute; American College of 
Cardiology Foundation; 2004  American Heart Association. 
[10] D.J  Meyerand, J.W. Harvey.  Evaluation of hepatobilliary system and skeletal Muscle and lipid disorders. In: 
Meyer, D.J and Harvey, J.W.(Eds.) Veterinary  Laboratory Medicine Interpretation and Diagnosis 2nd  Edition, WB 
Sanders,  Philaldephia, London,   Toronto, Montreal, Sydney, 1998 Pp.157-187. 
[11] L.G Whitly, A.F. Smith and G.J. Becket: Lecture notes on Clinical chemistry: Fourth edition Backwell 
scientific publication. Oxford. London,Edinburgh, Boston, and Melbourne 1989 38-178.  
[12] S.M. Tikian, M.B. Conour and G.M. Tikian: Clinical implication of laboratory test, cv  mostly company st ionic 
Toronto, Londow 1979 3-44:117-132, 154-159. 
[13]F.N. Herper. The West African Herbaria of Isert and Thoning. Bentham-moxin trust in association with 
Carlsberg foundation, Kew, England. 1976 pp: 92. 
[14]H.M. Burkill.The Useful Plants of West Tropical Africa .Royal botanic garden Cardozo AK, Heimberg H, 
Heremans Y, Leeman R, Kutlu B, Kruhoffer M, Orntoft T and Eizirik DL (2001). J. Biol. Chem. 1995 276: 48879-
48886. 
[15] M..I Sule, U.U. Pateh, A.K. Haruna M. Garba, A. Ahmadu. and A.K Adamu.  syndrome .Obese  Research. 
2003 5(2): 105-114. 
[16]  M.S, Abubakar,A.M. Musa, A Ahmed and I.M Husaini. Journal of  Ethnopharmacology,2007 111(3):625629  
[17] M.S. Abubakar, E. Balogun , E.M. Abdurrahman, A.J. Nok, M. Shok, A .Mohammed and M .Garba. 
Pharmaceutical Biology,  2006 44(5):343-348. 
[18] Y. Tanko,M.M Abdelaziz,A. B.Adelaiye,M.Y  Fatihu and K.Y Musa. International Journal of    Applied 
Research in Natural Products. 2008 Vol. 1(4), pp. 13-18 
[19] R.N. Farnsworth.  J. Pharm. Sci, 1966 55: 225-276. 
[20]  J.B Harborne.. Phytochemical Methods: A guide to modern techniques of plant analysis ;3rd Edition. Chapman 
and Hall, London: 1988 235. 
[21] L.G .Silva, I.S .Lee, D.A .Kinghorn  Special problems with the extraction of plants. In: Methods in 
Biotechnology Natural product isolation. Cannell JPR (ed) Humana, Press Inc., Totowa, New Jersey, USA. 1993 4: 
329-363. 
[22] P.J. Houghton and A. Raman.. Laboratory handbook for fractionation of  natural extracts. Chapman and Hall, 
London: 1998 ,pp 199. 
[23] D. Lorke. Arch Toxicology, 1983 54:275-287. 
[24] K.Y. Katsumata,T.O. Katsumata, and K. Katsumata. Horm Metab Res, 1999  25: 125-126. 
[25] S. Dhandapani, S.V. Ramasamy, S. Rajagopal, N. Namasivayam. Pharmacol. Res, 2002 46 (3): 251-255. 
[26] P. Stanley, P. mainzen and  M.P. Venugopal. Phytother Res,2001 15:213-218. 
[27]P Trinder Ann Clin Biochem,1969  6: 24-27. 
[28] CC Rheney and KK Kirk. Ann Pharmacother. 2000 March, 34(3): 317-21. 
[29] S. Reitman and S.  Frankel.  Journal of Clinical  Pathology, 1957, 28; pp 56-63. 
[30] R. Henry,D.C . Cannon and J.W .Winkelman. Clinical Chemistry: Principles and Techniques. Herper & Roe, 
Maryland, U.S 1974 . p. 543.  
[31] L.A. Kaplan,  L.L. Szabo  and E.K. Opherin. Clinical Chemistry: Interpretation  and Techniques. Lea & 
Febiger, Philadelphia, U.S.1988  Pp: 112-231. 



Tanko, Y et al                                                                             Ann. Exp. Bio., 2014, 2 (1):28-35    
_____________________________________________________________________________ 

 35

[32]N.W.Tietz, E.L. Prude and O .Sirgard-Anderson..Tietz Textbook of clinical chemistry.1994 2nd edition, W.B. 
Saunders Company, London: 1354-1374. 
[33] W.T. Friedwald,  R.I. Levy  and D.S. Fredickson.  Clinical Chemistry, 1972 18:499-502. 
[34] R.C Duncan, R.G Knapp and M.C  Miller.  Test of hypothesis in population Means. In: Introductory 
Biostatistics for the health sciences. John Wiley and Sons Inc. NY:1977  71-96. 
[35] R.A. Sacher and R.A. Mcpherson. Widmann’s clinical Interpretation of Laboratory Test. Pennsylvania. USA: 
1991 416-443. 
[36]E.A Stroev. : Biochemistry, 1st ed. Mir. Moscow:1981  425-432. 
[37] D.M. Haweroft. Diagnostic Enzymolgy Analytical Chemistry by open Learning published by permission of the 
controller of her majesty’s stationary office:1987  186-221 
[38]J.R. Duncan, K.W. Praise and E.A. Mahaffey. Veterinary laboratory medicine (Clinical pathology). Ames: Iowa 
State University Press: 1994 133–134. 
[39]K.J . Lee, E.R.  Woo, C.Y. Choi.,D.W. Shin,  D.G. Lee, H.J.  You and HG Jeong Life Sciences,2004  74: 1051-
1054. 
[40] P.S.M. Prince, V.P. Menon and G. Gunasekharan. Journal of Ethnopharmacology,  1999 64: 53-57. 
[41]L. Al-Shamaony, S.M. Al-Khazraji and H.A. Twaiz. Journal of Ethnopharmacology, 1994 43: 167-171.  
[42]C. Mallick, and  Maiti, D. Ghosh. Int J Pharmacol 2006 2: 492-503. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 


