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ABSTRACT 

Celery (Apium graveolens) leaves and broccoli (Brassica oleracea) flowers are used in folk medicine and also they are used in 
different dishes in Egypt. In the current study, the hypoglycemic and natural antioxidants content of the ethanolic extracts of celery 
leaves and broccoli flowers were studied. For antioxidant activity, total phenolics (TP), total flavonoids (TF) and vitamin C content 
were determined; while for hypoglycemic activity diabetes was induced in rats by administration of alloxan (200mg/kg/i.p). 
Ethanolic extract of celery leaves (CLE) and broccoli flowers (BFE) (150 and 300 mg/kg/b.w for each extract) were administered to 
diabetic rats for 30 days. Blood glucose (BG), triglycerides (TG), total cholesterol (TC), HDL-cholesterol, LDL-cholesterol, kidney 
function parameters (urea and creatinine) and liver enzymes (AST and ALT) activities were estimated. Total phenolics (TP) amounts 
were 30.3 and 38.4 mg/g in CLE and BFE, respectively; total flavonoids (TF) amounts were 18.5 and 22.5 mg/g in CLE and BFE, 
respectively; while vitamin C was 418.47 and 80.5 mg/kg, respectively. Oral administration of CLE and BFE (150 and 300 mg/kg/b.w) 
in diabetic rats caused a significant decrease in BG, TG, TC, LDL, urea, creatinine and liver enzymes activities. Our results suggested 
that CLE and BFE have high content of antioxidants (TP, TF and vitamin C) and also have hypoglycemic effect in diabetic rats.  

Keywords: Celery leaves, Broccoli flowers, Hypoglycemic, Antioxidant.   

 
INTRODUCTION 

iabetes is the most common metabolic disorder 
that has adverse effects on public health, with 
significant implications for health care systems 1. 

With a significant increase in the number of patients in 
the coming years, diabetes is one of major health 
challenges on worldwide. Diabetes is closely related with 
hyperlipidemia 2. The risk of diabetes is not high blood 
glucose level, but the source of risk are the major 
developments that occur to different organs such as liver, 
kidney, eye and blood vessels resulting from lipid 
peroxidation due to the formation of free radicals 3-4. 
Therefore, stopping the chain reaction of oxidation within 
the biological systems represents the most important 
step in protecting cells, especially insulin-producing cells 
(β- cells in pancreas), and this role can be played by 
antioxidants 

5-6
. The plant kingdom is rich in natural 

antioxidants such as flavonoids, phenolic compounds and 
some vitamins (E and C) that can protect pancreatic 
functions and fight free radicals 

7
.  

Celery (Apium graveolens) is one of the plants that are 
spread in different types of salad and soups throughout 
the world because of its good taste as well as the high 
content of secondary metabolites. Celery leaves is rich in 
flavonoids, carotenoids and it is one of the best 
vegetables sources for apigenin8. The medicinal 
properties of celery and its use in folk medicine have 
been known for a long time

9-10
. Broccoli (Brassica 

oleracea) vegetables contain little fat, and so are low in 

energy. Broccoli flowers have a high antioxidant capacity 
due to its high concentrations of vitamins A and vitamin 
C. Broccoli consumption has been shown to be beneficial 
in protecting against heart disease 11. Broccoli is widely 
used in folk medicine because it has therapeutic effects, 
whether it's essential oil or the extracts of its stems and 
flowers12. In this study, the natural antioxidant content 
and antidiabetic activity of celery (Apium graveolens) 
leave and broccoli (Brassica oleracea) flowers were 
evaluated.   

MATERIALS AND METHODS  

MATERIALS 

Plant materials 

Fresh leaves of celery plants and broccoli flowers were 
obtained from the Agriculture Research Center in Giza, 
Egypt, in winter, (February 2015). The plants were 
identified in Horticulture Department, Faculty of 
Agriculture, Minoufia University. 

Chemical reagents  

Kits of triglyceride (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), and glucose, were 
obtained from Spinreact Company, girona, Spain. Kits for 
creatinine and urea were obtained from Diamond 
Company, Cairo, Egypt. 
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Animals  

Sixty Male Wister-albino rats (180 ±10g) were obtained 
from Research Institute of Ophthalmology (Giza, Egypt) 
for used in the experiment. The experimental animals 
were allowed to acclimatize under the laboratory 
conditions for a minimum period of 2 weeks prior to the 
experiment. Animals were kept on a standard diet 
throughout the experimental period 

13
. Feed and water 

were available at all the times during the treatment. Ten 
animals were used for each group of study. 

METHODS  

Preparation of extracts 

Celery leaves and broccoli flowers were washed and air-
dried for 24 hours, then dried at 50°C in oven. The dried 
samples were grinded into fine powder. Celery leave 
(400g) and broccoli flowers (400g) were extracted 
separately with 95% ethanol (3L X 2 times) in a 50°C 
water bath for 6 h.  Two extracts were filtered and 
concentrated in rotary vacuum evaporator, after that the 
product was freeze-dried.  

Determination of antioxidants in plant extracts 

Determination of total phenolics (TP)  

The amount of total phenolics (TP) in the studied extracts 
was determined with the Folin- Ciocalteu reagent. Gallic 
acid was used as a standard and the total phenolics were 
expressed as mg gallic acid equivalents (GAE)/g dry weigh. 
0.5 ml of samples and standard were putted in test tubes 
and blended with 2.5 ml of Folin- Ciocalteu reagent (10 
fold dilute) and 2 ml of 7.5% Na2CO3, then test tubes were 
covered tightly and allowed to stand for half an hour at 
room temperature finally, the absorbance was read at 
760 nm spectrometrically 14.   

Determination of total flavonoids (TF)  

The amount of total flavonoids (TF) in two plants was 
determined according to Aiyegoro and Okoh (2010) [15]. 
One ml of sample was mixed with 3 ml of methanol + 0.2 
ml of 10% AlCl3 + 0.2 ml of 1 M CH3COOK and 5.6 ml of 
distilled water and remains at room temperature for half 
hour. The absorbance was measured at 420 nm with 
spectrophotometer against blank. The content was 
determined by using quercetin solution (calibration 
curve). The results were expressed as mg of quercetin 
equivalents (QE)/ g dry weight. 

Determination of vitamin C by high performance liquid 
chromatography (HPLC) 

Vitamin C was determined by HPLC according to Romeu-
Nadal et al., (2006) [16].  The HPLC system consisted of 
Waters 717 plus Autosampler (USA) with a UV-visible 
detector. The column used was a Spherisorb C18 (250 x 
4.6 mm 5 μm particle size). Mobile phase was double 
distilled water and acetic acid (0.1% v/v) mixed with 
methanol in a relative proportion 95:5 (v/v) and the flow 
rate was 0.7 ml/min. The column temperature was 25°C. 

Vitamin C was identified by comparison with the 
retention time for a standard sample of vitamin C at 254 
nm. 

Evaluation of antidiabetic effect of plant extracts 

Induction of diabetes in experimental animals  

After 2 weeks of acclimation 50 of rats were injected with 
a single injection dose of alloxan prepared freshly 
(dissolved in normal saline) at a dose of 100 mg / kg b.w  
17

. Diabetes was confirmed by the determination of blood 
glucose levels on the third day after administration of 
alloxan. Rats having blood glucose levels greater than 250 
mg/dl were considered diabetic and were used for the 
study. 

Experimental design  

Normal and diabetic rats were divided into six groups of 
10 rats in each and were treated as follows: group I 
normal rats were kept without any treatments as 
negative control (NC); group II diabetic rats were kept 
without any treatments as positive control (PC); group III 
and IV diabetic rats administrated with celery leaves 
extract (CLE) at doses 150 and 300 mg/kg b.w 
respectively; group V and VI diabetic rats administrated 
with broccoli flowers extract (BFE) at doses 150 and 300 
mg/kg b.w respectively.             

Determination of biochemical parameters in blood  

Blood samples were collected from orbital sinus veins 
technique using heparinized capillary tubes into clean, 
dry, and labeled eppendorf tubes (1.5 ml). The tubes 
contained heparin as anticoagulant. Samples were 
centrifuged at 3600 rpm for 15 min in a centrifuge under 
cooling (4°C) to separate plasma. Blood glucose (BG) was 
determined according to enzymatic method of Tinder, 
(1969) 18, while urea and creatinine in plasma were 
measured according to Wotton and Freeman, (1982) 19.  
For lipid profiles; triglycerides (TG), total cholesterol (TC) 
and HDL- cholesterol (HDL-C) in plasma were determined 
according to Bucolo and David, (1973), Richmond, (1973) 
and Lopez et al., (1977) 20 – 22, respectively.  LDL –
cholesterol (LDL-C) was calculated by using Friedewald 
formula 23. Aspartate aminotransferase (AST/GOT) and 
alanine aminotransferase (ALT/GPT) activities were 
determined according to Young, (1990) 

24
.    

Statistical analysis  

To determine statistical difference between means (p < 
0.01), ANOVA and Duncan's test were calculated using 
SPSS statistical software package v.11. Results were 
expressed as mean values ± SD. 

RESULTS AND DISCUSSION  

Natural antioxidants in plant extracts  

The plants generally contain natural antioxidants 
represented in phenolic compounds and flavonoids as 
well as some vitamins that act as antioxidants such as 
vitamin C. Data in Table (1) showed that TP, TF and 



Int. J. Pharm. Sci. Rev. Res., 49(2), March - April 2018; Article No. 10, Pages: 39-44                                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research . International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

. 

. 
Available online at www.globalresearchonline.net 

 

41 

vitamin C in celery leaves were 30.3 mg/g DM, 18.5 mg/g 
DM and 418.47 mg/kg DM, respectively. These results are 
similar to previous studies on the same plant 

25- 27
. On the 

other hand, TP, TF and vitamin C in broccoli flowers were 
38.4, 22.5 mg/g DM and 85.5 mg/kg DM, respectively; 
which is similar in turn with confirmed in many previous 
studies that have been interested in estimating 
antioxidant activity of broccoli plants 

28 – 30
. Studies have 

showed the positive effect of eating foods rich in their 
natural antioxidants (phenolics and flavonoids), in the 
face of many diseases, especially the significant effect of 
these natural compounds as antidiabetic 31 – 32.  

Table 1: Total phenolics (TP), total flavonoids (TF) and 
vitamin C in two plants   

Natural antioxidants Celery leaves Broccoli flowers 

TP (mg/g DM) 30.3 38.4 

TF (mg/g DM) 18.5 22.5 

Vitamin C (mg/kg DM) 418.47 85.5 

Impact of CLE and BFE on glucose and kidney functions 
in diabetic rats 

Blood sugar level is tightly regulated in the human body. 
Normally, the blood glucose level is maintained between 
about 70 to 120 mg/dl. Diabetes is one of the most 
common metabolic disorders in the world. High blood 
glucose level is a major stress on the kidneys, leading to 
deterioration of their functions and kidney disease. Both 
creatinine and urea are biochemically determined for the 
efficiency of kidney functions 33. Diabetic rats (group II) 
showed a significant increase in BG (295.8 mg/dl), urea 
(45.42 g/dl) and creatinine (0.94 mg/dl) compared with 
normal rats (group I) (86.13, 20.31 and 0.51 mg/dl, 
respectively). Two plant extracts used in both 
concentrations (150 and 300 mg/kg b.w) showed 
significant reduction in glucose, urea and creatinine levels 

compared with diabetic rats (Table 2). The broccoli flower 
extracts in two concentrations (150 and 300 mg/kg b.w) 
recorded the lowest values ever of glucose (185.17 
and171.38 mg/dl, respectively), urea (32.12 and 30.22 
mg/dl, respectively) and creatinine (0.61 and 0.59 mg/dl, 
respectively).  

The use of plants for medical purposes is also widespread 
in many countries to treat diabetes-related disorders [34]. 
In the case of diabetes increases the content of glucose in 
the blood, and resulting in increased activity of the 
enzyme aldose reductase, which converts the glucose to 
sorbitol; excessive intracellular accumulation of sorbitol 
result in chronic complications such as neuropathy, 
retinopathy, and cataract. Because celery contains high 
content of flavonoids such as Apigenin, it inhibits this 
enzyme, which reduces the complications of diabetes 35 – 

36
.  

The hypoglycaemic effect of CLE in our study can be 
explained by the presence of high content of natural 
antioxidants (phenolic compounds, falvonoids and 
vitamin C) 

37 – 38
. Previous studies pointed to the effect of 

broccoli in reducing the level of glucose in rats treated 
with alloxan and protect cells from damage 39. There are 
several proposed mechanisms to explain the action of 
these plant extracts as they either improved glucose 
uptake by different cells or increased the rate of liver use 
of glucose and finally may have improved the secretion of 
insulin 40. The high vitamin C contents of celery and 
broccoli cannot be ignored; especially studies suggest the 
positive effect of eating foods rich in vitamin C on 
improving the health status of diabetics 41 – 42. The 
resulting improvement in treatment with CLE and BFE can 
generally be attributed to the high antioxidants content 
(Table 1), which in turn helps to fight the free radicals 
that cause most of complications of diabetes.   

Table 2: Effect of celery leaves extract (CLE) and broccoli flowers extract (BFE) on glucose and kidney functions in diabetic 
rats 

Groups BG (mg/dl) Urea (mg/dl) Ceratinine (mg/dl) 

Group I 86.13 ± 3.8 a 20.31 ± 1.4 a 0.51 ± 0.048 a 

Group II 295.8 ± 4.2 f 45.42 ± 2.5 e 0.94 ± 0.054 f 

Group III 210.77 ± 1.5 e 36.1 ± 1.6 d 0.66 ± 0.037 e 

Group IV 196.33 ± 3.6 d 32.9 ± 1.8 c 0.64 ± 0.041 d 

Group V 185.17 ± 3.1 c 32.12 ± 1.7 c 0.61 ± 0.053 c 

Group VI 171.38 ± 2.8 b 30.22 ± 2.3 b 0.59 ± 0.062 b 

Values represent means ± S.D obtained from 10 rats, numbers in the same column followed by the same letters do not 
differ significantly, and when the numbers followed by different letters differ significantly at (p ≥ 0.01). 

Impact of CLE and BFE on lipid profiles in diabetic rats 

One of the most important complications of diabetes is 
the high level of serum lipids, especially triglycerides, 
total cholesterol and LDL-cholesterol 43. Table (3) showed 
that diabetic rats (group II) caused a significant increase in 
TG (127.33mg/dl), TC (195.23 mg/dl) and LDL-C (139.64 

mg/dl) compared with normal rats (group I) values (84.75, 
125.34 and 52.67 mg/dl, respectively); while caused a 
significant decrease in HDL-C (30.12 mg/dl) in comparison 
to group I (55.67 mg/dl). These results are similar to those 
confirmed in earlier studies on the coloration between 
diabetes and elevated lipid profile in blood 44 – 46. The high 
values of triglycerides (TG) are attributed to higher rates 
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of production of very low density lipoprotein (VLDL); 
which rich in TG to decreased removal of TG by adipose 
tissue and muscle 

47
. A high cholesterol levels can be 

explained in the case of diabetes by increasing the activity 
of the 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase 
enzyme (HMG-CoA reductase), which plays a key role in 
the synthesis of cholesterol as well as increase the 
absorption of cholesterol from diet 

48
. Lower HDL-C in 

diabetes may be due to reduced lipoprotein lipase 
activity; because of lipoprotein lipase is primarily 
responsible for the analysis of TG from chylomicrons and 
VLDL, which leading to production of HDL particles 49.  

The results in Table (3) showed that the CLE with both 
concentrations (150 and 300 mg/kg b.w) resulted in a 
significant reduction in the levels of TG (100.3 and 96.12 
mg/dl, respectively), TC (160.23 and 155.67 mg/dl, 
respectively) and LDL-C (93.9 and 93.3 mg/dl, 
respectively) compared with diabetic rats (group II); while 
a significant increase in HDL-C was observed. These 
results are largely consistent with the results of many 
researchers 

50 – 51
 who studied the effect of celery on 

blood lipid levels. The main problem that causes all 
complications of diabetes is the lack of insulin, and 
previous studies indicate the role played by celery in 
improving the production of insulin from the pancreas, 
which works to reduce blood glucose levels and thus a 
significant improvement in blood lipids 

36, 52
. The 

supplementation with BFE resulted in a significant 
increment in the level of HDL-C, and on the other hand, a 
significant reduction in the levels of TG, TC and LDL-C, 
compared with all studied groups; the best effect at all 
was treated with BFE in dose 300mg/kg b.w. Previous 
studies have supported our findings 53 – 55, which strongly 
suggests our expectations for the positive role of broccoli 
in reducing the harmful effects of diabetes. Table (1) 
showed high content of broccoli content of total 
phenolics and flavonoids. Phenolics and flavonoids may 
influence expression of genes relevant for the 
development of type2 diabetes, i.e. genes regulating 
glucose transport, insulin secretion or action, antioxidant 
effect, lipid metabolism 56 – 58. 

Table 3: Effect of celery leaves extract (CLE) and broccoli flowers extract (BFE) on lipid profiles in diabetic rats 

Groups TG (mg/dl) TC (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl) 

Group I 84.75 ± 2.9 a 125.34 ± 5.2 a 55.67 ± 3.5 f 52.72 ± 2.3 a 

Group II 127.33 ± 2.1 e 195.23 ± 3 f 30.12 ± 2.77 a 139.64 ± 3.22 e 

Group III 100.3 ± 3.2 d 160.23 ± 2.6 e 46.23 ± 2.55 e 93.9 ± 2.33 d 

Group IV 96.12 ± 2.8 c 155.67 ± 2.5 d 43.16 ± 1.67 d 93.3 ± 1.44 d 

Group V 99.34 ± 1.8 d 148.24 ± 3.6 c 41.13 ± 2.86 c 87.2 ± 2.66 c 

Group VI 93.26 ± 2.5 b 139.22 ± 2.9 b 38.34 ± 3.67 b 82.2 ± 2.9 b 

Values represent means ± S.D obtained from 10 rats, numbers in the same column followed by the same letters do not 
differ significantly, and when the numbers followed by different letters differ significantly at (p ≥ 0.01). 

Impact of CLE and BFE on AST and ALT enzymes activity 
in diabetic rats 

AST and ALT activities were significantly elevated in group 
II compared with group I. The rise in these enzymes 
activities were significantly improved in both plant 
extracts (CLE and BFE) dose dependently (Figure 1). The 
BFE at dose 300mg/kg b.w decreased the levels of liver 
enzymes activity significantly (p ≥ 0.01) compared with all 
treated groups.  

An Increasing in liver enzymes activity (AST, ALT and ALP) 
as well as total protein and albumin levels are indicators 
of liver injury. The elevation on AST and ALT activities are 
the most frequently measured indicator of liver damage 
and occurs in diabetics more frequently than in the 
general population 

59
.  

The elevated in AST and ALT activities in diabetic rats 
confirmed, which has been observed in previous studies 
60 – 61.  

On the other hand, our results are in line with previous 
studies pointed to the improvement effects of celery 62 
and broccoli 63 on liver function in diabetic animals. The 
improvement in liver functions when treated with CLE 

and BFE can be explained by the high content of the two 
plants by natural antioxidants, which protect the liver 
cells from damage.  

 

Figure 1: Effect of CLE and BFE on AST and ALT enzymes 
activity in diabetic rats 

CONCLUSION  

Our results speculated that the observed hypoglycemic 
and hypolipidemic effects of celery leaves and broccoli 
flowers might be related to the total phenolics and 
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flavonoids contents. Celery leaves and broccoli flowers 
can be used by diabetic patients to reduce the bad effects 
of the disease. Further studies are needful to fractionate 
and identify the active compounds in CLE and BFE and 
mode of action for these compounds in diabetic animal 
models.       
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