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ABSTRACT 
 
AIM: In the present study, it was aimed to investigate and to compare the antidiabetic, hypolipidemic and antioxidant activities of aniseeds 
(Pimpinella anisum) and coriander (Coriandrum sativum) seeds in type 2 diabetics as aniseeds and coriander seeds are rich in antioxidants 
and beneficial phytochemicals.  
METHODS: The antidiabetic, hypolipidemic and antioxidant activities of aniseeds and coriander seeds were assessed in vivo by the 
administration of aniseed and coriander seed powder (5g/day) respectively to the selected two groups of type 2 diabetes patients for 60 days 
followed by the estimation of a no. of biochemical parameters viz. fasting glucose, lipid profile, enzymatic and non-enzymatic antioxidants. 
RESULTS: Hyperglycemia, hyperlipidemia and oxidative stress as shown by increased lipid peroxidation, protein oxidation and increased 
activity of catalase (CAT) in erythrocytes, decreased serum β carotene, vitamin A, E and C observed in diabetics were countered by aniseeds 
and coriander seeds in the respective treated groups. In addition, decreased activities of erythrocyte antioxidant enzyme i.e. glutathione-S-
tranferase (GST) and reduced glutathione (GSH) content were significantly improved in the treated-diabetics.  
CONCLUSION: Both the seeds significantly influenced almost all the parameters without any detrimental effects by virtue of a number of 
phytochemicals, vitamins and minerals present in the seeds having therapeutic effects. The antidiabetic, hypolipidemic and antioxidant 
activities exhibited by the seeds are a result of the synergistic action of the bioactive compounds present in the seeds.  
Key words: Type 2 diabetes, Oxidative stress, Lipid peroxidation, Protein oxidation, Antioxidant enzymes, Aniseeds, Coriander seed.  
 
ÖZET 
 
AMAÇ: Bu çalışmada, anason ve kişniş çekirdekleri antioksidanlarca zengin faydalı fitokimyasallar olduğundan, tip 2 diyabetiklerde 
anason (Pimpinella anisum) ve kişniş (Coriandrum sativum) çekirdeklerinin antidiyabetik, hipolipidemik ve antioksidan etkinliklerini 
araştırmak ve karşılaştırmak amaçlanmıştır.  
YÖNTEM: Anason ve kişniş çekirdeklerinin antidiyabetik, hipolipidemik ve antioksidan etkinlikleri; glukoz perhizi, lipit profili, enzimatik 
ve non-enzimatik antioksidanlar olan biyokimyasal parametrelerin ölçümünü takiben 60 gün boyunca, tip 2 diyabetik hastalardan seçilmiş 
iki gruba sırasıyla anason ve kişniş çekirdeği tozunun (5 g/gün) uygulanmasıyla in vivo olarak değerlendirildi. 
BULGULAR: Artmış lipit peroksidasyonu, protein oksidasyonu ve eritrositlerdeki artmış katalaz (KAT) aktivitesi, diyabetiklerdeki azalmış 
serum  β karaten, vitamin A, E ve C sayesinde gösterilen Hiperglisemi, hiperlipidemi ve oksidatif stres, sırasıyla tedavi gruplarında anason 
ve kişniş çekirdekleri açısından karşılaştırıldı. Ayrıca, glutatyon-S-transferaz (GST) ve indirgenmiş glutatyon (GSH) içeriği gibi eritrosit 
antioksidan enzimlerinin azalmış aktiviteleri, tedavi edilmiş diyabetiklerde anlamlı olarak düzelmişti. 
SONUÇ: Her iki çekirdek, tedavi edici etkilere sahip olan çekirdeklerde bulunan birçok fitokimyasallar, vitaminler ve minerallerin etkisi 
sayesinde, herhangi bir kötüleştirici etkileri olmadan, hemen hemen tüm parametreleri anlamlı olarak etkiledi. Çekirdekler tarafından 
sergilenen antidiyabetik, hipolipidemik ve antioksidan etkinlikler, çekirdeklerin içinde bulunan bioaktif bileşiklerin sinerjistik aktivitelerinin 
bir sonucudur. 
Anahtar Kelimeler: Tip 2 diyabet, Oksidatif stres, Lipit peroksidasyonu, Protein oksidasyonu, Antioksidan enzimler, Anoson, Kişniş 
tohumu 
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INTRODUCTION 
 
 Oxidative stress is defined as excess formation 
and or insufficient removal of highly reactive 
molecules such as reactive oxygen species (ROS) and 
reactive nitrogen species (RNS). Not only these are 
highly reactive chemical species important in ageing 
process, but they are also, either directly or indirectly, 
involved in various clinical disorders such as diabetes, 
atherosclerosis, reperfusion injury, cancer, etc. (1). 
Increased oxidative damage can result not only from 
more oxidative stress, but also from failure to repair 
or replace damaged biomolecules. Oxidative stress 
can result from decrease in antioxidant enzymes, 
depletions of dietary antioxidants and other essential 
constituents viz. copper, iron, zinc and magnesium 
(2). 
Diabetes mellitus (DM) is a widespread disease with a 
great social impact and the human population 
worldwide appears to be in the midst of an epidemic 
of diabetes, a syndrome characterized by abnormal 
insulin secretion, derangement in carbohydrate and 
lipid metabolism, diagnosed by the presence of 
hyperglycemia (3). Several mechanisms may cause 
oxidative insult in DM (4). The increased oxidative 
stress as measured by indices of lipid peroxidation 
and protein oxidation has been shown to be increased 
in both insulin dependent DM (IDDM), and non-
insulin dependent (NIDDM) (5). Increased oxidized 
low density lipoprotein (LDL) or susceptibility to 
oxidation has also been shown in DM (6). Type 2 
diabetes patients had decreased erythrocyte- 
Glutathione (GSH) and increased Glutathione 
Disulfide (GSSG) levels (7). Advanced glycation or 
glycosylation end products (AGEs), the products of 
glycation and oxidation (glycoxidation) are increased 
with age, and at an accelerated rate in DM (8). 
 Hyperglycemia induces the polyol pathway, 
resulting in induction of aldose reductase and 
production of sorbitol (9). LDL and RBC membranes 
isolated from type 1 and type 2 DM patients were 
much more susceptible to oxidation than LDL from 
normal subjects (10). Protein carbonyl content is the 
most widely used marker of oxidative modification of 
proteins and suggested to be reliable marker of 
oxidative stress (11). Elevated carbonyl levels were 
detected both in type 1 and type 2 diabetes and also in 
experimental diabetes (5). In addition to lipid and 
protein oxidation, oxidative damage of DNA has been 
reported in diabetes patients. These changes might 
contribute to atherogenesis in DM and to the 
microangiopathic complications of the disease (12). 
 The introduction of insulin and later oral 
hypoglycemic agents, revolutionized the management 

of DM but none of them were unequivocally 
successful in maintaining normal blood glucose levels 
and in avoiding complications (13). Diabetics 
represent a population in whom oxidative stress is 
much higher than in the general population (14). To 
combat the ever-increasing oxidative stress, 
antioxidants may be particularly important as they 
diminish cumulative oxidative damage (15). Natural 
dietary agents such as fruits, vegetables and spices 
have drawn a great deal of attention from both the 
scientific community and the general public, owing to 
their putative ability to suppress oxidative stress (16). 
Hence, the present study was undertaken to assess and 
to compare the antidiabetic, hypolipidemic and 
antioxidant activities of aniseeds (Pimpinella anisum) 
and coriander (Coriandrum sativum) seeds in type 2 
diabetics. 
 
 
MATERIALS AND METHODS  
 
Procurement of seeds and preparation of powder  
 Aniseeds (Pimpinella anisum) and coriander 
(Coriandrum sativum) seeds were procured from the 
S.P Stores, Anantapur, Andhra Pradesh, India weekly 
once, thoroughly cleaned to free from extraneous 
matter, finely powdered using electric blender, placed 
in air tight containers and then packed in polythene 
covers and used for the clinical trial.  
 
Selection of subjects and treatment 
 Both male and female type 2 diabetes (non insulin 
dependent) patients in the age group of 40-60yrs. with 
no other specific complications were selected from 
K.M Diabetes Hospital, Anantapur, Andhra Pradesh, 
India on the basis of a specific questionnaire. Out of 
the selected subjects, 20 served as Control, 20 served 
as Experimental I and 20 served as Experimental II. 
The Experimental group I received aniseed powder 
and the Experimental group II received coriander-seed 
powder (5g per day) in 2 equal doses for a period of 
60 days. Written consent was obtained from the 
subjects, dietary guide lines were given and all the 
patients were under the supervision of a diabetologist. 
This study was approved by the Institutional Ethical 
Committee. 
 
Clinical analyses 
 At the initial and final stages of the experiment, 
fasting blood was drawn for the assay of various 
parameters. Fasting blood glucose (17), lipid 
peroxidation in plasma (18) and erythrocytes (19), 
protein oxidation (20), vitamin A and β-carotene (21), 
vit. C (22) and vit.E (23) in serum were estimated. 



Rajeshwari, Shobha, Andallu 

Spatula DD 11

Activities of catalase (CAT) (24), glutathione-s-
transferase (GST) (25) and reduced glutathione 
(GSH) (26,27) were assayed in erythrocytes.  
 
Statistical analysis 
 Mean, standard deviation and paired samples-t test 
were conducted to assess significant difference 
between the data obtained before and after treatment 
and coefficient of variation was examined to assess 
significant difference between the two samples (28). 
 
 
RESULTS  
 
Fasting blood glucose  
 Fasting blood glucose levels in control (untreated), 
Experimental I treated with aniseed powder and 
Experimental II treated with coriander seed powder 
for 60 days were presented in Table 1 which indicated 
11% (p<0.001) rise in control and 36% ( p<0.001) 
decrease in aniseed-treated and 13% (p<0.001) 
decrease in coriander-treated type 2 diabetics.  
 
 
Table 1. Fasting blood glucose and serum lipid profile in control 
and experimental diabetics (mean ± SEM). 

Groups Fasting blood 
glucose (mg/dl) 

Cholesterol 
 (mg/dl) 

Triglyceride 
 (mg/dl) 

Control    
 Initial  185.23 + 0.7 238.03 + 0.7 214.01 + 0.7 
 Final  206.04 +1.0*** 

 (11) 
239.04 + 0.4 

 
217.12 + 0.8 

Exp-I    
 Initial  190.53 + 0.8 238.11 + 0.7 222.36 + 0.8 
 Final  122.16 + 0.9*** 

 (36) 
220.12 + 

0.6*** (8) 
189.21 + 0.6*** 

 (15) 
Exp-II    
 Initial  138.81 + 0.8 222.02 + 0.8 214.54 + 0.7 
 Final  120.80+ 0.1*** 

 (13) 
189.03 + 0.6** 

(15) 
149.63 + 0.7*** 

(30) 
Exp-I Aniseed-treated group; Exp-II Coriander seed-treated group 
The figures in parentheses indicate per cent increase /decrease over 
respective initial data 
Comparison between initial and final: ** p<0.01; *** p<0.001 
 
 
Serum cholesterol and triglycerides  
 Significant decrease in serum cholesterol and 
triglycerides i.e. 8%, 15% (p<0.001) in aniseed-
treated and 15% (p<0.01), 30% (p<0.001)in coriander 
seed-treated type 2 diabetics respectively was 
observed at final stages of the experiment (Table 1). 
Table 2 shows serum lipoproteins in control, Exp I 
(aniseed-treated) and Exp II (coriander seed-treated) 
at the initial and final stages of the experiment. No 
much change was observed with respect to VLDL, 
LDL and HDL-C in control group where as 
significant decrease of 11% (p<0.01) in VLDL-C and 

7% (p<0.001) in LDL-C levels were observed in Exp 
I while 31% (p<0.001) and 9% (p<0.001) decrease 
was noticed respectively in Exp II. Both the groups 
exhibited significant rise in HDL-C i.e. 34% 
(p<0.001) and 42% (p<0.001) respectively. With 
respect to VLDL-C, LDL-C and HDL-C, treatment 
with coriander was identified to be better compared to 
that of aniseeds while aniseed treatment. 
 
 
Table 2. Serum lipoproteins in control and experimental diabetics 
(mean ± SEM). 

Groups VLDL 
(mg/dl) 

LDL 
(mg/dl) 

HDL 
(mg/dl) 

Control    
 Initial  43.16 + 0.1 165.0 + 0.5 27.6 + 0.8 
 Final  43.21 + 0.1 

(1) 
169.6 + 1.1* 

( 2) 
27.3 + 0.9 

(2) 
Exp-I    
 Initial  44.62 + 0.3 168.1+ 0.6 26.1 + 0.8 
 Final  40.11+ 0.9** 

(11) 
157.3+0.6*** 

(7) 
35.1 + 0.4*** 

(34) 
Exp-II    
 Initial  42.87 + 0.2 185.0 + 0.3 21.2 + 0.8 
 Final  29.43+ 0.24*** 

(31) 
168.2 + 0.9*** 

(9) 
30.1 + 0.4*** 

(42) 
Exp-I Aniseed-treated group; Exp-II Coriander seed-treated group 
The figures in parentheses indicate per cent increase /decrease over 
respective initial data 
Comparison between initial and final: *p<0.05; ** p<0.01;*** 
p<0.001 
 
Table 3. Lipid peroxidation and protein oxidation in control and 
experimental diabetics (mean ± SEM). 

Groups Protein 
oxidation 

Lipid peroxidation
Erythrocytes 

 (nmol 
MDA/gHb) 

Plasma 
 (nmol 

MDA/dl) 
Control    
 Initial  0.0051 + 0.8 5.12 + 0.6 419.81 + 0.2 
 Final  0.0054 + 

1.0** (6) 
10.09 + 

0.9*** (97) 
420.32 + 3.0 

 
Exp-I    
 Initial  0.0068 + 0.4 10.83 + 0.5 434.11 + 0.7 
 Final  0.0042 + 

3.0*** (38) 
5.32 + 0.5*** 

 (51) 
341.22 + 

1.0*** (21) 
Exp-II    
 Initial  0.0060 + 0.2 9.84 + 0.9 419.01 + 0.8 
 Final  0.0030 + 

1.2*** (50) 
5.02 + 0.5*** 

 (49) 
317.33 + 

7.0*** (24) 
Exp-I Aniseed-treated group; Exp-II Coriander seed-treated group 
The figures in parentheses indicate per cent increase /decrease over 
respective initial data. 
Comparison between initial and final: ** p<0.01; *** p<0.001 
 
 
Lipid peroxidation and protein oxidation 
 Table 3 depicts protein oxidation in serum, lipid 
peroxidation in erythrocytes and plasma in control, 
aniseed-treated and coriander seed-treated diabetics at 
initial and final stages of the experiment. Treatment 
with aniseeds decreased protein oxidation (38%) in 
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serum and lipid peroxidation in erythrocytes (51%, 
p<0.001) and plasma (21%, p<0.001) and treatment 
with coriander seeds also decreased protein oxidation 
(50%),lipid peroxidation in erythrocytes (49%, 
p<0.001) and plasma (24%, p<0.001) in type 2 
diabetics as compared with the initial values. Contrary 
to this, a 97% (p<0.001) increase in erythrocyte lipid 
peroxidation was seen in the control group. 
 
Serum vitamin antioxidants 
 Table 4 shows serum non enzymatic antioxidants 
(β-carotene, vitamin A, C, E)levels in control, aniseed 
and coriander seed-treated type 2 diabetes patients. β-
carotene levels in the serum were improved by 36% 
and 46% (p<0.01) in aniseed and coriander seed-
treated groups respectively. A slight rise was seen in 
the serum vitamin C levels in aniseed (9%, p<0.01) 
and (24%, p<0.01) in coriander-treated type 2 
diabetics. The data presented in Table 4 also indicates 
increase of 15 % (p<0.01) and 22% (p<0.01) in serum 
vitamin E in aniseed and coriander seed-treated 
groups respectively. 
 
 
Table 4. Serum non enzymatic antioxidants in control and 
experimental diabetics (mean ± SEM). 

Groups β carotene 
 (µg/dl) 

Vitamin A 
 (µg/dl) 

Vitamin C 
 (µg/dl) 

Vitamin E 
 (mg/dl) 

Control 
 Initial  

 
166.2 + 0.8 

 
23.5 + 0.8 

 
1.93 + 0.6 

 
3.12 + 0.2 

 Final  141.6 + 1.0 
 (15) 

21.8 + 1.0 
 (7) 

1.88 + 0.9 
 (2) 

3.10 + 1.0 
 

Exp-I     
 Initial  116.7 + 0.4 21.7 + 0.4 2.01 + 0.5 3.45 + 0.7 
 Final  158.3 + 

3.0** (36) 
27.5+ 3.0** 

 (27) 
2.20+ 0.5** 

 (9) 
3.96 + 

1.0** (15) 
Exp-II     
 Initial  108.3 + 0.2 20.6 + 0.2 1.35 + 0.9 2.98+ 0.8 
 Final  158.5 + 

1.2** (46) 
28.5 + 

1.2** (38) 
1.67 + 

0.5** (24) 
3.64+ 

0.7** (22) 
Exp-I Aniseed-treated group; Exp-II Coriander seed-treated group 
The figures in parentheses indicate per cent increase /decrease over 
respective initial data 
Comparison between initial and final: ** p<0.01 
 
Erythrocyte antioxidant enzymes 
 Table 5 shows a significant decrease i.e. 65% 
(p<0.001) and 59% (p<0.001) in the activity of 
catalase in aniseed and coriander seed-treated type 2 
diabetics respectively. The data also indicates a 
significant increase in the GST levels (119%, 65%, 
p<0.001) in aniseed and coriander seed treated type 2 
diabetics where as there was a decrease of 22% in the 
control group. Treatment with aniseeds and coriander 
seeds resulted in significant increase in erythrocyte 
glutathione i.e. 128% (p<0.001) and 278 % (p<0.001) 
respectively in the Exp I and Exp II diabetics.  
 

Table 5. Serum enzymatic antioxidants and GSH in control and 
experimental diabetics (mean ± SEM). 

Groups Catalase 
(K/gHb) 

Glutathione-s-
transferase 

(µmol of CDNB-
GSH 

conjugate/mgHb 

Reduced 
Glutathione 

(IU/gHb) 

Control    
 Initial  5.26 + 0.7 24.47 + 0.6 25.75 + 0.3 
 Final  9.74+ 0.4*** 

(85) 
23.05 + 1.3 

(6) 
24.23 + 0.9 

(6) 
Exp-I    
 Initial  9.91 + 0.4 21.65 + 0.6 13.50 + 0.8 
 Final  3.49 + 0.2*** 

(65) 
47.5 + 2.6*** 

(119) 
30.81 + 

0.4*** (128) 
Exp-II    
 Initial  9.98 + 0.4 26.15 + 0.9 7.88 + 0.1 
 Final  4.12 + 1.16*** 

(59) 
43.12 + 1.2*** 

(65) 
29.79 + 

0.1*** (278) 
Exp-I Aniseed-treated group; Exp-II Coriander seed-treated group 
The figures in parentheses indicate per cent increase /decrease over 
respective initial data 
Comparison between initial and final: *** p<0.001 
 
 
DISCUSSION 
 
 Hyperglycemia is the main risk factor for 
developing diabetic complications and also 
accelerates atherosclerosis (29). It is postulated that 
mitochondrial glucose overload results in increased 
electron transfer to oxygen and formation of free 
oxygen radicals. This in turn activates the pathways 
leading to diabetic complications along with 
hyperglycemia (30). It is also demonstrated that acute 
glucose fluctuations induce oxidative stress and these 
fluctuations were suggested to be valuable predictors 
for risk of diabetic complications (31). In the present 
study, significant decrease in fasting blood glucose in 
aniseed and coriander groups indicate control over 
hyperglycemia and decreased oxidative stress in both 
the groups. However, the effect was more than double 
in aniseed-treated group. This is supported by 
significantly decreased lipid peroxidation (a marker of 
oxidative stress in erythrocytes and plasma) in aniseed 
and coriander-treated groups (Table 3). 
 In the present study, decreased glucose levels 
indicate control over oxidative stress as 
hyperglycemia can directly cause increased 
generation of reactive oxygen species as glucose 
undergoes autooxidation and generate OH radicals 
(32). In addition, glucose reacts with proteins in a non 
enzymatic manner leading to the development of 
Amadori products followed by formation of AGEs. 
ROS is generated at multiple steps during the process. 
In hyperglycemia, there is enhanced metabolism of 
glucose through polyol (sorbitol) pathway, which also 
results in enhanced production of •O2

− (33). 
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 The compounds responsible for the activity of 
aniseeds are caffeic-acid, camphene, chlorogenic-
acid, rutin, scopoletin, squalene, stigmasterol, 
micronutrients -ascorbic acid, minerals magnesium, 
manganese, copper etc. while in coriander seeds-the 
phytochemicals like apigenin, caffeic -acid, myristic 
acid, myristin, p-hydroxy-benzoic acid, palmitic acid, 
protocatechuic acid, isoquericitrin, gamma-terpinene, 
terpinen-4-ol, terpinolene, trans-anethole.  
The blood sugar lowering effect exhibited by 
coriander seeds is attributed to the phytochemicals 
viz. chlorogenic acid, pectin, protocatechuic acid and 
rutin, the micronutrients-ascorbic acid, niacin 
(vitamins) and minerals-chromium, copper, 
magnesium and zinc present in coriander seeds. 
Besides, the antioxidants in coriander seeds i.e. 
apigenin, β-carotene, caffeic acid, camphene, gamma-
terpinene, isoquercitrin, myristic acid, myristin, 
terpernin 4 ol, terpenoline and trans anethole etc., also 
contribute to the observed effect (34). 
 Hypercholesterolaemia occurs in diabetes with 
about the same frequency as in the general population, 
but it confers a greater risk of CHD in diabetes. 
Hypertriglyceridemia, hypercholesterolaemia and low 
serum high density lipoprotein (HDL) cholesterol 
levels are more common in diabetes, particularly in 
non-insulin-dependent diabetes. The 
hypertriglyceridaemia is thus exacerbated by poor 
diabetes control (35). Therefore, in the present study, 
a significant decrease in cholesterol and triglycerides 
could be due to hypolipidemic action of the seeds 
under investigation.  
 Type 2 diabetes and insulin resistance are 
commonly associated with elevated triglycerides, low 
HDL-C levels, dense LDL and VLDL-C (36). Low 
density lipoproteins (LDL) represent a major risk 
factor in atherogenesis after undergoing oxidative 
modifications. LDL oxidation is mediated by free 
radicals or other oxidants including extra cellular 
reactive oxygen species, thiols, hypochlorous aicd, 
metal ions, aldehydes and lipoxygenases (37). The 
oxidation process induces several structural and 
compositional modifications in the lipid of LDL 
(hydroperoxides, lysophosptidylcholines, oxysterols, 
hydroxy nonenal), and structural alterations of apo B 
(38). In the present study, significant decrease in LDL 
in both the treated groups support the antidiabetic and 
hypolipidemic principles present in both the samples. 
Hyperglycemia increases the production of free 
radicals which cause LDL-C oxidation. Oxidised 
LDL-C causes deleterious effects in the vascular 
walls. Besides, hyperglycemia causes glycation of 
LDL and glycated LDL tends to accumulate leading 
to atherogenesis (36). In the present study, the 

samples under consideration by controlling hyper 
glycemia would have controlled ROS generation there 
by decreased LDL-C oxidation. Tremendous rise in 
HDL observed in the study, also would have protected 
LDL-C from oxidation as anti atherogenic properties 
of HDL-C are largely related to their inhibitory effect 
against LDL-C oxidation. Another antioxidant 
mechanism of HDL may result from the ability to 
extract lipid peroxidation products from oxidized 
lipoprotein cellular membrane using oxidized 
erythrocytes as a cellular model. The anti atherogenic 
property of HDL is due to protection against the 
deleterious effect of ox-LDL and inhibitory effect 
against LDL oxidation. The antioxidant properties of 
HDL are also attributed in part, to the ability to 
chelate transition metals. HDL modulates cell 
proliferation and migration, and is strongly related to 
its cytoprotective property against apoptosis induced 
by ox-LDL and other pro-atherogenic agents (39).  
 Insulin resistance directly stimulates VLDL 
production (40). The elevated VLDL is a reflection of 
increased total triglyceride in NIDDM. Treatment 
with aniseeds and coriander decreased VLDL in the 
respective groups and is further supported by the 
clearance or decreased production of VLDL in the 
treated subjects. Generally, newly synthesized 
cholesterol may be used for VLDL secretion. One 
possibility of decrease in VLDL is that more of newly 
synthesized cholesterol is channeled for the synthesis 
of bile acids as reported by (41) in coriander-treated 
animals.  
 Lipid peroxidation appears to be highly significant 
consequences of oxidative stress in injured human 
arterial walls contributing to the development of the 
atherosclerotic lesions (42). Especially, 
polyunsaturated fatty acids (PUFAs) are highly 
susceptible to reactions with free radicals. 
Peroxidation of lipids in fatty acids may lead to a 
radical chain reaction. Because of these chain 
reactions, one substrate radical (R•) may result in the 
formation of many equivalents of lipid peroxides 
(LOOH). Diabetic red blood cells (RBCs) were 
shown to be more susceptible to lipid peroxidation as 
measured by TBARS in humans (43). Similarly, 
increased plasma peroxide concentrations were 
reported in type 2 diabetics (44). In the present study, 
decreased lipid peroxidation in both the treated groups 
in erythrocyte and plasma is attributed to the 
phytochemicals, present in aniseeds and coriander 
seeds. Most of these compounds act as radical 
scavengers, some of them reduce the radicals by 
donating hydrogen atoms, some of them also act as 
chain breaking agents in lipid peroxidation as a result 
of which a significant decrease in lipid peroxidation 
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was observed both in erythrocytes and plasma in 
treated subjects. Besides, the antioxidant property of 
both the seeds was further evidenced by significantly 
decreased serum protein oxidation (Table 3) in the 
treated diabetics.  
 Proteins are an important target for oxidative 
challenge. Reactive oxygen species modify amino 
acid side chains of proteins to form protein carbonyls 
and protein carbonyl content is the most widely used 
marker of oxidative modification of proteins and 
suggests to be a reliable marker of oxidative stress 
(11). Elevated protein carbonyl stress was detected 
both in type1 and type2 and also in experimental 
diabetes. Furthermore, the protein carbonyl content is 
well correlated with the complications of diabetes (5). 
A significant decrease in the protein oxidation in the 
present study, along with significant decrease in lipid 
peroxidation confirms the control over oxidative 
stress in the treated patients.  
 Both the groups showed rise in serum β-carotene 
and vitamin A levels which could have resulted in a 
significant decrease in lipid peroxidation (Table 4) in 
RBC and plasma in both the treated groups as 
carotenoids interact with free radicals that initiate 
harmful reactions such as lipid peroxidation. 
Carotenoids present in the samples with their highly 
reactive conjugated bonds act as free radical traps or 
antioxidants (45). Especially β-carotene, a precursor 
of vitamin A, a nutritional antioxidant is known to 
protect membrane lipids from peroxidative damage. 
Its antioxidant ability is attributed mainly to the 
scavenging of several biologically damaging free 
radicals or reactive oxygen species such as singlet 
oxygen, peroxyl radical, superoxide and nitrogen 
dioxide (46). The increase in free radical production 
with subsequent damage to the cellular processes 
observed in type 2 diabetes could be overcome with 
the supplementation of β-carotene as β-carotene traps 
free radicals and functions as an antioxidant (47). 
Hence, raised serum β-carotene and vitamin A levels 
in both the treated groups would have caused decrease 
in the lipid peroxidation in the treated groups. 
 Ascorbic acid is a naturally occurring major 
antioxidant, essential for the scavenging of toxic free 
radicals, both in the plasma and tissues (48). Previous 
studies suggest that oxidative stress is increased in 
diabetic patients and diabetic animal models (49). The 
ascorbic acid levels in plasma and tissues of diabetic 
patients and animals have been reported to be low 
(50). Supplementation of ascorbic acid decreased 
sorbital levels (51) and increased the stability of blood 
vessels (52). Therefore, decreased ascorbic acid levels 
in diabetes injure the blood vessels and lead to the 
development of diabetic complications. In the present 

study, raised ascorbic acid levels in the treated 
diabetics indicate decreased oxidative stress as 
ascorbic acid is a scavenger of the toxic free radicals. 
This increase in vitamin C could also be due to the 
protection of the existing vitamin C from oxidation to 
dehydroascorbic acid by some of the antioxidant 
phytochemicals present in the seeds under the 
investigation.  
 Vitamin E, the major lipid-soluble antioxidant 
present in all cellular membranes protects against 
lipid peroxidation (53) and is thought to be an 
important chain breaking antioxidant which plays an 
important role in various stages of carcinogenesis 
through its contribution to immuno-competence, 
membrane and DNA repair and decreasing oxidative 
DNA damage (54). Both vitamin C and E quench free 
radicals by providing hydrogen atoms (H•) i.e. 
reducing equivalents that can pair up with unpaired 
electrons on free radicals. In this process, vitamin E 
itself gets oxidized. The reduced forms of the 
vitamins are regenerated by reduction with GSH, 
ascorbate, NADH/NADPH. vit. C and GSH can 
regenerate or spare each other so that vitamin C may 
spare vit. E (55). Therefore, in the present study, 
increased vitamin C (the quencher of free radicals) 
could prevent the lipid peroxidation (Table 3) in 
erythrocyte and plasma in type 2 diabetics.  
 Catalase is a large enzyme, containing heme 
bound iron at its active sites, and is a major primary 
antioxidant defence component that primarily works 
to catalyze the decomposition of H2O2 to H2O and 
shares this function with glutathione peroxidise (56). 
In the present study, a significant increase in the 
activity of catalase, shows increased rate of radical 
production before treatment in the groups. Treatment 
with aniseed and coriander seed powder indicated a 
significant decrease in the activity of catalase, which 
indicates reduced H2O2 production as a result of the 
treatment given in the groups. This can be evidenced 
by the decreased lipid peroxidation (Table 3) in 
erythrocytes after the treatment in the subjects of both 
the groups.  
 GST is a multi-functional protein found in many 
tissues, plays an important role in the detoxification of 
xenobiotics thereby protecting the cell form 
peroxidative damage especially in the liver and also in 
lungs, tissues and erythrocytes (57). Therefore, a 
significant increase in the levels of GST indicated 
protection against oxidative stress in the experimental 
group. This is further evidenced by remarkable 
increase in the lipid peroxidation in RBC and plasma 
(Table 3) in controls who didn’t receive any treatment 
and significantly decreased lipid peroxidation in 
aniseed and coriander seed-treated groups. 
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Glutathione is a cellular non-enzymatic antioxidant, 
thus provides the cell with multiple defences not only 
against ROS but also against their toxic products (58). 
Marked alterations in antioxidant enzyme activities 
and tissue GSH concentration were reported in 
diabetes. Decreased GSH in diabetes may be caused 
by different pathways including 1) the increase in 
sorbitol synthesis causing NADPH depletion and 
deficiency of this limits the reduction of GSSG to 
GSH catalyzed by glutathione reductase, 2) decreased 
activity of HMP shunt enzymes which generate 
NADPH 3) transport of GSSG through erythrocyte 
membranes due to oxidative stress induced membrane 
damage (59). In poorly controlled diabetes, impaired 
glutathione system by inactivation of GPx and GR 
may contribute to the initiation and/or progression of 
diabetic complications (60). Hence, significantly 
increased GSH in both the treated groups in the 
present investigation indicates control over oxidative 
stress. This is further supported by significantly 
decreased lipid peroxidation (Table 3) in erythrocytes 
and plasma of the treated subjects.  
CONCLUSIONS 
 
 Both aniseeds and coriander seeds decreased 
blood sugar but not brought down below normal, so 
the seeds are antihyperglycemic. The seeds also 
decreased serum lipids, lipoproteins and improved 
HDL as a result of the hypolipidemic activity. 
Besides, aniseeds and coriander seeds controlled lipid 
peroxidation, a marker of oxidative stress, improved 
non enzymatic and enzymatic antioxidants in type 2 
diabetics and proved to be antioxidative. With respect 
to controlling lipid peroxidation, both are equally 
efficient, while with respect to decreasing fasting 
glucose, decreasing the activity of catalase, improving 
the activity of GST, aniseeds are superior to 
coriander, while in decreasing lipids and lipoproteins, 
protein oxidation, improving GSH, coriander ranks 
first. However, both the samples significantly 
influenced almost all the parameters by virtue of a 
number of phytochemicals, vitamins and minerals 
present in the seeds having both medicinal and 
therapeutic effects. The antidiabetic, hypolipidemic 
and antioxidant activities exhibited by the seeds are a 
result of the synergistic action of the bioactive 
compounds present in the seeds. 
 
 
ACKNOWLEDGEMENTS 
 
 The authors thank University Grants Commission, 
New Delhi, India for the financial Assistance, Sri 
Sathya Sai Institute of higher learning, Anantapur, 

A.P., India for the facilities, the subjects for the 
cooperation and the diabetologist for supervision.  
 
 
REFERENCES 
 
1. Knight JA. Free radicals: their history and current status in 

aging and disease. Ann. Clin. Lab. Sci.1998; 28 (6): 331-46. 
2. Wijk RV, Wijk PA, Weigant ACF, Ires J. Free radicals and low 

level photon emission in human pathogenesis: state of the art. 
Ind. J. Exptl. Biol. 2008; 46:273-309. 

3. Zimmet PZ, Mc Carty DJ, Decourten MP. The global 
lipidemilogy of non insulin dependent diabetes mellitus and the 
metabolilc syndrome. J. Diabetic compl. 1997; 11: 60-6 

4. Atalay M, Laaksonen DE, Khannas kaliste-korhouen E, 
Hanninen O and Sen CK. Vitamin E regulates changes in tissue 
antioxidants induced by fish oil and acute exercise. Med Sci 
Sports Exerc. 2002; 32: 601-7. 

5. Cederberg J, Basu S, Eriksson UJ. Increased rate of lipid 
peroxidation and protein carbonylation oxidative stress, 
exercise and diabetes in experimental diabetic pregnancy. 
Diabetologia. 2001; 39:172-182. 

6. Santini SA, Marra G, Giardina B, Cotroneo P, Mordente A, 
Martorana GE, Manto A, Ghirlanda G. Defective plasma 
antioxidant defences and enhanced susceptibility to lipid 
peroxidation in uncomplicated IDDM. Diabetes. 1997; 
46:1853-58. 

7. De Mattia G, Lanrentio Bravi C, Ghiselli A, Inliono L, 
Balliano F. Effect of aldose reductase inhibition of glutathione 
redox staters in erythroujtes of diabetic patients. Metabol. 
1994; 43: 965-8. 

8. Dyer DG, Dunn JA, Thorupe SR, Baitic KE, Lyons TJ, Mc 
Cancer DR, Baynes JW. Accumulation of Mailard reaction 
products in skin collagen in diabetes and aging. J. Clin. Inves. 
1993; 91:2463-69. 

9. Bravi MC, Pietrangeli P, Lauventi O, Basilis, Cassone faldetta 
M, Ferri C, DE Mattia G. Polyol pathway activation and 
glutathione redox status in non insulin-dependent diabetic 
patients. Metabol. 1997; 46:1194-8. 

10. Rabini RA, Fumelli P, Galassi R, Dousset N, Taus M, Ferretti 
G, Mazzanti L, Curatola G, Solera ML, Valdiguie P. Increased 
susceptibility to lipid peroxidation of low-density lipoproteins 
and erythrocyte membranes from diabetic patients. Metabol. 
1994; 43:1470-4. 

11. Chevion M, Berenshtein E, Stadtman ER. Human studies 
related to protein oxidation: protein carbonyl content as a 
marker of damage. Free Rad. Res. 2000; 33:899-08. 

12. Dandona P, Thusu K, Cook S, Snyder B, Makowski J, 
Armstrong D, Nicotera T. Oxidative damage to DNA in 
diabetes mellitus. Lancet. 1996; 347: 444-5. 

13. Goycheva P, Gadjeva V, Popov B. Oxidative stress and its 
complications in diabetes mellitus. Trakia. J. Sci. 2006; 1 (4):1-
8. 

14. Boaz M, Smetana S, Weinstein T, Matas Z, Gaftecll, Iaina A, 
Knechat A, Weiesgarten Y, Brunner D, Fainaru M, et al. 
Secondary prevention with antioxidants of cardiovascular 
disease in endstage renal disease (SPACE) randomized 
placeto-controlled trial. Lancet. 2000; 356 (9237):1213-8. 

15. Yadav BS, Yadav R. Spices as Antimicrobials and 
Antioxidants in Foods. Bev. Food World. 2005; 36-41. 

16. Khan N, Afaq F, Mukhtar H. Cancer chemaprevention through 
dietary antioxidants : progress and promise. Antiox. Red. 
Signal. 2008; 10 (3):475-99. 



Antidiabetic, hypolipidemic and antioxidant activities of aniseed and coriander 

Spatula DD 16

17. Trinder P. Determination of glucose in blood using glucose 
oxidase method with an alternative oxygen receptor. Ann. Clin. 
Biochem. 1969; 6:24. 

18. Buege JA, Aust SD. Microsomal lipid peroxidation Eds.: S 
Fleischer, and L Packer. In: Fleischer- Packer Methods in 
Enzymology. Academic Press: New York; 1978. p. 302-316. 

19. Stocks J, Dormandy TL. The antioxidative of human red cell 
lipids induced by hydrogen peroxides. Brit. J. Hematol. 1971; 
20: 95-111. 

20. Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz 
A, Ahn B, Shaltiel S, Stadtman ER. Determination of carbonyl 
content in oxidatively modified proteins. Meth. Enzymol. 
1990; 186: 464-78. 

21. Henry JB. Clinical diagnosis and management by laboratory 
methods, 17th edn. W.B Sounders Company: Philadelphia. 
1984. p. 505-589. 

22. Roe JH. Standard methods in Clinical Chemistry. Eds.: David 
Seigson. Vol 2. Academic Process: New York. 1961. p. 35. 

23. Desai ID. Vitamin E analysis methods for animal tissues. In: L 
Baker (ed), Meth. Enzymol.1984. p .105. 

24. Chance B. Catalase and Peroxidases. Part II. Special Methods. 
Meth Biochem Anal. 1954; 1:408-24. 

25. Raghuramulu N, Madhavan NK, Sundarm K (Eds). A manual of 
laboratory techniques. NIN: Hyderabad; 1983. 319-20, 140-2. 

26. Beutler E, Duron O, Kelley BM. Improved method for the 
determination of blood glutathione. J. Lab. Clin. Med. 1963; 
61: 882-90. 

27. Beutler E. Red cell metabolism. A manual of Biochemical Methods. 
2nd edition. Brace Jovavoich Publishers: Harcourt; 1975. 

28. Gupta SP. Statistical methods. Sultan Chand and Sons: New 
Delhi; 1995. 

29. Evans M. The UK prospective diabetes study. Lancet. 1998; 
352: 1932-3. 

30. Brownlee M. The Pathobiology of diabetic complications : a 
unifying mechanism. Diabetes. 2005; 54: 1615-25. 

31. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, 
Colette C Activation of oxidative stress by acute glucose 
fluctuations compared with sustained chronic hyperglycemia in 
patients with Type 2 diabetes. JAMA. 2006; 295(14):1681-7. 

32. Turko IV, Marcondes S, Murad F. Diabetes-associated 
nitration of tyrosine and inactivation of tyrosine and 
inactivation of succinyl-CoA: 3-oxo acid CoA-transferase. Am. 
J. Physiol. Heart. Circ. Physiol. 2001; 281 (6): H2289-94. 

33. Johansen JS, Harris AK, Rychly DJ, Adviye E. Oxidative 
stress and and the use of antioxidants in diabetes: linking basic 
science to clinical practice. Cardiovascular Diabetol. 2005; 4 
(5): 1475-2840. 

34. http://www.ars_grin.gov/duke [Access date 12.10.2010]. 
35. Dean JD, Durrington PN. Treatment of Dyslipoproteinaemia in 

Diabetes mellitus. Diabetes Med. 1996; 13: 297-312. 
36. Howard BV. Lipoprotein metabolism in diabetes mellitus. J. 

Lipid Res. 1987; 28:613-27. 
37. Steinbrecher UP, Zhang M and Longheed M. Role of 

oxidatively modified LDL in artheroclerosis. Free Rad. Biol. 
Med. 1990; 9:155. 

38. Chisolm GM, Steinberg D. The oxidative modification 
hypothesis of atherogenesis: an overview. Free Rad Biol Med. 
2000; 28: 1815-26. 

39. Negre-Salvayre A, Dousset N, Ferretti G, Bacchetti T, 
Curatola, Salvayre R. Antioxidant and cytoprotective 
properties of high density lipoproteins in vascular cells. Free 
Rad. Biol. Med. 2006; 41:1031-40. 

40. Gibbons GF. Hyperlipidaemia of diabetes. Clin. Sci. 1986; 71: 
477-86. 

41. Chitra V, Leelamma S. Hypolipidemic effect of coriander 
seeds (Coriandrum sativum) : mechanism of action. Plant foods 
Human Nutr. 1997; 51: 167-72. 

42. Halliwell B, Chirico S. Lipid peroxidation: its mechanism, 
measurement, and significance. Am. J. Clin. Nutr. 1993; 715. 

43. Fujiwara Y, Konfo T, Murakami K, Kawakami Y. Decrease of 
the inhibition of glutathione-dependent system in erythrocytes 
of non insulin dependent diabetics. Klin. Wochenschr. 1989; 
67: 336-41. 

44. Walter RM, Urin Hare JY, Olin KL, Octer MH, Anawalt BD, 
Crithfield W, Keen CL. Copper, Zinc, manganese. Diabetes 
Care. 1991; 14: 1050-6. 

45. Tee ES, Lim CL. The Analysis of carotenoids and retionoids: 
A review. Food Chem. 1991; 41: 147-93. 

46. Khopde SM, Priyadarshni KI, Mukherjee T, Kulkarni PB, 
Satav JG, Battacharya RK. Does beta-carotene protect 
membrane lipid from nitrogen dioxide? Free Rad Biol Med 
1998; 25:66-71. 

47. Suematsu T, Kamada T, Abe H, Kikuchi S, Yagi K. Serum 
lipoperoxide levels in patients suffering from liver disease. 
Clin. Chim. Acta. 1977; 79: 267. 

48. Frei B, Stocker R, Ames BN. Antioxidant defenses and lipid 
peroxidation in human blood plasma. Proc. Natl. Acad. Sci. 
USA. 1988; 85: 9748-52. 

49. Ihara Y, Toyakuni S, Uchida K, Odaka H, Tanaka T, Ikeda H, 
Hiai H, Seinoy, Yamada Y. Hyperglycemia causes oxidative 
stress in pancreas beta cells of GK rats a model of type 2 
diabetes. Diabetes. 1999; 48: 927-32. 

50. Will JC, Byer T. Does diabetes mellitus increase the 
requirement for vitamin C. Nutr. Res. 1996; 54: 193-262. 

51. Wang H, Zhang ZB, Wen RR. Experimental and clinical 
studies on the reduction of erythrocyte sorbitol-glucose ratios 
by ascorbic acid in diabetes mellitus. Diab. Res. Clin. Prac. 
1995; 28: 1-8. 

52. Ting HH, Timimi FK, Boles KS, Creager SJ, Ganz P, Creager 
MA. Vitamin C improves endothelium-dependent vasodilation 
in patient with non-insulin-independent diabetes mellitus. J. 
Clin. Inves. 1996; 97: 22-8. 

53. Machlin LJ, Bendich A. Free radical tissue damage: protective 
role of antioxidant nutrient. FASEB J. 1987; 1: 441. 

54. Kimmick GG, Bell RA and Bostock RM. Vitamin E and breast 
cancer: a review. Nutr. Cancer. 1997; 27:109. 

55. Winkler BS. Unequivocal evidence in support of the iron 
enzymatic redox coupling between glutathione/glutathione 
disulphide and ascorbic acid/dehydro ascorbic acid. Biochem. 
et. Biophys. Acta. 1992; 1117: 287-90.  

56. Halliwell B, Gutteridge MC. Antioxidants in nutrition, health 
and disease. Oxford University Press: Tokyo; 1994. p. 41-78. 

57. Towill LE, JS Drury, BL Whitfield, EB Lewis, EL Galyan, AS 
Hammons. Reviews of the environmental effects of pollutants: 
Part V, Cyanide. EPA 600/1-78-027. U.S. Environmental 
Protection Agency, Office of Research and Development, 
Health Effects Research Laboratory: Cincinnati. OH; 1978; 

58. Hayes JD, McLellan LI. Glutathione and glutathione-
dependent enzymes represent a co-ordinately regulated defence 
against oxidative stress. Free Rad. Res. 1999; 31: 273-300. 

59. Konukoglu D, Akcay I, Dincer Y, Hatenni H. The susceptibility of 
red blood cells to autoxidation in type 2 diabetic patient with 
angiopathy. Metabol. 1999; 48(12):1481-4. 

60. Dincer Y, Alademir Z, Likava H, Akcay J. Susceptibility of 
glutathione and glutathione related antioxidant activity to 
hydrogen peroxide in patients with type 2 diabetes: effect of 
glycemic control. Clin. Biochem. 2002; 35: 297-301. 

 


