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Introduction
Diabetes mellitus is recognized as a common metabolic 
disorder in adult human populations. Unfortunately, since 
1980, its prevalence has increased or at best remained 
unchanged, in every country.1 The disease grows 
worse over time and comes with major complications, 
particularly atherosclerosis, hyperlipidemia, and 
cardiovascular diseases (CVDs). For several years, 
researchers from all over the world are tightly working 
to treat and control diabetes. Because of the chronic 

nature of diabetes, the treatment usually requires long 
term administration of hypoglycemic and hypolipidemic 
agents, which unfortunately eventuates in serious side 
effects. As a result, the trend has been changed during the 
past decade, and researchers have focused on safer and 
healthier resources to minimize the undesired effects. A 
variety of chemical, synthetic, and natural agents have 
already been tested for possible curative effects. However, 
among them, herbal materials have attracted considerable 
interest due to numerous advantages, including safety, 
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Abstract
Introduction: Seeds of Securigera securidaca (L.) 
Degen & Dorfl are rich in flavonoids and phenolic 
acids which have potent biological effects. The 
current study was undertaken to evaluate the 
effects of hydroalcoholic extract of S. securidaca 
seeds (HESS) alone, and in combination with a 
standard drug, glibenclamide (GB) on paraoxonase1 
(PON1) activity, lipid profile and peroxidation, and 
cardiovascular risk indices in streptozotocin (STZ) 
induced diabetic rats. 
Methods: Forty-eight male Wistar rats were randomly 
divided into eight equal groups and orally treated with various doses of HESS (100, 200, 400 mg/kg) 
alone and in combination with GB (5 mg/kg) for 35 consecutive days. After blood sampling, lipid 
profile including triglyceride (TG), cholesterol, high, low and very low-density lipoprotein-cholesterol 
(HDL-C, LDL-C, and VLDL-C), as well as serum PON1 activity, were assessed. Malondialdehyde 
(MDA), tumor necrosis factor-alpha (TNF-α), and high-sensitivity C-reactive protein (hs-CRP) levels 
were also measured. Several indices of cardiovascular risk and the correlation between PON1 activity 
and these indices were calculated based on the obtained results from the lipid profile. 
Results: Induction of diabetes could dramatically alter all of the parameters mentioned above, and 
the lower dose of HESS (100 mg/kg) was not effective in restoring the parameters. However, the 
higher doses (200 and 400 mg/kg) alone and in combination with GB could significantly improve 
lipid profile, restore PON1 activity, and decrease cardiovascular risk indices, MDA, as well. However, 
neither HESS nor GB could significantly reduce TNF-α and hs-CRP. A significant negative correlation 
also was detected between PON1 activity and cardiovascular risk indices.    
Conclusion: Conclusively, HESS can be considered as a potent antihyperlipidemic agent with 
remarkable cardioprotective effects and can potentiate the antidiabetic effects of GB.
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of LDL-C/HDL-C to predict the risk of atherosclerosis and 
CVD.17 AIP represents the relationship between pre- and 
anti-atherogenic lipoprotein particles and is associated 
with their size.18 

Although several studies have confirmed the 
hypoglycemic and hypolipidemic effects of hydroalcoholic 
extract of S. securidaca seed (HESS), no study has been 
done on the effects of HESS on PON1 activity and 
atherogenic index in streptozotocin (STZ) -induced 
diabetic rats.3,6,7 The study was designed to evaluate the 
effect of HESS on the aforementioned parameters and 
compare the results with GB alone and in combination 
with two doses of HESS. 

Materials and Methods 
Materials
STZ (>98%) was obtained from Sigma-Aldrich (St. 
Louis, MO, USA). Folin-Ciocalteu reagent, quercetin, 
gallic acid, aluminum chloride (AlCl3), paraxone, NaOH, 
and NaHCO3 were purchased from Merck (Darmstadt, 
Germany). Glibenclamide (5 mg) tablets were obtained 
from Chemidarou (Tehran, Iran). TG, cholesterol, HDL-C, 
and LDL-C assay kits were obtained from PARSAZMUN 
(Tehran, Iran). Rat TNF-α ELISA kit was purchased 
from Diaclone (Besançon, France). Rat High sensitivity 
C-reactive protein kit was obtained from MyBioSource 
(San Diego, CA, USA). Glucometer (EmpErOr) strips 
were from OKmeter (Hsinchu City, Taiwan). 

Plant material
Fresh seeds of S. securidaca was purchased from the local 
market (Tehran, Iran) and identified by Herbarium of 
Pharmacy Faculty, Tehran University of Medical Sciences, 
Tehran, Iran. Voucher specimens were deposited with the 
herbarium code PMP-756 for further references. Almost 
1000 g powdered seed was macerated in 4 L of 70% 
ethanol and placed in the dark at 40°C for 72 hours under 
gentle shaking. Finally, the resultant liquid was filtered 
and concentrated (115 g) under vacuum by a rotary 
evaporator (Stroglass, Italy) at 50°C. 

Assessment of total phenol and flavonoid contents
The total phenolic and flavonoid contents of the crude 
extract were estimated using Folin-Ciocalteu and 
aluminum chloride (AlCl3) colorimetric methods, 
respectively as described by Bahadori and colleagues.19 
Very briefly, after blending 20 µL of the sample with 100 µL 
Folin-Ciocalteu reagent (1:10) for 6 min, 80 µL NaHCO3 
(7.5%) was added to the mixture and the absorbance 
was read at 740 nm, after 2 hours of incubation in the 
dark at 25°C. The total phenolic content was expressed 
as mg of gallic acid equivalents per g of samples (mg 
GAE/g) through the calibration curve with gallic acid. 
For assessment of total flavonoid content, 20 μL of HESS 
samples or a standard solution, rutin (1–200 μg/mL) was 
diluted using 60 μL of MeOH and 10 μL of AlCl3 (5%). 

readily availability, cheapness, and more importantly, 
biocompatibility. 

The seeds of S. securidaca a member of the Fabaceae 
family with common names of Gandeh Talkheh or 
Adasolmolk have been used in the traditional medicine 
of Iran, Egypt, and India since ancient time, as a remedy 
for diabetes, hypertension, and hyperlipidemia.2,3 The 
observed beneficial effects are probably due to the 
presence of numerous biologically active compounds, 
including phenolics, flavonoids, saponins, and tannins as 
well as 82.9% unsaturated fatty acids in the seed extract 
which have been detected by phytochemical analysis.4,5 
Recent animal model studies have shown that herbal 
phenolics and polyphenols, in particular flavonoids, 
are effective agents in reducing triglyceride (TG), low-
density lipoprotein-cholesterol, oxidative stress, and lipid 
peroxidation levels.3,6,7 

Glibenclamide (GB) is the second-generation 
sulfonylureas, and its function is increasing insulin 
secretion mainly by binding to regulatory sulfonylurea 
receptor1 subunits of ATP-sensitive potassium channels 
in pancreatic beta cells8,9 The drug is mainly used in 
combination with other antidiabetic agents, including 
metformin or as a second line of therapy where the patient 
cannot tolerate metformin. However, during recent years, 
it has been tested in combination with natural agents, and 
promising results have been yielded.10,11 

Paraoxonase1 (PON1) belongs to a family of enzymes 
containing three isomers (PON1, PON2, and PON3) 
with aryldialkylphosphatase activity. It primarily is 
released from the liver and binds to circulating high-
density lipoprotein-cholesterol (HDL-C), especially 
HDL3-C via apolipoprotein A-I (apoA-I). Although the 
first described function was as an organophosphate 
hydrolase, the essential role of PON1 in the body is lipid 
peroxide hydrolysis, which prevents the accumulation 
of oxidized lipids in LDL-C and the formation of the 
atherosclerotic lesion. Lactonase is another PON1 activity, 
which hydrolyzes certain lactones/hydroxyl acids such as 
homocysteine thiolactone a potent atherogenic agent. 
Therefore, it is responsible for the antioxidant and anti-
atherosclerotic functions of HDL-C.12,13 Numerous studies 
on hypercholesterolemia and diabetic disorders reported 
a decrease in the level of PON1 activity due to a reduction 
in apolipoprotein A-I levels.14-16 Such lower plasma PON1 
activity and consequently increased pro-inflammatory 
and pro-atherogenic conditions are associated with 
elevated coronary artery disease risk.16 With this aspect, 
many researchers have tried to find predictable formulas 
to predict the likelihood of CVD. 

Previously, to predict the risk of heart disease, indexes 
such as non-HDL-C levels and cholesterol ratios like total 
cholesterol (TC)/HDL-C and LDL-C/HDL-C named 
cardiovascular risk factors were used. Recently, the 
atherogenic index of plasma (AIP) has been suggested as a 
comprehensive lipid index compared to the classical ratio 
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Then, 10 μL of 0.5 M potassium acetate was added and 
the total volume was adjusted to 200 μL by distilled water. 
After 30 min, the absorbance was read at 415 nm and the 
results were expressed as rutin equivalents (REs/g sample). 

Animals
Forty-eight male Wistar rats (4 weeks; 240 ± 7 g) were 
obtained from the animal center of Iran University of 
Medical Sciences, Faculty of Medicine, Tehran, Iran. The 
animals were housed in a standard specific pathogen-
free condition at a temperature of 23 ± 2°C and humidity 
(60 ± 10%), under a 12:12-hour light-dark cycle. Free 
access to water and standard food laboratory was provided 
for rats. All rats were allowed to be adapted to their new 
surroundings for one week before the experimental 
procedures. An 18-gauge oral feeding needle was utilized 
for oral delivery of the treatments. 

Study design and sampling
Six rats were randomly separated and considered as 
Group I, healthy control (NC). Citrate buffer dissolved 
STZ was injected intraperitoneally (IP) with a single dose 
of 55 mg/kg body weight to induce diabetes in the rest of 
the rats. Three days after the injection, blood sugar (BS) 
was measured by a digital glucometer (EmpEror, Korea) 
and animals with BS levels of 250 mg/kg or higher were 
considered to be diabetic. Diabetic rats were randomly 
categorized into seven groups (containing 6 animals in 
each) as follow: Group II, diabetes control (DC); Group 
III-V: Diabetic animals treated with 100, 200 and 400 
mg/kg HESS/Body Weight (BW),  respectively, (HESS-
100, HESS-200, and HESS-400); Group VI: diabetic 
animals treated with GB 5 mg/kg BW (GB); Group VII 
and VIII: diabetic animals treated with both GB (5 mg/
kg BW) and HESS 200 and 400 mg/kg BW, respectively, 
(GB+HESS-200 and GB+HESS-400). The selected doses 
of HESS were based on the previous study in which HESS 
was administered orally to diabetic rats for four weeks 
with the doses of 100 and 200 mg/kg.20 Another study 
has reported that HESS at higher doses (400 and 800 µg/
mL) can significantly decrease lipolysis and adipogenesis 
without cytotoxicity in ex-vivo conditions.21 The dose of 
GB was adjusted based on the previous report.22 

The oral dosing was administrated once a day from the 
fourth day after IP injection of STZ for 35 consecutive 
days. At the endpoint, the rats were anesthetized by 
chloroform. The blood was taken directly from the heart, 
and the specimens were immediately placed on ice (for 1 
hour) and then centrifuged for 10 minutes at 1300×g. The 
serum was isolated and stored at -70°C for biochemical 
tests.

Assessment of lipid profile and PON1 activity
All of the biochemical analyses were performed using an 
automated biochemistry analyzer (BT2500, Italy). All of 
the lipid parameters including TG, cholesterol, HDL-C, 

and LDL-C were measured using standard assay kits 
based on the instructions and recommendations of the 
manufacturer in serum samples. VLDL-C was calculated 
as one-fifth of TG. The activity of PON1 was measured 
spectrophotometrically using Paraxone as a substrate 
based on the previously described procedure.23 The 
difference in absorbance of the enzymatic product (para-
nitrophenol) to Paraxone was monitored at 412 nm for 
one minute. 

Assessment of cardiovascular risk indices
AIP was calculated as base-10 logarithms of the ratio of 
the concentration of TG (mmol/L) to HDL-C (mmol/L) 
[log (TG/HDL-C)]. The values of nontraditional lipid 
profiles were calculated based on the formula described 
by Wu and coworkers, including non-HDL-C (TC minus 
HDL-C), TC/HDL-C, LDL-C/HDL-C (Cardiovascular 
risk, CVR)), non-HDL-C/HDL-C (atherogenic index, 
AI), TC∗TG∗LDL/HDL-C (lipoprotein combine index, 
LCI).24 

Determination of lipid peroxidation 
Lipid peroxidation assay was based on the conjugation 
ability of malondialdehyde (MDA) with 2-thiobarbituric 
acid (TBA) to form a pink product with a maximum 
absorbance at 532 nm.25 

Inflammatory factors 
Serum tumor necrosis factor-alpha (TNF-α), and high-
sensitivity C-reactive protein (hs-CRP) levels were 
measured by ELISA using Rat TNF-α ELISA kit and 
Rat High Sensitivity C-Reactive Protein kit respectively, 
according to the manufacturer’s protocol.

Statistical analysis
All of the data was expressed as mean ± standard deviation 
(SD). Differences between the means were compared 
by one-way analysis of variance (ANOVA-1) followed 
by the post hoc Tukey test. Statistical analysis was done 
using SPSS software, version 22 (IBM Corp., Chicago, IL, 
USA). Pearson’s correlation was also performed to test 
whether there is any correlation among PON1 activity 
with cardiovascular risk indices, inflammatory factors, 
and MDA. A P value of less than 0.05 was considered 
significant.

Results 
Total phenol and flavonoid contents
The content of total flavonoids was measured 46 ± 1.7 mg 
quercetin equivalent (QE) per gram of dry weight (46 ± 
1.7 mg QE/g D.W) and the content of total phenol was 
found to be 93.3 ± 1.5 gallic acid equivalent (GAE) per 
gram of dry weight (93.3 ± 1.5 mg QE/g D.W). 

Lipid profile 
At the end of the study (the final week), HESS-200 and 
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HESS-400 groups exhibited significantly decreased 
(P < 0.05) levels of BS compared to the DC group, but 
still, the levels were significantly higher (P < 0.05) in 
comparison with the NC group. On the other hand, the 
lowest dose of HESS (100 mg/kg BW), had no significant 
effect on BS levels. It was found that GB alone was more 
effective than HESS in lowering BS, which could decrease 
BS levels very close to the normal range. The combination 
of herbal extract and standard drug also could reduce BS 
contents further, but no significant difference was detected 
between GB alone and in combination with HESS (of 200 
mg/kg and 400 mg/kg doses) (P > 0.05). The effects of 
treatment with HESS, GB, and GB+HESS on lipid profiles 
are depicted in Table 1. As can be seen, following the 
induction of diabetes, TC (~2.5 folds), TG (~1.4 folds), 
LDL-C (~1. 44 folds) and VLDL-C (~1.46 folds) levels 
were significantly increased and HDL-C (~1.5 folds) was 
significantly decreased as compared to the healthy rats 
(P < 0.05). Administration of HESS at various doses could 
none significantly increase HDL-C and decrease the rest 
mentioned parameters dose-dependently, (P > 0.05) as 
compared to the DC group, except for the heist dose of 
HESS (400 mg/kg), which could reduce TG and LDL 
levels significantly. GB alone could significantly restore 
lipid profile as compared to the DC group (P < 0.05), 
however, it could not improve the profile to the point to 
be able to compare it with the healthy animals. Generally, 
the standard drug was also found to be more effective 
than the highest dose of herbal extract, except in the case 
of LDL and TG, in which no significant difference was 
detected between the HESS-400 and the GB groups. The 
co-administration of GB with HESS had also significant 
effects on the lipid profile, compared to the DC group and 
the herbal material could potentiate the effects of GB, but 
generally, there were no significant differences between 
the GB alone and the combinatorial treatment. 

Cardiovascular risk indices
The nontraditional lipid profiles, including non-HDL-C, 

TC/HDL-C, CVR, AI, LCI, and AIP were calculated and 
are depicted in Table 2. All cardiac risk indices were much 
significantly higher in the diabetic control group than 
healthy control (P < 0.05). Treatment with a lower dose of 
HESS (100 mg/kg BW) was not effective in normalizing 
the indices. However, the middle and higher doses (200 
and 400 mg/kg BW) were relatively effective and could 
significantly decrease the indices as compared to the 
diabetic control animals (P < 0.05), although the levels 
were still significantly higher than those in healthy rats 
(P < 0.05). GB was more effective than the highest dose of 
HESS in reducing the levels of cardiovascular risk indices. 
The reductant effect of GB on indices was strengthened 
when it was administrated in combination with HESS, 
especially by HESS dose of 200 mg/kg BW.

PON1 and inflammatory factors
Table 3 demonstrates the effects of diabetes induction 
and treatment with various doses of HESS and GB, 
in combination and alone on PON1 activity, MDA, 
and the inflammatory indicators. The activities of 
PON1, antioxidant, and antiatherogenic enzyme, were 
significantly decreased following the IP injection of STZ 
as compared to those of healthy animals (P < 0.001). 
Also, MDA concentrations were significantly elevated 
in diabetic rats (P < 0.05). Although the treatment with 
HESS restored PON1 activity dose-dependently, the 
combinatorial therapy with GB and HESS was found to 
be more effective than HESS alone. Furthermore, the 
standard drug, GB had more profound effects on PON1 
activity as compared to various doses of HESS and could 
significantly increase the enzymatic activity (140.0±6 
µU/L for GB vs. 126.0±6 µU/L for HESS-400). As can 
be seen from Table 3, the herbal treatment could decline 
MDA contents in diabetic animals dose-dependently. 
Although the lower (100 mg/kg) and middle (200 mg/
kg) doses could not decrease MDA levels significantly 
(P > 0.05) as compared to those of healthy control, the 
higher dose (400 mg/kg) dramatically reduced MDA 

Table 1. Effects of various doses of HESS, GB and GB plus HESS on lipid profile in experimental groups

Groups
Parameters

BS (mg/dL) Cholesterol (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C(mg/dL) VLDL-C (mg/dL)

NCa 90.6±5b-e 86.92±2.9b-h 64.01±4.5b-h 42.02±1.83b-e 35.93±2.07 b-d 12.80±0.90 b-h

DCb 324.6±14a,c-h 231.70±8.8a,f-h 93.35±5.7a,f-h 28.86±0.54a,d-h 51.80±1.39 a,f-h 18.67±1.15a,f-h

HESS-100c 221.4±13a,b,d-h 231.52±7.8a,f-h 94.25±4.7a,f-h 29.49±2.81a,e-h 51.77±2.54 a,f-h 18.85±0.95a,f-h

HESS-200d 170.3±27 a-c,f-h 218.66±10.6a,f-h 87.67±3.0 a,g,h 34.21±2.69a,b,f-h 45.97±4.39 a,g,h 17.53±0.61 a,g,h

HESS-400e 159.4±33 a-c,f-h 218.37±12.9a,f-h 86.51±2.4a,h 35.47±2.40a-c,h 45.05±4.25 a,h 17.30±0.48 a,h

GBf 105.4±8 b-e 111.78±7.4a-e 80.60±2.9a-c 40.45±3.38b-d 42.10±4.29 b,c 16.1±0.59 a-c

GB+HESS-200g 99.3±5 b-e 105.30±7.5 a-e 78.97±0.9a-d 40.95±3.20b-d 38.49±3. 41 b-d 15.78±0.20 a-d

GB+HESS-400h 99.8±2 b-e 106.28±8.0 a-e 78.36±1.27a-e 41.58±2.58 b-e 37.81±2.31 b-e 15.67±0.25 a-e

ANOVA (P value) 0.001 0.001 0.001 0.001 0.001 0.001
The variables are presented as means ± SD. NC (normal control); DC (Diabetic control); HESS (hydroalcoholic extract of S. securidaca seeds); GB 
(glibenclamide). Groups at the left column have been defined by superscript letters (a–h). Superscript letters (a–f) within a column denote significant 
differences (P < 0.05).
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concentrations close to the normal range. GB alone also 
had no significant effects on MDA concentrations, but 
the combination of GB and HESS (400 mg/kg) decreased 
MDA content significantly (P < 0.05). Diabetes induction 
resulted in increased levels of TNF-α and hs-CRP as 
compared to the intact animals. Administration of HESS 
at various doses alone and in combination with GB had 
only minor effects on the aforementioned parameters. All 
the treatments could none-significantly decrease TNF-α 
and hs-CRP levels (P > 0.05). The effects of GB alone on 
both parameters were comparable to that of HESS with a 
dose of 200 mg/kg BW.

Correlations between PON1 activity and risk factors
Table 4 shows the correlations between PON1 activity 
with cardiovascular risk indices, MDA, and inflammatory 
biomarkers. PON1 activity was negatively correlated with 
the aforementioned parameters (P < 0.05) and positively 
with HDL-C.

Discussion
Securigera securidaca is a well-known plant for its anti-
diabetic properties and several researchers from Iran or 
other countries have confirmed its hypoglycemic and 
lipid-lowering effects using various models of diabetic 
or hyperlipidemic animals.3,6,7,21,26 Phytochemical analysis 
of the plant also has been done and several bioactive 
constitutes have been isolated.2,27 However, there are still 
gaps that should be covered. First of all, none of these 
studies have evaluated the effects of HESS on PON1 
activity in diabetic animals. Secondly, the effects of herbal 
treatment on cardiovascular risk indices have not yet 
been calculated and finally, none of the previous studies 
have assessed the combinatorial effects of HESS and GB. 
Therefore, we designed the current study to cover these 
shortages.

Following the induction of diabetes, a dramatic increase 
in TG, cholesterol, LDL-C, and VLDL-C accompanied by 
a decrease in HDL-C was recorded. Rajaei and colleagues 

Table 2. Effects of various doses of HESS, GB and GB plus HESS on cardiovascular risk indices in experimental groups

Groups
Parameters

non-HDL-C TC/HDL-C CVR AI LCI AIP

NCa 44.90±4.38b-h 2.07±0.15b-e 0.85±0.03b-f 1.07±0.15b-f 1.39±0.13b-f 0.18±0.04b-h

DCb 202.84±8.81a,d-h 8.03±0.32a,d-h 1.80±0.07a,d-h 7.03±0.32a,d-h 11.33±0.83a,d-h 0.50±0.03a,d-h

HESS-100c 202.02±8.87a,c-h 7.91±084a,d-h 1.77±0.23a,d-h 6.91±0.84a,d-h 11.23±1.57a,d-h 0.49±0.02a,d-h

HESS-200d 184.25±12.62a-c,f-h 6.40±077a-c,f-h 1.35±0.19a-c,f-h 5.40±0.77a-c,f-h 7.53±1.15a-c,f-h 0.41±0.03a-c,f-h

HESS-400e 183.15±15.57a-c,f-h 6.25±0.83a-c,f-h 1.28±0.13a-c,f-h 5.25±0.83a-c,f-h 7.11±1.26a-c,f-h 0.39±0.04a-c,f-h

GBf 71.13±9.29a-e 2.77±0.38b-d 1.04±0.12b-e 1.77±0.38b-e 2.75±0.45a-e 0.29±0.04a-e

GB+HESS-200g 63.94±10.07a-f 2.57±0.37b-d 0.94±0.15b-e 1.57±0.37b-e 2.29±0.47b-e 0.28±0.04a-e

GB+HESS-400h 66.31±11.24a-e 2.69±0.44b-d 0.95±0.13b-e 1.69±0.44b-e 2.34±0.53b-e 0.29±0.04a-e

ANOVA (P value) 0.001 0.001 0.001 0.001 0.001 0.001

The variables are presented as means ± SD. NC (normal control); DC (diabetic control); HESS (hydroalcoholic extract of S. securidaca seeds); GB 
(glibenclamide). Groups at the left column have been defined by superscript letters (a–h). Superscript letters (a–f) within a column denote significant 
differences (P < 0.05). CVR (cardiovascular risk): LDL-C/HDL-C; AI (atherogenic index): Non-HDL-C/HDL-C; LCI (Lipoprotein combine index): TC∗TG∗LDL/
HDL-C; AIP (Atherogenic index of plasma): log (TG/HDL-C).

Table 3. Effects of various doses of HESS, GB and GB plus HESS on PON1, lipid peroxidation and the inflammatory factors in experimental groups

Groups
Parameters

PON1 (µU/L) MDA (µM/mL) TNF-α (PM/mL) hs-CRP (ng/mL)

NCa 143.6±6 b 0.021±0.002b-h 19.8±1.1b,c 1.8±0.3b,c

DCb 80.2±16 a,d-h 0.039±0.002a,d,e,g,h 21.6±1.3a,d,f,g 2.4±0.3a,e-d

HESS-100c 82.2±17 a,d-h 0.039±0.002a,d,e,g,h 21.7±1.7a,d,g,h 2.29±0.3a,d,e,g,h

HESS-200d 121.0±16 b,c,h 0.034±0.002a-c,e,h 20.4±.9 1.81±0.4b,c

HESS-400e 126.0±6 b,c 0.029±0.002a-d,f,g 19.6±1.2b,c 1.78±0.2b,c

GBf 140.0±6b,c 0.035±0.002a-c,e,g,h 20.2±1.0 1.91±0.4b

GB+HESS-200g 143.2±7 b,c 0.034±0.001a-c,e,h 19.6±1.0b,c 1.79±0.2b,c

GB+HESS-400h 146.60±10b-d 0.029±0.002a-d,f,g 18.8±1.1b,c 1.73±0.1b,c

ANOVA (P value) 0.001 0.001 0.013 0.016

The variables are presented as means ± SD. NC (normal control); DC (diabetic control); HESS (hydroalcoholic extract of S. securidaca seeds); GB 
(glibenclamide). Groups at the left column have been defined by superscript letters (a–h). Superscript letters (a–f) within a column denote significant 
differences (P < 0.05). 
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have reported similar findings following IP injection of 
STZ to Wistar rats. They observed that the treatment of 
the animals with 100 mg/kg BW HESS had no significant 
effects on the aforementioned parameters, which are 
consistent with our results. However, according to their 
study, HESS at the dose of 200 mg/kg BW could decrease 
cholesterol, LDL-C and increase HDL-C with no effects 
on TG.26 In contrast, our data shows HESS even at a higher 
dose (400 mg/kg) cannot significantly alter the parameters. 
The observed difference can probably be attributed to the 
gender of animals, as in this study, male Wistar rats were 
used, but in that study, the animals were female. The other 
difference was also the administration route of HESS. 
Rajaei et al supplemented the herbal extract in drinking 
water, but we used gastric gavage to deliver HESS extract.26 

Treatment of the animals with GB could significantly 
regulate the lipid profile. Interestingly, we observed that 
co-administration of HESS with GB could potentiate the 
effects of the standard drug. GB is inferior to metformin in 
the drug treatment of gestational diabetes.28 Furthermore, 
it is associated with increased oxidative stress and negative 
chronotropic effects in diabetic patients.29,30 In a huge 
attempt to improve treatment quality with GB, it has 
been co-administered with Allium sativum, and Zingiber 
officinale Roscoe extracts, as well as honey. The results of 
all three studies are promising and could be important 
in reducing the dose of GB to achieve an enhanced 
therapeutic effect with minimal side effects.11,31,32 To the 
authors' knowledge, this is the first study that evaluates 
the effects of co-administration of GB with HESS. 

Various cardiovascular risk indices were calculated in 
this study. As expected, all of the indices were remarkably 
increased following induction of diabetes, and the lower 
dose (100 mg/kg) of HESS was not effective in decreasing 
them. However, the higher doses (200 and 400 mg/
kg) could relatively reduce the indices. GB was more 
effective than the highest dose of HESS in decreasing all 
of the risk indices, and its effect was potentiated when 
co-administrated with the higher doses of HESS. No 
data regarding the effects of HESS on cardiovascular risk 

indices are available to be able to be compared with our 
findings. Among the various indices, AIP is a novel and 
strong marker for predicting the risk of coronary heart 
disease (CHD) and can be used as a regular monitoring 
index of CHD in everyday practice, especially in persons 
with other cardiovascular risk factors.18,24 Dobiášová et al 
concluded from their studies that AIP inversely correlates 
with LDL-C particle size. They defined three ranges of -0.3 
to 0.1, 0.1 to 0.24, >0.24 for AIP that could be associated 
with a low, medium, and high risk of CVD, respectively.33 
Accordingly, an increase in AIP is proportional to 
decrease in LDL-C particle diameter or rise in small dense 
LDL (sdLDL) which is more susceptible to oxidation, and 
formation of foam cells and the creation of atherosclerotic 
plaques.34 Medium and high doses of HESS significantly 
increased reduced levels of HDL-C in diabetic rats. Again, 
GB alone was more effective than the highest dose of HESS 
in this regard, which was improved by the administration 
of GB in combination with HESS. As it is known, the 
antiatherogenic properties of HDL-C are applied by 
transporting peripheral cholesterol to the liver and having 
antioxidant enzyme of PON. These results were confirmed 
by the effects of HESS and GB on the serum MDA levels; 
because high levels of cardiovascular risk indices are 
associated with increased lipid peroxidation and MDA 
concentrations in diabetes. The MDA lowering effects of 
HESS was dose-dependent, but GB did not reduce MDA 
levels, which were comparable with DC rats. In agreement 
with our findings, Erejuwa et al observed no significant 
effects on MDA content following oral gavage of GB 
with a dose of 0.6 mg/kg for four weeks to STZ-induced 
diabetic rats.31 Parallel to our results, they also noticed that 
co-administration of honey with GB could improve its 
antioxidant properties. Our data clearly shows that HESS 
itself has cardio-protective effects and can potentiate 
GB's effects. Interestingly, Tofighi et al have determined a 
considerable amount of cardiac glycosides in the in-vitro 
culture of S. securidaca, suggesting, it's beneficial effects 
on the cardiovascular system.35 

As depicted in Table 3, the activity of PON1 significantly 
dropped following the induction of diabetes. In agreement, 
several human studies have shown a decreased activity 
of PON1 in both types of diabetes.36-39 Furthermore, 
Garjani et al reported reduced activity of PON1 in 
hypercholesterolemic rats. However, they observed that 
oral administration of the animals with various doses of 
HESS, ranging from 50-200 mg/kg for 20 consecutive days 
had no significant effects in restoring PON1 activity.6 In 
contrast, our data clearly shows that the higher doses of 
HESS (200 and 400 mg/kg BW) after administration for 
35 days are completely restorative and can significantly 
increase PON 1 activity close to the normal range. 
Interestingly, we observed that combinatorial therapy 
could increase PON1 activity even higher than a normal 
range, suggesting an enhanced antioxidant status of the 
diabetic animals and improved efficacy of GB, probably 

Table 4. Correlations between PON1 activity with cardiovascular risk 
indices, inflammatory factors, and MDA

Variables
All (n=48)

r P value

HDL-C 0.872 0.001
non-HDL-C -0.822 0.001

TC/HDL-C -0.897 0.001

CVR - 0.938 0.001

AI -0.897 0.001

LCI -0.921 0.001

AIP -0.868 0.001

MDA -0.641 0.001

TNF-α -0.591 0.001
Hs-CRP - 0.458 0.003



Effects of Securigera securidaca seed extract and glibenclamide 

BioImpacts, 2020, 10(3), 159-167 165

What is the current knowledge?
√ The high dose (400 mg/kg) of HESS could significantly 
improve lipid profile, restore PON1 activity, and decrease 
cardiovascular risk indices in diabetic animal. 
√ Combination HESS with GB enhanced the aforementioned 
effects in diabetic animal, but had minor effects on 
inflammatory indicators.

What is new here?
√ Both HESS and GB increased PON1 activity; GB was more 
effective in this respect.
√ HESS was stronger than GB in antiatherogenic properties.
√ HESS properties are attributed to its phenolic and flavonoid 
contents.
 

Research Highlightsdue to the presence of antioxidant ingredients in the 
herbal extract. With this aspect, phytochemical analysis of 
the aqueous and ethanolic extracts of the plant has proven 
the presence of flavonoids, phenolic acids, cardenolides, 
tannins, steroidal, and pentacyclic triterpenoid-type 
saponins.40,41 Polyphenols, especially flavonoids and 
phenolic acids, effectively reduce the oxidative stress, 
increase the antioxidant defense system, and regulate the 
balance between antioxidant/oxidant.42 In agreement with 
our results, Kıyıcı et al reported that supplementation of 
rats with grape seed extract which is rich in flavonoids 
could elevate the activity of PON1 in both healthy and STZ-
induced diabetic animals.23 In this study, we measured the 
total phenolic content of HESS to be 93.3 ± 1.5 mg GAE/g 
extract, which is significantly lower than that of the study 
(147.14 ± 2.46 mg GAE/g extract) reported by Tofighi and 
colleagues.35 With this aspect, it has been claimed that 
several factors including climate and soil nutrients impact 
the chemical composition of plants.43

Studies have shown elevated levels of TNF-α and hs-
CRP in diabetic cases due to severe oxidative stress, which 
are considered relevant to atherosclerotic progression.44 
This study also showed an increase in serum levels of 
TNF-α and hs-CRP in diabetic rats compared to healthy 
control, but the increases were not statistically significant. 
HESS (dose-dependently) and GB, and their combination 
decreased both serum hs-CRP and TNF-α levels in 
diabetic rats, but still, the values were in the range between 
those in non-treated diabetic and healthy rats. The highest 
dose of HESS was slightly more effective than GB in 
reducing the pro-inflammatory factors. A significant 
negative correlation was detected between PON1 activity 
and both inflammatory biomarkers. Kumon et al reported 
that increased levels of proinflammatory cytokines such 
as IL-1 and TNF-α downregulated mRNA expression of 
PON1 in HepG2 cells.45 Ferretti et al found a lower PON1: 
hs-CRP ratio and high levels of lipid hydroperoxides in 
patients suffering from Prader-Willi syndrome, and 
in obese individuals.46 Consistent with our findings, 
Cheraghi et al and Jamor et al in separate studies detected 
a positive association among PON1 and HDL-C, and a 
negative correlation between PON1 and AI.47,48 

Anti-inflammatory activity of polyphenols highlights 
again their valuable roles as therapeutic materials in the 
prevention and treatment of chronic diseases related 
to inflammation such as diabetes, obesity, cancers, and 
CHD. Phenolic compounds were shown to decrease 
blood hs-CRP levels, a probable agent in the development 
of atherosclerosis by inhibiting cytokine-induced CRP 
promoter activity. They modulate NF-kB activation 
and downregulate multiple key regulators involved in 
inflammatory responses such as TNF-α, IL-1, and IL-
6.49 In vitro and in vivo studies have reported, these 
compounds eliminate atherogenic lesions by elevating 
PON1 activity, improving LDL-C/HDL-C ratio and 
inhibiting LDL-C oxidation. Combined data indicates that 

phenolic compounds present in different parts of plants 
have great potential in the prevention and treatment of 
chronic diseases such as diabetes, obesity, cancers, and 
CHD.

Conclusion 
Taking together, our data clearly shows that HESS has 
antihyperlipidemic effects and can regulate the lipid 
profile. Furthermore, it can restore the activity of an 
important enzyme PON1 and improve cardiovascular risk 
indices suggesting its cardioprotective effects. The level of 
lipid peroxidation also was decreased following treatment 
with HESS. However, the herbal extract had only minor 
effects on inflammatory indicators. It was also observed 
that HESS could potentiate the efficacy of the standard 
drug, GB. In this study, we only measured serum PON1 
activity. However, it is recommended that the activity 
should be measured in tissues, particularly the liver, to 
have better insight about the oxidative processes. Such 
determinations should be covered in future studies. 
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