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Introduction 

                In diabetic patients, hyperlipidemia is a condition that is 

commonly found. It is linked to the increase in vascular disease seen 

in diabetic patients. As a metabolic disorder, hyperlipidemia is 

associated with an elevated level of lipid and lipoproteins.
1,2

 Very-low 

density lipoprotein cholesterol (VLDL-c) and chylomicrons, which 

transport endogenous and exogenous triglycerides, are broken down 

by lipoprotein lipases. In a state of insulin deficiency, there is usually 

a decrease in the activities of lipoprotein lipases, a common cause of 

hyperlipidemia in poorly controlled diabetes.  
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The high presence of total cholesterol (TC) with corresponding low 

amount of low-density lipoprotein cholesterol (LDL-c) and 

triglyceride (TG) are associated with the pathogenesis of 

cardiovascular disease through the blockage of blood flow in heart 

whereas high-density lipoprotein cholesterol (HDL-c) increase 

prevents plaque formation in the blood vessels.
3,4  

Nanotechnology is an emerging and interdisciplinary field that is 

formed by the convergence of three sciences namely, physics, 

chemistry, and biology. In nanotechnology, the surface area to volume 

ratio and quantum behavior are the most important characteristics 

which can be seen at the nanoscale.
5
 The recent advances in the search 

for novel nanoparticles of medical use, the noble metallic 

nanoparticles have gained significant interests.
6
 Silver nanoparticles 

(AgNPs) particularly has attracted lots of interests and has been 

applied in many areas of medical field for their antibacterial properties 

amidst their good electrical conductivity, chemical stability, catalytic 

properties.
7,8

 But the toxic effects of chemically synthesized AgNPs 

on rat neuronal and liver (BRL3A) cells,
9,10

 murine stem cells,
11

 and 

human lung epithelial cells,
12

 has raised some questions and limited its 

acceptance. The In vivo toxicity studies of AgNPs in rats has 

demonstrated that the administration of AgNPs are consequently 

found in the blood and affects several organs including the lung, liver, 

kidney, intestine, and brain due to their toxic chemical effects.
13-16

 

However, the toxic effects of AgNPs has been found to be lower in 
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An abnormally high presence of lipid in human blood is a prelude for the emergence of 

cardiovascular complications. In this study, effort was made to elucidate the effect of silver 

nanoparticles (AgNPs) produced through the help of Ventilago maderaspatana on the 

hyperlipidemic conditions in streptozotocin (STZ)-induced Wistar rats. AgNPs were synthesized 

biologically using ethyl acetate leaf extract of V. maderaspatana. The synthesis of AgNPs was 

confirmed when the color of the solution turned dark brown following the addition of V. 

maderaspatana ethyl acetate leaf extract. To confirm further, UV-Vis spectroscopy analysis was 

conducted which gave a peak at 430 nm. The results obtained from the FT-IR studies shows that 

the compounds in the plant extract may have influenced the formation of AgNPs. The result 

obtained from further characterization showed that the synthesized nanoparticles were spherical 

and ranged between 10-50 nm. The XRD study indicates crystal nature of the particles with the 

size of 50 nm. After the injection of STZ, the lipid profiles were altered abnormally. This can be 

found in group II rats (hyperlipidemic control) which had the highest level of serum total 

cholesterol (189.1 ± 0.80 mg/dL), triglyceride (177.9 ± 0.88 mg/dL), VLDL-c (42.5 ± 1.80 

mg/dL), and LDL-c (55.2 ± 3.83 mg/dL) with the exception of HDL-c which was found low 

(10.4 ± 1.04 mg/dL). However, hyperlipidemic groups treated with AgNPs recorded low levels 

of cholesterols. Based on this, it can be concluded that biosynthesized AgNPs could be helpful 

in lowering cholesterol level. 
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AgNPs that are synthesized using plant extracts,
17

 which then solves 

the problem of toxicity. The potentials of plants to serve useful 

purpose for the green synthesis of nanoparticles is hinged on the 

presence of plant secondary metabolites such as  phenol, terpenoids, 

ketones, aldehyde, and flavones which has the propensity to act as 

reducing agents, stabilizers or both.
18-20 

Ventilago maderaspatana, family Rhamnaceae is a medicinal plant 

used in the traditional medical settings for the treatment of 

diabetes.
21,22

 Thus, study was focused on evaluating the biological 

effects of AgNPs synthesized using V. maderaspatana leaf extract on 

lipid profile of Wistar rats. 

Materials and Methods 

Collection of plant materials and preparation of extract 

The selected medicinal plant was collected from Kolli hills located at 

Latitude 11.248514 and longitude 78.338707, Namakkal District, 

Tamilnadu, India in the month of January 2017. It was authenticated 

by Dr. S. Soosairaj, (Specimen access No. SJCBT2112). The leaves of 

the V. maderaspatana were collected and brought to the laboratory, 

dried under shade after cleaning, and ground into powder. Extraction 

was done by Soxhlet method using 500 mL ethyl acetate. 

Biosynthesis of AgNPs 

About 10 ml of ethyl acetate leaf extract of 0.1 mg/mL V. 

maderaspatana was added drop-wise to 90 ml of 0.1M silver nitrate 

solution and heated up to 50ºC with continuous stirring (500 rpm) for 

30 minutes and then left to stand in the dark at ambient temperature 

for 24hrs. The colour changes was observed and recorded.
23,24 

Characterization of biosynthesized AgNPs 

The biosynthesized nanoparticles was characterized according to the 

method described by Zhang et al.
7
 Ultraviolet–visible spectroscopy 

(UV-VIS) and fourier-transform infrared spectroscopy (FT-IR) was 

used to investigate the optical properties of the synthesized AgNPs 

whereas the shape, size, and the chemical properties of AgNPs were 

examined using scanning electron microscope (SEM), transmission 

electron microscopy (TEM) and energy dispersive X-ray analysis 

(EDAX). 

UV-Vis Spectroscopy 

Perkin Elmer spectrophotometer at St. Joseph’s College, Trichy, India 

was used to confirm AgNPs formation during synthesis through peak 

analysis.
25 

FT-IR Spectroscopy  

The functional groups responsible for the biological activities of V. 

maderaspatana extract used in the synthesis of the AgNPs was 

confirmed by FT-IR analysis.
25

  

Scanning electron microscopy  

The nature of the shape of the synthesized AgNPs was evaluated using 

SEM Viga3 Tescan scanning electron microscope.
26

  

Transmission electron microscopy  

The size, morphology, and chemical composition of the AgNPs 

biologically synthesized were analyzed by JEOL JEM 2100 High-

Resolution TEM.
25

  

Dynamic light scattering  

Dynamic light scattering Zeta sizer Micrometric Nano plus model 

analyser was used to determine the particles size distribution through 

the dynamic fluctuations measurement of light scattering intensity.
25

 

X-ray diffraction and energy dispersive X-ray analysis   

The X-ray diffraction (XRD) measurement of the biosynthesized 

AgNPs was carried out using Rigaku Ultima III XRD for powder and 

thin films. EDAX was done following standard protocol.
25

 

Biochemical studies 

Streptozotocin (STZ) administration for Diabetes Induction 

Diabetes was induced from the administration of 50 mg/kg of body 

weight of STZ intraperitoneally to albino rats that were fasted 

overnight.
27

 After 48 hours of injection, the rats with blood glucose 

levels above 250 mg/dLwere said to be diabetic and were selected for 

the study. Ethical approval was obtained from the Institutional Animal 

ethical Committee, Bharathidasan University, Tiruchirappalli 

(BDU/IAEC/2017/NE/43) for conducting this research work.  

Experimental set-up 

Wistar albino rats used in this study were divided into 5 groups of 6 

rats each: 

Group I - Normal control 

Group II – Hyperlipidemic control 

Group III – Treated with 10 mg/kg b.w. of AgNPs 

Group IV – Treated with 20 mg/kg b.w. of AgNPs 

Group V – Treated with a standard 5mg/kg b.w glibenclamide 

(standard drug)  

The drug was administered orally for 15 days in which on the 16
th
 day. 

Choice of dose used was based on the LD50 value reported in the work 

of Adeyemi et al.
28

 After administration, blood sample were collected 

and serum was separated for biochemical evaluation following animal 

sacrifice. 

Antihyperlipidemic activity determination 

The lipid profile (serum TC, TG, HDL, LDL, VLDL cholesterol) was 

evaluated using commercial kit for antihyperlipidemic activity.
29 

Statistical analysis 

All the parameters studied were subjected to statistical analysis using 

SPSS statistical package (Version. 21). The values were expressed as 

mean  ±  SE. One-way ANOVA and SNK post hoc test was used for 

analyzing the impact of the treatment of V. maderaspatana mediated 

AgNPs on hyperlipidemic conditions of the diabetic rats at p<0.005. 

 

Results and Discussion 

Hypercholesterolemia is an abnormal condition characterized by 

elevated serum TG, TC, and LDL-c levels which could result in the 

development of cardiovascular diseases.
30,31

 Animal tissues synthesize 

cholesterol which plays a vital role in the equilibrium of membrane 

structures because of its flexible planar structure and many other 

functions. However, the increase in the level of cholesterol is usually a 

cause for concern. In this study, we biosynthesized AgNPs using V. 

maderaspatana. The medicinal attributes of AgNPs have been 

extensively reported.
32,33

 This was explored. The result obtained from 

the UV spectrum analysis of the biosynthesized AgNPs showed a 

maximum absorbance peak at 430 nm which confirmed the formation 

of AgNPs (Figure 1). For the FT-IR analysis, the several bands that 

appeared in the IR spectrum shows stretching vibration of -OH 

alcohols or phenols -NH amines, C=C stretch; alkenes, C-H rock; 

alkanes, C=O aromatic CH, aromatic CH and CH; alkene bends or C-

Br or C-Cl groups that are responsible for the synthesis of AgNPs 

(Figure 2). 

In the UV analysis at 430nm, an outstanding peak was observed which 

serves as a confirmation of AgNPs synthesis after the introduction of 

the leaf extract of V. maderaspatana. Previous studies suggested that a 

peak that occur between 410 and 450nm is the peak of AgNPs 

synthesis.
34

 The functional groups in the leaf extract of V. 

maderaspatana play a role in stability/capping of AgNPs.
35,36

 The 

plane of XRD from this result is in line with standard silver values. 

The average crystallite of AgNPs is ~25 nm.
37,38 

The DLS result revealed that the particles obtained were aggregated 

mixtures of sizes ranging from 10 to 50 nm, as shown in Figure 3. 

Twenty nanometer (20 nm) is the average particle diameter. 

The SEM and HRTEM study showed that the AgNPs were spherical 

and the size of the particles ranges from 10 to 50 nm while the EDAX 
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study revealed the presence of AgNPs in the test sample (Figure 4(A) - 

(D)). The XRD results were recorded from 20 to 80. Four strong 

reflections viz., 37.86, 43.78, 64.87 and 77.61 were recorded in the 

planes of (1 1 1), (2 0 0), (2 2 0) and (3 1 1), respectively (Figure 

4(D)).  

The results obtained from the assessment of lipid levels were 

presented in Table 1. From the result, it was found that there was an 

increase in serum total cholesterol level (189.1 ± 0.80 mg/dL) in group 

II (hyperlipidemic control). The serum total cholesterol significantly 

decreased after the oral administration of AgNPs at different 

concentrations of 10 and 20 mg/kg b.w (Group III, 68.3 ±  3.45 

mg/dLand Group IV, 51.1 ± 1.11 mg/dl) and standard drug (Group V, 

71.4 ± 0.81 mg/dL) when compared to the control at p<0.005. Group I 

had a cholesterol level of 66.1 ± 2.81 mg/dLwhich is significantly 

different from group II at p<0.005. The triglyceride level was found 

high in group II (177.9 ± 0.88 mg/dL). After treatment with different 

concentrations of AgNPs (Group III, 98.5 ± 2.21 mg/dLand Group IV, 

86.7 ± 6.50 mg/dL) and standard drug (Group V, 96.3 ± 1.82 mg/dL), 

the elevated level of TG was significantly reduced at p<0.005 when 

compared to Group II while Group I had the least triglyceride level of 

80.8 ± 0.87 mg/dL. A high level of LDL was observed in Group II – 

hyperlipidemic control (55.2 ± 3.83 mg/dL). This value is statistically 

different in mean at p<0.005 for the groups administered AgNPs 

(Group III, 21.2 ± 2.31 mg/dL and Group IV, 14.0 ± 0.60 mg/dL) and 

standard drug (Group V, 11.9 ± 0.90 mg/dL). No significant difference 

was found between group I (14.4 ± 0.48 mg/dL) and group IV. A high 

level of VLDL was observed in the untreated diabetic rat (Group II, 

42.5 ± 1.80mg/dL) which significantly reduced in groups treated with 

AgNPs (Group III, 24.6 ± 2.76 mg/dL and Group IV, 18.8 ± 0.94 

mg/dL) and standard drug (Group V, 13.8 ± 0.85 mg/dL). Group I had 

a VLDL level of 14.3 ± 0.59 mg/dL. HDL level was found low in 

untreated diabetic rats (Group II, 10.4 ± 1.04 mg/dl) but significantly 

higher in AgNPs treated diabetic rats (Group III, 18.8 ± 2.01 mg/dL 

and Group IV, 22.7 ± 2.44 mg/dL) and standard drug-treated rats 

(Group V, 25.3 ± 1.25 mg/dL)  at p<0.005). Group I had an HDL level 

of 21.7 ± 1.40 mg/dl. Furthermore, the SNK test revealed some 

similarities in the biochemical parameters of the group treated with 

AgNPs and gilbeclanmide (standard drug) (Table 2). 

In diabetic rats induced with STZ, the TC was found to increase even 

when cholesterol biosynthesis has decreased. This is in line with what 

Gylling and Miettinen stated.
39

 The elevated serum LDL is a risk 

factor linked to the development of coronary heart disease. In this 

study, after the administration of STZ, an elevated levels of TC, LDL, 

TG, and VLDL were observed. This can be attributed to the deficiency 

of insulin. This result coincided with what was previously reported by 

Rana et al.
40

 and Andersson et al.
41

 

The abnormal levels of serum lipid could be linked to abnormal 

insulin action probably because of the lack of regulation of lipolytic 

hormone actions on fat depots. In a healthy state, insulin has the 

ability to activate lipoprotein lipase which then hydrolyses 

triglycerides. However, in a diabetic state of insulin deficiency, the 

enzyme lipoprotein lipase is not activated which then result in 

hypertriglyceridemia,
42

 or even hypercholesterolemia due to metabolic 

abnormalities that occur sequentially.
43 

The trend observed between the low levels of TG, TC and LDL levels 

compared to increase in the levels of HDL at p<0.05 may have been 

possible due to the increase in insulin levels which might have 

triggered increase in the enzymatic activity of lipoprotein lipase.
44,45

 

Again, the effects of AgNPs on biological system may have been 

possible due its size range, 10 – 50 nm which can facilitate movement 

across the cell membrane.
46 

In this study, we also found that V. maderaspatana mediated AgNPs 

significantly reduced high levels of serum TGs. This suggests that 

biologically, AgNPs could be helpful in the restoration of abnormal 

TG levels. The ability of AgNPs to restore abnormal TG levels is 

linked to the increased stimulation of the lipolytic activity of plasma 

lipoprotein lipase.
47,48

 Again, the decrease in serum VLDL levels 

observed in groups administered the synthesized AgNPs may be 

attributed to the decrease in fatty acid re-esterification and, 

consequently, a decrease in triacylglycerol secretion by the liver.
49 

 

Figure 1: UV-Visible spectroscopy study 

 

 

 
Figure 2: FT-IT spectrum of biosynthesized AgNPs 
 

 
Figure 3: Dynamic light scattering study of biosynthesized 

AgNPs
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(A) 

 

(B) 

 

(C) 

 

(D) 

Figure 4: (A) SEM image, (B) HRTEM image, (C) EDAX spectrum, and (D) RXD spectrum study of biosynthesized AgNPs 

Table 1: Effect of V. maderaspatana mediated AgNPs treatment on lipid profile of STZ induced albino rat model (mg/dl) 

Groups 
Parameters 

Total cholesterol Triglycerides HDL LDL VLDL 

Group I 66.1 ± 2.81 80.8 ± 0.87 21.7 ± 1.40 14.4 ± 0.48 14.3 ± 0.59 

Group II 189.1 ± 0.80 177.9 ± 0.88 10.4 ± 1.04 55.2 ± 3.83 42.5 ± 1.80 

Group III 68.3 ±  3.45 98.5 ± 2.21 18.8 ± 2.01 21.2 ± 2.31 24.6 ± 2.76 

Group IV 51.1 ± 1.11 86.7 ± 6.50 22.7 ± 2.44 14.0 ± 0.60 18.8 ± 0.94 

Group V 71.4 ± 0.81 96.3 ± 1.82 25.3 ± 1.25 11.9 ± 0.90 13.8 ± 0.85 

Results were presented as Mean ± SEM of triplicate determination.  

 

Table 2: Results of SNK post hoc test show the variations and similarities in lipid profile of V. maderaspatana mediated AgNPs treated 

groups 
 

Parameter 
Student Newman- Kelus Post hoc test 

Groups (subset for alpha = 0.005) 

Cholesterol 
51.1 ± 1.11 

Gr IV 

66.1 ± 2.81 

Gr I 

68.3 ± 3.45 

Gr III 

71.1 ± 0.81 

Gr V 

189.1 ± 0.80 

Gr II 

TG 
80.8 ± 0.87 

Gr I 

86.7 ± 6.50 

Gr IV 

96.3 ± 1.82 

Gr V 

98.5 ± 2.21 

Gr III 

177.9 ± 0.88 

Gr II 

HDL 
10.4 ± 1.04 

Gr II 

18.8 ± 2.01 

Gr III 

21.7 ± 1.40 

Gr I 

22.7 ± 2.44 

Gr IV 

25.3 ± 1.25 

Gr V 

LDL 
11.9 ± 0.90 

Gr V 

14.0 ± 0.60 

Gr IV 

14.4 ± 0.48 

Gr I 

21.2 ± 2.31 

Gr III 

55.2 ± 3.83 

Gr II 

VLDL 
13.8 ± 0.85 

Gr V 

14.3 ± 0.59 

Gr I 

18.8 ± 0.94 

Gr IV 

24.6 ± 2.76 

Gr III 

42.5 ± 1.80 

Gr II 

Horizontal lines connect similar mean. 
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Conclusion 

V. maderaspatana leaf ethyl acetate extract helped in the synthesis of 

AgNPs which are within a desired range of 10 – 50 nm. The elevated 

levels of serum lipids such as total cholesterol, triglycerides, LDL, and 

VLDL were reduced after the treatment of AgNPs whereas the level of 

HDL increased. On the basis of the result, it is concluded that the 

biosynthesized AgNPs possess antihyperlipidemic activity against 

STZ-induced hyperlipidemic condition in diabetic rats which might be 

useful for the treatment of cardiovascular diseases after advanced 

clinical evaluation.  

 

Conflict of interest 

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgements 

The first author acknowledges the UGC, New Delhi for providing 

financial support under the UGC-RGNF scheme. Authors PK and KS 

are thankful to Nehru Memorial College for providing necessary 

facilities for this research. Authors CE and KCP acknowledges World 

Bank, University of Port Harcourt, National Universities Commission 

and Association of African Universities for their commitment in 

encouraging research in the continent of Africa. Author JK 

acknowledges the Deanship of Scientific Research at Majmaah 

University for support.  

 

References 

1. Nasioudis D, Doulaveris G, Kanninen TT. Dyslipidemia in 

pregnancy and maternal-fetal outcome. Minerva Ginecol. 

2019; 71(2):155-162.  

2. Stewart J, McCallin T, Martinez J, Chacko S, Yusuf S. 

Hyperlipidemia. Pediatr Rev. 2020; 41(8):393-402.  

3. Karr S. Epidemiology and management of hyperlipidemia. 

Am J Manag Care. 2017; 23(9 Suppl):S139-S148. 

4. Aggarwal M, Aggarwal B, Rao J. Integrative Medicine for 

Cardiovascular Disease and Prevention. Med Clin North 

Am. 2017; 101(5):895-923. 

5. Buzea C, Blandino I, Robbie K. Nanomaterial and 

nanoparticles Sources and toxicity. J Bio interphases. 2007; 

2:172-80.  

6. Klębowski B, Depciuch J, Parlińska-Wojtan M, Baran J. 

Applications of Noble Metal-Based Nanoparticles in 

Medicine. Int J Mol Sci. 2018; 19(12):4031. 

7. Zhang XF, Liu ZG, Shen W, Gurunathan S. Silver 

Nanoparticles: Synthesis, Characterization, Properties, 

Applications, and Therapeutic Approaches. Int J Mol Sci. 

2016; 17(9):1534. 

8. Tang S and Zheng J. Antibacterial Activity of Silver 

Nanoparticles: Structural Effects. Adv Health Mater. 2018; 

7(13):e1701503.  

9. Hussain SM, Hess KL, Gearhart JM, Geiss KT, Schlager JJ. 

In vitro toxicity of nanoparticles in BRL 3A rat liver cells. 

Toxicol. In vitro. 2005; 19:975-983. 

10. Hussain SM, Javorina MK, Schrand AM, Duhart HM, Ali 

SF, Schlager JJ. The interaction of manganese nanoparticles 

with PC-12 cells induces dopamine depletion. Toxicol. Sci. 

2006; 92:456-463. 

11. Braydich-Stolle L, Hussain S, Schlager JJ, Hofmann MC. In 

vitro cytotoxicity of nanoparticles in mammalian germline 

stem cells. Toxicol. Sci. 2005; 88:412-419.  

12. Lam CW, James JT, McCluskey R, Hunter RL. Pulmonary 

toxicity of single-wall carbon nanotubes in mice 7 and 90 

days after intratracheal instillation. Toxicol Sci. 2004; 

77:126-134. 

13. Ema M, Okuda H, Gamo M, Honda K. A review of 

reproductive and developmental toxicity of silver 

nanoparticles in laboratory animals. Reprod Toxicol. 2017; 

67:149-164. 

14. Węsierska M, Dziendzikowska K, Gromadzka-Ostrowska J, 

Dudek J, Polkowska-Motrenko H, Audinot JN, Gutleb AC, 

Lankoff A, Kruszewski M. Silver ions are responsible for 

memory impairment induced by oral administration of 

silver nanoparticles. Toxicol Lett. 2018; 290:133-144.  

15. Yousef MI, Abuzreda AA, Kamel MA. Cardiotoxicity and 

lung toxicity in male rats induced by long-term exposure to 

iron oxide and silver nanoparticles. Exp Ther Med. 2019; 

18(6):4329-4339. 

16. Elsharkawy EE, Abd El-Nasser M, Kamaly HF. Silver 

nanoparticles testicular toxicity in rat. Environ Toxicol 

Pharmacol. 2019; 70:103194.  

17. Cvjetko P, Zovko M, Štefanić PP, Biba R, Tkalec M, 

Domijan AM, Vrček IV, Letofsky-Papst I, Šikić S, Balen B. 

Phytotoxic effects of silver nanoparticles in tobacco plants. 

Environ Sci Pollut Res Int. 2018; 25(6):5590-5602. 

18. Adetunji CO, Palai S, Ekwuabu CP, Egbuna C, Adetunji 

JB, Ehis-Eriakha CB, Kesh SS, Mtewa AG. General 

principle of primary and secondary plant metabolites: 

Biogenesis, metabolism, and extraction. In Egbuna C, 

Mishra AP, Goyal MR (Eds). Preparation of 

Phytopharmaceuticals for the Management of Disorders: 

The Development of Nutraceuticals and Traditional 

Medicine. US: Academic Press. 2021. 3-23 p. 

19. Ezzat SM, Jeevanandam J, Egbuna C, Kumar S, Ifemeje JC. 

Phytochemicals as sources of drugs. In: Kumar S, Egbuna 

C. (Eds). Phytochemistry: in vitro and in silico updates. 

Springer Nature, Singapore. 2019. 3-22p. 

20. Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry 

M. Synthesis of gold nanotriangles and silver nanoparticles 

using aloe vera plant extract. Biotechnol Prog. 2006; 

22(2):577-583. 

21. Panda SK, Padhi L, Leyssen P, Liu M, Neyts J, Luyten W. 

Antimicrobial, Anthelmintic, and Antiviral Activity of 

Plants Traditionally Used for Treating Infectious Disease in 

the Similipal Biosphere Reserve, Odisha, India. Front 

Pharmacol. 2017; 8:1-15.  

22. Lu C, Lu, Y, Chen J, Zhang W, Wu W. Synchronized and 

sustained release of multiple components in silymarin from 

erodible glycerylmonostearate matrix system, Eur J Pharm 

Biopharm. 2007; 66:210- 219.  

23. Vijayakumar PPN, Pammi SVN, Pratap K,  Satyanarayana 

KVV, Shameem, U. Green synthesis and characterization of 

silver nanoparticles using Boerhaaviadiffusa plant extract 

and their antibacterial activity. Industr Crop Prod. 2014; 

54:562-566. 

24. Karuppannan P and Saravanan K. Eco-Friendly Synthesis 

of Silver Nanoparticles using Ventilago maderaspatana 

(GAERTN), their Morphological Characterization. Int J 

Chem Tech Res. 2017; 10:01-06. 

25. Anandalakshmi K, Venugobal J, Ramasamy V. 

Characterization of silver nanoparticles by green synthesis 

method using Pedalium murex leaf extract and their 

antibacterial activity. Appl Nanosci. 2016; 6:399-408. 

26. Kulkarni RR, Shaiwale NS, Deobagkar DN, Deobagkar 

DD. Synthesis and extracellular accumulation of silver 

nanoparticles by employing radiation-resistant Deinococcus 

radiodurans, their characterization, and determination of 

bioactivity. Int J Nanomed. 2015; 10(1):963-974. 

27. Al-Hariri MT. Comparison the rate of diabetes mellitus 

induction using STZ dissolved in different solvents in male 

rats. J Comp Clin Path Res. 2012; 1:96-99.  



                                                  Trop J Nat Prod Res, June 2021; 5(6):1066-1071                      ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1071 
© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

28. Adeyemi OS, Adewumi I, Faniyan TO. Silver nanoparticles 

influenced rat serum metabolites and tissue morphology. J 

Basic Clin Physiol Pharmacol. 2015; 26(4):355-361. 

29. Allain CC, Poon LS, Chan, CS, Richmond W, Fu P.C. 

Enzymatic determination of total serum cholesterol. Clin 

Chem, 1974; 20:470- 475. 

30. Paththinige CS, Sirisena ND, Dissanayake V. Genetic 

determinants of inherited susceptibility to 

hypercholesterolemia - a comprehensive literature review. 

Lipids Health Dis. 2017; 16(1):1-22. 

31. Egbuna C, Ifemeje JC, Nwaka AC, Olisah MC, Lukong CB, 

Patrick-Iwuanyanwu KC, Ifemeje, MO, Iheukwumere IH, 

Iheukwumere CM. Blood glucose level and serum lipid 

profile of wistar albino rats fed four species of local beans 

consumed in South-east, Nigeria. Eur J Biomed Pharm Sci. 

2020; 7(5):30-39.  

32. Mathur P, Jha S, Ramteke S, Jain NK. Pharmaceutical 

aspects of silver nanoparticles. Artif Cells Nanomed 

Biotechnol. 2018; 46(1):115-126. 

33. Hii YS, Jeevanandam J, Chan YS, Danquah MK. 

Cytotoxicity and Biomedical Applications of Metal Oxide 

Nanoparticles Synthesized from Plants. In Egbuna C, 

Kumar S, Ifemeje JC, Kurhekar JV. (Eds). Phytochemistry: 

Pharmacognosy, Nanomedicine, and Contemporary Issues. 

New York: Apple Academic Press. 2018. 620 p. 

34. Zaheer Z and Rafiuddin. Silver nanoparticles to self-

assembled films: green synthesis and characterization, 

Colloids and Surfaces B: Biointerfaces. 2012; 90:48-52. 

35. Chinnasamy G, Chandrasekharan S, Bhatnagar S. 

Biosynthesis of Silver Nanoparticles from Melia azedarach: 

Enhancement of Antibacterial, Wound Healing, 

Antidiabetic and Antioxidant Activities. Int J Nanomed. 

2019; 14:9823-9836.  

36. Tanase C, Berta L, Coman NA, Roșca I, Man A, Toma F, 

Mocan A, Jakab-Farkas L, Biró D, Mare A. Investigation of 

In Vitro Antioxidant and Antibacterial Potential of Silver 

Nanoparticles Obtained by Biosynthesis Using Beech Bark 

Extract. Antioxidants (Basel). 2019; 8(10):459. 

37. Dubey SP, Lahtinen, M, Sillanpaa, M. Tansy fruit mediated 

greener synthesis of silver and gold nanoparticles. Proc 

Biochem. 2010; 45:1065-1071. 

38. Rasool S, Raza MA, Manzoor F, Kanwal Z, Riaz S, Iqbal 

MJ, Naseem S. Biosynthesis, characterization and anti-

dengue vector activity of silver nanoparticles prepared from 

Azadirachta indica and Citrullus colocynthis. R Soc Open 

Sci. 2020; 7(9):1-15.  

39. Gylling H and Miettinen TA. Cholesterol absorption, 

synthesis, and LDL metabolism in NIDDM, Diabetes Care. 

1997; 20:90-95. 

40. Rana JS, Visser ME, Arsenault BJ. Metabolicdyslipidemia 

and risk of future coronary heart disease in apparently 

healthy men and women: the EPIC-Norfolk prospective 

population study. Int J Cardiol. 2010; 143:399-340.  

41. Andersson C, Lyass A, Vasan RS, Massaro JM, D’Agostino 

RD, Sr Robins SJ. Long-term risk of cardiovascular events 

across a spectrum of adverse major plasma lipid 

combinations in the Framingham Heart Study. Am Heart J. 

2014; 168: 878-883.  

42. Pushparaj PN, Low HK, Manikandan J, Tan BKH. Tan CH. 

Antidiabetic effects of Cichorium intybus in streptozotocin-

induced diabetic rats. J Ethnopharmacol. 2007; 111:430-

434.  

43. Murali, B, Upadhyaya UM, Goyal RK. Effect of chronic 

treatment with Enicostemmalittorale in non-insulin 

dependent diabetic (NIDDM) rats. J Ethnopharmacol. 2002; 

81:199-204.  

44. Goldberg, IJ, Blaner WS, Vanni TM, Moukides M, 

Ramakrishnan R. Role of lipoprotein lipase in the 

regulation of high density lipoprotein apolipoprotein 

metabolism. Studies in normal and lipoprotein lipase-

inhibited monkeys. J Clin Invest. 1990; 86(2):463-73.  

45. Taskinen MR. Lipoprotein lipase in diabetes. Diabetes 

Metab Rev. 1987; 3(2):551-70. 

46. Rajaram K, Aiswarya DC, Sureshkumar P. Green synthesis 

of silver nanoparticle using Tephrosia tinctoria and its 

antidiabetic activity. Mater Lett. 2015; 138:251-254.  

47. Supekar AR and Kale AJ. Anti-atherosclerosis activity of 

seed oil of Punica granatum Linn. in Triton X-100 induced 

hyperlipidemicrat. Int J Adv Res. 2015; 3:1276-1280.  

48. Xie W, Wang W, Su H, Xing D, Cai G, Du L. 

Hypolipidemic mechanisms of Ananas comosus L. Leaves 

in mice: different from Fibrates but similar to statins. J 

Pharmacol Sci. 2007; 103:267-274.  

49. El-Tantawy WH, Temraz A, Hozaien HE, El-Gindi OD, 

Taha KF. Anti-hyperlipidemic activity of an extract from 

roots and rhizomes of Panicum repens L. on high 

cholesterol diet-induced hyperlipidemia in rat, Z 

Naturforsch C. 2015; 70:139-144.   

 

 


