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Fraxetin supplementation lowers plasma lipids and 
enhances antioxidant status in high-fat diet-induced 
hypercholesterolemic rats

Hypercholesterolemia, the presence of high levels of 
cholesterol in the blood, is a serious health concern 

around the world. It is the key risk factor for cardiovascu-
lar disease (CVD). Coronary heart disease and stroke are the 
number one cause of death worldwide, accounting for 17.9 
million deaths every year, the equivalent of 31% of all global 
deaths [1]. To improve the global CVD burden, the World 

Health Organization has encouraged tobacco control, dietary 
salt reduction, and strengthening of CVD management in 
primary health care systems [2]. The major causes of hyper-
cholesterolemia are a sedentary lifestyle, an increased intake 
of saturated fatty acids, tobacco use, an unhealthy diet, and 
excessive alcohol consumption. Secondary causes include 
hypothyroidism, nephrotic syndrome, cholestasis, and certain 
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medications, such as cyclosporine, thiazide, and diuretics [3]. 
Higher levels of female sex hormones, like estrogen, have also 
been reported to increase cholesterol levels [4]. Hypercholes-
terolemia results in elevated blood pressure and blood glu-
cose, and is also associated with obesity, all of which are risk 
factors detrimental to good heart health.
Statins (hydroxymethylglutaryl-CoA reductase inhibitors) 
have become the most extensively prescribed rhabdomyol-
ysis drug worldwide since their introduction in the 1980s [5, 
6]. However, these drugs can have notable side effects, such 
as hyperuricemia (gout), diarrhea, flushing, nausea, myositis, 
gastric irritation, dyspepsia and gallstones, abnormal liver 
function, and rhabdomyolysis, which may lead to renal failure 
[7]. Hence, there is still a need to discover anti-hypercholes-
terolemic drugs with better efficacy and fewer potentially ad-
verse effects. In recent years, chemical principles from plant 
sources have become a focal point of research to develop 
novel hypocholeterolemic drugs. Phytotherapy could be a 
suitable alternative or complementary therapy for hyperlipi-
demia [8].
Coumarin (1,2-benzopyrone) is a natural phenolic com-
pound found in many plant species, including green tea [9]. 
Coumarin and some coumarin derivatives viz. esculetin, sco-
parone, and 4-methylumbelliferone, have been reported to 
have lipid-lowering effects [10]. Fraxetin (7, 8-dihydroxy-6-
methoxycoumarin), a coumarin derivative widely present in 
citrus fruits, tomatoes, vegetables, green tea, and many nat-
ural food products, has attracted research interest as an an-
tioxidant, antidiabetic, anti-inflammatory, antiviral, antitumor, 
and neuroprotective agent [11-13]. A literature survey yielded 
no reports on a lipid-lowering effect of fraxetin. Therefore, this 
study was designed to investigate the hypolipidemic and an-
tioxidant potential of fraxetin on high-fat diet (HFD)-induced 
hypercholesterolemic rats.

Materials and Methods
Source of chemicals and HFD components 
Cholesterol used in the study was procured from Sisco Re-
search Laboratories Pvt. Ltd., of Mumbai, Maharashtra, India. 
Bile salt was purchased from Central Drug House Pvt. Ltd., of 
New Delhi, India. Egg yolk power was obtained from SKM Egg 
Products Export (India) Ltd., Erode, Tamil Nadu, India and lard 
from a local market in Chennai, Tamil Nadu, India. The stan-
dard reference drug simvastatin was purchased from Micro 
Labs Ltd., Pondicherry, Puducherry, India. Oil red O staining 
solution was purchased from HiMedia Laboratories Pvt. Ltd. of 
Mumbai, Maharashtra, India. All other chemicals and reagents 
used were of analytical grade.

Experimental design 
A total of 24 male albino Wistar rats of 8 week old, weighing 
180-200 g were procured from the Central Animal House Fa-
cility, Mohamed Sathak A. J. College of Pharmacy (affiliated 

with The Tamil Nadu Dr. MGR Medical University), Chennai, 
Tamil Nadu, India. The subjects were maintained at an ambi-
ent temperature of 25±2°C and a 12/12-hour light/dark cycle. 
The animals were given standard commercial rat chow and 
water ad libitum. The experiments were conducted according 
to the ethical norms approved by the Government of India 
Ministry of Social Justice and Empowerment Institutional An-
imal Ethics Committee Guidelines. The subjects were divided 
into 4 groups of 6 animals: control (Group 1), hypercholes-
terolemia-induced (Group 2), hypercholesterolemia-induced 
and treated with fraxetin (75 mg/kg) [14] (Group 3), and hy-
percholesterolemia-induced and treated with simvastatin (10 
mg/kg) (Group 4).

Induction of hypercholesterolemia
The HFD was prepared according to the method described by 
Xie et al. [15]. It comprised normal rat chow (84.3%), lard (5%), 
egg yolk powder (10%), cholesterol (0.2%) and bile salt (0.5%), 
and was fed to the rats orally for a period of 8 weeks. To con-
firm the induction of hypercholesterolemia, blood samples 
were collected in a heparin-coated tube from the retro-orbital 
sinus, and the plasma obtained after centrifugation was used 
to estimate the level of cholesterol. Rats with a fasting plasma 
cholesterol of >250 mg/dL were used for the study. Once hy-
percholesterolemia was confirmed, the HFD was maintained 
and treatment with fraxetin (75 mg/kg dissolved in 0.5 mL of 
saline administered intragastrically) or simvastatin (10 mg/
kg) dissolved in 0.5 mL of saline and delivered intragastrically 
via gavage was initiated on the next day, which was consid-
ered day 1 of treatment and continued for 30 days. At the 
end of treatment (56 days of induction + 30 days of fraxetin 
or simvastatin treatment), the animals were anesthetized with 
sodium thiopentone (40 mg/kg) and euthanized. Blood was 
collected and cardiac tissue was collected for analysis.

Plasma lipid profile 
The levels of total cholesterol, triglycerides, high-density 
lipoprotein cholesterol (HDL-c) were estimated using bio-
chemical kits (Agappe Diagnostics Ltd., Ernakulam, Kerala, 
India). To determine the level of very low-density lipoprotein 
(VLDL) and low-density lipoprotein (LDL) cholesterol, Friede-
wald’s formula [16] was used:
VLDL cholesterol = Triglyceride/5 and
LDL cholesterol = Total cholesterol-(VLDL+HDL cholesterol)

Status of antioxidants and estimation of oxidative stress 
markers
The enzymatic antioxidant superoxide dismutase (SOD) was 
assayed according to the method described by Marklund and 
Marklund [17]. Catalase (CAT) activity was assayed using the 
method of Sinha [18], and glutathione peroxidase (GPx) was 
determined by the method reported by Rotruck et al. [19]. 
Non-enzymatic antioxidants were also analyzed. Vitamin C was 
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measured using the method of Omaye et al. [20], vitamin E was 
estimated with the method of described by Desai [21], and re-
duced glutathione (GSH) was assayed according to the method 
of Moron et al. [22]. The Okhawa et al. [23] method was used to 
measure the level of lipid peroxides as thiobarbituric acid-re-
active substances (TBARS). Lipid hydroperoxides (LOOH) were 
measured with the method of ferrous oxidation in xylenol or-
ange as described by Jiang et al. [24] and Wolff [25].

Oil red O staining of the aorta
Thoracic aorta tissue was quickly dissected from the rats and 
stored at -80°C until use. The frozen tissue was processed with 
a cryomicrotome using sections of 5 µm in thickness and 
stained with oil red O stain. The stained aortic tissue samples 
were examined and photographed under a light microscope 
to assess the presence of lipid droplets/atherosclerotic plaque 
lesions. Digital images were obtained using an Olympus BX51 
microscope equipped with a digital camera (Olympus Corp., 
Tokyo, Japan). All of the images were recorded at 40x magni-
fication.

Statistical analysis
The results were statistically evaluated with Student’s t-test 
using SPSS for Windows, Version 16.0 (SPSS Inc., Chicago, IL, 
USA) software and analysis of variance. The differences be-
tween the groups were considered significant at p<0.05. All of 
the results were expressed as mean±SD. Post hoc testing was 
performed for inter-group comparisons using the least signif-
icance difference (LSD).

Results
The plasma level of total cholesterol, triglycerides, VLDL and 
LDL cholesterol were significantly increased and the HDL 
cholesterol was significantly decreased in the hypercholes-

terolemic rats in comparison with the control rats. Oral admin-
istration of fraxetin significantly reversed all of these altered 
parameters to near-normal levels (Table 1).

The effect of fraxetin on the status of antioxidants was exam-
ined by assessing the enzymatic and nonenzymatic antioxi-
dants in the serum and cardiac tissue of the control and exper-
imental animals. Table 2 illustrates the activity of enzymatic 
antioxidants in the serum and cardiac tissue of the control 
and experimental groups. A significant decrease (p<0.05) in 
the activity of SOD, CAT, GPx was seen in the HFD-induced 
hypercholesterolemic rats (Group 2) when compared with the 
controls (Group 1). Similarly, the levels of non-enzymatic an-
tioxidants of vitamin C and vitamin E, and reduced GSH (Table 
2) were significantly decreased (p<0.05) in the HFD-induced 
hypercholesterolemic rats (Group 2) when compared with 
the controls (Group 1). These changes were modulated and 
brought back to near-normal levels with fraxetin or simvas-
tatin treatment. 

Table 2 depicts the effect of fraxetin on the level of TBARS and 
LOOH in the cardiac tissue of control and experimental sub-
jects. The extent of lipid oxidation was significantly higher in 
the HFD-induced hypercholesterolemic rats (Group 2) when 
compared with the control rats. Fraxetin treatment resulted in 
free radical scavenging and thereby significantly (p<0.05) de-
creased the extent of lipid peroxidation (LPO), thus restoring 
the antioxidant activity to near-normal levels. 

Figure 1a-d are photomicrographs of oil red O-stained aortic 
specimens. The histology of the aorta is normal in the control 
group (1a). In the HFD-only group, widespread deposition of 
lipid droplets and inflammatory cells is seen (1b). The aorta 
of hypercholesterolemic rats treated with fraxetin significantly 
reversed the HFD- induced histological changes and showed 
only scattered fat droplets (1c, 1d). The effect is comparable to 
that of simvastatin.

Table 1. Effect of fraxetin on the plasma lipid profile in control and experimental rats

Parameters	 Group 1	 Group 2	 Group 3	 Group 4	 p
	 control	 hypercholesterolemia	 hypercholesterolemia +	 hypercholesterolemia +
			   fraxetin	 simvastatin	

Cholesterol 	 122.6±9.07	 351±12.60a*	 180.5±11.30b*	 171.6±7.42cNS	 <0.05
HDL-c 
(mg/dL)	 57.16±3.54	 28.5±3.01a*	 50.16±3.18b*	 52.66±3.26cNS	 <0.05
LDL-c
(mg/dL)	 45.73±11.6	 238.2±9.79a*	 88.4±14.5b*	 79.26±8.68cNS	 <0.05
VLDL-c
(mg/dL) 	 19.7±1.6	 84.3±2.10a*	 41.99±1.6b*	 39.73±1.84cNS	 <0.05
TG
(mg/dL)	 98.8±8.40	 421.5±10.65a*	 209.66±8.16b*	 198.6±9.20cNS	 <0.05

Data expressed as mean±SD (n=6). Statistically significant at *p<0.05 with post hoc least significant difference test for acontrol versus hypercholesterolemic rats, 
bhypercholesterolemic rats versus fraxetin-treated hypercholesterolemic rats and cfraxetin-treated hypercholesterolemic rats versus simvastatin-treated hypercholesterolemic 
rats. HDL-c: High-density lipoprotein cholesterol, LDL-c: Low-density lipoprotein cholesterol, VLDL-c: Very low-density lipoprotein cholesterol, NS: Non-significant, TG: Triglyceride



4 Int J Med Biochem

Discussion
Hypercholesterolemia is characterized by elevated levels of 
blood cholesterol and serum triglycerides. It is the major risk 
factor for the development of CHD [26, 27]. In this study, the 
therapeutic efficacy of fraxetin against HFD-induced hyperc-
holesterolemia in rats was examined. Oral administration of 
fraxetin or simvastatin significantly reversed all of the plasma 
lipid profile parameters. The level of HDL cholesterol reflects 
the rate of removal of excess peripheral cholesterol. An ele-
vated plasma level of LDL cholesterol is a major risk factor for 
coronary heart disease [28]. Hypercholesterolemic rats treated 
with fraxetin (75 mg/kg) demonstrated an increase in HDL 
cholesterol with a concomitant decrease in LDL cholesterol, 
which indicates a reduced risk of atherosclerosis and CVD. 
Fraxetin appears to have lipid-lowering potential. 

Earlier studies have reported that an imbalance of oxidant/
antioxidant status, i.e., increased oxidative stress, and weak-
ened antioxidants could be part of the pathogenesis of CHD 
and ischemic stroke [29-33]. To study the antioxidant potential 
of fraxetin, we analyzed the status of the enzymatic antioxi-

dants of SOD, CAT, and GPx. The level of the non-enzymic an-
tioxidants vitamin C, vitamin E, and GSH were also analyzed 
in the serum and cardiac tissue of the control and experimen-
tal groups. Our results indicated that both the enzymatic and 
non-enzymatic antioxidants were significantly decreased 
(p<0.05) in the HFD-induced hypercholesterolemic rats. En-
dogenous antioxidant enzymes such as SOD, CAT, and GPx 
play an active role in the cellular defense mechanism against 
reactive oxygen species (ROS) [34]. Superoxide anion (O2.

-), a 
highly reactive molecule, can have a deleterious effect on cel-
lular macromolecules by generating hydroxyl radicals, hydro-
gen peroxide, and hypochloric acid, leading to oxidative stress 
and tissue damage [35]. SOD is the first antioxidant enzyme 
to contend with oxyradicals by accelerating the dismutation 
of superoxide to hydrogen peroxide [36]. CAT is involved in 
the removal of hydrogen peroxide formed during the reaction 
catalyzed by SOD. Thus, SOD and CAT are reciprocally support-
ing antioxidative enzymes and provide a protective defense 
against ROS. In the present study, the SOD and CAT levels 
were significantly compromised in the untreated hypercholes-
terolemic rats (Group 2), which may be due to the oxidant/

Figure 1. Photomicrographs showing the results of oil red O staining of aorta tissue samples from the control and experimental groups 
of rats (40x). (a) control, (b) hypercholesterolemia-induced, (c) hypercholesterolemia + fraxetin (75 mg/kg), and (d) hypercholesterolemia + 
simvastatin (10 mg/kg).

a

c d

b
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antioxidant imbalance. Furthermore, GPx has been reported 
to reduce lethality and malondialdehyde levels in ischemic 
rats treated immediately after ischemia, signifying an anti-
ischemic potential [37, 38]. Hence, the reduced levels of GPx 
and other antioxidant enzymes observed in the present study 
denote that antioxidant capacity declined in the HFD-induced 
hypercholesterolemic rats.
The non-enzymatic antioxidant systems are the subsequent 
line of defense against free radical damage. Vitamins C and E 
protect cellular membranes, thereby preventing degenerative 
changes [39]. Glutathione is an important intrinsic non-en-
zymatic antioxidant and it acts directly as a free radical scav-
enger by donating a hydrogen atom to a hydroxyl radical [40]. 
It maintains the cells in a normal redox state and counteracts 
the harmful effects of oxidative stress [41]. Fraxetin treatment 
led to a significant increase in these parameters in our study, 
which may have been due to consistent improvement in an-
tioxidant status, thereby averting a favorable cellular environ-
ment for oxidative damage.
Lipid peroxidation (LPO) involves the direct reaction of oxy-
gen and lipid to form radical intermediates and semi-stable 
peroxidases, which in turn damage the enzymes, nucleic 
acids, membranes, and proteins [42]. Our results are in agree-
ment with previous findings: We observed an increase in LPO 
in the HFD-induced hypercholesterolemic rats (Group 2). Ad-
ministration of fraxetin or simvastatin to HFD rats significantly 

decreased the oxidative stress markers to near-normal levels, 
indicating that fraxetin may have the potential to improve hy-
percholesterolemia-induced oxidative damage. 

Conclusion
Based on the results of the biochemical parameter analysis 
and oil red O staining observations, it can be concluded that 
fraxetin has a potentially antihyperlipidemic effect. It may 
have possible use as a hypolipidemic drug; however, addi-
tional studies are warranted to further explore the molecular 
mechanism of action of fraxetin. 
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Table 2. Effect of fraxetin on the level of enzymatic, non-enzymatic antioxidants, and oxidative stress markers in control and 
experimental rats

Parameters	 Sample	 Group 1	 Group 2	 Group 3	 Group 4	 p
		  Control	 Hypercholesterolemia	 Hypercholesterolemia	 Hypercholesterolemia
 				    + fraxetin	 + simvastatin	

SOD	 Serum	 9.38±1.26	 2.75±0.76a*	 7.82±0.84b*	 9.27±0.86cNS	 <0.05
	 Cardiac tissue	 11.35±0.98	 3.21±0.30a*	 9.08±0.78b*	 9.67±0.83cNS	 <0.05
CAT	 Serum	 68.56±2.35	 44.36±1.47a*	 53.36±1.54b*	 63.61±2.78cNS	 <0.05
	 Cardiac tissue	 57.12±8.58	 36.40±3.67*	 52.18±6.92b*	 54.02±6.70cNS	 <0.05
GPx	 Serum	 9.74±0.64	 6.34±0.53a*	 8.26±0.64b*	 8.68±0.73cNS	 <0.05
	 Cardiac tissue	 11.93±0.72	 6.89±0.37a*	 9.96±0.57b*	 10.6±0.69cNS	 <0.05
Vitamin C	 Serum	 2.65±0.32	 1.48±0.19a*	 2.24±0.14b*	 2.46±0.18cNS	 <0.05
	 Cardiac tissue	 3.88±0.24	 192±0.16a*	 3.38±0.22b*	 3.52±0.26cNS	 <0.05
Vitamin E	 Serum	 1.86±0.13	 1.27±0.08a*	 1.64±0.15b*	 1.87±0.17cNS	 <0.05
	 Cardiac tissue	 2.46±0.24	 1.15±0.13a*	 2.23±0.21b*	 2.56±0.27cNS	 <0.05
Reduced	 Serum	 9.87±0.86	 6.85±0.57a*	 7.79±0.58b*	 9.62±0.79cNS	 <0.05
glutathione	 Cardiac tissue	 12.82±0.87	 7.36±0.69a*	 8.64±0.72b*	 12.63±0.96cNS	 <0.05
TBARS	 Cardiac	 0.71±0.06	 1.72±0.10a*	 1.20±0.17b*	 1.16 ± 0.10cNS	 <0.05
(mmol/g tissue)	 tissue
Hydroperoxide	 Cardiac	 60.40±5.20	 122.30±8.12a*	 75.52±7.56b*	 72.10±0.11cNS	 <0.05
(mmol/g tissue)	 tissue

Data expressed as mean±SD (n=6). Statistically significant at *p<0.05 with post hoc least significant difference test for acontrol versus hypercholesterolemic rats, 
bhypercholesterolemic rats versus fraxetin-treated hypercholesterolemic rats, and cfraxetin-treated hypercholesterolemic rats versus simvastatin-treated hypercholesterolemic rats. 
Units: Superoxide dismutase is expressed as unit/mg protein, Catalase is expressed as μmoles hydrogen peroxide utilized/min/mg protein, Glutathione peroxidase is expressed 
as μmoles of reduced glutathione consumed/min/mg protein, Vitamin C, vitamin E, and reduced glutathione are expressed as µg/mg protein. CAT: Catalase, GPx: Glutathione 
peroxidase, GSH: Reduced glutathione, NS: Non-significant, SOD: Superoxide dismutase, TBARS: Thiobarbituric acid reactive substances



6 Int J Med Biochem

– R.S., M.P., S.R.; Data collection &/or processing – P.A., R.S., M.P., 
S.R.; Analysis and/or interpretation – P.A., R.S., M.P., S.R.; Literature 
search – P.A., R.S., M.P., S.R.; Writing – P.A., R.S., S.R.; Critical review 
– P.A., R.S., S.R.

References
1.	 WHO report 2019. Available at: https://www.who.int/en/

news-room/fact-sheets/detail/cardiovascular-diseases-(cvds) 
Accessed Nov 20, 2020. 

2.	 World Heart Day. Scale up prevention of heart attack and 
stroke. WHO, 2017. Avalable at: https://www.who.int/cardio-
vascular_diseases/world-heart-day/en/. Accessed Dec 17, 
2019.

3.	 Ibrahim MA, Asuka E, Jialal I. Hypercholesterolemia. Florida: 
StatPearls Publishing LLC; 2020. 

4.	 Phan BA, Toth PP. Dyslipidemia in women: etiology and man-
agement. Int J Womens Health 2014;6:185−94. [CrossRef ]

5.	 Sizar O, Khare S, Jamil RT, Talati R. Statin Medications. Florida: 
StatPearls Publishing LLC. Available at: https://www.ncbi.nlm.
nih.gov/books/NBK430940/. Accessed Feb 4, 2020.

6.	 Jukema JW, Cannon CP, de Craen AJ, Westendorp RG, Trompet 
S. The controversies of statin therapy: weighing the evidence. 
J Am Coll Cardiol 2012;60(10):875−81. [CrossRef ]

7.	 Durrington P.  Dyslipidaemia. Lancet 2003;362(9385):717−31. 
8.	 Liu ZL, Liu JP, Zhang AL, Wu Q, Ruan Y, Lewith G, et al. Chi-

nese herbal medicines for hypercholesterolemia. Cochrane 
Database Syst Rev 2011;(7):CD008305. [CrossRef ]

9.	 Tejada S, Martorell M, Capo X, Tur JA, Pons A, Sureda A. 
Coumarin and Derivates as Lipid Lowering Agents. Curr Top 
Med Chem 2017;17(4):391−8. [CrossRef ]

10.	Taşdemir E, Atmaca M, Yıldırım Y, Bilgin HM, Demirtaş B, Obay 
BD, et al. Influence of coumarin and some coumarin deriva-
tives on serum lipid profiles in carbontetrachloride-exposed 
rats. Hum Exp Toxicol 2017;36(3):295−301. [CrossRef ]

11.	Thuong PT, Pokharel YR, Lee MY, Kim SK, Bae K, Su ND, Oh WK, 
Kang KW. Dual anti-oxidative effects of fraxetin isolated from 
Fraxinus rhinchophylla. Biol Pharm Bull 2009;32(9):1527−32. 

12.	Mo Z, Li L, Yu H, Wu Y, Li H. Coumarins ameliorate diabetogenic 
action of dexamethasone via Akt activation and AMPK signal-
ing in skeletal muscle. J Pharmacol Sci 2019;139(3):151−7. 

13.	Suresh C, Dixit Pk. Antioxidant and antiapoptotic effects of 
fraxetin against lead induced toxicity in human neuroblas-
toma cells. Org Med Chem Int J 2018;5(1):1−6. [CrossRef ]

14.	Purushothaman A, Sundaram R. Lipid lowering efficacy of 
fraxetin, a coumarin derivative on high fat diet-induced hyper-
cholesterolemic rats. Bangladesh J Pharmacol 2020;15:96−8.

15.	Xie W, Xing D, Sun H, Wang W, Ding Y, Du L. The effects of 
Ananas comosus L. leaves on diabetic-dyslipidemic rats in-
duced by alloxan and a high-fat/high-cholesterol diet. Am J 
Chin Med 2005;33(1):95−105. [CrossRef ]

16.	Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin Chem 
1972;18(6):499−502. [CrossRef ]

17.	Marklund S, Marklund G. Involvement of the superoxide 
anion radical in the autoxidation of pyrogallol and a con-
venient assay for superoxide dismutase. Eur J Biochem 
1974;47(3):469−74. [CrossRef ]

18.	Sinha AK. Colorimetric assay of catalase. Anal Biochem 
1972;47(2):389−94. [CrossRef ]

19.	Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, 
Hoekstra WG. Selenium: biochemical role as a component of 
glutathione peroxidase. Science 1973;179(4073):588−90. 

20.	Omaye ST, Turnbull JD, Sauberlich HE. Selected methods for 
the determination of ascorbic acid in animal cells, tissues, and 
fluids. Methods Enzymol 1979;62:3−11. [CrossRef ]

21.	Desai ID. Vitamin E analysis methods for animal tissues. Meth-
ods Enzymol 1984;105:138-47. [CrossRef ]

22.	Moron MS, Depierre JW, Mannervik B. Levels of glutathione, 
glutathione reductase and glutathione S-transferase ac-
tivities in rat lung and liver. Biochim Biophys Acta 1979 
4;582(1):67−78. [CrossRef ]

23.	Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in an-
imal tissues by thiobarbituric acid reaction. Anal Biochem 
1979;95(2):351−8. [CrossRef ]

24.	Jiang ZY, Hunt JV, Wolff SP. Ferrous ion oxidation in the pres-
ence of xylenol orange for detection of lipid hydroperoxide in 
low density lipoprotein. Anal Biochem 1992;202(2):384−9. 

25.	Wolff SP. Ferrous oxidation in presence of ferric ion indicator 
xylenol orange for measurement of hydroperoxides. Methods 
Enzymol 1994;233:182−9. [CrossRef ]

26.	Tziomalos K, Athyros VG, Karagiannis A, Kolovou GD, Mikhai-
lidis DP. Triglycerides and vascular risk: insights from epidemi-
ological data and interventional studies. Curr Drug Targets 
2009;10(4):320−7. [CrossRef ]

27.	Chien KL, Hsu HC, Su TC, Chen MF, Lee YT, Hu FB. Apolipopro-
tein B and non-high density lipoprotein cholesterol and 
the risk of coronary heart disease in Chinese. J Lipid Res 
2007;48(11):2499−505. [CrossRef ]

28.	Berliner JA, Heinecke JW. The role of oxidized lipoproteins in 
atherogenesis. Free Radic Biol Med 1996;20(5):707−27. [CrossRef ]

29.	Shi H, Liu KJ. Cerebral tissue oxygenation and oxidative 
brain injury during ischemia and reperfusion. Front Biosci 
2007;12:1318−28. [CrossRef ]

30.	Kaur J, Sarika A, Bhawna S, Thakur LC, Gambhir J, Prabhu KM. 
Role of Oxidative Stress in Pathophysiology of Transient Is-
chemic Attack and Stroke. Int J Biol Med Res 2011;2(3):611−5. 

31.	Kelly PJ, Morrow JD, Ning M, Koroshetz W, Lo EH, Terry E, et al. 
Oxidative stress and matrix metalloproteinase-9 in acute is-
chemic stroke: the Biomarker Evaluation for Antioxidant Ther-
apies in Stroke (BEAT-Stroke) study. Stroke 2008;39(1):100−4. 

32.	Domínguez C, Delgado P, Vilches A, Martín-Gallán P, Ribó M, 
Santamarina E, et al. Oxidative stress after thrombolysis-in-
duced reperfusion in human stroke. Stroke 2010;41(4):653−60.

33.	Seet RC, Lee CY, Chan BP, Sharma VK, Teoh HL, Venketasubra-
manian N, et al. Oxidative damage in ischemic stroke revealed 
using multiple biomarkers. Stroke 2011;42(8):2326−9. [CrossRef ]

34.	Janssen AM, Bosman CB, van Duijn W, Oostendorp-van de 
Ruit MM, Kubben FJ, Griffioen G, et al. Superoxide dismutases 

https://doi.org/10.2147/IJWH.S38133
https://doi.org/10.1016/j.jacc.2012.07.007
https://doi.org/10.1016/S0140-6736(03)14234-1
https://doi.org/10.1002/14651858.CD008305.pub2
https://doi.org/10.2174/1568026616666160824102322
https://doi.org/10.1177/0960327116649675
https://doi.org/10.1248/bpb.32.1527
https://doi.org/10.1016/j.jphs.2019.01.001
https://doi.org/10.19080/OMCIJ.2018.04.555651
https://doi.org/10.1142/S0192415X05002692
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1111/j.1432-1033.1974.tb03714.x
https://doi.org/10.1016/0003-2697(72)90132-7
https://doi.org/10.1126/science.179.4073.588
https://doi.org/10.1016/0076-6879(79)62181-X
https://doi.org/10.1016/S0076-6879(84)05019-9
https://doi.org/10.1016/0304-4165(79)90289-7
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(92)90122-N
https://doi.org/10.1016/S0076-6879(94)33021-2
https://doi.org/10.2174/138945009787846425
https://doi.org/10.1194/jlr.M700213-JLR200
https://doi.org/10.1016/0891-5849(95)02173-6
https://doi.org/10.2741/2150
https://doi.org/10.1161/STROKEAHA.107.488189
https://doi.org/10.1161/STROKEAHA.109.571935
https://doi.org/10.1161/STROKEAHA.111.618835


7Ayyakkannu, Fraxetin supplementation lowers plasma lipids / doi: 10.14744/ijmb.2020.60352

in gastric and esophageal cancer and the prognostic impact 
in gastric cancer. Clin Cancer Res 2000;6(8):3183−92.

35.	Talas ZS, Ozdemir I, Yilmaz I, Gok Y. Antioxidative effects of 
novel synthetic organoselenium compound in rat lung and 
kidney. Ecotoxicol Environ Saf 2009;72(3):916−21. [CrossRef ]

36.	Weydert CJ, Waugh TA, Ritchie JM, Iyer KS, Smith JL, Li L, et 
al. Overexpression of manganese or copper-zinc superoxide 
dismutase inhibits breast cancer growth. Free Radic Biol Med 
2006;41(2):226−37. [CrossRef ]

37.	Valenzuela A. The biological significance of malondialdehyde 
determination in the assessment of tissue oxidative stress. 
Life Sci 1991;48(4):301−9. [CrossRef ]

38.	Appelros P, Terént A. Characteristics of the National Insti-
tute of Health Stroke Scale: results from a population-based 
stroke cohort at baseline and after one year. Cerebrovasc Dis 
2004;17(1):21−7. [CrossRef ]

39.	Du J, Martin SM, Levine M, Wagner BA, Buettner GR, Wang SH, 

et al . Mechanisms of ascorbate-induced cytotoxicity in pan-

creatic cancer. Clin Cancer Res 2010;16(2):509−20. [CrossRef ]

40.	Anoopkumar-Dukie S, Walker RB, Daya S. A sensitive and reli-

able method for the detection of lipid peroxidation in biolog-

ical tissues. J Pharm Pharmacol 2001;53(2):263−6. [CrossRef ]

41.	Rao AV, Shaha C. Role of glutathione S-transferases in oxida-

tive stress-induced male germ cell apoptosis. Free Radic Biol 

Med 2000;29(10):1015−27. [CrossRef ]

42.	Esterbauer H, Zollner H, Schaua RJ. Aldehydes formed by lipid 

peroxidation: mechanisms of formation, occurrences and de-

termination. In: Vigo-Pelfrey C, editor. Membrance lipid perox-

idation. Florida: CRC Press; 1990. p. 239−83.

https://doi.org/10.1016/j.ecoenv.2007.11.012
https://doi.org/10.1016/j.freeradbiomed.2006.03.015
https://doi.org/10.1016/0024-3205(91)90550-U
https://doi.org/10.1159/000073894
https://doi.org/10.1158/1078-0432.CCR-09-1713
https://doi.org/10.1211/0022357011775299
https://doi.org/10.1016/S0891-5849(00)00408-1



