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Carotenoids are tetra-terpenoid Cs compounds that are
present in plants, algae and photosynthetic bacteria. Since
carotenoids cannot be synthesized in the body of human
beings, so the only source of carotenoids is exclusively from
the diet. Carotenoids play a diverge role in the human beings
ranging from the metabolic conversion of hydrocarbon
carotenoids to vitamin A to other activities like antioxidant
activity, cell communication gap and free radical quencher.
Carotenoids are mostly involved in scavenging reactive
oxygen species, singlet molecular oxygen and peroxyl
radicals. Carotenoids scavenge peroxyl radicals which are
generated in the process of lipid oxidation and interrupt the
reaction that finally leads to damage in lipophilic
compartments.

Oxidation of low-density lipoproteins (LDL) plays an
important role in the development of atherosclerosis. During
oxidation of LDL, polyunsaturated fatty acids of LDL are
oxidized producing a number of oxidation products. These
produces foam cells which aggregates and form the fibrous
plaque thereby leading to the development of atherosclerosis.
High Density Lipoproteins (HDL) cholesterol levels on the
other hand are inversely related to the risk of coronary artery
diseases. HDL acts by reversing the stimulatory effect of
oxidized LDL on monocyte infiltration. The diets with
antioxidants including carotenoids are believed to slow the
progression of atherosclerosis [1]. Studies carried out by [2]
long time back as well as by [3] and [4] reported B-carotene
and lycopene rich foods delays the onset of LDL oxidation. A
study conducted in Maryland [5] reported that overweight
older women or women having lower serum carotenoids are
likely to have high lipoprotein oxidation. Further, the authors
suggested that reducing weight or increased intake of
carotenoid rich foods may reduce lipoprotein oxidation. [6]
reported that lycopene modulates HDL functionality towards
antiatherogenesis. Many epidemiological studies reported an
inverse association between [-carotene concentrations in
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plasma and atherosclerosis [7-8]. Research conducted by [9]
also found that low levels of HDL-cholesterol and -carotene
are associated with coronary atherosclerosis. Plasma [3-
carotene levels were inversely correlated with the levels of IL-
6 in patients with Coronary Artery Diseases (CAD), besides -
carotene xanthophylls like lutein, zeaxanthin also have an
association with CAD [10]. Plasma lutein concentration
reduces the concentration of oxidized LDL thereby protects
against atherosclerosis [11]. Studies carried out in general
populations also reported an inverse association between -
carotene and other carotenoids with inflammatory markers
like IL-6 or leukocyte count [12-14]. A study [15] carried out
in UK with type 2 diabetes patients demonstrated that increase
intake of fruits and vegetables increases the carotenoid levels
which helps in enhancing the antiatherogenic potential of
HDL. Carotenoids are therefore considered as an important
compound for its antioxidant capacity in increasing the
oxidative resistance of LDL.

The pandemic outbreak of Coronavirus disease
(COVID-2019) is a fatal and highly contagious disease. Since
there is still relatively limited knowledge about COVID-2019
but evidences suggest that excessive reactive inflammation,
oxidation and an exaggerated immune response very likely to
contribute to its pathology [16]. The immune system protects
against viruses and diseases and produces antibodies to Kill
pathogens. Study reveals that PB-carotene is a powerful
antioxidant that can reduce inflammation and boost immune
function by increasing disease-fighting cells in the body [17].

Recent studies considered asthaxanthin (red-orange
oxycarotenoid pigment) to have potent anti-oxidant and broad-
spectrum anti-inflammatory effects bioactive molecule which
plays important role in modulating the immune response
thereby reducing the complications of COVID-19 [18-19].
Carotenoids being lipophilic follow the same absorptive
pathway as other lipids are therefore transported by the
lipoproteins. Once the carotenoids reached the liver, they are
exported to various tissues by lipoproteins like low density
lipoproteins or high-density lipoproteins. Chylomicron
carotenoids are high after 4-8 hours ingestion of carotenoids.
In the fasting states, most plasma carotenoids are associated
with LDL and HDL [20].

In this regard the present study was carried out to
estimate major carotenoids i.e., lutein and B-carotene in serum
lipoprotein fractions isolated from fasting subjects. In order to
estimate the carotenoids in the lipoproteins, firstly the
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lipoproteins have to be isolated. Separation of lipoprotein
fractions are based on differences in physical properties which
include ultracentrifugation, electrophoresis and precipitation
method. In a subset of Sixty-three volunteers, carotenoids
were analyzed in the serum as well as in lipoprotein fractions
after isolating them from serum. The correlation between
serum carotenoid i.e., lutein and B-carotene concentration and
cholesterol (C), triglycerides (TG), High Density Lipoprotein
(HDL), Low Density Lipoprotein (LDL) and Very Low-
Density Lipoprotein (VLDL) was also studied.

MATERIALS AND METHODS

All the experiments were carried out in yellow light in
order to avoid degradation of the molecules.

Chemicals and solvents

Dextran Sulphate sodium salt (mol wt 9000-20000) was
purchased from Sigma Aldrich, USA. MgCl..6H,0, NacCl,
EDTA, NaOH, dil. HCI were purchased from North East
Chemicals Corporation, Guwahati, Assam, India. Solvents
used for HPLC were of HPLC grade and purchased from
Qualigens Fine Chemicals, Mumbai, India. Solvents used for
extraction were of analytical grade.

Study group

Thirty-nine healthy men and twenty-four healthy
women (above 25 years of age) are recruited for the study.
Full clinical investigation was carried out by consultant
Physician in the hospitals that included a physical
examination, a routine blood test (including measurement of
glucose, cholesterol and triglycerides) and were excluded if
they had any significant abnormalities. Moreover, individuals
taking vitamin A and carotenoids as supplements or pregnant
women were also excluded from the study. Ethical approval
for the study was obtained from the Gauhati University.

Collection of blood samples

Blood from the subjects who had fasted for 12-14h
were collected and the serum was separated by centrifugation.
Lipoprotein separation was then carried out on the same day.

Isolation of lipoproteins from blood serum

Here selective precipitation method [21] was adopted in
which High Density Lipoprotein (HDL) was isolated from
serum using a solution of dextran sulphate and MgCl. to
precipitate selectively the very low and low density
lipoprotein (VLDL and LDL).

Preparation of precipitating reagents

Stock solution of dextran sulphate and MgCl, was
prepared by dissolving 0.5 g dextran sulphate and 5.08 g
MgCl,.6H,O each in 25ml volumetric flasks. The pH of
dextran sulphate solution and Mg?* solution were adjusted to 7
with dil. HCI and dil. NaOH respectively and stored in the
freeze. Equal volumes of the above stock solutions were
mixed so that the reagent contains 10g/l concentration of
dextran sulphate and 500mmol/l of MgCl..

Precipitation step

Before carrying out the analysis, the serum as well as
precipitating reagents was brought down to room temperature.
100ul of the reagent (i.e., combined dextran sulphate-Mg?*
working solution) was added to one ml serum. The mixture
was then vortexed and allowed to stand at room temperature
for 30 mins. This was followed by centrifugation of the
mixture for 30 mins. The supernatant containing HDL was
then removed by micropipette. The precipitate was dissolved
in a solution containing 6.5% NaCl and 0.12% EDTA and
kept inside the freeze until further analysis.

Extraction of carotenoids and analysis using HPLC

Carotenoids were extracted from serum as well as from
isolated lipoprotein fractions. One ml of serum or lipoprotein
fractions was diluted with 1ml water and denatured with 2 ml
EtOH. After vortexing the mixture, the extraction was carried
out with hexane (containing 0.04% BHT) three times. The
hexane layers were pipetted out each time and the pooled
hexane extract was evaporated in a rotary evaporator. The
residue from hexane extract was redissolved in 100 pl
methanol. A 20l aliquot was used for the HPLC analysis. All
samples from each volunteer were extracted in duplicate.

The chromatography was carried out using a Shimadzu
system composed of two pumps and a photodiode array
detector (PDA SPD-M10AVP). The software used was Class
M10 A. Reverse phase HPLC was achieved on a supelcosil-
LC-8 (25cm x 4.6 mm, 5um) column with a guard column
using a channel at 450 nm. The analysis was carried out by
using the solvent system i.e., CHsCN: H,O (97.5:2.5) and
CH3CN: DCM (70:30).

Determination of cholesterol, triglycerides, HDL, LDL and
VLDL

The concentrations of cholesterol (C), triglycerides
(TG) and HDL were measured in a semi-automated chemistry
Analyzer (model Humalyzer 3000, make: Human GmbH).
Serum concentrations of LDL cholesterol and VLDL
cholesterol were calculated from total cholesterol, HDL-
cholesterol and triglyceride concentrations using the
Friedewald formula [22].

Statistical analysis

The correlation coefficient (r) was calculated between
serum lutein and B-carotene concentrations and Cholesterol
(C), Triglycerides (TG), HDL, LDL and VLDL. Further, t test
was performed to test the significance of r. The percentage of
lutein and B-carotene in HDL and LDL + VLDL for each
sample was calculated by dividing the concentration of lutein
and p-carotene in each fraction by the sum of the
concentrations of lutein and p-carotene in HDL and LDL +
VLDL.

RESULTS AND DISCUSSION

Mean lutein and B-carotene in the serum, LDL + VVLDL
and HDL is shown in (Fig 1). The lutein and B-carotene
concentrations in serum as well as in the two lipoprotein
fractions i.e., LDL+VLDL and HDL. Contrary to the level of
lutein, the B-carotene level in the serum of volunteers was
surprisingly low. The mean lutein concentration in serum is
15.91pg/dl, 7.83pg/dl in HDL and 6.42ug/dl in LDL + VLDL.
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The mean B-carotene concentration in serum is 5.62ug/dl,
3.94pg/dl in LDL+VLDL and 0.913pg/dl in HDL.

The correlation coefficient between serum lutein, p—
carotene concentration and cholesterol, triglycerides, HDL,
LDL, VLDL was calculated and t test was performed to test its
significance. The correlation coefficient along with the
calculated t value is given in (Table 1).

Tabulated t value for 61 degrees of freedom at 5%
probability level is 2.00. In our study we found that serum
lutein and B-carotene is positively correlated with C, HDL and
LDL. VLDL and TG had a negative correlation coefficient
with serum lutein and p-carotene. Since the calculated t values
of serum lutein and C, serum lutein and HDL, serum lutein
and LDL, serum B-carotene and HDL are greater than the
tabulated t value (to0s61=2.00). So, the correlation is
significant at 5% probability level. We can conclude that there
exists a significant positive correlation between these factors.
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Fig 1 Lutein and B-carotene in serum, VLDL + LDL and HDL

Table 1 Correlation coefficient (r) between cholesterol (C), triglycerides (TG), HDL, LDL, VLDL and serum lutein and p—
carotene concentrations

C TG HDL LDL VLDL

Serum lutein 0.6751 -0.1392 0.7039 0.5393 -0.1392
(3.42) (0.53) (3.71) (2.39) (0.53)

Serum pcarotene 0.4564 -0.0815 0.6340 0.4274 -0.0815
(1.99) (0.31) (3.06) 1.77) (0.31)

Data are presented as correlation coefficient and the calculated t value is reported in parenthesis

The (Table 1) shows the correlation coefficients
between serum lutein, B-carotene concentrations and lipid
parameters. In our study we observed that the correlation
coefficients between serum lutein and VLDL as well as
between serum lutein and triglycerides are exactly same.
Similarly, the correlation coefficients between serum [-
carotene and VLDL as well as between serum B-carotene and
triglycerides are same (Table 1). It indicates that the results for
triglycerides are exactly same to those of VLDL, since the
VLDL is calculated as triglycerides divided by 5. Serum lutein
concentration in our study involved a positive statistically
significant correlation coefficient with HDL, LDL and C [23-
25].

In the present study there exists a significant positive
correlation coefficient between serum B-carotene and HDL. A
positive correlation coefficient between serum B-carotene and
LDL as well as between serum B-carotene and C is found but
are not statistically significant. A study was carried out to
investigate the relationships between plasma B-carotene, o-
tocopherol and oxidative stress in patients with advanced
coronary artery disease [9]. They reported that serum (-
carotene correlated only with the total cholesterol and LDL
cholesterol which has also been observed in our study but is
not statistically significant. Another study in Finland has
reported serum B-carotene to have a positive correlation with

both HDL and LDL [26]. In the current study the pattern of
association between lipoproteins and serum carotenoids is
found to be same with the studies carried out by other
researchers but as the number of samples size incorporated
was small in our case, it is found to be insignificant.

SUMMARY

Carotenoids are plant pigments which play significant
role in human beings by acting as antioxidant, free radical
quencher apart from its role in converting to vitamin A. In the
current study carotenoids are estimated in healthy volunteers
by wusing Reversed Phase High Performance Liquid
Chromatography (RPHPLC) and correlation coefficient (r)
was calculated between serum lutein and [-carotene
concentrations and Cholesterol (C), Triglycerides (TG), High
Density Lipoprotein (HDL), Low Density Lipoprotein (LDL)
and Very Low-Density Lipoprotein (VLDL). Serum lutein
concentration in the current study involved a positive
statistically significant correlation coefficient with HDL, LDL
and C. This study also gives a significant positive correlation
coefficient between serum [B-carotene and HDL. A positive
correlation coefficient between serum (3-carotene and LDL as
well as between serum fB-carotene and C is found but are not
statistically significant.

LITERATURE CITED
1. Steinberg D. 1995. Role of oxidized LDL and antioxidants in atherosclerosis. In: (Eds) Longnecker JB, Kritchevsky D and
Drezner M. Nutrition and Biotechnology in Heart Disease and Cancer, Plenum Press, New York.
2. Esterbauer H, Striegl G, Puhl J, Rotheneder M. 1989. Continuous monitoring of in vitro oxidation of human low density

lipoprotein. Free Radic. Res. Communication 6: 67-75.

3. Agarwal S, Rao AV. 1998. Tomato lycopene and low-density lipoprotein oxidation: a human dietary intervention study Lipids

33: 981-984.

4. Bub A, Watzl B, Abrahamse L, Delincee H, Adam S, Wever J, Muller H, Rechkemmer G. 2000. Moderate intervention with
carotenoid-rich vegetable products reduces lipid peroxidation in men. Journal of Nutrition 130: 2200-2206.

5. Beck J, Ferrucci L, Sun K, Fried LP, Varadhan R, Walston J, Guralnik JM, Semba RD. 2008. Circulating oxidized low-density
lipoproteins are associated with overweight, obesity, and low serum carotenoids in older community-dwelling women.

Nutrition 24(10): 964-968.


../AppData/Compaq/Desktop/1-1-13%20lipo/chap%204%20ref3.html#%23
http://www.sciencedirect.com/science/journal/08999007/24/10

Res. Jr. of Agril. Sci. (Mar-Apr) 12(2): 664—-667 667

6. McEneny J, Wade L, Young IS, Masson L, Duthie G, McGinty A, McMaster C, Thies F. 2013. Lycopene intervention reduces
inflammation and improves HDL functionality in moderately overweight middle-aged individuals. Journal of Nutrition and
Biochemistry 24: 163-168.

7. Polidori MC, Pratico D, Parente B, Mariani E, Cecchetti R, Yao Y, Sies H, Cao P, Mecocci P, Stahl W. 2007. Elevated lipid
peroxidation biomarkers and low antioxidant status in atherosclerotic patients with increased carotid or iliofemoral intima
media thickness. Journal of Investig. Med. 55: 163-170.

8. Riccioni G, DOrazio N, Palumbo N, Buccirelli V, Ilio ED, Bazzano LA, Bucciarelli T. 2009. Relationship between plasma
antioxidant concentrations and carotid intima-media thickness: The Asymptomatic Carotid Atherosclerotic Disease in
Manfredonia Study. Eur. Journal of Cardiovasc Prev. Rehabil. 16(3): 351-357.

9. Muzakova V, Kandar R, Meloun M, Skalicky J, Kralovec K, Zakova P, Vojtisek P. 2010. Inverse correlation between plasma
fB-carotene and interleukin-6 in patients with advanced coronary artery disease. International Journal of Vitam. Nutrition
Research 80(6): 369-377.

10. Lidebjer C, Leanderson P, Ernerudh J, Jonasson L. 2007. Low plasma levels of oxygenated carotenoids in patients with
coronary artery disease. Nutr. Metab. Cardiovasc Disease 17: 448-456.

11. Barona J, Jones JJ, Kopec RE, Comperatore M, Andersen C, Schwartz SJ, Lerman RH, Fernandez ML. 2012. A
Mediterranean-style low-glycemic-load diet increases plasma carotenoids and decreases LDL oxidation in women with
metabolic syndrome. Journal of Nutritional Biochemistry 23(6): 609-615.

12. Erlinger TP, Guallar E, Miller ER, Stolzenberg Solomon R, Appel LJ. 2001. Relationship between systemic markers of
inflammation and serum B-carotene levels. Arch. Intern. Med. 161(15): 1903-1908.

13. Ford ES, Liu S, Mannino DM, Giles WH, Smith SJ. 2003. C-reactive protein concentration and concentrations of blood
vitamins, carotenoids, and selenium among United States adults. Eur. Jr. Clinical Nutrition 57: 1157-1163.

14. Walston J, Xue Q, Semba RD, Ferruci L, Cappola AR, Ricks M. Guralnik J, Fried LP. 2006. Serum antioxidants,
inflammation, and total mortality in older women. American Journal of Epidemiology 163(1): 18-26.

15. Daniels JA, Mulligan C, McCance D, Woodside JV, Patterson C, Young IS, McEneny J. 2014. A randomized controlled trial
of increasing fruit and vegetable intake and how this influences the carotenoid concentration and activities of PON-1 and
LCAT in HDL from subjects with type 2 diabetes. Cardiovasc Diabetology 13: 16.

16. Mohammad A C, Nayem H, Mohammod A, Md. Abdus S, Ashraful A. 2020. Immune response in COVID-19: A review.
Journal of Infection and Public Health 13(11): 1619-1629.

17. Alwarawrah Y, Kiernan K, Maclver NJ. 2018. Changes in nutritional status impact immune cell metabolism and function.
Front Immunology 9: 1055-1069.

18. Fakhri S, Nouri Z, Moradi ZS, Farzae MH. 2020. Astaxanthin, COVID-19 and immune response: Focus on oxidative stress,
apoptosis and autophagy. Phytother Research 34(11): 2790-2792.

19. Chang MX, Xiong F. 2020. Astaxanthin and its effects in inflammatory responses and inflammation-associated diseases:
Recent advances and future directions. Molecules 25: 5342.

20. Cornwell DG, Kruger FA, Robinson HB. 1962. Studies in the absorption of beta-carotene and the distribution of total
carotenoid in human serum lipoproteins after oral administration. Journal of Lipid Research 3: 65-70.

21. Warnick GR, Benderson J, Albers JJ. 1982. Dextran sulphate-Mg?* precipitation procedure for quantitation of high-density-
lipoprotein cholesterol. Clinical Chemistry 28(6): 1379-1388.

22. Friedewald WT, Levy RI, Fredrickson DS. 1972. Estimation of the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clinical Chemistry 18(6): 499-502.

23. Gross M, Yu X, Hannan P, Prouty C, Jacobs DR Jr. 2003. Lipid standardization of serum fat-soluble antioxidant
concentrations: the YALTA study. American Journal Clinical Nutrition 77(2): 458-466.

24. Loane E, Nolan JM, Beatty S. 2010. The respective relationships between lipoprotein profile, macular pigment optical density,
and serum concentrations of lutein and zeaxanthin. Invest Ophthalmology Vis. Science 51(11): 5897-5905.

25. Renzi LM, Hammond BR Jr, Dengler M, Roberts R. 2012. The relation between serum lipids and lutein and zeaxanthin in the
serum and retina: results from cross-sectional, case-control and case study designs. Lipids Health Disease 11: 33.

26. Karppi J, Kurl S, Ronkainen K, Kauhanen J, Laukkanen JA. 2013. Serum carotenoids reduce progression of early
atherosclerosis in the carotid artery wall among Eastern Finnish Men. PLoS One 8(5): e64107.
doi:10.1371/journal.pone.0064107.



../pubmed%3fterm=Barona%20J%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Jones%20JJ%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Kopec%20RE%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Comperatore%20M%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Andersen%20C%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Schwartz%20SJ%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Lerman%20RH%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../pubmed%3fterm=Fernandez%20ML%5bAuthor%5d&cauthor=true&cauthor_uid=21775117
../AppData/chemistry/Desktop/lipo2/lipo%20imp3.html
http://www.ncbi.nlm.nih.gov/pubmed?term=Guralnik%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16306311
http://www.ncbi.nlm.nih.gov/pubmed?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=16306311
https://www.sciencedirect.com/science/article/pii/S1876034120305670#!
https://www.sciencedirect.com/science/article/pii/S1876034120305670#!
https://www.sciencedirect.com/science/article/pii/S1876034120305670#!
https://www.sciencedirect.com/science/article/pii/S1876034120305670#!
https://www.sciencedirect.com/science/journal/18760341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fakhri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=32754955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nouri%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=32754955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moradi%20SZ%5BAuthor%5D&cauthor=true&cauthor_uid=32754955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farzaei%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=32754955
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7436866/

