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Abstract:

Background: Various drug classes are available for the management of dyslipidemia but due
to their toxicities the focus has been shifted to experiment herbal adjuvants to treat the
condition. In this regard the current study evaluated and compared the alterations in lipid-
profiles of fat-induced dyslipidemic rats when treated with chia seeds and rosuvastatin.

Methodology: It was a preclinical experimental study, conducted at Bagai medical University
Karachi. Male Wistar albino rats of 9 weeks age, 200-250g weight were divided into 5 groups such as
6 rats per group. Coconut oil and Banaspati ghee were administered to induce dyslipidemia in animal
groups (2, 3, 4, and 5) at the dose of 10ml/kg for 28 days and weight of animal was measured before
and after the protocol. After the 28" day, intervention as per grouping of the animals was started for
next 28 days, chia seed powder and rosuvastatin suspended in distilled water was administered via 20g
feeding needle directly into the stomach of animals. After 8 weeks the animals were sacrificed under
euthanasia (100mg/kg pentobarbital) and blood was withdrawn via cardiac puncture for evaluation of
lipid profile of all animals.

Results: The paired analysis for weight displayed a significant (p=<0.005) increase in weight of
animals after administration of high fat diet. Conversely, a significant decrease in weight was observed
after administration of chia seeds powder and rosuvastatin in group 2, 3, 4, and 5. Further to this lipid
profile of animals highlighted a significant (p=<0.05) increase in total cholesterol triglyceride and LDL
level after induction of dyslipidemia however, HDL, Urea and Creatinine level remained non-
significant. The anova highlighted that chia seed powder at 50mg and 100 mg dose reduced total
cholesterol, triglyceride and LDL level equivalent to rosuvastatin (group 5) and did not alter the HDL,
Urea and Creatinine.

Conclusion: Chia seeds at both the doses i.e. 50mg and 100mg decreased weight of animals and
modulated hematological parameters equivalent to rosuvastatin.
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Introduction:

Dyslipidemia is defined as high plasma levels of triglycerides (TG), increased levels
of low-density lipoprotein cholesterol (LDLc) molecules, and decreased high-density
lipoprotein cholesterol (HDLc) molecules (Gaman et al., 2020). Continuous persistence of
dyslipidemia is an established risk factor for cardiovascular diseases including coronary artery
disease and peripheral artery disease, that may be fatal and can lead to heart attack or stroke
(Levin and Rader, 2022). Various etiological factors predispose to dyslipidemia including a
high-fat diet, obesity, and reduced physical activity. Adverse lifestyle changes play a major
role in dyslipidemia’s etiology and increase the complications related to dyslipidemia
(Wajpeyi, 2020). Various drugs used to decrease lipid levels are statins, niacin, fibrates, and
bile acid sequestrants (Rauf et al., 2022). While, statins are the most commonly used drugs
for the treatment of dyslipidemia and to reduce the risk of atherosclerotic cardiovascular
diseases (Hariyanto and Kurniawan, 2020). Statins act by inhibiting rate-limiting enzymes in
the mevalonate pathway, that is B-hydroxy p-methylglutaryl-coenzyme (HMG-CoA), and by
increasing LDLc clearance by promoting low-density lipoprotein receptor expression majorly
in the hepatocytes (Mollazadeh et al., 2021). The licensed HMG-CoA reductase inhibitors
include Atorvastatin, Rosuvastatin, Simvastatin, Fluvastatin, and Lovastatin (Hadi et al.).
Statins being very effective lipid-lowering drugs also has multiple dose-limiting toxicities.
Reported toxicities include haemorrhagic stroke, diabetes mellitus, cognition decline, tendon
rupture and interstitial lung disease (Mo et al., 2019). Apart of adverse profile of statins, there
is a wide range of drug interactions associated with statins (Hirota et al., 2020).

Despite having multiple drugs for the prevention of dyslipidemia, herbal medications
are still preferred in various parts of the world (Ji et al., 2019). Herbal medications can be
used as a adjunctive to standard drugs for increasing the efficacy of drugs and minimizing
possible adverse effects (Gyawali et al., 2021). Chia seeds are edible seeds of an herbaceous
plant Salvia hispanica which is a flowering plant belonging to the Lamiaceae family
(Rubavathi et al., 2020). The Salvia genus consists of about 900 species that are widely
distributed throughout several regions of the world, including South-East Asia, Southern
Africa, Central America, North America, and South America (Grancieri et al., 2019). Over
the recent years, the use of chia seeds has been significantly increased due to its various health
promoting benefits related to chronic diseases such as obesity, cardiovascular diseases,
diabetes, and cancer (Prathyusha et al., 2019). These health promoting effects of chia seeds
are thought to be because of presence of various essential fatty acids, dietary fibers, proteins,
antioxidants, vitamins, carotenoids, and minerals as bioactive constituents (Rani et al., 2021).

Pre-clinical experiments on hyperlipidemia are mostly studied on high-fat induced
hyperlipidemia models (Acharya and Talahalli, 2019). In our study, we have evaluated and
compared the alterations in lipid-profiles of fat-induced dyslipidemic rats when treated with
chia seeds and an HMG-CoA reductase inhibitor, rosuvastatin.

http://xisdxjxsu.asia VOLUME 18 ISSUE 11 November 2022 1024-1032



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

Methodology:

It was a preclinical experimental study, conducted at Bagai medical University Karachi. The study
was approved by the animal ethics committee of the university.

Animal grouping:

Male Wistar albino rats of 9 weeks age, 200-250g weight were purchased from the vendor. The animals
were divided into 5 groups such as 6 rats per group as follows.

Group 1, negative control (No intervention),

Group 2, Positive Control (fat induction but no intervention),
Group 3, Administration of 50mg chia seed powder

Group 4, Administration of 100mg chia seed powder

Group 5, Administration of 5mg/kg rosuvastatin

Induction of Dyslipidemia:

Coconut oil and Banaspati ghee were administered to induce dyslipidemia in animal groups (2, 3, 4,
and 5) at the dose of 10ml/kg for 28 days by 20g feeding needle orally and weight of animal was
measured before and after the protocol by standard weight machine in grams (Zahid et al.). Coconut
oil and Banaspati ghee were administered for only 28 days.

Protocol:

After the 28" day, intervention as per grouping of the animals was started for next 28 days, chia seed
powder and rosuvastatin suspended in distilled water was administered via 20g feeding needle directly
into the stomach of animals. Furthermore, during the intervention the animals were given balanced
healthy diet. After 8 weeks the animals were sacrificed under euthanasia (100mg/kg pentobarbital)
and blood was withdrawn via cardiac puncture for evaluation of lipid profile of all animals.

Animal Consideration:

Animals were dealt according to CARE animal guidelines, they were given free access to food and
water and a 12 hourly light and dark cycle was maintained.

Data analysis:

Numerical data was compared via SPSS v. 22, Shapiro wilk test was applied to check the normality of
data. Paired t test was applied to identify pre and post intervention differences in weight. Anova
followed by post-hoc Tukey test was applied to analyze inter and intra group variations. The data was
analyzed at 95% confidence interval and p-value >0.05 was considered as significant.
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Results:

The paired analysis for weight displayed a significant (p=<0.005) increase in weight of animals after
administration of high fat diet (Coconut oil and Banaspati ghee). Conversely, a significant decrease in
weight was observed in all intervened group (2, 3, 4, 5) Table 1 display the paired analysis of weight
of animals.

Table 1. Paired t test analysis of weight of animal after (a) induction of dyslipidemia and (b)
Intervention

Group () Induction of Dyslipidemia (28 days) (b) Intervention (28 days)
(6rats/ Before (Wt | After (wtin p-value Before (Wt | After (wtin p-value
group) in grams) grams) in grams) grams)

1 225+ 10 231+15 0.516 231+15 247 £ 13 0.341

2 240+ 8 318 +11 0.002* 318+ 11 308 + 17 0.172

3 237+12 330+18 0.015* 330+18 267 £12 0.046*

4 259 +19 310+ 15 0.003* 310+ 15 230+ 19 0.001*

5 213+13 299 +10 0.009* 299+ 10 242+ 14 0.025*
*significant p value

Further to this lipid profile of animals highlighted a significant (p=<0.05) increase in total cholesterol
triglyceride and LDL level after induction of dyslipidemia however, HDL, Urea and Creatinine level
remained non-significant. The anova highlighted that chia seed powder at 50mg and 100 mg dose
reduced total cholesterol, triglyceride and LDL level equivalent to rosuvastatin (group 5) and did not
alter the HDL, Urea and Creatinine as shown in table 2.

Table 2. Effects of intervention on hematological parameters

Hematological Group 1 Group 2 Group 3 Group 4 Group 5 p-value
Parameter (Negative (Positive (50 mg chia (100 mg (5mg/kg
control) control) seed chiaseed | rosuvastatin)
powder) powder)
Total 131+6.1 156 +10 | 14257 137 +6.1 139+8.3 0.001*
Cholesterol
Triglycerides 100 £ 10 130 £ 12 110+ 3.1 102 +5.1 103+2.8 0.001*
HDL 37.6+4.1 39+08 38+19 39+48 36 +5.7 0.519
LDL 90+07.1 95+ 07 94 +£8.3 91+5.2 90+ 3.8 0.012*
Urea 19.31+3.2 20+ 3.7 18+4.1 19+5.2 20+4.9 1.000
Creatinine 061+0.23 | 058+0.12 | 0.61+041 | 057+3.1 0.59+0.21 0.918
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Discussion:

The most common form of dyslipidemia is hyperlipidemia that is caused by defect in lipoprotein lipase
activity as well as reported in dietary, environmental and genetic factors (Rauf et al., 2022). The
characteristic raise in LDL cholesterol in hyperlipidemia is a major risk factor for well-known
cardiovascular diseases (Lee et al., 2022) mainly atherosclerosis. Atherosclerosis is characterized by
deposition of atherosclerotic plaque in the arterial walls that may partially or totally occlude the
vascular lumen (Lee et al., 2022). In our study, we have compared the weight and lipid profile of
animals before and after fat induction by administering high fat diet including coconut oil and
banaspati ghee.

A significant increase in weight was observed in all the fat-induced groups. Various other
studies have also reported increase in weight of the animals by inducing high-fat diet obesity (Liu et
al., 2019, Moorthy et al., 2021, Li et al., 2020, Heo et al., 2021). Our results reported that the post-
induction treatment with chia seeds and rosuvastatin have significantly reduced the total body weight
of animals. A comparatively equal weight-reduction was observed in 50mg chia seeds group and
5mg/kg rosuvastatin group. While maximum reduction in the weight was observed in 100mg chia seed
extract group. Similar results were observed in another study where a slight but significant decrease in
body weight was recorded in rats (Fernandez-Martinez et al., 2019). Contrary to our results a previous
study has reported increase in body weight when treated with chia seeds extract (Mihafu et al., 2020).
Additionally, another study reported an increase in body weight of diabetic-rats treated with black and
white chia seeds extracts (Alamri, 2019). Similar to our results, a study has also reported dose-
dependent weight loss by rosuvastatin (Al-Kuraishy and Al-Gareeb, 2019). Another study reported no
significant difference in the final body weight of rats treated with 5mg/kg rosuvastatin alone, when
compared with the control group (e Silva et al., 2020). Similar results were obtained from another
study which reported a slight but significant reduction in body weight of rats after 14 days treatment
with 10mg/kg rosuvastatin (Mondol et al., 2020).

Regarding the lipid profile parameters, our results showed a dose-dependent decrease in total
cholesterol levels and a maximum reduction was observed in 100mg chia seeds powder group when
compared with the positive control group. An equal reduction in total cholesterol level was also
observed in 5mg/kg rosuvastatin group. A couple of other studies also reported the dose-dependent
decline in total cholesterol levels when treated with chia seeds extracts (Aljumayi et al., 2022).
Rosuvastatin has also reported a significant and dose-dependent decline total cholesterol levels (Al-
Kuraishy and Al-Gareeb, 2019). Our study exhibited similar results when triglycerides were measured
and a dose-dependent decline was observed in both 50mg and 100mg chia seeds powder groups when
compared with the positive control group. The 5mg/kg rosuvastatin group showed equal reduction of
triglycerides as of 100mg chia seeds powder group. A previous study reported a significant reduction
in triglyceride levels in chia seeds treated group and related it with the inhibition of pancreatic lipase
activity (Gomez-Velazquez et al., 2022). Similar results were reported from another study which
showed a significant reduction in triglyceride levels when treated with chia seeds extract (Ali et al.).
Regarding HDL levels, there was no significant decrease or increase in their levels when treated with
50mg and 100mg chia seeds powder. The rosuvastatin group also showed the same results as of chia
seeds powder groups. Contrary to our results, a previously mentioned study has reported a significant
dose-dependent increase in HDL levels when treated with chia seeds extract (Aljumayi et al., 2022).
Another study reported maximum levels of HDL in chia seeds extract treated group (Veggi et al.,
2021). Our results exhibited a slight but significant reduction in the LDL levels of both chia seeds
powder groups and the rosuvastatin group. There was also no significant difference was observed in
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urea and creatinine levels when chia seeds powder groups and rosuvastatin group were compared with
the positive controls. Similar reduction in LDL levels was observed in a previously mentioned study
when the chia seeds groups were compared with diabetic controls (Alamri, 2019). Another previous
study reported similar LDL reduction in chia seeds extract groups but contrary to our results there was
also a reduction in urea and creatinine levels (Z Mahfouz, 2020). Another previous study reported that
the rosuvastatin treated group caused a significant decrease in LDL levels while no significant
difference was observed In HDL levels (Al-Kuraishy and Al-Gareeb, 2019).

Conclusion: Chia seeds at both the doses i.e. 50mg and 100mg decreased weight of animals and
modulated hematological parameters equivalent to rosuvastatin.

Ethical Approval: Study was approved by the ERC of University.
Conflict of interest: There was no any conflict of interest.
References:

ACHARYA, P. & TALAHALLI, R. R. 2019. Aging and hyperglycemia intensify dyslipidemia-
induced oxidative stress and inflammation in rats: assessment of restorative potentials of
ALA and EPA+ DHA.. Inflammation, 42, 946-952,

AL-KURAISHY, H. M. & AL-GAREEB, A. 1. 2019. Effects of rosuvastatin on metabolic profile:
Versatility of dose-dependent effect. Journal of advanced pharmaceutical technology &
research, 10, 33.

ALAMRYI, E. 2019. The Influence of Two Types of Chia Seed on Some Physiological Parameters in
Diabetic Rats. International Journal of Pharmaceutical Research & Allied Sciences, 8.

ALLI, B., YAHA, A.-E. & NEHAD, R. Biological Studies On the Effects of Chia Seeds (Saliva
hispanica L) On the Healthy Status of Rats with Liver Cirrhosis.

ALJUMAYI, H., ALJUMAYI, A., ALGARNI, E., ALGHESHAIRY, R. M., ALHARBI, H. F.,
AZHAR, W., BUSHNAQ, T. & QADHI, A. 2022. The Effect of Chia Seed Extracts against
Complete Freund’s Adjuvant-Induced Rheumatoid Arthritis in Rats. Journal of Food
Quality, 2022.

E SILVA, P. V., BORGES, C. D. S., ROSA, J. D. L., PACHECO, T. L., FIGUEIREDO, T. M.,
LEITE, G. A. A., GUERRA, M. T., ANSELMO-FRANCI, J. A., KLINEFELTER, G. R. &
KEMPINAS, W. D. G. 2020. Effects of isolated or combined exposure to sibutramine and
rosuvastatin on reproductive parameters of adult male rats. Journal of Applied Toxicology,
40, 947-964.

FERNANDEZ-MARTINEZ, E., LIRA-ISLAS, I. G., CARINO-CORTES, R., SORIA-JASSO, L. E.,
PEREZ-HERNANDEZ, E. & PEREZ-HERNANDEZ, N. 2019. Dietary chia seeds (Salvia
hispanica) improve acute dyslipidemia and steatohepatitis in rats. Journal of food
biochemistry, 43, €12986.

GAMAN, M.-A., COZMA, M.-A., DOBRICA, E.-C., BACALBASA, N., BRATU, 0. G. &
DIACONU, C. C. 2020. Dyslipidemia: a trigger for coronary heart disease in Romanian
patients with diabetes. Metabolites, 10, 195.

GOMEZ-VELAZQUEZ, H. D., APARICIO-FERNANDEZ, X., MORA, O., GONZALEZ
DAVALOS, M. L., DE LOS RIOS, E. A. & REYNOSO-CAMACHO, R. 2022. Chia seeds
and chemical-elicited sprouts supplementation ameliorates insulin resistance, dyslipidemia,
and hepatic steatosis in obese rats. Journal of Food Biochemistry, e14136.

GRANCIERI, M., MARTINO, H. S. D. & GONZALEZ DE MEJIA, E. 2019. Chia seed (Salvia
hispanica L.) as a source of proteins and bioactive peptides with health benefits: A review.
Comprehensive Reviews in Food Science and Food Safety, 18, 480-499.

http://xisdxjxsu.asia VOLUME 18 ISSUE 11 November 2022 1024-1032



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

GYAWALL, D., VOHRA, R., ORME-JOHNSON, D., RAMARATNAM, S. & SCHNEIDER, R. H.
2021. A systematic review and meta-analysis of ayurvedic herbal preparations for
hypercholesterolemia. Medicina, 57, 546.

HADI, M. K., ABDULKADIR, M. Q., SAHIB, H. A., ABDUL-WAHAB, A.-H. H. & DAKHEL, Z.
A. Hydroxy Methylglutaryl-CoA Reductase Inhibitors (Statins), Mechanism of Action,
Chemistry, Pharmacokinetics and their Relative Efficacy for Improving the Lipid Profile.

HARIYANTO, T. I. & KURNIAWAN, A. 2020. Statin therapy did not improve the in-hospital
outcome of coronavirus disease 2019 (COVID-19) infection. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 14, 1613-1615.

HEO, J. W., NO, M. H., CHO, J., CHOI, Y., CHO, E. J., PARK, D. H., KIM, T. W., KIM, C. J.,
SEO, D. Y. & HAN, J. 2021. Moderate aerobic exercise training ameliorates impairment of
mitochondrial function and dynamics in skeletal muscle of high-fat diet-induced obese mice.
The FASEB Journal, 35, e21340.

HIROTA, T., FUJITA, Y. & IEIRI, 1. 2020. An updated review of pharmacokinetic drug interactions
and pharmacogenetics of statins. Expert Opinion on Drug Metabolism & Toxicology, 16,
809-822.

JI, X., SHI, S., LIU, B., SHAN, M., TANG, D., ZHANG, W., ZHANG, Y., ZHANG, L., ZHANG,
H. & LU, C. 2019. Bioactive compounds from herbal medicines to manage dyslipidemia.
Biomedicine & Pharmacotherapy, 118, 109338.

LEE, Y.-S., LEE, J.-M., CHUNG, H., WOO, J.-S., LEE, B.-C. & KIM, W. 2022. Efficacy and
Safety of Da-Chai-Hu-Tang in Lipid Profiles in High-Risk, Statin-Treated Patients with
Residual HyperTG: A 12-Week, Randomized, Active-Control, Open Clinical Study. Life,
12, 408.

LEVIN, M. G. & RADER, D. J. 2022. Polygenic risk scores for dyslipidemia and atherosclerotic
cardiovascular disease: progress toward clinical implementation. Best Practice & Research
Clinical Endocrinology & Metabolism, 101702.

LI, J., WU, H., LIU, Y. & YANG, L. 2020. High fat diet induced obesity model using four strains of
mice: Kunming, C57BL/6, BALB/c and ICR. Experimental animals, 19-0148.

LIU, J., HE, Z., MA, N. & CHEN, Z.-Y. 2019. Beneficial effects of dietary polyphenols on high-fat
diet-induced obesity linking with modulation of gut microbiota. Journal of agricultural and
food chemistry, 68, 33-47.

MIHAFU, F. D., KIAGE, B. N., KIMANG’A, A. N. & OKOTH, J. K. 2020. Effect of chia seeds
(Salvia hispanica) on postprandial glycaemia, body weight and hematological parameters in
rats fed a high fat and fructose diet. International Journal of Biological and Chemical
Sciences, 14, 1752-1762.

MO, H., JETER, R., BACHMANN, A., YOUNT, S. T., SHEN, C.-L. & YEGANEHJOO, H. 2019.
The potential of isoprenoids in adjuvant cancer therapy to reduce adverse effects of statins.
Frontiers in pharmacology, 9, 1515.

MOLLAZADEH, H., TAVANA, E., FANNI, G., BO, S., BANACH, M., PIRRO, M., VON
HAEHLING, S., JAMIALAHMADI, T. & SAHEBKAR, A. 2021. Effects of statins on
mitochondrial pathways. Journal of Cachexia, Sarcopenia and Muscle, 12, 237-251.

MONDOL, D., ISLAM, M., BISWAS, S., JODDER, P., SANA, S. & SALEH, M. 2020.
Investigation of the synergistic effect of glimepiride and rosuvastatin on alloxan-induced
diabetic rat. Journal of Diabetes & Metabolic Disorders, 19, 1415-1422.

MOORTHY, M., SUNDRALINGAM, U. & PALANISAMY, U. D. 2021. Polyphenols as prebiotics
in the management of high-fat diet-induced obesity: A systematic review of animal studies.
Foods, 10, 299.

PRATHYUSHA, P., KUMARI, B. A., SUNEETHA, W. J. & SRUJANA, M. N. S. 2019. Chia seeds
for nutritional security. Journal of Pharmacognosy and Phytochemistry, 8, 2702-2707.

RANI, R., KUMAR, S. & YADAYV, S. 2021. Pumpkin and chia seed as a dietary fibre source in
meat products: A review. Pharma Innov. J, 10, 477-485.

http://xisdxjxsu.asia VOLUME 18 ISSUE 11 November 2022 1024-1032



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

RAUF, A., AKRAM, M., ANWAR, H., DANIYAL, M., MUNIR, N., BAWAZEER, S.,
BAWAZEER, S., REBEZOV, M., BOUYAHYA, A. & SHARIATI, M. A. 2022.
Therapeutic potential of herbal medicine for the management of hyperlipidemia: latest
updates. Environmental Science and Pollution Research, 1-21.

RUBAVATHI, S., AYYAPPADASAN, G., SANGEETHA, N., HARINI, T., SARANYA, D. &
HARSHAPRADHA, P. 2020. Studies on Antioxidant and Anti-obesity Activity of Salvia
hispanica (Chia) Seeds Extracts. Journal of Drug Delivery and Therapeutics, 10, 98-106.

VEGGI, N., FARIA, W. C. S., AVILA E. T., DE ROSA LIMA, T., ALMEIDA, P. C., SIMONI, T.,
NAVALTA, J. W, VOLTARELLI, F. A., CONVERTI, A. & BARROS, W. M. 2021. High-
Protein bar Supplemented with Chia Seed Improves Lipidemic Parameters in Wistar Rats.
International Journal of Advanced Engineering Research and Science, 9, 1.

WAJPEYI, S. M. 2020. Analysis of etiological factors of Dyslipidemia-A case control study.
International Journal of Ayurvedic Medicine, 11, 92-97.

Z MAHFOUZ, M. 2020. Using Pan Bread Enriched with Chia Seeds to Reduce some Side Effects of
Fatty Liver Induced with Fructose in Male Rats. (I (110 OO O OJO0000 L 36,
167-204.

ZAHID, N., SHAHEEN, S., MEMON, Z., ALI, A., ZAFAR, U. & AGHA, F. Comparative Analysis
of Antidyslipidemic Effects of Fenugreek Seed Extract and Standard Pharmacological
Therapy in Diet Induced Animal Model of Dyslipidemia: An Experimental Study.

http://xisdxjxsu.asia VOLUME 18 ISSUE 11 November 2022 1024-1032



http://xisdxjxsu.asia/

