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Abstract

This work intended to determine the therapeutic efficacy of Rhubarb (Rhu) (Rheum rhabarbarum, family Polygonaceae)rhizome extract on
lipid profile and hepatic functions and explore its mechanism as an antioxidant agent in hypercholesterolemic rats. Hyperchol esterolemia was
induced by feeding the rats with a high-cholesterol diet (HCD) for 4 weeks. Fifty rats were distributed into 5 groups: 1-control, 2-HCD, 3-
HCD+ Atorvastatin (Atorva) (20 mg/kg), 4-HCD+Rhu extract (75 mg/kg), and 5-HCD+Rhu extract (150 mg/kg). Serum lipid profiles [TC,
HDLc, LDLc, VLDLc, and TG], hepatic function enzymes biomarkers [ALT, AST, and ALP], and antioxidants markers [MDA, SOD, and
CAT] were assessed. Besides, the hepatic histopathological changes were examined in all groups. The results revealed that alkaloids,
flavonoids, saponins, terpenes, and anthraquinones were high in Rhu extract. The HCD group showed significantly elevated lipid levels,
hepatic dysfunction, and oxidative stress relative to the control group (p < 0.05). Hepatic tissues had severe changes, increased lipid droplets
within many hepatocytes, congestion, and inflammation of hepatic sinusoids. Treatment with Rhu extract at 150 mg/kg significantly corrected
and restored these changes. Rhu extract significantly reduced serum lipid profile and alleviated hepatic function. In addition, it significantly
restored the antioxidant enzymes activities and reduced lipid peroxidation relative to the HCD group (p < 0.05). These findings suggest that
Rhu extract has markedly hypolipidemic and hepatoprotective effects. Its antioxidant active compounds could explain the underlying
mechanics. Therefore, Rhu extract might be developed as a therapeutic agent for managing hypercholesterolemia. Further in-depth
investigations of its mechanism are needed.
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1. Introduction

High blood cholesterol level (HC), defined as "abnormally elevated levels of cholesterol in the blood," is a prominent risk
factor for cardiovascular diseases (CVDs) globally [1]. Chronic or uncontrolled HC can lead to significant problems such as
heart stroke or coronary heart disease [2]. According to the Saudi Health Council National Heart Center, 35 % of Saudi
population have hypercholesterolemic, which is significantly higher relative to other countries, placing them at risk of CVDs
[3]. From a view of health economics, CVDs entail a burden on healthcare systems directly via expenditure and indirectly via
living years with diseases, low productivity, and premature mortality. The Saudi Vision 2030 recently aims to scale up vitality
and longevity via decreasing CVDs' economic and clinical burden in a new era of comprehensive healthcare [4]. As a result,
keeping cholesterol levels normal is advised to reduce the risk of CVDs.

Many prescription drugs are successful in lowering cholesterol levels. They are, however, pricey and have been linked to
serious side effects [5]. Although, adopting a low-saturated-fat diet is an effective dietary strategy for lowering blood
cholesterol levels. Nonetheless, these diets are difficult to adopt because of their low palatability and acceptability [6].
According to various sources, medicinal plants serve as the basis for 25-50 % of currently produced drugs used in healthcare
[7,8].Because of the increased emphasis on the adverse effects of utilizing synthetic compounds to treat diseases,
pharmaceutics is increasingly focused on developing innovative, effective, and less harmful drugs. Natural compounds
derived from medicinal plants have greatly aided in the development of medications for various diseases [9].

Rhubarb (Rhu) (Rheum rhabarbarum) (Rheum L., Polygonaceae family), one of the most well-known medicinal herbs, is
widely used in traditional medicine in Asian countries and is also found in many ancient Greek and Roman treatments. Many
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investigations have shown that Rhu rhizome extract has anticancer [10], antibacterial [11], and anti-inflammatory[12]
activities. Furthermore, Rhu has been proven to have hepatoprotective, antiviral, and cholagogue effects [13,14]. It protects
against central nervous system diseases [15] and relieves constipation [16]. Over a hundred chemicals have been discovered
and extracted from Rhu so far. Anthraguinones, such as rhein, emodin, and aloe-emodin, are among these chemicals [17]. The
principal bioactive ingredients, such as physcion, chrysophanol, and their glycosides, have been shown to have antioxidant
properties [17].

This research aimed to assess if Rhu extract had hypocholesterolemic, hepatoprotective, and antioxidant effects in
hypercholesterolemic rats.

2.Materials and Methods

2.1. Herb material, chemicals, and drug

Rhubarb (Rhu) rhizome was obtained from Abazeer organic food stories in Jeddah, Saudi Arabia (SA). All chemicals were
purchased from Scientific Fisher (Germany) and were of high analytical grade. Lorvast® Atorvastatin 20 mg (Tabuk
Pharmaceutical Manufacturing Company, Tabuk, SA) was obtained from Al-Dawaa Pharmacies, Jeddah, SA.

2.2. Rats

From King Fahd Medical Research Center (KFMRC), KAU, 50 male albino rats weighing 170 -190 g were provided. The
experimental investigation in KFMRC, KAU, SA fulfilled Canadian ethical standards. This study protocol was approved by
The Research Ethics Committee Unit, Faculty of Medicine - KAU (Reference No 731-22).

2.3. Rhubarb extract preparation

Fifty g of crushed Rhu rhizome was extracted twice in 750 mL of 60% ethanol over 2 hours under reflux at 60°C. Filtrates
were combined and evaporated to dryness using a rotatory evaporator under a vacuum at 60 °C. Until it was used, the extract
was kept at -20°C [18].

2.4. Phytochemical screening of Rhu extract

Qualitative phytochemical analysis of various phytocompounds was performed using standard procedures. Qualitative
analysis of alkaloids was conducted using Wagner’s test; 50 mg of the Rhu extract was dissolved in diluted HCI, then by
gentle addition of Wagner’s reagent (few drops) along the test tube side, the formation of reddish-brown precipitates indicates
the presence of alkaloids [19]. Qualitative analysis of steroids was conducted by dissolving 50 mg of the Rhu extract in 2 ml
of each concentrated H2SO4and chloroform, the formation of red colour in the lower layer indicates the presence of steroids
[20]. Qualitative analysis of tannins was conducted by dissolving 50 mg of the Rhu extract in distilled water pre-adding FeCls
(a few drops), the presence of green precipitates indicates the presence of tannins [21]. Flavonoids were screened using an
alkaline reagent test, 50 mg of the Rhu extract was mixed with a dilute ammonia solution (5 ml) and filtered, then added
H2SO4 concentrated, the formation of a yellow colour indicates the presence of flavonoids [22]. Saponins screening was
conducted using the Froth test; 50 mg of the Rhu extract was dissolved in distilled water and made up the volume to 20 ml
with distilled water, then shake the mixture vigorously for 15 minutes, the formation of stable foam indicates the presence of
saponins [19]. Phenols screening was conducted using a Ferric chloride test; 50 mg of the Rhu extract was dissolved in 5 ml
distilled water, then 5 % ferric chloride (a few drops) was added, the formation of a bluish-black colour indicates the presence
of phenols [19]. Terpenoids screening was conducted using Liebermann-Burchard test; 50 mg of the Rhu extract was added to
acetic anhydride solution (a few drops) then H2SO4 concentrated (a few drops) was carefully added along the walls of the test
tube, the formation of red-brown ring indicates the presence of terpenoids [23]. Screening of terpenes was conducted by
adding 3-4 drops of copper acetate solution to 50 mg of the extract, the formation of emeraldgreen colour indicates the
presence of terpenes [24]. Qualitative analysis of glycosides was conducted using Salkowski’s test; 2 mg of the Rhu extract
was diluted in 2 ml chloroform, then a few drops of the concentratedH.SOswas added, the formation of a reddish-brown
colour indicates the presence of glycosides [20]. Qualitative analysis of anthraquinones was conducted using an ammonium
hydroxide test; 10 mg of the extract was dissolved in isopropyl alcohol, then added ammonium hydroxide solution, and the
formation of red colour indicates the presence of anthraquinones [25].

2.5. Preparation of basal and hypercholesterolemic diet

The standard nutritionally balanced diet (AIN-93M) was prepared [26]. A hypercholesterolemic diet (HCD), including bile
salts (0.2%) and cholesterol (1%), was prepared using the procedure of [27].

2.6. Experimental protocol

Five groups of ten rats each were classified randomly after a week of acclimatization at a temperature of 24+2 °C and a
humidity of 60+10% during a 12:12 h dark/light cycle. The initial group was fed a standard diet and considered a control
group. While groups 2-5 were fed HCD after 4 weeks, blood samples from these groups (2-5) were taken to confirm the
induction of hypercholesteremia in rats (total cholesterol (TC) > 200 mg/dl ~ > 5.17mmol/L) [28]. The scheme for groups'
design was as follows:
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Control: Rats were fed a standard diet and administered orally distilled water.

HCD: Rats were fed HCD and administrated orally distilled water.

HCD+ Atrova (20 mg/kg): Rats were fed HCD and administered orally Atorva (20 mg/kg) [29].

HCD+ Rhu (75 mg/kg): Rats were fed HCD and administered orally Rhu extract (75 mg/kg) [30].

HCD+ Rhu (150 mg/kg): Rats were fed HCD and administered orally Rhu extract (150 mg/kg).

After four weeks of treatments, all the rats were fasted for 12 hours on the final day. The rats were anesthetized with ether and
the blood samples were collected by the heart puncture technique for biochemical analysis. The hepatic samples were excised
immediately and fixed in formalin (10 %) for the histological investigation.

2.7. Measurement of lipid profile indices

Serum lipid profiles [TC, high-density lipoprotein cholesterol (HDLc), and triglycerides (TG)] were determined following the
routine procedure as per the manufacturer's instructions in the enzymatic colorimetric kits (Abcam, USA). At the same time,
low-density lipoprotein cholesterol (LDLc) and very low-density lipoprotein cholesterol (VLDLc) were calculated.

2.8. Measurement ofhepatic function enzymes

Serum activities of hepatic functions (alanine transaminase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP)) were measured following the instructions of colorimetric standard kits (Roche Cobas Diagnostic, USA).
2.9. Histopathological investigation

After the standard procedure, the fixed hepatic sections were stained with Hematoxylin-eosin staining (H-E stain) for the
histological examination. The slides were examined under a light microscope to detect tissue pathological changes.

2.10. Measurements of antioxidants and lipid peroxidation

The serum activities of antioxidant enzymes [catalase (CAT) and superoxide dismutase (SOD)], as well as lipid peroxidation
(MDA) level, were measured according to the instruction's procedure in ELSA LSBio kits (LifeSpan Biosciences, USA).

2.11. Statistical analysis

The SPSS version 27 was used to analyze thedata. Results were presented as the mean £ SD. A one-way ANOVA test was
used to evaluate the variance between all groups, followed by Tukey-Kramer test. P-values < 0.05 were considered
significant.

3. Results

3.1. Phytochemical screening of Rhu extract

Table (1) presents the phytochemical screening of different phytoconstituents of Rhu extract. Alkaloids, flavonoids, saponins,
terpenes, and anthraquinones were high in Rhu extract. Tannins, phenols, terpenoids, and glycosides are moderately present in
Rhu extract. Meanwhile, the steroid compound was found in trace amounts in Rhu extract.

Table 1. Phytochemical screening of Rhu extract

Phytoconstituents Test results
Alkaloids +++
Steroids +
Tannins ++
Flavonoids +++
Saponins +++
Phenols ++
Terpenoids ++
Terpenes +++
Glycosides ++
Anthraquinones +++

+ Indicates trace amount, ++ moderately present, and +++ highly present.
3.2. Impact of Rhu extract on lipid profile indices in hypercholesterolemic rats

Figure 1 illustrates the effect of Rhu extract on lipid profile levels in male rats with hypercholesterolemia. The HCD
resulted in significantly higher TC, TG, LDLc, and VLDLc levels relative to the control group (p <0.05). The groups of rats
that ingested HCD with either Atrova (20 mg/kg), Rhu extract (75 mg/kg), or Rhu extract (150 mg/kg) demonstrated
significant reductions in TC, TG, LDLc, and VLDLc levels compared to the HCD group (p < 0.05).0n the other hand, the
HCD group showed a significant decline in HDLc levels relative to the control group (p < 0.05). The groups of rats that
ingested HCD with either Atrova (20 mg/kg), Rhu extract (75 mg/kg), or Rhu extract (150 mg/kg) exhibited a significant
increase in HDLc levels compared to the HCD group (p < 0.05).Significant changes (p < 0.05) existed between the high dose
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(150 mg/kg) and low dose (75 mg/kg) of Rhu extract in all tested lipid profile biomarkers, where the high dose was more
effective as hypolipidemic than the low dose.
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Figure 1. Impact of Rhu extract on lipid profile biomarkers in hypercholesterolemic rats. A: TC; B: TG, C: HDLc, D:
LDLc, and E: VLDLc. All values represent the mean + SD (n = 10). Values with different superscript letters in the same column
vary significantly at p<0.05.

3.3. Impact of Rhu extract on the hepatic function enzymes in hypercholesterolemic rats

Table 2 reveals that hepatic enzymes (ALT, AST, and ALP) were significantly higher in the HCD group (54.14 + 2.19, 89.43
+ 3.22, and 118.63 + 4.68 U/L, respectively) relative to the control rats (35.45 + 1.15, 41.23 + 1.25, and 93.14 + 3.56 UJL,
respectively) (p <0.05). The groups of rats that ingested HCD with either Atrova (20 mg/kg), Rhu extract (75 mg/kg), or Rhu
extract (150 mg/kg) demonstrated significant reductions in serum hepaticenzymes compared to the HCD group (p < 0.05). The
values of hepatic enzymes were closer to the control values, particularly in the Atrova group and the high-dose Rhu extract
group. On the other hand, there were significant changes between the hepatoprotective effects of the high and low doses of
Rhu extract groups (p < 0.05).

Table 2. Impact of Rhu extract on hepatic function enzymes in hypercholesterolemic rats

Control 3545+1.15° 41.23+1.25° 93.14+3.56°
HCD 54.14+2.192 89.43+3.22 2 118.63 +4.68 2
HCD+ Atrova (20 mg/kg) 37.32+255° 42.42+2.16° 94.32+3.45°
HCD+ Rhu (75 mg/kg) 48.18 +2.231° 71.20+3.72° 111.33+5.33°
HCD+ Rhu (150 mg/kg) 38.44+243° 43.07+1.82°¢ 94.01 £5.36°¢

Al values represent the mean + SD (n = 10). Values with different superscript letters in the same column vary significantly at
p=<0.05.
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3.4. Impact of Rhu extract on hepatic histopathological changes in hypercholesterolemic rats

After four weeks of treating hypercholesterolemic rats with either Atrova (20 mg/kg), Rhu extract (75 mg/kg), or Rhu
extract (150 mg/kg), histological examinations were conducted on the hepatic tissues of all groups. The control group's
hepatic tissues showed normal hepatocytes and blood sinusoids arranged radially centered on the normal central vein (Figure
2A). The hepatic of the HCD group had severe alterations, unclear, vacuolar degeneration of hepatocyte cells, widened
sinusoids with rising deposition of lipids cells (Figure 2B&C). Treatment of hypercholesterolemic rats with Atrova (20
mg/kg) showed most hepatocytes apparent normal with a noticeable absence of lipid deposition within the cells, except few
cells showed slight hydropic degeneration of hepatocytes and slightly widened sinusoids (Figure 2D). Treatment of
hypercholesterolemic rats with Rhu (75 mg/kg) showed lipid droplets within many hepatocytes, sinusoid dilation, and slight
vacuolar degeneration of hepatocytes (Figure 2E). While treatment of hypercholesterolemic rats with Rhu (150 mg/kg)
showed absence of lipid deposition with the hepatocytes looks similar to the control, expect few sinusoids dilation (Figure
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Figure 2.Impact of Rhu extract on hepatic histopathologyin hypercholesterolemic rats (H-E stain x200). Figure (A) represents control
group hepatic tissues with normal hepatocytes and blood sinusoids (small arrows) arranged radially centered on the normal central vein.
Figures (B & C) represent hepatic of HCD group that showed severe alterations, unclear, vacuolar degeneration of hepatocytes cells
(arrowheads), widened sinusoids with rise deposition of lipids cells (small arrows) which disrupt hepatocyte structure. As well as congestion
and inflammation of hepatic sinusoids (large arrows). Figure (D) represents hepatic of HCD + Atrova (20 mg/kg) group that showed most
hepatocytes apparent normal with a noticeable absence of lipid deposition within the cells, except few cells showed slight hydropic
degeneration of hepatocytes (small arrows) and slight widened sinusoids (large arrows). Figure (E) represents hepatic of HCD+ Rhu (75
mg/kg) group that showed lipid droplets within many hepatocytes (small arrows), sinusoid dilation, and slight vacuolar degeneration of
hepatocytes (large arrows). Figure (F) represents hepatic of HCD+ Rhu (150 mg/kg) group that showed absence of lipid deposition with the
hepatocytes looks similar to the control, expect few sinusoids dilation (small arrows).

3.5. Impact of Rhu extract on serum redox state biomarkers in hypercholesterolemic rats
In hypercholesterolemic rats, after 4 weeks of treatment, serum MDA levels increased, while SOD and CAT activities
decreased significantly relative to the control group (p < 0.05).

The groups of rats that ingested HCD with eitherAtrova (20 mg/kg), Rhu extract (75 mg/kg), and Rhu extract (150 mg/kg)
demonstrated a substantial improvement in all serum redox state biomarkers compared with the HCD group (p < 0.05). In
terms of lowering MDA and raising antioxidant enzyme levels, the high dose of Rhu extract outperformed the low dose of
Rhu extract (Figure 3).
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Figure 3.Impact of Rhu extract on serum redox state biomarkers (MDA, SOD, and CAT) levels in hypercholesterolemic rats.A:
MDA; B: SOD, C: CAT. All values represent the mean + SD (n = 10). Values with different superscript letters in the same column vary
significantly at p<0.05.

4. Discussion

Hyperlipidemia is a metabolic disorder; it is a leading risk cause of coronary heart disease and atherosclerosis. Its incidence
has considerably risen due to the significant changes in eating habits and lifestyle [31]. Although cholesterol-lowering drugs
are commonly used to cure hyperlipidemia, some cause toxic effects, such as elevation in nerve damage, risk of diabetes,
myopathy, and liver transaminases [32, 33]. So, safer natural remedies with fewer side effects are required [34]. Rhubarb
(Rhu) extract has antioxidant, hypoglycemic, renal- and hepato-protective, and anti-inflammatory properties [35]. This study
aimed to explore the potential therapeutic lipid-lowering and hepatoprotective effects of Rhu extract and explore its
mechanism as an antioxidant agent.

The qualification of several bioactive constituents in the Rhu extract revealed that the following five classes, namely
alkaloids, flavonoids, saponins, terpenes, and anthraquinones, were detected to be high. Meanwhile, tannins, phenols,
terpenoids, and glycosides were detected to be moderate in Rhu extract. The results are consistent with [36-38]. Rhu belongs
to plants with higher phenolic and anthraquinones content. The phenols and tannins responsible for several biological
activities were identified in Rhu alcoholic extract [39]. Moreover, Khattak et al. [40] found that the Rhu extract contains
various active compounds such as alkaloids, phenols, glycosides, flavonoids, terpenoids, and anthraquinones with a wide
variety of pharmacological properties.

The prolonged ingestion of a high-cholesterol diet (HCD) resulted in significant hyperlipidemia, elevated hepatic enzymes,
and oxidative stress in rats. The hepatic tissues of the HCD group had vacuolar degeneration of hepatocyte cells and widened
sinusoids with a rise in the deposition of lipid cells, which disrupted hepatocyte structure. These results run in parallel with
[41]. Hypercholesterolemic triggers hepatic dysfunctions and over-production of ROS with depleted antioxidant capacity; it is
a significant risk factor for fatty liver and chronic liver diseases [42]. Elevation in transaminase liver enzymes due to fed HCD
is evidence of hepatic cell injury [43]. This could be explained through the hyperlipidemic elevated free radicals and induced
changes in hepatic membrane permeability, which released enzymes into the bloodstream [44]. Hypercholesterolemia is a risk
factor for hepatic damage, correlated to elevation in lipid content. Fed animals HCD induced plenty of necrosis with
accumulation of lipids around hepatocytes, inflammatory cell infiltration, and fatty changes [45, 46]. Several pieces of
evidence documented oxidative damage and inflammation after feeding HCD; rats fed HCD showed changes in physiological
antioxidant abilities and affected tissue redox imbalance. Lipid disruption is linked with the unbalanced production of free
radicals and endogenous antioxidants [47]. High LDLc or cholesterol forms a vicious cycle, accompanied by vascular
endothelial form foam cells. It induces mitochondrial dysfunction, which accelerates ROS and thus converts LDL to oxidized
LDL (Ox-LDL), which elevates inflammation and oxidative stress [48].

Treatment of hypercholesterolemic rats with Atrova (20 mg/kg) caused a significant reduction in lipid indices concurrent with
a significant increase in HDLc levels relative to the HCD group. In addition, the reduced liver enzymes protect hepatic tissues
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and neutralize oxidative stress. The obtained results are consistent with other studies that proved the beneficial impact of
Atrova in reducing blood lipid level [49, 50].

In the present study, treatment of hypercholesterolemic rats with Rhu extract (75 and 150 mg/kg) revealed significant
hypolipidemic impacts relative to the HCD group. Besides, Rhu extract induced hepatoprotective effects in treated rats.
Treatment with Rhu exhibited substantial improvement in all serum redox state biomarkers compared with the HCD group.
The high dose was more effective than the low dose in hypolipidemic, hepatoprotective, and antioxidant effects and protecting
the hepatic tissues.

The hypolipidemic effects of Rhu were agreed with Gholami et al. [51] and thus could be attributed to its active constituents.
Recently, Wu et al. [52] revealed that Rhu extract contains several compounds that can regulate lipid metabolism, reduce
lipogenesis, inhibit pancreatic lipase, regulate lipid factor expression, and stimulate lipolysis. In addition, Rhu increases bile
production and reduces cholesterol esters in the liver [51]. Rhu phenol and flavonoids exhibit hypolipidemic effects, inhibit
cholesterol synthesis, and enhance intestinal cholesterol excretion via gene expression [53]. Rhu glycosides showed
hypoglycemic and hypolipidemic effects in diabetic mice [54].

The hepatoprotective effect of Rhu extract agrees with Neyrinck et al. [55], who revealed that Rhu extract alleviated hepatic
injury and suppressed inflammatory and oxidative stress markers. The phytochemical compounds in Rhu could modify
antimicrobial peptide production and induce changes in gut microbiota composition, which explains hepatoprotective effects.
Asgharian et al. [56] found that Rhu hydroalcoholic extract at 200 and 400 mg/kg daily for 10 days prevents the harmful
impact of lead-induced hepatotoxicity in rats.

The current study revealed that treated hypercholesterolemic rats with Rhu extract showed a significant antioxidant impact.
Several investigations documented the antioxidant activity of Rhu extracts [44]. Bdaiwi et al. [57] revealed that Rhu aqueous
extract induced significant hypoglycemic, hypolipidemic, and antioxidant effects in mice exposed to oxidative stress. Rhu
extract contains potent antioxidant phytochemical compounds, which have redox properties and antagonize the side effects
induced by elevated ROS levels in several disorders [52].

5. Conclusion

This study demonstrated the therapeutic effects of Rhu extract in lowering lipid indices. The administration of Rhu
extract to hypercholesterolemic rats resulted in hepatoprotective effects and prevented the histopathological alteration in
hepatic tissues. The mechanisms may be implemented through the antioxidant pathway. The beneficial therapeutic impacts
induced by Rhu extract were dose-dependent. These findings suggest that Rhu extract may be a candidate therapy for
hypercholesterolemia. Further in-depth investigations of its mechanism and clinical applications are needed.

6. Conflicts of interest
There are no conflicts to declare.

7. Funding sources

This study didn't receive any funding support.

8. Acknowledgments

The author gratefully acknowledges the KFMRC, Jeddah, SA for technical support.

9. References

[1] Alloubani A, Nimer R, Samara R. Relationship between hyperlipidemia, cardiovascular disease and stroke: A systematic
review. Current Cardiol Rev. 2021;17(6): €051121189015. DOI: 10.2174/1573403X16999201210200342

[2] NIH, National Institute of Health High blood cholesterol. 2019. Available at: https://www.nhlbi.nih.gov/health-
topics/high-blood-cholesterol.

[3] Saudi Health Council National Heart Center, Cardiovascular disease. Kingdom of Saudi Arabia, March 2022. Available
at: Heart National Center (shc.gov.sa)

[4] Tash AA, Al-Bawardy RF. Cardiovascular disease in Saudi Arabia: facts and the way forward. J Saudi Heart Assoc. 2023;
35 (2):148-62.DOI: 10.37616/2212-5043.1336

[5] Bliznakov EG. Lipid-lowering drugs (statins), cholesterol, and coenzyme Q10. The Baycol case-a modern Pandora's box.
Biomed Pharmacother. 2002; 56(1):56-9. DOI: 10.1016/s0753-3322(01)00150-0

[6] Alloubani A, Nimer R, Samara R. Relationship between hyperlipidemia, cardiovascular disease and stroke: A systematic
review. Current Cardiol Rev. 2021;17(6): €051121189015. DOI: 10.2174/1573403X16999201210200342

Egypt. J. Chem. 68, No. 3 (2025)


https://doi.org/10.2174/1573403x16999201210200342
https://www.nhlbi.nih.gov/health-topics/high-blood-cholesterol
https://www.nhlbi.nih.gov/health-topics/high-blood-cholesterol
https://shc.gov.sa/en/NHC/Pages/default.aspx
https://doi.org/10.37616/2212-5043.1336
https://doi.org/10.1016/s0753-3322(01)00150-0
https://doi.org/10.2174/1573403x16999201210200342

118 M. M. S. Mansoury

[7] NIH, National Institute of Health High blood cholesterol. 2019. Available at: https://www.nhlbi.nih.gov/health-
topics/high-blood-cholesterol.

[8] Saudi Health Council National Heart Center, Cardiovascular disease. Kingdom of Saudi Arabia, March 2022. Available
at: Heart National Center (shc.gov.sa)

[9] Tash AA, Al-Bawardy RF. Cardiovascular disease in Saudi Arabia: facts and the way forward. J Saudi Heart Assoc. 2023;
35 (2):148-62.DOI: 10.37616/2212-5043.1336

[10] Bliznakov EG. Lipid-lowering drugs (statins), cholesterol, and coenzyme Q10. The Baycol case-a modern Pandora’s
box. Biomed Pharmacother. 2002; 56(1):56—-9. DOI: 10.1016/s0753-3322(01)00150-0

[11] Kumar DS, Prasad RMV, Kishore KR, Rao ER. Effect of Azolla (Azolla pinnata) based concentrate mixture on
nutrient utilization in buffalo bulls. Indian J Anim Res. 2012; 46 (3): 268—71.

[12] Mahmood MH, Osama AK, Makky EA, Rahim MH, Ali NHM, Hazrudin ND. Phytochemical screening,
antimicrobial and antioxidant efficacy of some plant extracts and their mixtures. In: IOP Conference Series: Earth and
Environmental Science. IOP Publishing, 2019; 012003.

[13] Sinan KI, Martinovi'c LS, Per“suri’c Z, Paveli'c SK, Etienne OK, Mahomoodally MF, Sadeer, NB, Zengin G.
Novel insights into the biopharmaceutical potential, comparative phytochemical analysis and multivariate analysis of
different extracts of shea butter tree -Vitellaria paradoxa C. F. Gaertn. Process Biochem. 2020; 98, 65-75. DOI:
10.1016/j.prochio.2020.07.028.

[14] Bourhia M, Amrati FEZ, Ullah R, Algahtani AS, Bousta D, Ibenmoussa S, Khlil N. Coronavirus treatments: What
drugs might work against COVID-19?  Natural  Product = Communications.  2020;  15(7):1-7.
DOI: 10.1177/1934578X20945442

[15] Shia CS, Hou YC, Tsai SY, Chang PH, Leu YL, Chao PD. Differences in pharmacokinetics and ex vivo antioxidant
activity following intravenous and oral administrations of emodin to rats. J Pharmaceut Sci. 2010; 99(4): 2185-95.
DOI: 10.1002/jps.21978

[16] Wang J, Zhao H, Kong W, Jin C, Zhao Y, Qu Y, Xiao X. Microcalorimetric assay on the antimicrobial property of five
hydroxylanthraquinone derivatives in rhubarb (Rheum palmatum L.) to Bifidobacterium adolescentis. Phytomedicine.
2010; 17(8): 684-9.

[17] Moon MK, Kang DG, Lee JK, Kim JS and Lee HS. Vasodilatory andanti-inflammatory effects of the aqueous extract of
rhubarb via a NO-cGMP pathway. Life Sci. 2006;78(14): 1550-7.DOI: 10.1016/].1fs.2005.07.028

[18] Li Z, Li LJ, SunY, Li J. Identification of natural compounds with anti-hepatitis B virus activity from Rheum palmatum
L. ethanol extract. Chemotherapy. 2007; 53(5):320-6. DOI: 10.1159/000107690

[19] Zhuang T, Gu X, Zhou N, Ding L, Yang L, Zhou M. Hepatoprotection and hepatotoxicity of Chinese herb rhubarb
(Dahuang): how to properly control the "general (Jiang jun)" in Chinese medical herb. Biomed. Pharmacother. 2020; 127.
110224.D0I:10.1016/j.biopha.2020.110224

[20] Li X, Chu S, Liu Y, Chen N. Neuroprotective effects of anthraquinones from rhubarb in central nervous system
diseases. Evid-Based Complement Alternative Med. 2019; Article ID 3790728:1-12. DOI: 10.1155/2019/3790728

[21] Gao C, Li G, Wang T, Gao L, Wang F, Shang H, Yang Z, Guo Y, Wang B, Xu J. Rhubarb extract relieves constipation
by stimulating mucus production in the colon and altering the intestinal flora. Biomed Pharmacother. 2021; 138, 111479.
DOI: 10.1016/j.biopha.2021.111479

[22] Cai Y, Sun M, Xing J, Corke H. Antioxidant phenolic constituents in roots of Rheum officinale and Rubia cordifolia:
structure—radical scavenging activity relationships. J Agri Food Chem. 2004; 52(26):7884—90. DOI: 10.1021/jf0489116

[23] Wu W, Yana R, Yao M, Zhanc Y, Wang Y. Pharmacokinetics of anthraquinones in rat plasma after oral administration
of a rhubarb extract. Biomed Chromatogr. 2014;28 (4): 564—72. DOI: 10.1002/bmc.3070

[24] Khanam Z, Wen CS, Bhat IUH. Phytochemical screening and antimicrobial activity of root and stem extracts of wild
Eurycoma longifolia Jack (Tongkat Ali). J King Saud Univ Sci. 2015; 27(1) 23-30. DOI: 10.1016/J.JKSUS.2014.04.006

[25] Hengpratom T, Lowe G M, Thumanu K, Suknasang S, Tiamyom K, Eumkeb G. Oroxylum indicum (L.) Kurz extract
inhibits adipogenesis and lipase activity in vitro. BMC Complem Altern Med. 2018;18(1):177. DOI: 10.1186/s12906-018-
2244-3

[26] Sajjad W, Sohail M, Ali B, Hag A, Din G, Hayat M, Khan S 2015. Antibacterial activity of Punica granatum peel
extract. Mycopath. 2015; 13(2):105-11.

[27] Mir M A, Parihar K, Tabasum U, Kumari E. Estimation of alkaloid, saponin and flavonoid, content in various extracts
of Crocus sativa. J Med Plants Stud. 2016; 4(5):171-4.

[28] Rajendra DC, Asma PB, Jayprakash SS, Meena JK, Pournima SS. Phytochemical screening and antibacterial activity of
Nerium indicum leaves. IJPTP. 2013; 4(3): 1-4.

Egypt. J. Chem. 68, No. 3 (2025)


https://www.nhlbi.nih.gov/health-topics/high-blood-cholesterol
https://www.nhlbi.nih.gov/health-topics/high-blood-cholesterol
https://shc.gov.sa/en/NHC/Pages/default.aspx
https://doi.org/10.37616/2212-5043.1336
https://doi.org/10.1016/s0753-3322(01)00150-0
http://dx.doi.org/10.1177/1934578X20945442
https://doi.org/10.1002/jps.21978
https://doi.org/10.1016/j.lfs.2005.07.028
https://doi.org/10.1159/000107690
https://doi.org/10.1016/j.biopha.2020.110224
https://doi.org/10.1155/2019/3790728
https://doi.org/10.1016/j.biopha.2021.111479
https://doi.org/10.1021/jf0489116
https://doi.org/10.1002/bmc.3070
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-018-2244-3
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-018-2244-3

EXPLORING THE POTENTIAL OF RHUBARB EXTRACT IN COMBATING DYSL/PIDEMIA... ... 119

[29] Pandey A, Tripathi S. Concept of standardization, extraction and pre phytochemical screening strategies for herbal
drug. J Pharmacognosy Phytochem. 2014; 2(5):115-9.

[30] Rondon M, Shirley M, Cornejo X, Jaime SP, David V, Rosa S, Jodie D. Preliminary phytochemical screening, total
phenolic content and antibacterial activity of thirteen native species from Guayas province Ecuador. J King Saud Univ
Sci. 2018; 30:500-5. DOI: 10.1016/j.jksus.2017.03.009

[31] Reeves PG. Nielsen FH. Fahey Jr. AIN-93 purified diets for laboratory rodents: final report of the American Institute of
Nutrition ad hoc writing committee on the reformulation of the AIN-76A rodent diet. J Nutri. 1993; 123 (11):1939-51.
DOI: 10.1093/jn/123.11.1939

[32] Wang YX, Li Y, Sun AM, Wang FJ, Yu GP. Hypolipidemic and antioxidative effects of aqueous enzymatic extract
from rice bran in rats fed a high-fat and -cholesterol diet. Nutrients. 2014;6(9):3696-710. DOI: 10.3390/nu6093696

[33] Igbal M, Kalsoom A, Jafri SA. Effect of Punica granatum flowers extract on hypercholesterolemic and alloxan induced
diabetic rats. Global J BiotechnolBiochem. 2011; 6(2):83-6.

[34] Nr LR, Ravindran Nair A, Senthilpandian S, Ravi V. Hypolipidemic action of Rutin on Triton WR-1339 induced
hyperlipidemia in rats. J Pre Clin Clin Res. 2021; 15(2):51-5. DOI: 10.26444/jpccr/136231

[35] Peijin LI, Qianfeng LU, Wenjiao JX, Yilin S, Haiping H, Kun H. Pharmacokinetics and pharmacodynamics of rhubarb
anthraquinones extract in normal and disease rats. Biomedicine Pharmacother. 2017; 91: 425-35.
DOI: 10.1016/j.biopha.2017.04.109

[36] Lee SE, Lim C, Lim S, Lee B, Cho S. Effect of Ephedrae herba methanol extract on high-fat diet-induced
hyperlipidaemic mice. Pharm Biol. 2019; 57(1):676-83. DOI: 10.1080/13880209.2019.1666883

[37] SunJH, Liu X, Cong LX, Li H, Zhang CY, Chen JG, Wang CM. Metabolomics study of the therapeutic mechanism of
Schisandra Chinensis lignans in diet-induced hyperlipidemia mice. Lipids Health Dis. 2017; 16(1):145.
DOI: 10.1186/s12944-017-0533-3

[38] Zhao MJ, Wang SS, Jiang Y, Wang Y, Shen H, Xu P, Xiang H, Xiao H. Hypolipidemic effect of XH601 on hamsters of
hyperlipidemia and its potential mechanism. Lipids Health Dis. 2017; 16(1):85. DOI: 10.1186/s12944-017-0472-z

[39] Huo XQ, He YS, Qiao LS, Sun ZY, Zhang YL. Study on lipid-lowering traditional Chinese medicines based on
pharmacophore technology and patent retrieval. Zhongguo Zhong Yao Za Zhi. 2014; 39(24):4839-43.

[40] Ghorbani A, Amiri MS, Hosseini A. Pharmacological properties of Rheum turkestanicum Janisch. Heliyon. 2019; 5(6):
€01986. DOI: 10.1016/j.heliyon.2019.e01986

[41] Buzzini P, Arapitsas P, Goretti M, Branda E, Turchetti B, Pinelli P, Leri F, Romani A. Antimicrobial and antiviral
activity of hydrolysable tannins. Mini Rev Med Chem. 2008; 8(12): 1179-87. DOI: 10.2174/138955708786140990

[42] Mushtag AM, Showkat AB, Muneeb UR., Showket S, Zubair AA, Purnima S, Sheikh BA. Phytochemical analysis and
antimicrobial activity of Rheum emodi (Rhubarb) rhizomes. Pharma Innovation J. 2018; 7(5):17-20.

[43] Taskin T, Bulut G. Qualitative and quantitative phytochemical analysis and in-vitro biological activity of Rheum ribes
L. different parts. Istanbul J Pharm. 2019; 49(1):7-13.DOI :10.26650/IstanbulJPharm.2019.18012

[44] Amiri N, Shafaghat A, Salimi F. Screening of the essential oil, hexane extract, chemical composition, antioxidant
activity, and antimicrobial activity of the flower Rheum ribes L. from Iran. J Essent Oil Bear Plants. 2015; 18(5):1108—
15.DOI. 10.1080/0972060X.2014.884763

[45] Khattak AK, Hassan SM, Mughal SS. General overview of phytochemistry and pharmacological potential of Rheum
palmatum (Chinese rhubarb). Innovare J Ayurvedic Sci. 2020; 8(6):5-9. DOI: 10.22159/ijas.2020.v8i6.39192

[46] AlSaad AMS, Mohany M, Almalki MS, Almutham I, Alahmari AA, AlSulaiman M, Al-Rejaie SS. Baicalein neutralizes
hypercholesterolemia-induced aggravation of oxidative injury in rats. Int J Med Sci. 2020; 17(9): 1156-66.
DOI: 10.7150/ijms.46108

[47] Li H, Yu XH, Ou X, Ouyang XP, Tang CK. Hepatic cholesterol transport and its role in non-alcoholic fatty liver
disease and atherosclerosis. Progress Lipid Res. 2021; 83 :101109. 1-26. DOI: 10.1016/j.plipres.2021.101109

[48] Sijabat ACG, Isdadiyanto S, Sitasiwi AJ. Rat liver function induced by a high-fat diet after giving mahogany seeds
ethanol extract. Biosaintifika. 2023;15(2):230-6. DOI: 10.15294/biosaintifika.v15i2.44632

[49] Chen Z, Tian R, She Z, Cai J, Li H. Role of oxidative stress in the pathogenesis of nonalcoholic fatty liver disease. Free
Radic Biol Med. 2020; 152: 116-41.DOI: 10.1016/j.freeradbiomed.2020.02.025

[50] Tuzcu Z, Orhan C, Sahin N, Juturu V, Sahin K. Cinnamon polyphenol extract inhibits hyperlipidemia and inflammation
by modulation of transcription factors in high-fat diet-fed rats. Oxid Med Cell Longev. 2017; 2017: 1583098 1-10.
DOI: 10.1155/2017/1583098

[51] Antula Y, Neno DI, Srihardyastutie A Mahdi C. Dietary rice bran plays a significant role in the hepatoprotective effect
in hypercholesterolemic rats. J Exp Life Sci. 2019;9 (2):1-6. DOI: 10.21776/ub.jels.2019.009.02.08

Egypt. J. Chem. 68, No. 3 (2025)


http://dx.doi.org/10.1016/j.jksus.2017.03.009
https://doi.org/10.1093/jn/123.11.1939
https://doi.org/10.3390/nu6093696
https://doi.org/10.26444/jpccr/136231
https://doi.org/10.1016/j.biopha.2017.04.109
https://doi.org/10.1080%2F13880209.2019.1666883
https://doi.org/10.1186%2Fs12944-017-0533-3
https://doi.org/10.1186%2Fs12944-017-0472-z
https://doi.org/10.1016/j.heliyon.2019.e01986
https://doi.org/10.2174/138955708786140990
javascript:void(0);
javascript:void(0);
https://doi.org/10.1080/0972060X.2014.884763
http://dx.doi.org/10.22159/ijas.2020.v8i6.39192
https://doi.org/10.7150%2Fijms.46108
https://doi.org/10.1016/j.plipres.2021.101109
https://doi.org/10.15294/biosaintifika.v15i2.44632
https://doi.org/10.1016/j.freeradbiomed.2020.02.025
https://doi.org/10.1155%2F2017%2F1583098
https://doi.org/10.21776/ub.jels.2019.009.02.08

120 M. M. S. Mansoury

[52] Tien, Utami TW, Aritrina P, Kardin L, Sukurni, Syarifin AN, Subangkit M. Histopathological analysis of the liver in
hypercholesterolemia rats treated with Dillenia serrata fruits. Acta Biochimicalndonesiana. 2022; 5(2):1-7.
DOI: 10.32889/actabioina.56

[53] LiaoY, zZhu E, Zhou W. Ox-LDL aggravates the oxidative stress and inflammatory responses of THP-1 macrophages
by reducing the inhibition effect of miR-491-5p on MMP-9. Front Cardiovasc Med. 2021; 8, 697236.
DOI: 10.3389/fcvm.2021.697236

[54] Asztalos BF, Horvath KV, Mc-Namara JR, Roheim PS, Rubinstein JJ, Schaefer EJ. Effects of atorvastatin on the HDL
subpopulation profile of coronary heart disease patients. J Lipid Res. 2002; 43(10):1701-7.DOI:10.1194/jIr.M200037-
JLR200

[55] Al-Obeidyeen AS, Zarga MH, Abdalla SS. The hypocholesterolemic effect of methanolic extract of Bassia muricata I.
on hypercholesterolemic rats. SN Appl Sci. 2023; 5:101:1-11. DOI: 10.1007/s42452-023-05320-z

[56] Gholami S, Mirzaei A, Oryan S, Hosseini SE. The effect of rhubarb extracts on lipid profile and oxidative stress in
Wistar male rats. Annals Biol Res. 2014; 5 (9):26-30.

[571 Wu L, Wang X, Jiang J, Chen Y, Peng B, Jin W. Mechanism of rhubarb in the treatment of hyperlipidemia: A recent
review. Open Med. 2023;18: 20230812:1-13. DOI: 10.1515/med-2023-0812

[58] Wang Y, Zhang J, Xu Z, Zhang G, Lv H, Wang X, Xu G, LiX, Yang Z, Wang H, Wang Y, Li H, Shi Y. Identification
and action mechanism of lipid regulating components from Rhei Radix et rhizoma. J Ethnopharmacol. 2022; 292:115179.
DOI: 10.1016/j.jep.2022.115179

[59] Chen J, Ma M, Lu Y, Wang L, Wu C, Duan H. Rhaponticin from rhubarb rhizomes alleviates liver steatosis and
improves blood glucose and lipid profiles in KK/Ay diabetic mice. Planta Med. 2009; 75(5):472—7.DOI: 10.1055/s-0029-
1185304

[60] Neyrinck AM, Etxeberria U, Taminiau B, Daube G, Hul MV, Everard A, Cani PD, Bindels LB, Delzenne NM. Rhubarb
extract prevents hepatic inflammation induced by acute alcohol intake, an effect related to the modulation of the gut
microbiota. Mol Nutri Food Res. 2017; 61(1):1-12. DOI: 10.1002/mnfr.201500899

[61] Asgharian S, Lorigooini Z, Bijad E, Hosseinkhani H, Abbasian Z, Rafieian-Kopaei M. Protective effect of Rheum ribes
extract against lead-induced hepatotoxicity in male rats. Braz. J Pharm Sci. 2022; 58: €191127.DOI.10.1590/s2175-
97902022e191127

[62] Bdaiwi FL, Abd ALMunim Baker L, Zuher Jalal Aldin S. Investigation of the effect of rhubarb stalks extracts on mice
exposed to oxidative stress. Arch Razi Institute. 2022; 77(5):1865-71.DOI: 10.22092/AR1.2022.358160.2164

Egypt. J. Chem. 68, No. 3 (2025)


http://dx.doi.org/10.32889/actabioina.56
https://doi.org/10.3389%2Ffcvm.2021.697236
https://doi.org/10.1194/jlr.M200037-JLR200
https://doi.org/10.1194/jlr.M200037-JLR200
http://dx.doi.org/10.1007/s42452-023-05320-z
https://doi.org/10.1515%2Fmed-2023-0812
https://pubmed.ncbi.nlm.nih.gov/?term=Li+X&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/?term=Li+X&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+Z&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+H&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/35278606/#full-view-affiliation-10
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/?term=Li+H&cauthor_id=35278606
https://pubmed.ncbi.nlm.nih.gov/35278606/#full-view-affiliation-12
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+Y&cauthor_id=35278606
https://doi.org/10.1016/j.jep.2022.115179
https://doi.org/10.1055/s-0029-1185304
https://doi.org/10.1055/s-0029-1185304
https://doi.org/10.1002/mnfr.201500899
https://doi.org/10.22092%2FARI.2022.358160.2164

	2.5. Preparation of basal and hypercholesterolemic diet
	The standard nutritionally balanced diet (AIN-93M) was prepared [26]. A hypercholesterolemic diet (HCD), including bile salts (0.2%) and cholesterol (1%), was prepared using the procedure of [27].
	2.6. Experimental protocol
	After the standard procedure, the fixed hepatic sections were stained with Hematoxylin-eosin staining (H-E stain) for the histological examination. The slides were examined under a light microscope to detect tissue pathological changes.
	2.10. Measurements of antioxidants and lipid peroxidation
	3.3. Impact of Rhu extract on the hepatic function enzymes in hypercholesterolemic rats
	3.4. Impact of Rhu extract on hepatic histopathological changes in hypercholesterolemic rats

