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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Terminalia chebula fruit is a medicinal plant high in 

bioactive compounds that have potential therapeutic benefits. 
The current study targeted to determine the phytochemical 
profiles and hypolipidemic effects of aqueous and methanol-
based extracts of Terminalia chebula fruits in high-fat diets 
that made hyperlipidemic Wistar rats. According to qualitative 
phytochemical examination, the aqueous extract contained 
phenols, flavonoids, tannins and saponins, whereas the methanol 
extract contained alkaloids, tannins, and flavonoids, Induction 
of hyperlipidemia significantly raised total serum cholesterol, 
triglycerides, LDL, and VLDL levels in the group with high-fat 
diet when compared to the normal control. Treatment with the 
methanol extract of Terminalia chebula (200 mg/kg) resulted 
in significant decreases (P < 0.05) in blood total cholesterol 
(26.6%), triglycerides (17.3%), LDL cholesterol (43.8%), 
and VLDL cholesterol (17.3%) compared to hyperlipidemic 
control group. Similarly, the aqueous extract significantly 
decreased total cholesterol (15.8%), triglycerides (12.8%), LDL 
cholesterol (28.2%), and VLDL cholesterol (12.8%) (P < 0.05). 
Atorvastatin treatment resulted in a significant improvement in 
lipid parameters and acted as a positive control. No substantial 
increase in HDL cholesterol levels was seen in the extract-
treated groups. In conclusion, Terminalia chebula fruit extracts 
had considerable hypolipidemic action, with the methanol 
extract exceeding the aqueous extract. These effects could be 
attributable to the presence of polyphenols and flavonoids, 
which supports Terminalia chebula's potential use as a natural 
treatment for hyperlipidemia control.

Key words. Terminalia chebula, phytochemical screening, 
hyperlipidemia, lipid profile, hypolipidemic activity.
Introduction.

Hyperlipidemia is one of the most significant risk factors 
for coronary heart disease, stroke, ischemic heart disease and 
atherosclerosis, all of which are leading causes of death [1]. 
Hyperlipidemia and lipid abnormalities are thought to cause 
atherosclerotic cardiovascular diseases [2]. Obesity has emerged 
as another major medical condition in recent years, leading to 
the development of a variety of other serious disorders [3]. 
Millions of people suffer from obesity, which contributes to 
cardiovascular illness, and there are fewer potential treatments 
accessible [4]. As stated by World Health Organization, 
cardiovascular disorders account for more than half of all 
deaths. Cardiovascular diseases are projected to cause 12 million 
fatalities per year [5], while obesity is responsible for one million 
deaths in Europe each year [6]. Because existing hypolipidemic 
medications have severe adverse effects, herbal treatments are 

safe, inexpensive, and readily available and over 80% of the 
world's population relies on plants for their medication [7]. 
Numerous medicinal plants contain high levels of antioxidants 
like nitrogen compounds, phenolic compounds, terpenoids, 
vitamins and other metabolites. Plant-derived products have 
been used in a variety of applications from ancient times to the 
present day, including medicine, nutrition, flavoring, cosmetics, 
beverages, and more [8]. As a result, the use of medical plants 
is expanding in many nations, with natural goods accounting 
for 35% of all pharmaceuticals [9]. Furthermore, synthetic 
medications are extremely expensive to develop. It is therefore 
critical that efforts be made to examine new medicinal plants in 
order to generate affordable medications [10]. Medicinal plants 
contain chemical compounds that have a specific physiological 
function on the human body, such as tannins, carbohydrates, 
alkaloids, steroids, terpenoids, flavonoids, and phenols [11]. 
The bioactive phytocompounds are produced by the primary 
or secondary metabolic processes of living organisms [12]. 
Secondary metabolites are chemically and taxonomically 
varied molecules with unknown functions; they are widely used 
in human therapy, veterinary medicine, agriculture, scientific 
research, and a variety of other applications [13]. Terminalia 
chebula is a member of the Combretaceae family, and its 
scientific categorization is indicated in Table 1.

Table 1. Taxonomy of Terminalia chebula.
Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsisda
Order Myrtales
Family Combretaceae
Genus Terminalia
Species Chebula

This plant contains a diverse range of phytochemicals which 
contribute to its hypolipidemic characteristics. Flavonoids, 
alkaloids, polyphenols, saponin, glycosides, and triterpenoids 
were extracted from Terminalia chebula fruits. Terminalia 
chebula is a blooming tree that stays green all year native to 
several areas of Asia (particularly Pakistan and India) and 
Africa nations [14]. This plant's fruits, stem, leaves and bark 
are all employed as antioxidants, anticancer, anti-inflammatory, 
cardiotonic agents and hepatoprotectant [15]. Terminalia 
chebula's aqueous and methanol extracts have been shown to 
have antibacterial [16], gathering for free radicals [17], and heart 
tonic properties [18]. We need a lot of scientific investigations on 
how an alcoholic extract of Terminalia chebula fruit lowers lipid 
levels [19]. Yet, additional research is required to establish the 
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full scope of anti-hyperlipidemic effect of Terminalia chebula 
fruit extract. As a consequence, in the current investigation, we 
studied the hypolipidemic impacts of an aqueous and alcohol 
extracts of Terminalia chebula fruit.
Materials and Methods.

Plant material and the extraction method: Dried fruit 
of Terminalia chebula was obtained from a local market in 
Mosul, Iraq, and identified by the Department of Botany at the 
Agriculture College/University of Mosul. The dried fruit had 
been washed, and dried in shade. After shade drying, the fruit 
was finely pulverized and stored in a tightly sealed container for 
future use. The coarse powder of Terminalia chebula (200 g) 
was packed in a Soxhlet device and extracted with distilled water 
and methanol for 72 hours. The solvent has been removed under 
reduced pressure using vacuum distillation, and the aqueous 
extract were dissolved in normal saline [20] and alcohol extract 
were suspended in normal saline and agitated thoroughly before 
each administration to ensure uniform dosing [21].

Phytochemical study of extracts: Extracts had been evaluated 
for inclusion of phytochemical substances including flavonoids, 
saponins, alkaloids, triterpenoids, tannins and glycosides [22]. 
The following methodologies had been used:

Phenols test: In a test tube, put 1ml of extract with a 5% FeCl3 
reagent. Phenolic chemicals are distinguished by their dark 
green color.

Alkaloids detection by Hager's Test: Some drops of Hager's 
reagent (a concentrated picric acid solution) had been added to 
the test solution; the appearance of a yellow precipitate indicates 
the presence of alkaloids.

Tannins detection by gelatin test: When a test substance 
is mixed to gelatin solution, it produces a white precipitate, 
showing that tannins are present. 

Glycosides test by Keller Killiani test: The test sample got a 
few drops of glacial acetic acid and a solution of ferric chloride 
and stirred thoroughly. Concentrated sulphuric acid was applied 
and two layers formed. A glycoside test would be positive if 
the lower reddish-brown layer and the higher acetic acid layer 
turned bluish green.

Saponins test: 
Foam Test - The test sample had been combined with water and 

stirred till frothy form, which remained stable for 15 minutes, 
indicating a positive result. 

Flavonoids test: 
Ferric chloride test: When the test sample is handled with five 

drops of ferric chloride liquid, a blackish red color appears, 
showing a presence of flavonoids. 

Experimental animals: Forty male, healthy, mature albino 
rats of the Wistar strain weighing between 300 and 350 g 
had been obtained from the animal house at the College of 
Veterinary Medicine, University of Mosul. The animal house 
was adequately ventilated, and the animals had 12 ± 1 hour day/
night schedules with adequate hygienic cages throughout the 
trial period. The animals were given water and pellet diet ad 
libitum.

Experimental design: Forty rats had been separated to five 
groups of eight individuals, as illustrated below: 

Group I: Control rats got the standard food and water. 

Group II: Negative control, receiving a high-fat diet per os 
for 30 days. 

Group III: Positive control received atorvastatin (10 mg/kg 
p.o.) and a high-fat diet for 30 days. 

Group IV: Rats were treated with Terminalia chebula’s 
aqueous extract and a high-fat diet for 30 days. 

Group V: Rats were treated with Terminalia chebula’s 
methanol extract and a high-fat diet for 30 days.

Before the trial, the animals starved overnight and got free 
availability of drinking water. To ensure uniformity, each 
experiment was carried out in the morning. Total cholesterol 
was determined using Wybenga and Pillegi's one-step method, 
which is based on the interaction between cholesterol and 
cholesterol reagent (ferric chloride, ethyl acetate, and sulfuric 
acid) [23]. HDL from blood was determined using a two-step 
procedure, which involved first separating HDL from blood 
use a precipitating agent followed by precipitation. HDL was 
measured using a colorometric reaction and cholesterol reagent 
[24]. Triglyceride (TG) was measured colorimetrically using 
an enzymatic reaction with glycerol-3-phosphate oxidase 
[25]. Friedelwald's formula was used to calculate LDL (TC-
HDL-VLDL) and VLDL (Triglycerides-5) [26]. At the end 
of the investigation, rats were fasted for 14 hours. Blood was 
taken from the tail vein into glass tubes containing 1 mg/mL 
Na2EDTA for biological serum measurement. 

Statistical analysis: The experimental values were reported as 
mean ± SEM. The data were subjected to one-way ANOVA. 
P-values of less than 0.05 were considered statistically 
significant.
Results.

Phytochemical Analysis: A qualitative phytochemical 
evaluation of Terminalia chebula aqueous and alcohol extracts 
confirmed the presence of several beneficial components (Table 
2). The aqueous extract revealed phenols, saponins, tannins, and 
flavonoids, with no glycosides or alkaloids. Conversely, alcohol 
extract includes phenols, tannins, alkaloids, and flavonoids, 
and no saponins or glycosides have been identified. Overall, 
alcohol extract included a wider range of chemical components 
than the water extract, especially among terms of alkaloid level. 
The phytochemical outcomes in Table 2 show that Terminalia 
chebula includes phenols, tannins, alkaloids, glycosides, and 
flavonoids.

Table 2. Phytochemical composition of Terminalia chebula aqueous 
and alcohol extracts.
Phytochemicals Aqueous extract Methanol extract
Phenols + +
Alkaloids - +
Tannins + +
Glycosides - -
Saponins + -
Flavonoids + +
'+' indicates the presence of: '-' indicates the absence of 
phytochemicals.

A high-fat diet given to Group II caused significant rises in 
total serum cholesterol, triglycerides, VLDL and LDL levels 
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comparing to the normal control group (Group I). In comparison 
to the high-fat diet group, atorvastatin (Group III) significantly 
lowered serum total cholesterol, triglycerides, LDL, and VLDL 
levels (P < 0.05).

Similarly, animals treated with the aqueous extract of 
Terminalia chebula (Group IV, 200 mg/kg) exhibited a major 
drops in total cholesterol, triglycerides, VLDL and LDL 
levels compared to Group II (P < 0.05). Treatment with the 
methanol extract of Terminalia chebula (Group V, 200 mg/kg) 
significantly decreased total serum cholesterol, triglycerides, 
LDL, and VLDL levels in comparing to the group with Group 
II received a high-fat diet (P < 0.05) showing a substantial 
hypolipidemic impact. Overall, the methanol extract had higher 
lipid-lowering efficacy than the aqueous extract. The high-fat 
eating group (Group II) had higher HDL cholesterol levels 
compared to the normal control group (Group I). Atorvastatin 
treatment (Group III) resulted in significantly reduced HDL 
levels compared to the high-fat eating group (P < 0.05). The 
administration of an aqueous and alcohol extracts of Terminalia 
chebula (Group IV) had no statistically significant effects on HDL 
cholesterol levels when compared to the high-fat eating group.
Discussion.

The current study's findings suggest that the phytochemical 
content of Terminalia chebula extracts has a significant 

influence on its lipid-lowering actions. A qualitative 
phytochemical examination revealed that both the aqueous and 
methanol extracts include phenols, tannins, and flavonoids, 
however alkaloids were only found in the methanol extract 
and saponins only in the aqueous extract. These changes in 
phytochemical profiles appear to explain the observed variances 
in hypolipidemic effectiveness among the treatment groups. A 
diet with high-fat is a primary reason of hyperlipidemia, which 
has been associated to a number of health problems, includes 
high blood pressure, coronary heart disease, fatty liver disease, 
stroke, diabetes, and some malignancies [27]. A diet with high-
fat increases the production of free radical, which leads to 
insulin resistance and systemic inflammation [28]. An elevated 
cholesterol level, along with higher quantities of elevated-
triglyceride VLDL and elevated cholesterol LDL in the blood, 
is a known danger aspect for cardiovascular diseases [29]. 
Animal studies have additionally demonstrated that increasing 
the consume of high-calories results in an associated rise in the 
fatty acids level in the blood, as well as a rise in lipogenesis, 
resulting to fatty liver, that was good imitated by diet with 
high-fat [30]. This was considerably attenuated by Terminalia 
chebula extract, which has an anti-hyperlipemic action.

Atrovastatin is a statin, or 3-hydroxy-3-methylglutaryl 
coenzyme A reductase inhibitor. Statins block the production 

Figure 1. Effect of Terminalia chebula extracts on serum lipid profile in high- fat diet- induced hyperlipidemic rats. Group I: vehicle control; 
Group II: rats given high-fat diets (negative control); Group III: rats given high fat diet and atorvastatin (positive control); Group IV: rats given 
high fat diet and aqueous extract of Terminalia chebula 200 mg/kg; Group V: rats given high fat diet and methanol extract of Terminalia chebula 
200 mg/kg. The results are expressed as mean ± SEM (n=8). *Significant at P<0.05 in comparison with Group II (high fat diet control).
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of mevalonate, an enzyme that limits rate in cholesterol 
biosynthesis [31]. This reduces plasma LDL levels and 
increases hepatic absorption, lowering the risk of CVDs 
[32]. Statins are a potent cholesterol-lowering medicine in 
clinical practice [33] and their inclusion as a positive control 
within the trials provided a superior comparison for the anti-
hyperlipemic action of Terminalia chebula extract. High-
cholesterol intake promoted hyperlipidemia is related with 
elevated blood lipid levels [34]. In the high-fat diet model, 
administering the alcohol extract caused in a more a big drop in 
total serum cholesterol, triglycerides, VLDL and LDL values in 
comparison to the aqueous extract. The elevated activity could 
be linked to the presence of alkaloids in the alcohol extract, 
together with phenolic substances. Phenols and flavonoids are 
widely recognized for their antioxidant effects. They regulate 
lipid metabolism by reduce oxidative stress and regulating 
cholesterol synthesis [35].

Tannins are also known to diminish intestinal lipid absorption 
and boost fecal cholesterol excretion; this could contribute 
to the observed improvement in lipid profiles [36]. Despite 
saponins were identified in the aqueous extract, the absence of 
alkaloids may have limited its lipid-lowering effectiveness when 
compared to the alcohol extract. Saponins restrict cholesterol 
absorption by forming compounds that are insoluble with bile 
acids [37]; yet, their actions tend to be lesser when working alone. 
The higher efficacy of the alcohol extract reflects a synergistic 
interaction of alkaloids, flavonoids, phenols, and tannins, which 
may enhance metabolism of lipid and control of lipoprotein 
[38]. Interestingly, the high-fat eating group had greater HDL 
levels than the normal control group. Although this conclusion 
looks contradictory, comparable findings have been described 
in experimental models in which high-fat diet caused adaptive 
increases in HDL synthesis and decreased HDL catabolism as a 
compensated reaction to increasing lipid load. Such systems are 
considered to improve reverse cholesterol transfer in conditions 
of high dietary fat intake [39]. Additionally, eating a high-
fat diet may alter HDL composition, resulting in an increase 
in cholesterol-rich or apo E-enriched HDL particles rather 
than a more beneficial lipid profile. Therefore, the HDL rise 
found in the high fat diet group should be viewed cautiously 
[40]. The solvent- dependent extraction of biologically active 
compounds highlights the significance of extraction technology 
in determining the health benefits of plant-based medicines [41]. 
The current investigation demonstrates that the alcohol extract 
of Terminalia chebula has greater hypolipidemic effect than 
the aqueous extract because it contains a broader spectrum of 
bioactive e phytochemicals. These findings point to Terminalia 
chebula's potential as an effective medicinal component in the 
management of dyslipidemia.

Despite those results, certain limitations should be noted. 
The study did not investigate HDL functional characteristics, 
which may have an impact on a biological explanation of the 
increased HDL seen in the high-fat eating group. Furthermore, 
the sample size was rather small, and longer study durations 
may be necessary to properly clarify lipid profile changes.
Conclusion.

Terminalia chebula extracts have been found to reduce 

hyperlipidemia in rats given a high-fat diet. Terminalia 
chebula has significant antihyperlipidemic properties and 
could be utilized as a natural medication to treat diet-related 
hyperlipidemia. Additional isolation, characterization, and 
purification of the active constituents, as well as the finding of 
the molecular mechanism of action, could confirm Terminalia 
chebula extract as a treatment option for hyperlipidemia.
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