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ABSTRACT

Objective: To compare the amelioration effects of terpenes and phytosterols extracted from Iragi chickpea on histopathological damage in
mice fed on high-fat diet (HFD).

Material and methods. Whole chickpea plants of the Fabaceae family were collected during the flowering period in the northern area of Erbil.
The collected plants were cleaned, dried in a shaded area at room temperature, pulverized with mechanical mills, and weighed. Experiments
were conducted from October 2021 to April 2022. The research involved 32 healthy albino male mice 2-3 months of age, weighing about
20-30 g. The animals were provided by the Higher Institute for Diagnosis of Infertility and Assisted Reproduction Techniques. One week prior
to the onset of the experiment, the animals were acclimatized to standard environmental conditions; food and water were provided ad /ibitum.
HFD (2% cholesterol and 1% peanut butter) was added to the standard diet for 28 days to induce hyperlipidemia. In all experimental groups,
the body weight was measured weekly. The terpenes and phytosterol fraction extracted from Iragi chickpea was administered for 28 days via
an intragastric tube. Mice were kept fasting for 24 hours and blood samples were extracted via heart puncture. Standard diagnostic kits and
an automated analyzer were used for estimation of serum total cholesterol (TC), triglycerides (TG), low-density lipoproteins (LDL), very low-
density lipoproteins (VLDL), high-density lipoprotein, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and total serum bilirubin (TSB) levels. The animals were sacrificed, then their liver and heart organs were removed for assay.

Results. Histopathological examination of the hyperlipidemic mice group showed a marked and diffused cytoplasmic fatty infiltration of
hepatic and cardiac cells. These effects were successfully ameliorated by administration of terpenes and phytosterols, although treatment
with terpenes seemed to be more effective than that with phytosterols. In comparison with phytosterol treatment, terpene treatment in HFD-
induced hyperlipidemic mice led to an improvement in lipid profiles, manifested in a highly significant decrease (p<0.05) in the serum levels
of TC (142.40+14.43 mg/dl), TG (98.89+8.71 mg/dl), LDL (79.43+15.14 mg/dl), and VLDL (19.78+1.74 mg/dl); with a highly significant
(p<0.05) decrease in the liver enzymatic activities of (ALT (19.19+1.36 U/I), AST (15.98+1.3 U/l), and ALP (20.99+4.43 U/l)) and TSB levels
(1.60+0.12 mgy/dl) (highly significantly differences with p<0.05). Terpenes also led to a statistically significant improvement in the level of
tissue malondialdehyde and glutathione in hyperlipidemic mice (p<0.05).

Conclusion. In comparison with phytosterols, terpenes exhibit a highly significant ameliorating effect in HFD-induced hyperlipidemia,
improving the state of liver and heart tissue, lipid profile, liver function enzymes, and oxidative stress parameters. Further research should
assess the efficacy of terpenes and phytosterols and to elucidate the mechanism of their anti-hyperlipidemic action.
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PE3HOME

Lenb: cpaBHUTL BNUSHWE TEPNEHOB 1 (OUTOCTEPUHOB, COAEPXKALLMXCS B MPAKCKOM HYTE, HA YMEHbLLEHNe NaTorncTonoruyecknx nospexae-
HUM Y MbILLEI, NONTy4aBLUNX BbICOKOXXMPOBOW PALMOH NUTAHUS.

Marepnan n merogsl. LlenbHble pacTeHns HyTa cemelicTBa Fabaceae 6binn cO6paHbl BO BPEMS LIBETEHUS HAa CeBepe NPOBUHLMM IpOunb
(Mpak). PacTeHus oynwwianm, CyLnam npyu KOMHaTHO TeMnepaType B 3aTeHEHHOM MECTE, 3aTeM U3MeNbyany MexaHu4ecKUMN MenbHULaMi
11 B3BELUMBANN. IKCNEPUMEHTbI MPOBOAUANCK B Nepuof ¢ okTa6psa 2021 r. no anpenb 2022 r. Ha 32 3[40POBbIX CaMLaX MblLLeA-aibOUHOCOB
Becom 20-30 r. B Bo3pacTte 2-3 Mec, NpefoCcTaBieHHbIX IHCTUTYTOM AMArHOCTMKYM 6ECMIOANS U BCMIOMOraTenbHbIX PENpPOLYKTUBHbLIX TEXHO-
norui. XXKBOTHbIX aKKIIMMATU3NPOBANK K CTAaHAAPTHBLIM YCIIOBMAM OKPYXaKOLLei cpeapl, 06ecneymsas KopMom 1 BOAow ad libitum B Teve-
Hue 1 HeJ 4o Hadana akcnepumeHTa. funepnunuaemus 6oina MHLYLMPOBaHa J06ABEHNEM BbICOKOXWUPOBOM Ny (2% xonectepuHa n 1%
apaxmcoBOro Macna) K CTaHAapTHOMY paunoHy B TeveHue 28 fiHel. /iamepeHue maccsl Tena npoBOANNIOCH eXeHeeNbHO B KaXXAON rpynne
)KMBOTHbIX. DpaKLuio TEPNEHOB U (PUTOCTEPUHOB 13 NPAKCKOTO HyTa BBOAMIM B Te4eHWe 28 AHeii Yepes BHYTPUKENYA0UHbIA 30HA. 3aTeMm
XXUBOTHbIE COAepXanucb 6e3 nuwimn B TeyeHne 24 4 ¢ 3a6opom 06pasLioB KPOBU 4Yepe3 NyHKLMI0 cepaua. YpoBHU 06LLEro XoNnecTepuHa,
Tpurnuuepuaos (), NMNoONpoTeMHOB HWU3KOW nnoTHocTM (JTTTHM), NMNONpPOTENHOB 04eHb HW3Ko nnotHocTu (JIMOHIM), nunonpoTenHoB
BbICOKOW NIIOTHOCTM, anaHuHamnHoTpancdepasbl (AN1T), acnaptatammuHoTpancdepasbl (ACT), wenoyHoii hocatasel (D) n obwiero 6u-
NMpYOUHA B CbIBOPOTKE KPOBU ONPEAENsi C MOMOLLbI0 CTAHAAPTHbIX AMArHOCTUYECKNX HABOPOB 1 aBTOMATUYECKIX aHann3aTopos. Mocne
BbIBO/JA XXMBOTHbIX 113 3KCMEPUMEHTA WX MeYeHb 1 CepaLe Obinn U3BNEYEHbI ANs aHanuaa.

Pesynpratpl. [1aTOrNCTONOMMYECKOE UCCIEL0BAHNE TPYNMbl MbILIER ¢ UHAYLMPOBAHHON TUNepannuaemMueli nokasano BblpaXeHHy aud-
(hy3HYI0 LMTOMIA3MaTMYECKYHO XXIPOBYHO MHDUITBTPALMIO MEYEHOUHBIX U CEePLEYHbIX KNETOK. COCTOSAHME XMBOTHBIX YIyYLIANOCh B PE3YIb-
TaTe BBEJEHNS KaK TEPreHoB, Tak U oMTOCTEPUHOB. [1py 3TOM JieveHne TeprneHami 6b110 60s1ee 3OEKTUBHBIM, YeM JieHeHne PUToCTepu-
Hamu. Haunyylime n3mMeHeHus NUNnaHbIX Npouer 6b11nM 0TMEHEHbI NPYU Tepanun TEPNEHaMI, YTO BbIPAXanoch B 3HAYUMOM CHUXEHMK
(p<0,05) cbIBOPOTO4HBIX ypOBHEN 06LLero xonectepuHa (142,40+14,43 mr/an), TI (98,89+8,71 mr/an), INHMN (79,43+15,14 mr/an) n JINOHMN
(19,78+1,74 mr/on) npn 3Haqmumom cHkeHum (p<0,05) dpepmenTaTnsHoi akTusHocTy nevern (AT (19,19+1,36 En/n), ACT (15,98+1,3 Eg/n)
n LL® (20,99+4,43 En/n)) n nokasarener o6uiero 6unupyouna (1,60+0,12 mr/an) (p<0,05). MoTeHumranbHoe yy4LleHne ypoBHei ManoHan-
anbaernia v rnyTaTuoHa y Mbllei ¢ runepavMnuaemueil 6bi10 Noay4eHO NpU UCMOMb30BAHUM TEPNEHOB C AOCTOBEPHBIMU PA3NMYUAMN
(p<0,05).

3axntoqenne. Nony4eHHble peaynbTaThl CBULETENLCTBYHOT O TOM, YTO MO CPABHEHMIO C (PUTOCTEPUHAMY TEPMEHbI 0KA3bIBAIOT LOCTOBEPHOE
BNUSAHWE HA COCTOSHUE TKaHE! NeYeHn 1 cepaua, MunuaHbIin Npodunnb, GYHKLUMOHAbHbIE (DEPMEHTbI MEYeHN U NapameTpbl OKUCANTENbHO-
ro cTpecca npu runepaMnuaeMun, UHLYLMPOBAHHOI BbICOKOXWUPOBBIM PALMOHOM NUTaHUS. PekOMEHAYITCA fanbHelLne nccnefoBaHns
L1 OLEHKM 3(PEKTUBHOCTI 1 YCTAHOBEHNA MEXaH3Ma AeNCTBUSA aHTUrUNepaunuaeMnYecknx apexToB TeprneHos U (oUTOCTEPUHOB.

KNHO4EBbLIE CJI0BA
TUNepIMNUAEMUA, HYT, TePMeHbl, PUTOCTEPUHBI, MUNUAHBLIA NPOMUITb, OKCUAATUBHBIA CTPECC

Inq uutupoBanus

Xsepud H.P., A6y Parxudp A.P., Kagxum E.[X. YMeHbLUIEHNe NaTOrucToNornieckux noBpexXaeHui y Mblllei ¢ WHLYLMPOBAHHOI runepnu-
nuaemueli noJ BO3AeCTBMEM TEPNEHOB U (OUTOCTEPUHOB U3 UPaKCKOro HyTa. PAPMAKOSKOHOMUKA. CoBpemeHHas ghapmakoIKOHOMUKA
n tpapmakoanungemmonorvs. 2025; 18 (1): 95-103 (Ha aHrn. 23.). https://doi.org/10.17749/2070-4909/farmakoekonomika.2025.275.

INTRODUCTION / BBE[JEHUE

Hyperlipidemia is manifested in increased levels of cholesterol,
both total cholesterol (TC) and low-density lipoproteins (LDL), oxida-
tive stress (0S), and stimulated lipid peroxidation. Overproduction of
reactive oxygen species (ROS) leads to severe cellular damage, which
is primarily caused by the oxidation of cellular components including
DNA and mitochondrial membrane [1]. OS has been documented to
play a pivotal role in the pathophysiology and progression of diverse
human diseases, including cardiovascular diseases and diabetes mel-
litus [2].

Hyperlipidemia can be classified as either primary or secondary,
depending on the underlying reasons. Changes in lipid levels, including
those found in cholesterol, triglycerides, very low-density lipoproteins
(VLD), LDL, and intermediate-density lipoproteins (IDL), may lead to
negative consequences in humans, such as acute pancreatitis, blood
vessel blockage, and gallstone disease [3].

The selection of a suitable pharmaceutical treatment is informed
by the type of lipid abnormality. Among the drugs aimed at decreas-
ing LDL are statins, ezetimibe, resins, PCSK9 inhibitors, and niacin.
Fabric acid derivatives (fibrates), niacin (nicotinic acid), and omega-3
polyunsaturated fatty acids prove effective in lowering triglyceride (TG)

and VLDL concentrations and raising high-density lipoprotein (HDL)
cholesterol concentrations [4]. Most of these drugs are associated
with a number of side effects, including muscle-related complaints
such as (myalgia, cramps, myopathy, and rhabdomyolysis), abnormal
liver function, gallstone, gastric irritation. In addition, these drugs may
trigger renal failure [4]. Therefore, the development of improved lipid-
lowering agents alternatives to allopathic drugs represents a relevant
research task [2].

Chickpea is a self-pollinating plant growing better at temperatures
ranging within 15-25 °C. This plant, cultivated in more than 50 coun-
tries under varied environmental conditions [5], is one of the most
consumed pulses worldwide. Chickpea is grown in the north of Iraq, as
well as in Sulaimani, Kirkuk, Erbil, Duhok, and Ninawa provinces, en-
suring a high quality of spring genotypes [6]. Raw or cooked chickpeas
contain dietary bio-active compounds, e.g., sterols, phytic acid tannins,
carotenoids, and polyphenols such as isoflavones, whose benefits may
extend beyond the basic nutrition requirements of humans [7].

Terpenes are a large and diverse group of natural hydrocarbon
secondary metabolites produced by a variety of plants, including tea,
thyme, cannabis, conifers, and citrus fruits. Possessing five-carbon
isoprene units with a chemical formula of (CsHg),, terpenes are re-
sponsible for the fragrance, taste, and pigment of plants [8]. Certain
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What is already known about the subject?

» Terpenes and phytosterols exhibit anti-hyperlipidemic effects by reducing
cholesterol absorption, improving lipid metabolism, and adjusting lipo-
protein levels

» Clinical studies showed that phytosterols are capable of reducing low-
density lipoprotein levels by 5-15%, with a higher intake resulting in
a larger decrease. They may lead to a slightly decrease in triglyceride
levels, particularly in hypertriglyceridemia

What are the new findings?

» The anti-inflammatory, antioxidant, and anti-hyperlipidemic properties
of terpenes and phytosterols extracted from Iragi chickpeas were evalu-
ated in animal experiments, revealing their potential as bioactive sub-
stances

» Histopathological examination showed significant improvement in the
state of hepatocytes and cardio-myocytes in the mice groups receiving
terpenes and phytosterols in comparison with the non-treated mice group

How might it impact the clinical practice in the foreseeable future?

> The use of terpenes and phytosterols from Iragi chickpeas could
significantly impact therapeutic practice, potentially leading to new
treatment approaches for hyperlipidemia, cardiovascular conditions, and
metabolic illnesses

> Terpenes and phytosterols contained in Iragi chickpea could be
introduced in functional meals or supplements to treat hyperlipidemia
and associated disorders; to that end, further clinical trials involving
humans are required

terpenes with a set of antioxidant, anticancer, anti-inflammatory, an-
tidiabetic, antidepressant, antiplasmodial, antimicrobial, astringent,
digestive, diuretic, and other activities are widely used in natural folk
medicine [8].

Phytosterols are bioactive compounds (steroids) with a chemical
structure similar to that of cholesterol and are found naturally in plant
species [9]. The most common dietary plant sterols are beta-sitosterol,
campesterol, and stigmasterol. Phytosterols are fat-soluble com-
pounds belonging to the triterpene family and comprising a tetracyclic
ring with a side chain linked in the C17 position [10]. The health ben-
efits of phytosterols are associated with their ability to reduce TC and
LDL levels, thus mitigating the risk of many diseases [9]. Moreover,
phytosterols modulate inflammation, exhibit antioxidant, antiulcer, im-
munomodulatory, antibacterial, and antifungal effects, and participate
in wound healing and platelet aggregation inhibition [11].

Objective: To compare the effects of terpenes and phytosterols
contained in Iragi chickpea in mitigating histopathological damage in
mice fed on a high-fat diet (HFD).

MATERIAL AND METHODS / MATEPWAI U METO/IbI

Plant material / PactutenbHbIin maTepuan

Whole plants of chickpea of the Fabaceae family were collected
during the flowering period (November 2021) in the northern area
of Erbil. The collected plants were cleaned, dried in a shaded area at
room temperature, pulverized with mechanical mills, and weighed.

Plant experiment work / 3kcnepumeHTbI ¢ pacTEHUAMU

Experiments were carried out using the facilities of a phototherapy
laboratory, Department of Pharmacognosy and Medicinal Plants (Col-

OCHOBHbIE MOMEHTbI

Y10 yXxe u3BecTHo 06 aTon Teme?

> TepneHbl U PUTOCTEPUHBI OKA3bIBAKT AHTUrUMEPANNMAEMUYECKOE [eii-
CTBWE, CHIXas BCACbIBAHWE XONECTEpUHA, Ynyylwas ANUNUAHbIA 06MeH
11 Perynupys ypoBeHb NMONPOTENMHOB

> KnuHuyeckue uccneaoBaHus nokasanu, 4to UTOCTEPUHBI MOTYT CHU-
XaTb YPOBEHb JIMMOMNPOTEMHOB HU3KOM NAOTHOCTU HA 5—15%, npuyem
60nee BbICOKOE MX MOTpebeHne NpUBOANT K Hanbosee BbipaXKeHHOMY
peaynbraty. OHU TakKe MOrYT HECKOMbKO CHW3UTb YPOBEHb TPUFMMLE-
PUAOB, 0COBEHHO NP TUNEPTPUTIIMLIEPULEMUN

Y70 HOBOrO AaeT CTaThsA?

> [IpoTBOBOCNANNTENbHbIE, AHTUOKCUAAHTHBIE U aHTUMUNEPAMNNAEMUYE-
CKIe CBOWCTBA TEPMEHOB 1 (DUTOCTEPUHOB 13 NPAKCKOrO HyTa BbISBMEHbI
B 3KCMEPUMEHTE Ha XXIUBOTHBIX, YTO EMOHCTPUPYET X NOTEHLMAN B Kaye-
CTBE 6MONOTNYECKM aKTUBHBIX BELLECTB

> Pesynbrathl NaTOrMcTONOMMYECKOr0 NCCEA0BAHNS NOKa3an 3Ha4MTeNb-
HOE YMy4LleHne COCTOSIHWS TenaTouMTOB W KapAMOMMOLMTOB B rpynnax
MbILLEN, NOAYYaBLUNX TePMeHbl U (OUTOCTEPUHbI, MO CPABHEHUIO C FPyM-
MOV MbILLEN, He NONYYaBLUUX JIEYEHMNS

Kak 310 MOXeT NoBNUATL Ha KNMHUYECKYH NPaKTUKY B 0603pumom Gypyuiem?

» [TpuMeHeHne TepneHoB 1 )UTOCTEPMHOB U3 NPAKCKOrO HyTa MOXET CY-
LLICTBEHHO MOBANATL HA TEPANeBTUYECKYHD MPAKTUKY W BbIPABOTKY HO-
BbIX MOAXOA0B K NIEYEHNI0 TMNEPANNNAEMUM, CEPAEYHO-COCYANCTbIX 3a-
6oreBaHnil n 6oneaHeil 06MeHa BELLECTB

> TepneHbl 1 (DUTOCTEPUHBI, COAEPXKALLNECS B MPAKCKOM HYTE, MOTYT ObITb
1CNOMb30BaHbI ANS CO3AaHNS (DYHKLUMOHAMbHbIX MULLEBbIX MPOAYKTOB
1 [06aBOK [N NeYeHUs TUNepaunuaeMNN W CBA3AHHBLIX C HEW pac-
CTPOWCTB, HO TPe6yeTCA NPOBEEHNE KITMHUYECKNX UCTIbITAHWIA C y4acTu-
em Nilofen

lege of Pharmacy, University of Baghdad). The aerial parts of the
plants were collected and treated as follows [12]:

— extraction and fractionation of different active constituents;

— preliminary phytochemical screening of various secondary me-
tabolites, such as alkaloids, flavonoids, steroids, tannins, saponins,
terpenoids, and cardiac glycosides in the different parts of the plant;

—isolation of sterol and terpene fractions;

— qualitative and quantitative estimation of the isolated sterols and
terpenes fractions.

Animal experiments / IKcnepUMeHTbI C XXMBOTHbIMM

The study was conducted during the period from October 2021
to April 2022 at the Department of Pharmacology (College of Medi-
cine, Al Nahrain University). In total, 32 healthy albino male mice,
2-3 months of age and weighing about 20-30 g, were provided
by the Higher Institute for Diagnosis of Infertility and Assisted Re-
production Techniques (Al Nahrain University). The animals were
acclimatized to standard environmental conditions; food and water
were provided ad libitum for a week prior to the commencement of
the experiment.

Hyperlipidemia induction and extract administration / Uuaykuus
runepnunuaeMun n BBeleHue IKCTpakTa

HFD (2% cholesterol and 1% peanut butter) was added to the stan-
dard diet (seeds, i.e., sunflower and groundnuts, cereals, fruits such
as grapes and apples, vegetables, vitamins A, E, and D3) for 28 days
to induce hyperlipidemia [13]. In all experimental groups, the body
weight was measured weekly. Terpenes and phytosterols extracted
from Iraqi chickpea were administered for 28 days via an intragastric
tube [14].

DGAPMAKOIKOHOMUKA. CoBpemeHHas thapmakoakoHomuka 1 hapmakoanuaemuonorus. 2025; Tom 18, Ne 1
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Experimental design / lu3aiii akcnepumenTa

The mice were divided into four groups (8 mice in each group) [15]:

— Group 1 (normal): standard diet for 28 days;

— Group 2 (induced): HFD for 28 days;

— Group 3: HFD for 28 days followed by administration of a terpene
fraction of chickpea at a dose of 250 mg/kg/day per os for further
28 days;

— Group 4: HFD for 28 days followed by administration of a phy-
tosterol fraction of chickpea at a dose of 250 mg/kg/day per os for
further 28 days.

Blood collection / 3a6op kposu

Mice were kept fasting for 24 h, following which blood samples
were extracted via heart puncture. This was followed by centrifugation
at 2,500 rpm for 15 min. The obtained serum was used for the bio-
chemical analysis of lipid profile indices and liver function enzymes [9].

Biochemical analysis / buoxumuyeckui ananus

Lipid profile indices and liver function enzymes

Standard diagnostic kits and an automated analyzer were used for
estimation of serum TC, TG, LDL, VLDL, HDL, alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and total serum bilirubin (TSB) levels [13].

Oxidative stress parameters

At the end of the experimental period and following blood sampling,
the animals were sacrificed; their liver organs were removed and
divided into two parts for assay. For oxidative stress evaluation, one
part of the liver tissue was homogenized and centrifuged for 15 min
at 5000 rpm to assess the malondialdehyde (MDA) and glutathione
(GSH) levels. Standard diagnostic kits were used to carry out an assay
of MDA and GSH levels based on the competitive inhibition enzyme
immunoassay technique [2].

Histopathological examination / F'ncTonatonornyeckoe
uccnefoBaHue

The hepatic and heart tissue samples were first rinsed in phosphate-
buffered saline, then fixed in 10% neutral buffered formalin. Standard-
ized dehydration in ascending grades of alcohol and paraffin embed-
ding procedures were conducted. A microtome of paraffin-embedded
ultrathin sections (5 mm thickness) was carried out and slides were
stained with hematoxylin and eosin. The sections were then analyzed
using an Olympus light microscope equipped with a photograph ma-
chine [16].

Chickpea extraction / lMpouecc 3KkcTpakyuu HyTa

Hexane was used for defatted oil from the plant to exclude the
surplus fatty components [17] that interfere with the extraction
process by adhering to the flask and biological effects inside the
body'. An alcoholic solution (85% ethanol) was used. After filtra-
tion, the ethanol (crude) extract was subjected to evaporation to
eliminate alcohol with the purpose of minimizing the harmful effect
of ethanol on hepatic indicators. A rotary vacuum evaporator was
used to avoid heat degradation of the bioactive constituents during
evaporation. Methanol is a well-known solvent possessing the abil-
ity to extract semi-polar bioactive compounds [18]; hence, in the
current study, it was used to extract terpenes. Petroleum ether, an
organic (non-polar) solvent, was used for the extraction of phyto-
sterols (non-polar) [19].

Statistical analysis / CraTucTyeckuit aHanus

The Statistical Analysis System (SAS) software (SAS Institute, USA,
2018) was used to investigate the effect of different factors on the
study parameters. Unpaired t-test and an analysis of variance (ANOVA)
test were used to compare the parameters. The data in tables is pre-
sented as a mean value with a standard deviation (M+SD). The differ-
ences between the groups were considered statistically significant at
p<0.05.

RESULTS AND DISCUSSION / PE3YJIbTATbI U ObCYXXIEHUE

Serum lipid profiles / JiunugHbie npothunu cbIBOPOTKM KPOBM

In the present study, the serum levels of lipid profiles of TC, TG,
HDL, LDL, and VLDL were monitored, with the corresponding results
being depicted in Table 1. Feeding the mice with HFD for 28 days led
to a highly significant increase in serum TG, TG, LDL, and VLDL with
a statistically high significant reduction in HDL in hyperlipidemic mice
as compared to the group fed by a normal standard diet. The changes
observed in the hyperlipidemic group may be due to a disturbance of
lipid metabolism as a result of decreased p-oxidation, increased cho-
lesterol synthesis, and oxidative stress by decreasing enzymatic-free
radical scavengers [20].

A highly significant reduction in the serum levels of lipid profile
was observed among the terpene- (500 mg/kg/day) treated mice as
compared to the hyperlipidemia (non-treated) mice group. These
results were further supported by a significant improvement in HDL se-
rum levels as compared to hyperlipidemia mice. According to a high-
performance liquid chromatography (HPLC) analysis, the principal
active constituents of terpenes are pinene, camphene, limonene, and
thujene. The diversity in active constituents in the composition of
terpenes impart them various pharmacological properties, such as
antihyperlipidemic, anti-inflammatory, antioxidant, antidiabetes, anti-
cancer, and antivirus [2].

A decrease in TC in the mouse group treated with of phytosterols
(500 mg/kg/day) compared to the induced (non-treated) mice was
noted. These results are further supported by the improved TG, HDL,
LDI, and VLDL levels as compared to hyperlipidemia mice. Indeed,
plant sterol lowers the absorption of cholesterol and thereby enhances
the excretion of fecal steroids resulting in a reduction of the body's
lipids [21]. Pancreatic lipase is considered a key enzyme responsible
for TG absorption in the small intestine, and the inhibition of this
enzyme by phytosterols [22] could be a key approach to controlling
hyperlipidemia and obesity through suppression and delay of digestion
and absorption of TG [23].

The greatest results were obtained for the terpene (500 mg/kg/day)
treated mice as compared to the phytosterol (500 mg/kg/day) treated
mice group in terms of serum lipid profiles.

Liver enzyme activity / AKTUBHOCTb ()epMEHTOB NeYeHu

The serum levels of ALT, AST, and ALP were significantly increased
among the induced (non-treated) group, compared to the normal
group. Hence, the liver function markers (ALT, AST, and ALP) as well
as TSB showed a noteworthy decrease in the serum, indicating a mem-
brane damage of hepatocytes. These consequences may be related to
disturbed lipid metabolism under the action of a high fat intake, which
resulted in accumulation of TG in the liver and an increase in the liver
index and hepatic steatosis [24]. It is known that the liver plays a cru-
cial role in regulating blood lipid levels through LDL clearance and HDL
recruitment (see Table 1) [25].

" Al-Hakeemi A. Isolation of Trigonelline from Iragi Fenugreek seed and studying its effect on blood glucose level and lipid profile in normal and alloxan-

diabetic rabbits. M. Sc. Thesis; 2002.
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Table 1. Comparison of the groups treated with terpenes (500 mg/kg/day) and phytosterols (500 mg/kg/day) with the non-treated group by ANOVA test

Tabnuua 1. CpasHeHue rpynn, nony4asiumx tepneusl (500 Mr/kr/cyT) u outocTepuHbl (500 Mr/Kr/cyT), ¢ rpynnoit NHAYLMPOBAHHON TUNEPAUNNAEMUN, HE NOMYYaBLUERA NeYeHns,
M0 pa3NuyHbIM NapameTpam ¢ nomollbto Tecta ANOVA

Group / I'pynna
. Normal / Induced (nun-treateq)/ Terpenes Phytosterols
arameter / Mapamerp KoHTponbHas c WHAYUPOBAHHOM (500 mg/kg/day) // (500 mg/kg/day) //
(Hopma) runepaunuaemMuen 6e3 Jleyenune TepneHamu Jleyenue thTOBTepMHaMM

neyexus (500 mr/kr/cyT) (500 mr/kr/cyT)

TC, mg/dl // 06wwit xonectepun, mr/on | 135.80£17.20 241.98+55% 142.40+14.43 % 158.89+10.96 "

TG, mg/dl // TT, mr/gn 85.92+14.04 183.87+13.75 % 98.89+8.71 > 107.88+15.12 "
VLDL, mg/dl // JINOHM, mr/an 17.1822.81 36.79:2.75 % 19.78+1.74 % 21.5743.02 >

LDL, mg/dl // INHM, mr/gn 67.58+19.83 185.03+10.03 & 79.43+1514 Y 91.85+11.75 "
HDL, mg/dl // TINBM, mr/an 49.3746.10 16.59+5.63 ¢ 43.213.46 45.46+7.87 "
ALT, U/l // ANTT, Eg/n 17.73+3.69 95.77+26.0 19.19+1.36 > 34414587 "
AST, U/ // ACT, Eg/n 15.33+3.83 196.39£53.4 ¢ 15.98+1.3 % 20.16+2.91 "
ALP, U/ // LD, En/n 22.52+3.02 52.87+1.96 % 20.99+4.43 > 21.71+3.06 >
TSB, mg/d! // 06wuit 6uAMpPY6UH, Mr/an 1.29+0.19 487110 1.600.12 % 1.74+0.31 Y
MDA, nmol/ml // M[A, Hmonb/mn 0.53+0.23 410£1.31% 0.59+0.08 > 0.760.17

GSH, U/ml // TnyTatnon, eg/mn 315.77+66.97 57.24+19.85 % 298.35+38.19 " 265.36+10.38 "

Note. TC - total cholesterol; TG - triglycerides; VLDL - very low-density lipoproteins; LDL — low-density lipoproteins, HDL — high-density lipoproteins; ALT — alanine aminotransferase;
AST - aspartate aminotransferase; ALP — alkaline phosphatase; TSB — total serum bilirubin; MDA — malondialdehyde; GSH — glutathione; a — comparison of the induced (non-treated)
group versus the normal group; b — comparison of the terpene (500 mg/kg/day) and phytosterol (500 mg/kg/day) treated mice groups versus the induced (non-treated) group.

* Statistically significant differences (p<0.05). ** Highly statistically significant differences (p<0.001). The differences between the phytosterol (500 mg/kg/day) treated mice group
versus the terpene (500 mg/kg/day) treated mice group are not significant.

Mpumeyanme. TI — tpurnuyepngsl; JINOHIT — nunonpotents 04eHb Hu3koi nnotHocTy; JITHIT — annonpotentsi Hu3koi nnotHocTy, JINBIT — ninnonpoTenHsbl BbICOKOM NIOTHOCTH,
AJIT — anannHamurotpaHcgpepasa; ACT — acnapratammuHoTpaHcehepasa, L@ — wenoqHas ocpatasa; MOA — ManoHoBbIi nansAerns; a — CPaBHeHNE rpynibl MbILLEV ¢ HAYLMPO-
BaHHOM runepunugemuei 6e3 1e4eHuns ¢ KOHTPOILHONA rPynnov; b — cpaBHeHne rpynn Mbilued, noay4asLumnx Tepnensl (500 mr/kr/cyt) v eoutocteputsbi (500 mr/kr/cyT) ¢ rpynnoi

C UHAYUMPOBAHHOM runepnnnuaemmesi 6e3 neqenns. * CTaTucTnyecku 3Hadumpie pasnnyns (p<0,05). ** BbicokogocToBepHble pasnnyns (p<0,001). Pasnnynsa mexgy rpynnoi
MbILLIEH, N0NTyYaBLLNX GpUTOCTEPUHBI (500 MI/KI/CyT), M rPYMNONA MbILLIEH, M0NTyYaBLLINX TepneHb (500 MI/KI/cyT), He SABAAKTCA 3HAYUMbIMMN.

A highly significant reduction in the serum levels of liver en-
zymes (ALT, AST, and ALP) followed the administration of terpenes
(500 mg/kg/day), compared to the group of hyperlipidemia mice (see
Table 1). Terpenes protect cells from the damage induced by oxidative
stress, which is generally considered to be a cause of degenerative
diseases [26]. In addition, a highly significant reduction in TSB levels
indicates the liver ameliorating effects of terpenes (500 mg/kg/day).

A highly significant improvement in ALT, AST, ALP, and TSB
was observed with the administration of phytosterols at a dose of
500 mg/kg/day. The underlying reason may be related to the diversity
of phytochemical compounds contained in phytosterols, which pos-
sess a radical scavenging activity and hepatoprotective properties [11].

Concerning the liver enzyme activity, the terpene (500 mg/kg/day)
treated mice group should more pronounced than the phytosterol
(500 mg/kg/day) treated mice group.

Antioxidant activity / AHTHOKCMAAHTHAA AaKTUBHOCTb

MDA, which is a product of lipid peroxidation or oxygen reaction
with unsaturated lipids, showed a highly significant increase in the
group of induced (non-treated) mice [27]. The elevated levels of MDA
in this group suggest an increased lipid peroxidation in fat deposits,
which may have a detrimental effect on hepatic cells and other hepa-
tocytes. In addition, the results showed a statistically highly significant
reduction in tissue GSH in the induced (non-treated) group in compari-
son with the healthy group (see Table 1).

GSH is the most important endogenous defense mechanism against
oxidative stress in the body. It plays an essential role in the main-
tenance of membrane protein -SH groups in the reduced form, the
oxidation of which can alter cellular functions and structures [28].

A highly significant reduction of tissue MDA and an intensified de-
fense mechanism through a highly significant increased glutathione
level were noted in the group receiving terpenes (500 mg/kg) in com-
parison with the induced (non-treated) group (see Table 1). The anti-
oxidant effects of terpenes are manifested through elevated catalase,
superoxide dismutase, and peroxidase activities as well as through
elevated levels of GSH, restoring the mitochondrial membrane [29].

A highly significant reduction of tissue MDA was also registered in
the phytosterol-treated group in comparison with the induced (non-
treated) group. Phytosterols act as free radical scavengers, cell mem-
brane stabilizers, and antioxidant enzyme boosters [11]. These factors
intensify the natural defense mechanism through a highly significant
increase in GSH levels.

Therefore, with regard to antioxidant activity, terpene treatment
(500 mg/kg/day) outperformed phytosterol treatment (500 mg/kg/day).

Histopathological examination / F'ncTonatonoruyeckoe
uccneaoBauue

In the present study, the induced (non-treated) group showed
a marked and diffuse cytoplasmic fatty infiltration and a granular
degeneration of both hepatic (Fig. 1) and cardiac cells (Fig. 2) in com-
parison with the healthy (normal) mice group. This agrees well with
the published data [2, 30].

The results obtained showed a significant improvement in the
state of hepatocytes and cardiomyocytes among the terpene
(500 mg/kg/day)-treated mice group in comparison with the induced
(non-treated) mice group (Fig. 3). These findings indicate the antihy-
perlipidemic and anti-inflammatory effects of terpenes, which may be
exerted through inhibited pro-inflammatory cytokines similar to those
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occurring with limonene pre-treatment [31]. In addition, the effect of
lipid metabolism may be due to the presence of camphene, which
was previously reported to prevent hepatic steatosis and to exhibit a
hypolipidemic effect in high-fat diet mice [32].

In addition, our study revealed an improvement in the histo-
pathological pictures of the liver and heart tissue in the phytosterol
(500 mg/kg/day) treated mice group (Fig. 4). This indicates the antihy-

Figure 1. Histopathological
examination of the mouse liver
(hematoxylin and eosin staining,
magnification x40):

a-normal hepatocytes in the
normal control group; b — marked
and diffuse fatty steatosis with
chronic inflammation of
hepatocytes in the induced
(non-treated) group

PucyHok 1. Matoructonornyeckoe
1CcCneaoBaHmne TKaHei neyYexn
MblLLEI (OKpaLLnBaHme
remMaToKCUIMHOM 11 303UHOM,
yBenuyenue x40):

a— HOpManbHble renatoumnTbl

B KOHTPOJIbHOW rpynne;

b - BbIpaXXeHHbIi AU Dy3HbIi
XMPOBOW CTEATO3 C XPOHUYECKUM
BOCManeHnem renatouuTos

B rpynne HAYLMPOBAHHOM
runepnunugemMun 6e3 nevenHns

Figure 2. Histopathological
examination of the mouse heart
(hematoxylin and eosin staining,
magnification x40):

a-normal cardiac muscle with
centrally arranged nuclei in the
normal control group; b — marked
fat deposition, neutrophilic cell
infiltration, and vascular
congestion in the induced
(non-treated) group

PucyHok 2. Matorucronornyeckoe
1ccnesoBaHme TKaHei cepaua
MblLLUeil (OKpaLLMBaHne
remMaToKCUIMHOM 11 303UHOM,
yBenunyenmne x40):

a - HopmanbHas cepae4Has
MbILLLA C LIEHTPaNbHO
pacnonoXeHHbIMI 18paMu

B KOHTPOMNbLHOWN rpynne;

b - BbIpaXkeHHOe
XUPOOTNOXEHNE, NHPUALTPALNSA
HeNTPOUNBHBIMY KNETKaMm

11 3aKynopKa CoCyA0B B rpynne
MHAYLMPOBaHHON
runepnunnaemMnn 6e3 nevenHns

perlipidemic and anti-inflammatory effects of phytosterols, which may
be due to reduced macrophage and neutrophil-mediated inflammatory
processes and pro-inflammatory cytokine concentrations [33].

The mice treated with phytosterols (500 mg/kg/day) showed an
improvement in the cellular histoarchitectural morphology, while the
terpene (500 mg/kg/day) treated mice showed a distinct quasi-normal
histopathological profile.
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Research prospects / MepcnekTuebl uccnegoBaHui

The potential challenges in translating the results obtained in mouse
models to human studies include the bioavailability, pharmacokinetics,
and side effects of the studied substances. Their further research in
terms of efficacy and safety is required.

The investigated absorption-related fractions alter stability and solu-
bility; as a result, such variables as enzymes, transporters, and natural
flora influence absorption and metabolism. Therefore, absorption is
a critical aspect in determining the efficacy of the studied substances
in people. Their solubility should be improved using modern approach-
es. The metabolism of phytochemicals can differ dramatically between

Figure 3. Histopathological
examinations of mice treated with
terpenes (500 mg/kg/day)
(hematoxylin and eosin staining,
magnification x40):

a - liver examination showing
normal hepatocytes with scattered
fatty steatosis; b — heart
examination showing normal
cardiac muscle

PucyHok 3. Matorucronoruyeckoe
1ccnefoBaHne TKaHel MblLlei,
NonyYaBLUINX TepPNeHbl

(500 mr/kr/cyT) (OKpalmBaHne
remMaToKCUIMHOM W 303MHOM,
yBennyerune x40):

a— CCNef0BaHNE NeveHu
NoKa3ano HopMasbHble
renaToLuThbl C PacCesiHHbIM
XKMPOBbIM CTEATO30M;

b — nccnenosanune ceppua
BbIBII0 HOPMANbHYHO
CEPLEYHYI0 MbILLLLY

Figure 4. Histopathological
examination of mice treated with
phytosterols (500 mg/kg/day)
(hematoxylin and eosin staining,
magnification x40):

a - liver examination showing mild
fatty steatosis and scattered mild
degenerative changes; b — heart
examination showing normal
cardiac muscle and mild fat
deposition with vascular
congestion

PucyHok 4. Matorucronornyeckoe
nccneaoBaHne TKaHel Mbllleit,
Noay4aBLINX (PUTOCTEPUHBI

(500 mr/kr/cyT) (0KpaluuBaHue
remMaToKCUIMHOM 1 303MHOM,
yBenuyerne x40):

a-— CCNeA0BAHNE NEYEHN
BbISBU0 YMEPEHHbIN XNPOBOI
CTearto3 1 paccesnHHble
He3Ha4YuTeNbHbIe
[lereHepaTnBHbIE N3MEHEHNS;

b - uccnegoBanue cepaua
N0Ka3ano HopMasnbHy
CEPLEYHYI0 MbILLLLY 1 He6OMbLLOE
OTNOXEHWE XNpa C 3aKynopKon
COCYR0B

species, resulting in distinct bioactive metabolite profiles. As a result,
these substances have an effect on metabolism, which is important
for determining the rate of terpene and phytosterol metabolizing en-
zymes. Phytosterols and terpenes may impact the first-pass hepatic
metabolism (bioavailability).

The available information shows that phytosterol supplements
are reasonably safe and well-tolerated. The reported side effects are,
as a rule, modest and include constipation, nausea, upset stomach,
heartburn, gas, and stool discoloration. Chickpea-derived compounds
may cause an allergic response. Hormonal alterations should be ob-
served due to the similarity of phytosterol molecules.
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CONCLUSION / 3AKNNHOYEHKE

The terpene fraction (500 mg/kg/day per 0s) of Iraqi chickpea dem-
onstrated highly significant antihyperlipidemic, anti-inflammatory, and
antioxidant effects. The diversity in the presence of phytochemical
compounds, such as pinene, camphene, limonene, and thujene, may
be responsible for the inhibition of lipid peroxidation.

The phytosterol fraction (500 mg/kg/day per os) of Iraqi chickpea
demonstrated highly significant antioxidant, antihyperlipidemic, and
anti-inflammatory effects. The diversity in the presence of phytochemi-

cal compounds, such as beta-sitosterol, campesterol, and stigmasterol
may be responsible for the inhibition of lipid peroxidation.

The effects of terpenes (500 mg/kg/day) and phytosterols
(500 mg/kg/day) extracted from Iragi chickpea were comparable in
different parameters. Terpenes (500 mg/kg/day) showed the highest
results concerning histopathology outcomes and led to a significant
improvement of serum lipid profiles, liver enzyme activity, and antioxi-
dant activities. Although no significant differences were observed be-
tween terpenes (500 mg/kg/day) and phytosterols (500 mg/kg/day) in
increasing the levels of HDL, phytosterols demonstrated better results.
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