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Abstract:
Fenugreek seeds are widely used in Asia and other places of the world for their nutritive and
medicinal properties. In Asia, Fenugreek seeds are also widely recommended for the geriatric
populations. Here, we evaluated for the first time the effect of fenugreek seed feed
supplementation on the liver antioxidant defense systems in aging mice. The study was conducted
on 12 months aged mice which were given fenugreek seed dietary supplement. We have evaluated
the activities of various antioxidant defense enzymes like superoxide dismutase (SOD), glutathione
reductase (GR), and glutathione peroxidase (GPx), and estimated the phenolics and free radical
scavenging properties in mice liver upon fenugreek supplementation. The estimation of SOD, GPx
and GR activities in aged mice liver revealed a significant (P<0.01) difference among all the liver
enzymes. Overall, this study reveals that fenugreek seed dietary supplementation has a positive
effect in on the activities of the hepatic antioxidant defense enzymes in the aged mice.
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1. Introduction
Liver is a vital organ of the body which is often attacked by reactive oxygen species (ROS)[1,2].
ROS are produced under naturally occurring physiological conditions and significantly contribute in
the development of numerous human ailments. A range of antioxidant systems are implied in
defense mechanisms of cells against ROS, which can be produced in excess under conditions of
stress, and these antioxidant systems include both non-enzymatic and enzymes antioxidants [3]. It
has been reported that diet rich in antioxidants enhances the cellular defence mechanisms, by
decreasing ROS levels that are generated through cell metabolism in normal cellular conditions [4, 5].
Nicotinamide adenine dinucleotide phosphate (NADPH) is a potent reducing agent which is
required to maintain antioxidants of cells in a reduced state, including glutathione[6].
It is reported that increased levels of apoptosis and oxidative damage are presented in the livers
of aged mammals. Mainly sinusoidal endothelial cells and bile duct cells are the apoptotic cells in
aged livers, since these cell types are highly sensitive to injury by oxidative stress. Therefore, it was
assumed that ageing of the liver is mainly induced by the apoptosis induced by ROS in these cells [7].
Recently, rodent studies revealed that there is an involvement of both extracellular and intracellular
factors in the liver mass recovery impairment during aging. Among the intracellular factors,
age-dependent decrease of Sirtuin-1 (SIRT1), budding uninhibited by benzimidazole-related 1
(BubR1), and Yes-associated protein (YAP) is related to tissue reconstitution dampening and also to
cell cycle genes inhibition following partial hepatectomy. Thus, it is also well known that the
capacity of liver regeneration after resection is decreased with aging[8].
Fenugreek, botanically equated with Trigonellafoenum-graecum L., is a leguminous herb of
Fabaceae family. The seeds of this plantare widely used in Asia, Mediterranean countries, and Africa,
as an ingredient of regular diets [9], and are also utilized as medicine, fragrances, in cosmetics,
beverages, and for industrial purposes [10]. Various pharmacological effects are attributed to this
plant such as antiviral, antimicrobial, carminative, anticholesterolemic, febrifuge, restorative,
laxative, expectoral, galactogogue, uterine tonic, anticarcinogenic, antiinflammatory, antioxidant,
hypotensive, etc. [11,12]. Fenugreek seeds are used in traditional medicine as an antidiabetic, gastric
stimulant and also utilized against anorexia. In recent decades, many health benefits of fenugreek
seeds were clinically and preclinically validated [13].
Here, we evaluated the effect of fenugreek seed feed supplementation on the liver antioxidant
defense systems in aging mice. To the best of our knowledge, this is the first study which
investigated the effect of fenugreek seed dietary supplementation in this context.

2. Materials and Methods
2.1. Chemicals
Superoxide Dismutase Assay Kit, Item No. 706002 (Cayman Chemical Company; Ann Arbor,
Michigan 48108 USA), Glutathione Peroxidase Assay Kit, Item No. 703102 (Cayman Chemical
Company; Ann Arbor, Michigan 48108 USA),microplate reader Synergy4 (Biotek; Winooski,
Vermont 05404 USA), Glutathione Peroxidase Assay Kit, Item No. 703202 (Cayman Chemical
Company; Ann Arbor, Michigan 48108 USA), vitamin C (A92902 Sigma-Aldrich L-Ascorbic acid
99%).
2.2. Experimental animals
The study was carried out on twenty-four Swiss 12-months old male mice from the population
maintained at the Institute of Genetics and Animal Breeding, the Polish Academy of Sciences in
Jastrzębiec. The animals were maintained in standard cages of the farm at temperature 22°C under
standard conditions with 12 h of daylight and 12 h of darkness, with an access to food and water. All
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of the described experiments were approved from the Local Ethical Commission. Throughout the
entire experiment, the animals were fed with feed dedicated to breeding mice with a total energy of
3625.85 kcal/kg (the detailed composition of the feed is listed in Table 1).
Table 1. Chemical composition of the used feed (Altromin Spezialfutter GmbH & Co.)
Ingredient

Content (in mg/kg)

Protein

174466.28

Fat

50500.25

Fibre

29980.77

Ash

55886.78

Moisture

59418.92

Vitamin C

20.000

The animals were divided into 4 groups (n = 6) two controls (Control Start, CS and Control End,
CE) and experimental (Ex5 and Ex10). Before feeding fenugreek, antioxidant status was determined
in the liver of control mice (Control Start). The experimental animals (Ex5 and Ex10) for 4 weeks
received a diet additionally whole fenugreek seeds 0.125 g and 0.250g per 2.5g of feed, respectively.
After 4 weeks, the antioxidant potential in the liver of all was determined, using the same analytical
procedures. The further procedure strictly followed instructions of the producer.
2.3. Estimation of Superoxide dismutase (SOD)
Perfusion of liver tissue was made in phosphate buffered-saline (PBS), at pH 7.4. 1 g of liver
tissue was homogenized in 5mL of a 20mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) buffer (pH 7.2, 1mM ethylenediaminetetraacetic acid (EDTA), 210mM mannitol, 70mM
sucrose, per 1 g of tissue) chilled to 4°C. After that, obtained homogenates were centrifuged at 2,500×
g for 15 min at 4°C. To prevent uncontrolled reaction initiation, in this assay it is crucial to store
samples on ice until the analysis will be started. The assay procedure was conducted by using the
Superoxide Dismutase Assay Kit, Item No. 706002 (Cayman Chemical Company; Ann Arbor,
Michigan 48108 USA). Absorbance was measured in duplicate with the help of a microplate reader
Synergy4 (Biotek; Winooski, Vermont 05404 USA). The total activity of superoxide dismutase was
expressed in U/mL.
2.4. Estimation of Glutathione peroxidase (GPx)
Perfusion of liver tissue was made in PBS buffer, at pH 7.4. Homogenization of 1 g liver tissue
sample was executed in 5mL of buffer containing 50mM Tris-HCl, 5mM EDTA, and 1mM
dithiothreitol. Homogenates were centrifuged at 10,000× g for 15 min at 4°C. Supernatants were
placed on ice until the analysis started. The procedure was conducted according to the manufacturer
instructions by using the Glutathione Peroxidase Assay Kit, Item No. 703102 (Cayman Chemical
Company; Ann Arbor, Michigan 48108 USA). Measurements of reaction kinetics in triplicate were
made with the help of a microplate reader Synergy4 (Biotek; Winooski, Vermont 05404 USA).
Glutathione peroxidase activity was expressed in nmol/min/mL.
2.5. Estimation of Glutatione reductase (GR)
Perfusion of liver tissue was made in PBS, at pH 7.4. 1 g of liver tissue was homogenized in 5mL
of could buffer 50 mM potassium phosphate (pH 7.5) with 1mM EDTA chilled to 4°C. After that,
obtained homogenates were centrifuged at 10 000× g for 15 min at 4°C. The procedure was
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conducted according to the manufacturer instructions by using the Glutathione Peroxidase Assay
Kit, Item No. 703202 (Cayman Chemical Company; Ann Arbor, Michigan 48108 USA).
Measurements of reaction kinetics in triplicate were made with the help of a microplate reader
Synergy4 (Biotek; Winooski, Vermont 05404 USA). Glutathione reductase activity was expressed in
nmol/min/mL.
2.6. Vitamin C
The level of vitamin C in liver was determined using a LambdaBio-20 spectrophotometer
(Perkin Elmer, Waltham, USA). 0.5mL of tissue homogenate, 0.5mL of distilled water and 1.0mL of
10% TCA were mixed thoroughly and centrifuged for 20 min. 1.0mL of the obtained supernatant
was combined with 0.2mL of 2,4dinitrophenylhydrazine–thiourea–copper sulphate reagent and
incubated at 37°C for 2 h. Subsequently, 1.5mL of 65% sulphuric acid was added and mixed, sample
remained at room temperature for another 30 min. Change in colour of the sample was measured at
520 nm. The solutions of vitamin C standards (0.5–5mg of vitamin C A92902 Sigma-Aldrich
L-Ascorbic acid 99%) were treated similarly.
2.7. DPPH
Measurements for radical scavenging activity were performed with a routine assay procedure
[12] using a synthetic DPPH radical (1,1-diphenyl-2-picrylhydrazyl). Folin-Ciocalteu reagent was
used as an oxidizing reagent and all the chemicals were purchased from Sigma-Aldrich
ChemieGmbh (Munich, Germany) in the highest available purity.
2.8. Total phenols
The determination of the content of total phenols was performed as previously described[15].
The samples were thoroughly mixed, and after 8 minutes, 2 mL of the saturated sodium carbonate
solution was added. The next stage of the analysis involved the incubation test at 40°C for 30
minutes (until a stable characteristic blue color was developed). The absorbance was measured at
765 and 735 nm against a blank sample (experimental material replaced with 0.5 mL ddH2O).
Results were read using a calibration curve plotted based on the absorbance of the gallic acid
standard in the range of 0 to 0.5 mg/mL and expressed in mg of GAE/g tissue or mg of GAE/mL
serum (GAE - gallic acid equivalent).
3. Results
The estimation of SOD, GPx and GR in aged mice liver showed that there was a significant
(P<0.01) difference was observed among all the liver enzymes. The concentration of SOD was found
less in the CS (21.97±0.32) and CE (21.91±0.6) group as compared to the EX5 (30.64±1.04) and EX 10
(35.87±1.61) group. There was no significant variation observed in the amount of SOD in the
beginning and the end of the experiment in control group, however, the fenugreek seed
supplementation in a dose dependent manner increased the SOD in aged mice liver. This clearly
reveals that fenugreek seed dietary supplementation significantly increased the concentration of the
SOD in the aged mice liver.
On the other hand, the levels of GPx and GR1 decreased significantly (P<0.01) with the
fenugreek seed dietary supplementation. Similar to that of SOD levels, no significant change was
recorded in the CS and CE groups in both GPx and GR1 levels which clearly shows that the levels of
GPx and GR1 was almost unchanged after four weeks of the experiment. However, there was a
significant decrease in the levels of GPx and GR1 enzyme levels in the aged mice liver which clearly
reveals that the fenugreek seeds dietary supplement substantially decreases the GPx and GR1 level
in a dose dependent manner. The details of the estimated enzymes are presented in Table 2.
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Table 2. The activity of estimated enzymes SOD, GPx and GR (LSM ±SD) in mice liver
SOD (LSM±SD)

GPx (LSM±SD)

GR l(LSM±SD)

Control start

21.97±0.32A

11.71±0.39A

165.55±4.9 A

Control end

21.91±0.6 A

11.93±0.29 A

166.81±3.39 A

EX 5%

30.64±1.04 B

7.15±0.55 B

96.58±3.35B

EX10%

35.87±1.61 B

4.12±0.14 C

87.94±1.54 B

A,B,C

Columns with different letters differed significantly (P<0.01).
We have also evaluated the free radical scavenging activity, vitamin C and polyphenolic

concentration in mice liver. The analysis showed that although there was a slight increase was
recorded in vit C concentration in the fenugreek dietary supplement treated aged mice still, the
difference was not significant. Moreover, there was a significant (P<0.05) difference was recorded in
total polyphenols and DPPH free radical scavenging activity. The EX5% and EX10% group clearly
showed a higher concentration of polyphenols and thereafter a higher DPPH free radical scavenging
effect was found as compared to the control groups. The details are presented in Table 3.
Table 3.The level of estimated antioxidant vitamin C, total polyphenols and DPPH in mice liver
Vit.C

Total polyphenols

Radical scavenging activity by

(LSM±SD)

(LSM±SD)

DPPH(LSM±SD)

1.35 ±0.03

1.71±0.03a

43.79 ±1.27a

end

1.33±0.01

1.70±0.02a

43,81±0.39a

EX 5%

1.37±0.03

1.93±0.03a,b

48,64±1.07a,b

EX10%

1.41±0.02

2.06±0.08b

51.84±1.75b

Control
start
Control

a,b

Columns with different letters differed significantly (P<0.05).

4. Discussion
The increase in the incidences of liver diseases while aging is well accepted [16,17]. The
mechanism of liver ageing is though not well understood still oxidative stress is recognized as a
major possible contributor and reports are also available that suggested the induction of MAPK
pathways by ROS [18].Ageing affects human liver which is manifested by decreased blood flow and
volume along with cellular alterations like higher oxidative stress and mitochondrial dysfunction
and many more [19]. Apart from this, the ageing is also key risk factor in numerous specific hepatic
diseases including non-alcoholic fatty liver disease (NAFLD) [20]. It is interesting to note that
treatment related to liver are more often proposed to elderly population [21].Previous study has
reported that Fenugreek extract improved lipid metabolism [22] and a clinical study has shown that
antioxidant capacity can be improved by the fenugreek seeds as well [23]. In a study conducted to
evaluate the protective effect of fenugreek seeds against ethanol toxicity, Thirunavukkarasu et al.
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found that inhibition of GPx activity by ethanol can cause H2O2 accumulation along with its
decomposition products.[24]
In this study we have observed that fenugreek seed dietary supplementation has a positive
effect in the regulation of the hepatic enzymes in the aged mice. Elevated SOD levels by fenugreek
seeds supplementation is an evidence that this widely used dietary ingredient might have a
potential role in the hepatoprotection in aging mediated by oxidative damage. Enhance total
phenolic contents and DPPH free radical scavenging activity clearly suggests that antioxidant
defence mechanism is improved by fenugreek seed dietary supplementation.
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