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Medicago sativa Linn or alfalfa is a tonic plant rich in proteins, vitamins, and minerals that is used to treat many diseases due to its
pharmacological properties such as anti-inflammatory and antioxidant activities. So, the aim of this study was to evaluate the
efficacy of alfalfa methanolic extract (AME) on the prevention of liver damage caused by nicotine. The total phenols, flavonoids
levels, and the free radical scavenging activity of its extract (IC50) were measured. In this study, 30 Wistar rats were randomly
divided into 5 groups as control (untreated), N (nicotine only), T1, T2, and T3 (nicotine+AME 100, 250, and 500mg/kg/day,
respectively). AME (orally) and nicotine (intraperitoneal injection, 0.5mg/kg/day) were then administered for 21 days. Weight
gain, the liver-to-body weight ratio, liver functional enzymes, and the lipid profile were measured. Moreover, we evaluated
oxidative stress, proinflammatory parameters, and histopathological changes in the liver. Total phenols, flavonoids, and IC50 were
determined as 51:68 ± 0:62mg GAE/g, 18:55 ± 1:01mg QE/g, and 350:91 ± 16:46μg/ml, respectively. Nicotine changed the
measured parameters to abnormal. AME increased weight gain, the liver-to-body weight ratio, and enzymatic antioxidant levels
and decreased malondialdehyde, liver functional enzymes, and proinflammatory cytokine levels. The lipid profile and
histopathological changes have also been improved by AME in a dose-dependent manner. The results showed that AME in a dose-
dependent manner by improving the inflammation and oxidative damage could improve the liver damage caused by nicotine.

1. Introduction

Nicotine (C10H14N2) is the main alkaloid of tobacco and an
addictive substance in cigarettes [1]. Nicotine could increase
the risks of liver failure, cardiovascular diseases, type 2 dia-
betes, pulmonary disorders, several types of cancers, and
infertility [2, 3]. In addition, it can be easily absorbed
through the skin and respiratory tract. Nicotine can also
reach peak levels in the bloodstream [4]. Notably, in the
human liver, the cytochrome P450 2A6 (CYP2A6) plays a
pivotal role in nicotine metabolism, and it converts approx-
imately 80% of the absorbed nicotine into cotinine [5]. Some

studies performed on humans and rodents have shown
that nicotine metabolism by cytochrome P450 enzymes
produces reactive oxygen species (ROS) or free radicals,
which can defect the antioxidant defense system and enhance
lipid peroxidation of polyunsaturated fatty acids (PUFAs).
Finally, this process consequently induces oxidative stress in
body tissues, especially in the liver, because the main metabo-
lism center of nicotine is the liver [6]. In the end, the obtained
product of lipid peroxidation is an active and highly reactive
aldehyde compound named as malondialdehyde (MDA),
which can be used as an indicator to evaluate oxidative
stress [7].
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Many organisms utilize an antioxidant defense system
including free radical scavenging, various enzymatic and
nonenzymatic antioxidants, and metal-chelating agents to
counteract the oxidative damage resulting from ROS [8].
Notably, many medicinal plants and foods (such as vegeta-
bles, fruits, and grains) are rich in natural antioxidants [9].
Moreover, phytoestrogenic compounds and various kinds
of vitamins are well-known antioxidants found in many
plants [10, 11]. In this regard, Medicago sativa (alfalfa) is
one of the herbs rich in phytoestrogenic compounds such
as apigenin, luteolin, coumestrol, quercetin, medicarpin,
daidzein, and genistein as well as various vitamins, especially
vitamin C [12]. Besides the antioxidant role of alfalfa, its
beneficial effects on some diseases such as diabetes, thalasse-
mia, various cancers, renal disorders, and hypercholesterol-
emia have been also identified. Considering the
abovementioned beneficial characteristics, this plant is proc-
essed and considered in various medicinal forms world-
wide [13].

Nowadays, with the increasing trend of risk factors of
human diseases and people’s different attitudes in different
countries, the global trend towards the treatment of various
diseases has led to the use of medicinal plants and natural
foods [14–16]. Therefore, performing comprehensive studies
is essential to investigate the role of plants and natural com-
pounds when facing toxic compounds as well as studying the
response of metabolic centers (especially the liver) to this
process. Hence, in this work, we aimed to evaluate the effi-
cacy of alfalfa methanolic extract (AME) on controlling
nicotine-induced oxidative stress in the liver of male
Wistar rats.

2. Materials and Methods

2.1. Plant Material. Fresh alfalfa was collected (the month of
June, 5 kg) from the fields of Qorveh city, located in western
Iran, with latitude 47°44′38.768″E and 35°11′57.820″N. The
plant was then cultivated, and its seeds were similar
throughout the region because they were provided by the
local agriculture organization. The identity of this plant
(No. 1856) was confirmed by the Herbarium Center of the
University of Kurdistan.

2.2. Preparation of Alfalfa Methanolic Extract (AME). The
plant was milled after drying it at 25°C. As demonstrated
in our earlier works, the IC50 of the methanolic extract is
lower than that of the ethanolic one while the concentration
of polyphenols and flavonoids isolated in the methanolic
extract is higher than those in the ethanolic extract [17].
Moreover, the separation of polar and nonpolar phytochem-
ical compounds within a wide range can be achieved more
feasibly via maceration methods by methanol [18]. Hence,
in this study, the methanolic solvent was used. Thereafter,
200 g of alfalfa powder was soaked in 2 liters of methanol
for 5 days. Subsequently, the resulting mixture was
smoothed with Whatman No. 1 filter paper and then centri-
fuged at 3000 g for 15 minutes. In the following, the super-
natant was concentrated by the connected rotary to the
vacuum pump at 45°C. Next, the methanol was removed

under negative pressure. Then, the extract was obtained in
the form of powder and stored at -4°C [19]. 100, 250, and
500mg/kg concentrations of the extract were prepared by
sterile distilled water daily to maintain stability. The fresh
extract was orally administered (P.O.) via a gastric tube daily
[20]. The extract is prepared and used daily in distilled water
to maintain stability.

2.3. Determination of Total Phenolic Content. The amounts
of total phenolic compounds were evaluated using the
Folin-Ciocalteu reagent in the extract [21]. Briefly, the
Folin-Ciocalteu reagent (100μl) and distilled water (1.2ml)
were added to each test tube containing 20μl of alfalfa
extract (concentration, 1mg/ml). After 10 minutes of storage
at room temperature, 300μl of the Na2CO3 solution (20%
w/v) was added to the tubes. Following 120min storage in
darkness, their absorbance level was measured at 765 nm.
Afterward, gallic acid was used to draw the calibration curve
(absorbance = 0:0104 gallic acid μg − 0:0068, R2 = 0:9936).
The obtained results were then expressed as gallic acid
equivalents (GAE) in mg/g of the extract.

2.4. Determination of Total Flavonoid Content. The colori-
metric method of aluminum chloride was used to measure
the amount of total flavonoid [22]. According to this
method, 0.5ml of extract (1mg/ml) was added to the test
tubes. Thereafter, 1.5ml of 95% ethanol, 0.1ml of 10%
aluminum chloride, 0.1ml of 1mM potassium acetate,
and 2.8ml of distilled water were added to each tube
and then mixed with the extract, respectively. After
30min storage at 25°C, the absorbance level of the mix-
tures was measured at 415nm. Subsequently, the standard
curve was plotted with quercetin in this work
(absorbance = 0:0165 x + 0:0309, R2 = 0:991). The total fla-
vonoid content was then expressed as mg quercetin equiv-
alent (QE)/g of the extract [23].

2.5. Determination of Free Radical Scavenging Activity. The
free radical scavenging activity of the extract was measured
using DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals [24].
Accordingly, different concentrations (10, 20, 50, 100, 200,
500, and 1000μg/ml) of the obtained extract were prepared
in methanol solvent. Afterward, for each concentration,
300 microliters of the extract was mixed with 2.7ml of
DPPH methanol solution (0.06mM) and it was then well-
shaken. All the mixtures were incubated for 30min in dark-
ness until stabilization of the reaction. After this period, the
absorbance level of the mixtures was read at 517nm. During
this process, vitamin C was considered the control group.
Also, the following formula was used to calculate the inhibi-
tion percent of DPPH radicals by the extract: %of DPPH
radical scavenging = ½ðAc −AsÞ/Ac� × 100, where Ac is the
absorption of DPPH solution and As is the absorption of
extract or vitamin C.

IC50 was determined as the concentration of the extract
that inhibited 50% of DPPH radicals. Accordingly, it was
calculated from the graph of the inhibition percentage
against extract concentration. Notably, the assay was per-
formed in triplicate.

2 Oxidative Medicine and Cellular Longevity



2.6. Acute Toxicity (LD50) Study. The toxicity tests were car-
ried out according to the Organization for Economic Coop-
eration and Development (OECD) test guideline, i.e., OECD
Guideline 423 used for the acute oral toxicity test. Before the
start of the experiment, the body weight of animals was
recorded individually for calculating the proper treatment
dosage. To determine the LD50 of AME, 12 Wistar rats
(200-250 g) were randomly divided into 4 groups (3 rats
per group), and 5, 50, 300, and 2000mg extract/kg body
weight, P.O., were separately administered for each group,
respectively. Signs of toxicity and possible death of animals
were monitored for 24 hours to calculate the median lethal
dose (LD50) of alfalfa. All animals were observed at least
once during the first 30min in the first 24 hours with great
consideration given for the first 4 hours following vehicle
or alfalfa methanol extract administration, and then they
were monitored once a day for 14 days. This observation
was done to check the onset of clinical or toxicological
symptoms according to the OECD guideline. All observa-
tions included changes in the skin and fur, eyes, and mucous
membranes, and behavioral patterns were systematically
recorded and maintained with an individual record. In addi-
tion, consideration was given for observations of convul-
sions, tremors, diarrhea, salivation, lethargy, sleep, coma,
and mortality. At the end of the study, all the animals in
all the dose groups were sacrificed and the internal organ-
body was compared with values from the control group [25].

2.7. Nicotine Preparation. In this study, a 2% solution of nic-
otine hydrogen tartrate salt was prepared by sterile distilled
water, which was then used for intraperitoneal injection
(I.P.) at the dose of 0.5mg/kg [26].

2.8. Animals. For this study, 30 male Wistar rats (200-
250 g, 6-8 weeks old) were purchased from the Pasteur
Institute of Iran. Throughout the study, the animals were
kept under the controlled environmental conditions in
standard cages (20 ± 2°C, 50-55% humidity, and 12/12 h
light/dark cycle). When performing the experiment, all
animals were given ad libitum access to safe water and
rodent feed. Then, the study began by passing 7 days from
the animal adaptation to environmental conditions. In the
present study, the environmental conditions, use, and
euthanasia of animals were considered in terms of the
international ethical guidelines for laboratory animals
[27] (ethical code obtained from Kurdistan University of
Medical Sciences (IR.MUK.REC.1398.146)).

2.9. Experimental Design. The animals were randomly
divided into 5 groups (6 rats per group) as follows:

(i) Control Group (C). Only received distilled water
(P.O.);

(ii) Nicotine Group (N). Only received nicotine (0.5mg/
kg/day, I.P.);

(iii) Treatment Group 1 (T1). Nicotine (0.5mg/kg/day,
I.P.) +AME (100mg/kg/day, P.O.);

(iv) Treatment Group 2 (T2). Nicotine (0.5mg/kg/day,
I.P.) +AME (250mg/kg/day, P.O.);

(v) Treatment Group 3 (T3). Nicotine (0.5mg/kg/day,
I.P.) +AME (500mg/kg/day, P.O.) [20, 26].

The study period was 21 days for all animals. Once at the
beginning and once at the end of the study, the body weight
of the animals was measured. At the end of the experimental
period, the animals were anesthetized by intraperitoneal
injection of ketamine-xylazine (100 and 10mg/kg, respec-
tively) and blood samples were collected from their right
ventricle. The obtained blood samples were centrifuged for
15min at 1000 g. Afterward, the attained serums were ali-
quoted and then stored at -20°C until processing. After
euthanasia, each animal’s liver was separated and then
weighed. Subsequently, a piece of the left lobe of liver tissue
(0.5 g) was immediately mixed with phosphate-buffered
saline (1 : 9 ratio, 100mM, and 7.4 pH) in a medium con-
taining ice. Thereafter, it was homogenized by a homoge-
nizer (OV5, Velp, Italy). Subsequently, tissue homogenates
were centrifuged for 1 h at 5000 g at 4°C. Finally, the super-
natant was stored at -20°C until the measurements of lipid
peroxidation, enzymatic antioxidants, and proinflammatory
cytokine levels. At the end of the study period, the ratio of
liver to body weight was calculated [28].

2.10. Biochemical Assays. Serum activity levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
and gamma-glutamyl transferase (GGT) and serum concen-
trations of total cholesterol (TC), triglyceride (TG), and
high-density lipoprotein cholesterol (HDL-C) were deter-
mined using commercial kits (Pars Azmun, Iran) and the
Hitachi 911 autoanalyzer [29]. LDL − C = TC − ðHDL − CÞ
− ð0:2 × TGÞ and VLDL − C = 0:2 × TG formulas were also
used to calculate low-density lipoprotein cholesterol (LDL-
C) and very-low-density lipoprotein cholesterol (VLDL-C),
respectively [30].

2.11. Determination of MDA Levels. Malondialdehyde
(MDA) levels of tissue homogenates were measured in terms
of the Buege and Aust method [31]. Briefly, 1ml of reagent
(15% trichloroacetic acid (TCA), 0.375% thiobarbituric acid
(TBA), and 0.25M hydrochloric acid (HCl)) was added to
500μl of 10% liver homogenate. This mixture was then
placed in a bain-marie for 15 minutes at 95°C. After cooling,
the mixture was centrifuged (10min, 1000 g), and the
obtained supernatant absorbance was determined at
535 nm. Finally, the MDA level was calculated by a 1:56 ×
105 M−1 cm−1 molar extinction coefficient. Notably, all the
concentrations were expressed as nmol/g tissue.

2.12. Antioxidant Enzyme Activity Assay. In liver homoge-
nates, the levels of superoxide dismutase (SOD), glutathione
peroxidase (GPx), and catalase (CAT) were measured using
colorimetric kits (ZellBio GmbH, Germany) in terms of the
manufacturer’s instructions. The basis of the determination
of SOD activity was a conversion of O2

-· to H2O2 under
enzymatic conditions for 120 seconds at 420 nm. Next,
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CAT activity was measured based on its ability to decom-
pose H2O2 within 1 minute at 405nm. Also, GPx converted
glutathione (GSH) to oxidized glutathione (GSSG). Hence,
through the reaction of residual GSH, 5,5′-dithiobis-(2-
nitrobenzoic acid) (DTNB) was used to determine GPx at
412nm indirectly. All data were expressed as U/g tissue.

2.13. Proinflammatory Cytokine Assay. In liver homoge-
nates, the levels of interleukin-1β (IL-1β, detection range:
15.6-1000 pg/ml), interleukin-6 (IL-6, detection range: 7.8-
500 pg/ml), and tumor necrosis factor-α (TNF-α, detection
range: 15.6-1000pg/ml) were quantified using enzyme-
linked immunosorbent assay (ELISA) kits (USCN, Wuhan,
China) in terms of the manufacturer’s protocols at 450nm
(microplate reader, Stat Fax 4200). The obtained results were
then expressed in pg/ml.

2.14. Histopathological Assessments. The samples obtained
from the liver right lobe were fixed for 48h in 10%
phosphate-buffered formalin. After the fixation, the samples
were embedded in paraffin. Thereafter, 5μm thick sections
of paraffin blocks were cut using a microtome and then
stained with hematoxylin and eosin (H&E). Afterward, a
semiquantitative scoring system was used to evaluate the
histopathological criteria [32–34]. Accordingly, at least 10
fields of each liver section were examined using a light
microscope by two pathologists who were blinded to the
study (Nikon E100). Then, each criterion was scored from
0 to 3 (0=none, 1 =mild, 2 =moderate, and 3= severe).
Accordingly, the evaluated criteria were as follows:

(i) Hydropic degeneration of hepatocytes

(ii) Kupffer cell proliferation

(iii) Central vein congestion and dilation of sinusoids

2.15. Statistical Analysis. The study data were reported as
mean ± SEM. One-way analysis of variance (one-way
ANOVA) followed by Tukey’s post hoc test was performed
to analyze the parametric data. Moreover, liver histopathol-
ogical scores were assessed by the Kruskal–Wallis test. In
this regard, if the Kruskal–Wallis test was significant, the
Mann–Whitney test was then used to perform pairwise
comparisons. All graphs and statistical analyses were per-
formed by GraphPad Prism (Version 7.03) software (Graph-
Pad Software, San Diego, California, USA). P value < 0.05
was considered the statistical significance level.

3. Results

3.1. Phenols, Flavonoids, and IC50. Table 1 depicts the total
phenolic and flavonoid contents as well as IC50 of AME.

3.2. DPPH Radical Scavenging Activity. As shown in
Figure 1, the inhibition percentage of DPPH radicals was
dose-dependent by AME and vitamin C; therefore, in the
range of concentrations of 10 to 1000μg/ml, the inhibitory
percentage of the extract increased from 18:94 ± 0:97 up to
77:87 ± 2:07, and for vitamin C, it increased from 36:86 ±
1:82 up to 98:69 ± 0:40.

3.3. LD50 Test. During the 14 days of the acute toxicity test,
the animal’s death and body weight changes were not
observed. LD50 was higher than the oral administration of
2000mg extract/kg.

3.4. Body Weight. At the end of the study, the body weight of
the N group (235:96 ± 7:04 g) has significantly decreased
(P < 0:05) compared to that of the C group (262:92 ± 5:99
g). The highest increase in body weight gain was observed
in the C group (36:06 ± 3:98 g), and the lowest one was for
the N group (12:41 ± 2:41 g). Among the AME-treated
groups, the T1 group had the lowest (14:57 ± 2:69 g) and
the T3 group had the highest (24:74 ± 2:67 g) increase in
weight gain. A significant decrease was also observed in body
weight gain among the N, T1, and T2 groups (19:04 ± 5:78
g) compared to the control group (C) (P < 0:05). Notably,
there was no significant difference between the T3 and C
groups (P > 0:05) (Figure 2(a)).

Furthermore, the lowest total food consumption was in
the N group and the highest was observed in the control
group. In this regard, the lowest average water consumption
during the study period was in the N group, and this differ-
ence was substantial when compared to the other groups
(P < 0:05) (Table 2).

3.5. Liver-to-Body Weight Ratio. As shown in Figure 2(b),
the liver-to-body weight ratio has significantly decreased in
the N (0:022 ± 0:001 g), T1 (0:023 ± 0:001 g), and T2
(0:027 ± 0:001 g) groups compared to the C group
(0:034 ± 0:001 g) (P < 0:05). Moreover, there was a signifi-
cant increase in terms of the liver-to-body weight ratio in
the T3 group (0:030 ± 0:002 g) when the extract was admin-
istered at a dose of 500mg/kg/day compared to the N and
T1 groups (P < 0:05). In addition, no significant difference
was observed in the liver-to-body weight ratio between the
T3 and C groups (P > 0:05).

3.6. Liver Function Enzymes. Moreover, nicotine intake (the
N group) significantly increased the serum activities of ALT,
AST, ALP, GGT, and LDH compared to the control group
(C group). Administration of this extract has also decreased
the serum activities of liver enzymes. Among the AME-
treated groups, the most significant decrease in the serum
activities of enzymes was observed in the animals receiving
the extract at a dose of 500mg/kg/day (the T3 group) com-
pared to the N group (Table 3).

3.7. Lipid Profile. As shown in Table 3, the serum levels of
TC and LDL-C have significantly increased in the N group
compared to the C group (P < 0:05). Moreover, serum con-
centrations of TG, HDL-C, and VLDL-C have significantly
decreased (P < 0:05). Lipid profiles (TC, TG, HDL-C, LDL-
C, and VLDL-C) of the T3 group have also shown a signifi-
cant difference compared to those of the N and T1 groups
(P < 0:05). In addition, TG, HDL-C, and VLDL-C levels
had no significant difference in the group receiving the
extract at a dose of 250mg/kg/day (the T2 group) compared
to the other groups (P > 0:05).
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3.8. Hepatic Oxidative Stress Parameters. As shown in
Table 4, MDA levels have increased significantly. Moreover,
SOD, CAT, and GPx levels showed a significant decrease in
liver tissue of the N group compared to the C group
(P < 0:05). It is noteworthy that MDA, SOD, CAT, and GPx
levels of liver tissue in AME-treated groups were dose-depen-
dent, and accordingly, the most significant efficacy of the
extract was in the T3 group compared to the N group.

3.9. Proinflammatory Cytokine Levels. The level of IL-1β has
significantly increased in the N (725:84 ± 25:70pg/ml) and
T1 (674:91 ± 17:78pg/ml) groups compared to the C group
(311:31 ± 15:50pg/ml) (P < 0:05). In addition, liver tissue
IL-1β concentration showed a significant decrease in the
T3 group (454:78 ± 75:58pg/ml), in which the extract with
the dose of 500mg/kg/day was administered, compared to
the T1 and N groups (P < 0:05). Also, the level of IL-1β
has significantly decreased in the T2 group (512:37 ± 64:19
pg/ml) compared to the nicotine-receiving group (N group,
P < 0:05) (Figure 3(a)).

As shown in Figure 3(b), the liver IL-6 levels have signifi-
cantly increased in the animals of the N (290:82 ± 12:89pg/
ml) and T1 (258:69 ± 7:36pg/ml) groups compared to the C
group (123:97 ± 13:52pg/ml) (P < 0:05). Furthermore, IL-6
concentration in the T3 (184:93 ± 13:99pg/ml) and T2
(194:82 ± 5:97pg/ml) groups has significantly decreased com-
pared to that in the animals of the T1 and N groups, which
showed a significant increase compared to the C group
(P < 0:05).

The TNF-α concentration in the liver tissue of the T2
(342:72 ± 40:23pg/ml) group receiving the extract at a dose
of 250mg/kg/day showed a significant decrease compared

to that of the T1 (495:14 ± 10:60pg/ml) and N
(558:79 ± 31:82pg/ml) groups (P < 0:05). Correspondingly,
this decrease was also more pronounced when the extract
was administered at the dose of 500mg/kg/day in the T3
group (294:98 ± 40:77pg/ml) (P < 0:05). The level of liver
TNF-α in animals of the N and T1 groups has significantly
increased compared to that of the C group (224:97 ± 12:07
pg/ml) (P < 0:05) (Figure 3(c)).

3.10. Liver Histopathology. Nicotine administration was asso-
ciated with some severe pathological changes in liver tissue. In
addition, the criterion of hydropic degeneration of hepatocytes
has significantly increased in the N (2:83 ± 0:17) and T1
(2:67 ± 0:21) groups compared to the C group (0:0 ± 0:0)
(P < 0:05). Accordingly, when the extract was administered
at doses of 250 and 500mg/kg/day, the scores of this criterion
have significantly decreased in the T2 (1:33 ± 0:21) and T3
(1:17 ± 0:31) groups compared to the N group (P < 0:05),
respectively. This decrease was also repeated in the T2 and
T3 groups compared to the T1 group (P < 0:05). The criterion
scores of hydropic degenerations of hepatocytes have also
increased in the T2 and T3 groups compared to the C group;
however, it was not significant (P > 0:05) (Figure 4(f)).

As shown in Figure 4(g), the Kupffer cell proliferation
criterion has significantly increased in animals of the N
group (2:17 ± 0:31) that only received nicotine compared
to the C group (0:83 ± 0:17). The score of this criterion has
also decreased in the AME-treated groups compared to the
N group and increased as well compared to the C group;
however, no significant differences were observed in this
regard (P > 0:05).

The criteria of central vein congestion and dilation of
sinusoids have significantly increased in the N group
(2:50 ± 0:22) compared to the C group (0:33 ± 0:21)
(P < 0:05). These scores have significantly decreased in the
T3 (0:50 ± 0:22), T2 (0:83 ± 0:17), and T1 (1:00 ± 0:26)
groups compared to the N group (P < 0:05) (Figure 4(h)).

The histopathological changes of liver tissue of the ani-
mals in the studied groups are microscopically shown in
Figures 4(a)–4(e).

4. Discussion

Plants are rich sources of biologically active compounds with
wide molecular diversities. These sources are known for the
development of new drugs [35–37]. In this regard, polyphe-
nolic compounds (phenols and flavonoids) are among the
most effective compounds. Although they facilitate the catch
of free radicals, they demonstrate anti-inflammatory and
antimicrobial properties [38]. In the present study, the total
phenolic and flavonoid contents of AME were determined,
which were consistent with the results of the other studies
[13, 39].

Table 1: Total phenols, total flavonoids, and IC50 of AME.

Sample Total phenolic content (mg GAE/g extract) Total flavonoid content (mg QE/g extract) IC50 (μg/ml)

Alfalfa methanolic extract (AME) 51:68 ± 0:62 18:55 ± 1:01 350:91 ± 16:46
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Figure 1: Inhibition percentage of DPPH radicals by AME and
vitamin C at different concentrations. Each column represents the
mean ± SEM (n = 3).
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In recent years, the wide range of the effects of free rad-
icals has interested the attention of scientists, and as a result,
it has been proven that free radicals play a remarkable role in
the pathogenesis of many diseases such as cancer [40]. Anti-
oxidants are also known as a noticeable part of plant
compounds that can delay or stop lipid oxidation as well
as the other molecules via inhibiting the initiation or the
release of oxidation chain reactions [16, 41, 42]. The mea-
surement of the inhibitory activity of DPPH radicals was
performed based on the use of the stable DPPH free radicals,
which have significantly decreased when facing the antioxi-

dants. Therefore, it can be used to evaluate the antiradical
activities of food and plant extracts [43]. In the present
study, the IC50 of AME was measured to be less than
500μg/ml, while the studied concentrations were between
0 and 1000μg/ml in the DPPH test. Therefore, the IC50
lower than the median indicates the high antioxidant power
of alfalfa in inhibiting free radicals. In this regard, the high
inhibitory activity of the extract probably resulted from
polyphenolic compounds [44].

In experimental toxicology studies, body weight and the
liver-to-body weight ratio are vital and readily available
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Figure 2: Body weight (a) and liver-to-body weight ratio (b) in the groups. Each column represents the mean ± SEM (n = 6). ∗P < 0:05,
∗∗P < 0:01, and ∗∗∗P < 0:001. α, β, and γ compared to the C, N, and T1 groups, respectively.

Table 2: Food and water consumption in the groups in the period study.

Parameters Groups
C N T1 T2 T3

Food consumption (g) 504:2 ± 12:39 340:2 ± 15:72 α ∗∗∗ 470:7 ± 18:36 α ∗, β ∗∗ 485:1 ± 20:15 α ∗, β ∗∗ 485:5 ± 20:39 α ∗, β ∗∗∗

Water intake (ml) 3376:4 ± 213:4 3160:5 ± 14:5 α ∗∗ 3296:6 ± 24:6 β ∗ 3365:8 ± 27:3 β ∗, γ ∗ 3371:2 ± 42:7 β ∗∗, γ ∗

All values are expressed as mean ± SEM (n = 6). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001. α, β, γ, and δ compared to the C, N, T1, and T2 groups, respectively.

Table 3: Serum activities of liver enzymes and levels of lipid profiles in the groups.

Parameters Groups
C N T1 T2 T3

ALT (U/l) 57:83 ± 2:32 111:30 ± 2:89 α ∗∗∗ 102:70 ± 3:75 α ∗∗∗, β ∗ 83:50 ± 4:83 α ∗∗∗, β ∗∗∗, γ ∗∗ 71:67 ± 3:96 β ∗∗∗, γ ∗∗∗

AST (U/l) 103:80 ± 3:30 247:70 ± 13:46 α ∗∗∗ 228:70 ± 11:39 α ∗∗∗ 187:30 ± 6:71 α ∗∗∗, β ∗∗∗, γ ∗ 140:20 ± 5:30 β ∗∗∗, γ ∗∗∗, δ ∗∗

ALP (U/l) 297:20 ± 10:93 453:70 ± 12:57 α ∗∗∗ 429:20 ± 4:32 α ∗∗∗ 391:80 ± 9:03 α ∗∗∗, β ∗∗∗ 342:20 ± 8:39 α ∗, β ∗∗∗, γ ∗∗∗, δ ∗∗

GGT (U/l) 6:83 ± 0:60 17:17 ± 0:95 α ∗∗∗ 15:33 ± 0:76 α ∗∗∗ 11:50 ± 0:96 α ∗∗, β ∗∗, γ ∗ 9:83 ± 1:14 β ∗∗∗, γ ∗∗

LDH (U/l) 785:70 ± 18:15 1182:0 ± 40:31 α ∗∗∗ 1063:0 ± 42:80 α ∗∗∗ 897:70 ± 15:38 β ∗∗∗, γ ∗∗ 835:20 ± 19:08 β ∗∗∗, γ ∗∗∗

TC (mg/dl) 105:20 ± 5:42 149:80 ± 7:88 α ∗∗∗ 141:0 ± 3:50 α ∗∗∗ 126:50 ± 2:72 β ∗ 114:30 ± 5:68 β ∗∗∗, γ ∗

TG (mg/dl) 93:67 ± 4:06 78:0 ± 2:13 α ∗∗ 80:50 ± 2:32 α ∗ 86:33 ± 1:63 91:83 ± 2:52 β ∗∗, γ ∗

HDL-C (mg/dl) 55:83 ± 2:27 36:17 ± 1:74 α ∗∗∗ 39:83 ± 2:87 α ∗∗ 46:67 ± 3:48 51:33 ± 2:58 β ∗∗, γ ∗

LDL-C (mg/dl) 30:60 ± 5:44 98:07 ± 8:32 α ∗∗∗ 85:07 ± 1:72 α ∗∗∗ 62:57 ± 6:16 α ∗, β ∗∗ 44:63 ± 7:92 β ∗∗∗, γ ∗∗

VLDL-C (mg/dl) 18:73 ± 0:81 15:60 ± 0:43 α ∗∗ 16:10 ± 0:46 α ∗ 17:27 ± 0:33 18:37 ± 0:50 β ∗∗, γ ∗

All values are expressed as mean ± SEM (n = 6). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001. α, β, γ, and δ compared to the C, N, T1, and T2 groups, respectively.
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indices when facing oxidative stress [45]. In the current
study, body weight was significantly decreased by nicotine
administration in the control group. This decrease can prob-
ably be due to the nicotine effect on reducing calorie intake
through increasing the release of neurotransmitters such as
dopamine and serotonin [46]. Moreover, administration of
AME increased weight gain in animals treated with nicotine.
Although the action mechanism of alfalfa during this pro-
cess has not been understood yet, alfalfa appears to have a
central slight antidopaminergic action [47]. Thus, consider-
ing this mechanism, it was shown that it can control the
harmful effect of nicotine on reducing calorie intake. Fur-

thermore, the nicotine-induced liver-to-body weight ratio
showed a significant decrease that could be either due to
its effect on body weight or due to liver damage [48]. The
extract improved the liver-to-body weight ratio; therefore,
no difference was observed between the control and T3
groups (dose, 500mg/kg/day). This improvement may be
induced by the antidopaminergic and antioxidant effects of
the plant [49].

The liver plays a key role in the metabolism of drugs,
foods, and many compounds, so changing its function
endangers a person’s health [50]. Liver damage, acute or
chronic, could eventually lead to the increased serum

Table 4: Levels of lipid peroxidation and enzymatic antioxidants in the liver of animals.

Parameters Groups
C N T1 T2 T3

MDA (nmol/g tissue) 4:79 ± 0:33 10:22 ± 0:57 α ∗∗∗ 9:09 ± 0:45 α ∗∗∗ 6:91 ± 0:64 α ∗, β ∗∗∗ , γ ∗ 5:99 ± 0:39 β ∗∗∗, γ ∗∗

SOD (U/g tissue) 37:34 ± 3:44 16:69 ± 0:85 α ∗∗∗ 19:79 ± 1:14 α ∗∗∗ 27:03 ± 0:82 α ∗ , β ∗ 30:16 ± 2:57 β ∗∗∗, γ ∗

CAT (U/g tissue) 31:33 ± 1:26 12:45 ± 0:77 α ∗∗∗ 15:69 ± 0:84 α ∗∗∗ 19:92 ± 1:15 α ∗∗∗ , β ∗∗∗ 26:65 ± 1:56 β ∗∗∗, γ ∗∗∗, δ ∗∗

GPx (U/g tissue) 230:80 ± 23:82 112:40 ± 10:91 α ∗∗ 124:30 ± 15:20 α ∗∗ 159:80 ± 19:98 195:30 ± 25:52 β ∗

All values are expressed as mean ± SEM (n = 6). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001. α, β, γ, and δ compared to the C, N, T1, and T2 groups, respectively.
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Figure 3: Concentrations of IL-1β (a), IL-6 (b), and TNF-α (c) in the liver of rats. Each column represents the mean ± SEM (n = 6).
∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001. α, β, and γ compared to the C, N, and T1 groups, respectively.
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Figure 4: Continued.
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activities of some liver enzymes such as ALT, AST, ALP,
GGT, and LDH [51]. In liver cells, the main AST activity is
mitochondrial; however, ALT is exclusively found in the
cytoplasm [52]. Although ALP, GGT, and LDH are found
in many tissues, some previous studies have shown that
the most common reason for these enzymes’ increase is a
defect in liver function [53]. In the present study, nicotine
administration has increased the serum activities of ALT,
AST, ALP, GGT, and LDH enzymes, which is consistent
with the findings of the other reports [54, 55]. It is possible
that nicotine may destroy the membrane of liver cells by
increasing the production of free radicals and then cause cel-
lular leakage, which could eventually lead to the release of
cytoplasmic and mitochondrial enzymes into the blood-
stream [56]. Subsequently, the administration of alfalfa
extract has decreased the serum activities of liver enzymes
in nicotine-treated animals. Accordingly, this result is justi-
fied because alfalfa, with its various vitamins and polyphenol
compounds, has a great ability in trapping the produced free
radicals by nicotine administration [57]. As a result,
nicotine-induced liver damage would be inhibited and
serum activities of enzymes would be decreased.

Several studies have shown a link between heart diseases
and lipid profile changes [58, 59]. In our study, nicotine
administration was shown to be associated with increased
serum levels of TC and LDL-C. In addition, TG, HDL-C,
and VLDL-C levels have also decreased. Apparently, the
increase in TC levels was due to the increased cholesterol
synthesis via inducing hepatic HMG-CoA reductase activity
in the path of cholesterol biosynthesis [60]. Moreover, HDL-
C transports cholesterol to the liver for breakdown so that its

reduction would lead to an increase in TC [61]. The increase
in LDL-C was indicated to be related to the alkaloid proper-
ties of nicotine. Correspondingly, this feature enhances the
entry of lipoprotein particles into liver cells, which
consequently leads to increased LDL-C by changing the
smooth endoplasmic reticulum [62]. The mechanism of
TG and VLDL-C reduction due to nicotine administration
is still unclear. Although VLDL particles are known as the
main carriers of TG transmission in the blood, when it
decreases, TG would be declined as well [63]. In the present
study, the administration of AME for the nicotine-treated
animals normalized the lipid profile. Although the action
mechanism of alfalfa is still unknown in this regard, the
intervention in gene expression and neutralization of the
nicotine alkaloid effects through the involvement in the bio-
synthesis cycle of lipids can be mentioned [64].

MDA is used as an important indicator in the diagnosis
of the induced stress within the target tissue [65]. In our
study, we found that nicotine administration increases
MDA in liver tissue. Moreover, by producing ROS, nicotine
appears to induce oxidative stress, which eventually leads to
lipid peroxidation [66]. Subsequently, the body uses SOD,
CAT, and GPx antioxidants to deal with the produced ROS.

In harmony with these results, Taysi et al. reported that
nicotine performance at a dose of 0.5mg/kg intraperitone-
ally for 21 days caused a significant increase in malondialde-
hyde, nitric oxide, and glutathione reductase (GR), as well as
a decrease in GPx in liver tissue [26]. In addition, Helen et al.
in their study announced a significant increase in the con-
centration of total superoxide scavenger activity, TBA reac-
tive substances (TBARS), hydroperoxides, and conjugated
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Figure 4: Microscopic view of animal liver tissue in the groups (H&E staining, ×400 magnification). C group: the structure of the liver is
normal (a). N group: severe hydropic degeneration of hepatocytes (thick arrows), central vein congestion (star), and Kupffer cell
proliferation (narrow arrow) are shown (b). T1 group: severe hydropic degeneration of hepatocytes (thick arrow) and central vein
congestion (star) are observable (c). T2 group: mild-to-moderate hydropic degeneration of hepatocytes (thick arrow) and central vein
congestion (star) are seen (d). T3 group: mild hydropic degeneration of hepatocytes (thick arrow) is shown (e). Scores of hydropic
vacuolation of hepatocytes (f), Kupffer cell proliferation (g), and central vein congestion and dilation of sinusoids (h) are displayed. Each
column represents the mean ± SEM (n = 6). ∗P < 0:05 and ∗∗P < 0:01. α, β, and γ compared to the C, N, and T1 groups, respectively.
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dienes in the liver tissue as lipid peroxidation products [67].
Another similar study conducted by El-Sokkary and
coworkers explained the nicotine increase in malondialde-
hyde and the decrease in SOD and GSH levels in the liver.
Also, as pathological changes, the occurrence of focal cell
necrosis indicates the death of a significant proportion of
liver cells. Fatty change of the liver reflects an imbalance
of the production, utilization, and mobilization of lipids by
liver cells and is an indicator of nonlethal injury. The histo-
pathological changes in the liver of nicotine-treated rats sug-
gest that additional specific pathogenic pathways may be
involved in nicotine hepatotoxicity [68]. Hence, these anti-
oxidants have decreased in animals treated with nicotine.
In addition, in the present study, AME administration has
decreased MDA levels and increased SOD, CAT, and GPx
antioxidant levels. These findings were consistent with the
pathological evidence.

Apparently, alfalfa has various vitamins (such as vita-
mins C and E), polyphenolic compounds (such as flavonoids
and phenols), some types of minerals (such as phosphorus
and calcium), some types of phytosterols, and other antiox-
idant compounds [69, 70]. Therefore, these compounds trap
free radicals and also decrease the stress and oxidative effects
of nicotine.

One of the most important indices of tissue damage is
inflammation [71]. In this regard, the main advantageous
indicators for measuring tissue inflammation are proinflam-
matory cytokines (IL-1β, IL-6, and TNF-α) [72, 73]. Accord-
ingly, these cytokines are secreted through the immune
system cells involved in the inflammation (e.g., macrophages,
monocytes, and regulatory T cells) [74, 75]. In the present
study, nicotine administration has increased levels of proin-
flammatory cytokines (IL-1β, IL-6, and TNF-α). Also, it seems
that the induction of nicotine-induced oxidative stress and the
production of free radicals have consequently resulted in cell
destruction and the invocation of immune cells to the liver,
as the target tissue of nicotine [76, 77]. Therefore, because of
the inflammation caused by cellular and tissue destructions,
to create an inflammatory cascade, immune cells have pro-
duced proinflammatory cytokines (IL-1β, IL-6, and TNF-α)
[78]. In our study, the administration of the extract has
decreased the levels of these cytokines; therefore, the highest
reduction was observed in the T3 group. It is possible that
alfalfa decreased the damage of liver cells via removing free
radicals caused by nicotine, and thus, the development of
inflammation has consequently reduced [20].

One of the characteristics of working with laboratory ani-
mals is access to target tissues in histopathological studies [79].
In previous studies, nicotine administration has been shown to
be associated with the infiltration of inflammatory cells and
liver damage [80, 81]. In the present study, in conjunction
with some other studies, the proliferation of Kupffer cells,
hydropic degeneration, and central vein congestion were
observed in the liver tissue. It was hypothesized that nicotine
metabolism may have caused these histopathological changes
through cytochrome P450 enzymes and the production of free
radicals [82]. In the present study, the administration of the
extract controlled histopathological changes and reduced
lesions. This result could be considered to be in line with the

antioxidant power of the extract in response to the mechanism
of nicotine-induced tissue damage by free radicals [83]. In
another study, the neuroprotective and behavioral effects of
alfalfa ethanolic extract against nicotine were reported. There-
fore, we can point to the positive systemic function of alfalfa
extracts in different ways of administration to various nicotine
target tissues [84].

5. Conclusions

In conclusion, the presence of polyphenolic compounds, as
well as the IC50 value below the median concentration,
showed the high antioxidant power of AME. Therefore, this
plant can be considered an important antiradical in comple-
mentary medicine more than before. In this study, nicotine
has resulted in weight loss; decreased liver-to-body weight
ratios; increased serum activities of liver enzymes (ALT,
AST, ALP, GGT, and LDH); altered lipid profiles; increased
liver MDA levels; decreased levels of SOD, CAT, and GPx
antioxidants in liver tissue; and increased hepatic levels of
proinflammatory cytokines (IL-1β, IL-6, and TNF-α), and
it resulted in histopathological changes in the liver tissue.
This study showed that AME with phenolic compounds
has a high antioxidant power, which can control the men-
tioned effects of nicotine. This control was revealed through
the laboratory findings of the present study. Trapping
nicotine-induced free radicals, boosting the body’s immune
and antioxidant systems, and affecting metabolic pathways
are some of the functional reasons for alfalfa. In any case,
it should be noted that studies in the experimental phase will
be an introduction to the process of supplementary studies.

Since alfalfa has application both in the food industry
and in preventive medicine to reduce the risk of toxicity
such as liver damage (an important organ in detoxification
as it is exposed to all of the toxicants), heart disease, and
metabolic problems, alfalfa can be used as a supplement to
suppress oxidative stress that is growing in our lives due
to widespread application in all aspects. Moreover, recom-
mending the use of antioxidant compounds, for example,
alfalfa, in smokers to prevent the effects of nicotine oxidative
stress can be another clinical application of the study.
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