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Effect of Falcaria vulgaris on oxidative damage of liver in diabetic rats
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Abstract
Background Oxidative stress is strongly associated with development of diabetes mellitus. F. vulgaris, contains antioxidant
ingredients. This study was designed in order to evaluate the effect of F. vulgaris on the damaged liver in diabetic rats.
Methods In this study, hydroalcoholic extract of F. vulgaris was prepared. Sixty four male rats were divided into 8 groups
(n = 8), including saline (normal control), streptozotocin (STZ) (diabetic control) (60 mg/kg), F. vulgaris (50, 100,
150 mg/kg), and STZ plus F. vulgaris (50, 100, 150 mg/kg) were administered through oral gavage on treated group once
a day for 28 consecutive days. Serum nitrite oxide (NO) level, Ferric reducing/antioxidant power (FRAP), Malondialdehyde
(MDA), liver weight, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
diameter of hepatocytes and central hepatic vein have been examined. Statistical analysis was performed using one-way
analysis of variance and the post hoc test.
Result The outcomes showed that administrating streptozotocin enhanced liver MDA, nitrite oxide, the mean diameter of central
hepatic vein and hepatocyte, liver enzymes significantly and reduced liver weight compared to saline group (P < 0.05). Though,
administrating F. vulgaris and F. vulgaris plus STZ enhanced liver weight and tissue FRAP level significantly and reduced liver
enzymes, NO levels, liver MDA, the mean diameter of hepatocyte and central hepatic vein in entire doses were equal to STZ
group (P < 0.05).
Conclusion It seems that, were equal F. vulgaris might recover liver injuries in diabetic rats.
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Background

Diabetes is one of the leading causes of mortality and medical
costs in various societies [1]. Liver plays a pivotal role in the
metabolism of carbohydrates by regulating the blood glucose
[2]. Diabetes-induced oxidative stress is one of the most im-
portant causes of histological impairments in diabetic patients
[3]. Increased production of free radicals has been observed in
diabetic patients [4]. Hyperglycaemia accelerates the produc-
tion of Reactive Oxygen Species (ROS) in different tissues
through glucose oxidation [5]. Although, the exact mecha-
nism of diabetes mellitus is still not well-known, an increase
in the production of free radicals is regarded as one of its major
destructive mechanisms [6]. Production of free radicals in di-
abetic patients is one of the reasons for changes which occur in
activity of liver enzymes [7]. Streptozotocin is a nitrosourea
compound and a factor that induces diabetes in experimental
animals [8]. STZ causes the death in beta cells through
impairing their membrane [9]. Natural pharmaceutical
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compounds, have a more sustainable effect than other chem-
ical drugs [10]. Falcaria vulgaris, a member of umbelliferae
family which is found in the western and southern part of Iran,
which is a wild, fast growing annual plant. In the western part
of Iran, it is used as vegetable and in making salad, and it has
been used in order to remove the kidney stones and liver
problems in the past [11]. Phytochemical studies on this plant
have shown that it contains tannin and saponin. This plant also
contains vitamin C, phytosterol [12]. Choobkar et al. reported
that there are various compounds in F. vulgaris, especially
antioxidant and antimicrobial compounds in F. vulgaris [13].
Moreover, the analysis of antioxidant activity of F. vulgaris
has shown that the main elements of different parts of this
plant can have antioxidant activity [14]. The results of
Soudamani et al. showed that, the tannin and saponin in are
existed in F. vulgaris [15]. Given the various properties of
F. vulgaris, especially containing antioxidants and since no
study has ever investigated the effect of F. vulgaris on the
diabetes-induced liver damages, this study was aimed to in-
vestigate the effects of F. vulgaris extract on the liver impair-
ments which are induced by diabetes in the rats.

Subjects and methods

Preparation of F. vulgaris extract

F. vulgaris extract was collected from western part of Iran.
Subsequently confirming by a botanist, the leaves and stems
were dried and they were milled in order to prepare plant
powders. Herbal powder (100 g) was mixed with ethanol
70% (in a1:4 ratios). The prepared solution was kept for
48 h inside a warm water bath in a condition including
35 °C, in darkness. The solution was filtered using a vacuum
pump device. The solution was transferred to a rotary device
in order to remove its extraneous solvent. The separation pro-
cedure continued till a highly concentrated extract was
attained. The extract which was prepared in the process de-
scribed above was dissolved in purified water [12].

Experimental design and treatments

In this experimental study, animals were divided into 8 groups
randomly (n = 8). Group 1, which was normal control (saline)
group, received normal saline, other groups like; Group 2, STZ
(diabetic control) group was induced by STZ (60 mg/kg);
groups 3 to 5, F. vulgaris groups (non-diabetic) were given
50, 100 and 150 mg/kg F. vulgaris respectively and groups 6
to 8, including STZ plus F. vulgaris groups, primarily became
diabetic by STZ and thenwere treated by receiving (50, 100 and
150 mg/kg) F. vulgaris extract. In groups 3 to 5 F. vulgaris was
administered through oral gavage once a day for 28 consecutive

days. Animals in groups 6–8, received F. vulgaris extract daily
for 28 consecutive days 4 weeks after induction of STZ [1, 16].

Animals

Studies on animals were conducted according to the guide-
lines for the care and handling of animals which are prepared
by the Iranian Ministry of Health. Sixty four male wistar rats
(weighing 220–250 g) were purchased from Pastur Institute in
Iran. The animals were kept in standard cages (three rats in
each cage) and control conditions were met including keeping
temperature at 23 ± 2 °C and exposing rats to 12- h light/dark
cycle, in animal care facilities of University of Medical
Sciences for a week before testing and exposing to environ-
mental and climatic conditions. The animals had free access to
water and food during this period [16]. All investigations
conformed with the ethical and humane principles of research
and were approved by the Ethical Committee of Medical
Sciences (ethics certificate No.1395.202).

Inducing diabetic with STZ

For creating an animal diabetic, a solitary dose of STZ which
was dissolved in normal saline (60 mg/kg) was used intraper-
itoneally (the saline group was given the same volume of nor-
mal saline). Seventy-two h after STZ injection, through process
of glucose oxidase enzyme (using glomer) blood glucose was
measured using blood samples which were from the animal’s
tail, and animals with serum glucoses level which is greater
than or equal to 300 mg/dl were considered as diabetic [1].

Collecting blood serum and measuring livers ̓weight

All animals were anesthetized with chloroform, sacrificed and
bloods were taken through cardiac puncture from right ventri-
cle. The samples were incubated at 37 °C to be accumulated.
Then, the coagulated samples were centrifuged for 15 min at
4000 rpm until the serum was separated. The separated serum
was kept at −18 °C until the measuring nitrite oxide and levels
of biological factors of liver. Animals were slayed and livers
were removed and weighed on a microbalance sensitive to
0.001 mg (Precisa 125A, Switzerland) and average weights
regarding the livers of animals were calculated and document-
ed [10].

Biological factors

The liver was fragmented and turned into a homogenous so-
lution. In order to separate the biological enzymes, the pre-
pared solution was centrifuged for 20 min at 10,000 rpm. The
over part of the solution was separated to measure the en-
zymes. ALT, and AST actions were examined using the meth-
od of Reitman and Frankel [17]. ALP actions were determined
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pursuant to the technique which is defined in laboratory prac-
tical manual [2].

Histological and morphometric examinations

The lower one cm-long slice of the right lobe of the liver in
horizontal sections was removed, washed in saline, then fixed
in 10% formalin, was dehydrated in ascending concentration
ethanol, then was cleared in xylene and was embedded by
paraffin. Tinny sections (4 mm) were cut using a microtome
(Germany) and became noticeable using haematoxylin and
eosin. For each hepatocyte, the complete cellular area was
measured. Outline of hepatocyte was measured subsequently
by taking an image with a × 40 objective. The largest and
smallest axis was measured in drawing each hepatocyte in
order to estimate the mean axis. At least 50 hepatocytes from
each region were measured in each liver. A separate measure-
ment for central hepatic vein was performed, using the same
examination. The planning was observed using an Olympus
BX-51 T-32E01 research microscope which was connected to
a DP12 Camera with 3.34-million pixel resolution and Olysia
Bio software (Olympus Optical Co. LTD, Tokyo, Japan) [10].

NO analysis

Nitrite oxide was measured using Griess test through micro-
plate method. In order to measure nitrite concentration, de-
freezing was carried out on the serum samples subsequently,
in this survey, supernatant (500 μl) was deproteinized t using
zinc sulfate (9 mg, zinc sulphate powder was mixed with
500 μL serum and was mixed in vortex mixer for 1 min) using
centrifugation. One hundred μl supernatant was taken and
100 μl vanadium chloride, 100 μl N-(1- naphthyl)
ethylenediamine dihydrochoride and 100 μl sulfonamide so-
lutions were used as supplementary. Standard solutions of
sodium nitrate which was ready with various concentrations
of nitrate and the standard curve of nitrite concentration is
calculated. Samples’ optical density was assessed using
ELISA reader at the wavelength of 560 nm [2].

Oxidative stress

In order to assess oxidative stress, the thiobarbituric acid re-
active species were measured usingMDAwhich examined the
last product of lipid peroxidation in liver tissue by performing
colorimetric analysis. In brief, 1400 μl of acetic acid (Sigma,
USA), and 1400μl of sodium dodecyl sulphate (Sigma, USA)
were added to 100μl of liver homogenate and the mixture was
animated for 50 min. Four ml of 1-butanol (Sigma, USA) was
added to the combination and was mixed in vortex mixer for
2 min through centrifugation at 5000 rpm for 15 min. The
absorbance level of the higher layer was measured at 532 nm
(Spectro; Germany) and sequential concentrations of

tetraethoxypropane (Sigma, USA) were used as the external
standard. The antioxidant capacity of the liver was measured
using FRAP assay. The FRAP substance consisted of 30 ml of
acetate buffer (Sigma, USA) and 1.5 ml chloride ferric (Sigma,
USA). In brief, 60 μl of kidney homogenate was added to
1.5 ml of newly prepared one. FRAP substance (Sigma, USA)
was put in a test tube and incubated at 37 °C for 10 min. The
absorbance of the blue-colored complex was read against a
blank at 593 nm. Sequential concentrations of FeSO4.7H2O
(Sigma, USA) were used as an external standard [17].

Statistic

After obtaining the information, Kolmogorov–Smirnov
test was first performed to confirm the data compliance
of the normal distribution. One way analysis of variance
was used for statistical analysis and Tukey post hoc test
was used to determine the difference between the groups.
SPSS 16 was used for data analysis, and the results were
expressed as mean ± standard error, and p < 0.05 was con-
sidered significant.

Results

Weight of livers

In the present study, STZ caused a significant decrease in
livers weight compared to normal control group (p < 0.05).
F. vulgaris improved livers weight in treated animals of all
doses which were equated with the diabetic control group
(p < 0.05). The mean livers weight was not significant in all
F. vulgaris groups compared to the normal control group
(P > 0.05). Also, livers weight was improved significantly in
animals which were treated with F. vulgaris and F. vulgaris
plus STZ in all doses compared to the diabetic control group
(p < 0.05) (Fig. 1).

Biological factors

STZ caused a significant growth in the mean of ALT, ASTand
ALP enzymes which was equated to normal control group
(p < 0.05). The mean ALT, ASTand ALP enzymes concentra-
tion was not significant in all F. vulgaris groups compared to
the normal control group (P > 0.05). Moreover, the mean of
ALT, AST and ALP enzymes reduced significantly in all
groups which received F. vulgaris and F. vulgaris plus STZ
compared to the diabetic control group(p < 0.05) (Fig. 2).

Morphometric measurements

The investigation of the mean diameter of hepatocytes and
central hepatic veins in experimental groups revealed a
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significant alteration among normal control and diabetic and
STZ plus F. vulgaris groups (p < 0.05). The mean diameter of
hepatocytes and central hepatic veins was not significant in all
F. vulgaris groups compared to the normal control group
(P > 0.05). Further, F. vulgaris and F. vulgaris plus STZ
caused a significant decrease in the mean diameter of hepato-
cytes and central hepatic vein in all of treated groups com-
pared to the diabetic control group (p < 0.05) (Fig. 3).

Histopathological changes

Histological analysis showed normal livers structure in the
normal control and F. vulgaris treatment group. After treating
with STZ in diabetic control group, the liver showed evident
changes and injury. These anomalies included increased white
blood cells (Inflammation), increased irregularities, sinusoidal
dilatation and the vacuolization hepatocyte (necrosis).

Fig. 2 Effect of administrating STZ (diabetes), F. vulgaris and F. vulgaris
plus STZ on liver enzymes of Sixty four rats which were similarly
separated into 8 groups. a AST enzyme, b ALT enzyme and c ALP
enzyme. *Significant growth in enzymes in diabetic control group

compared to the normal control group (P < 0.05). **Significant
decrease in all doses of F. vulgaris group compared to the diabetic
control group (P < 0.05). ***Significant decrease in all F. vulgaris plus
STZ groups compared to the diabetic control group (P < 0.05)

Fig. 1 Result of administrating
STZ, F. vulgaris and F. vulgaris
plus STZ on weight of
liver.*Significant decrease in
weight in diabetic control group
which is equated to normal
control (saline) group (P < 0.05).
**Significant growth in all doses
of F. vulgaris groups compared to
the diabetic control group
(P < 0.05). ***Significant in-
crease in all doses of F. vulgaris
plus STZ groups compared to the
diabetic control group (P < 0.05)
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Treating with F. vulgaris plus STZ at all doses reduced the
liver damage which was caused by STZ toxicity (Fig. 4).

NO analysis

The results of blood serum NO analysis showed a significant
growth in STZ group which was equated to normal control
group (p < 0.05). The mean nitrite oxide in the blood serum
was not significant in all F. vulgaris groups compared to the
normal control group (P > 0.05). Moreover, the mean of NO

in serum reduced significantly in F. vulgaris and F. vulgaris
plus STZ in all doses compared to diabetic control group
(p < 0.05) (Fig. 5).

Oxidative stress

The results of testing oxidative stress in the groups showed
that the liver MDA level increased significantly in the diabetic
control group compared to the normal control group (P < 0.
05). The liver MDA level decreased significantly in all

Fig. 4 Microscopic images of liver tissue in mature rats in different
groups (Five-micron thick sections, H&E staining, magnification×100).
Micrograph of the liver section in the control normal groups (a), normal
liver structure. Micrograph of the liver section in F. vulgaris (150 mg/kg)
group (b), normal liver structure. Micrograph of the liver section in

diabetic control group (c), increased white blood and macrophage cells
(Inflammation) (black arrows), and central hepatic vein dilatation (blue
arrows) and hyperemia (yellow arrows), due to the oxidative stress which
is caused by STZ. Micrograph of liver section in F. vulgaris plus STZ
(150 mg/kg) group (d), normal liver structure

Fig. 3 Effect of administrating STZ, F. vulgaris and F. vulgaris plus STZ
on the mean diameter of hepatocytes (a) and central diameter of hepatic
veins (b). *Significant increase in the mean hepatocytes and central
hepatic vein diameters in diabetic control group which is equated to

saline group (P < 0.05). **Significant decrease in all doses of group
which were treated with F. vulgaris compared to the diabetic control
group (P < 0.05). ***Significant decrease in all F. vulgaris plus STZ
groups compared to the diabetic control group (P < 0.05)
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F. vulgaris plus STZ groups compared to the diabetic control
group (P < 0.05). Similarly, diabetes decreased the liver tissue
FRAP level of the diabetic control group significantly com-
pared to the normal control group (P < 0.05). Administrating
F. vulgaris increased the FRAP level in the liver tissue in all
F. vulgaris plus STZ groups significantly compared to the
diabetic control group (P < 0.05). The effect of Treating with
F Vulgaris on the liver tissue FRAPS and liver MDA levels in
all groups, was not significant compared to the normal control
group (p > 0.05) (Fig. 6).

Discussion

Diabetes is a chronic illness, Hyperglycaemia is considered as
one of the major character is t ics of this disease.
Hyperglycaemia can influence the performance of different

organs, including liver in long term [1]. Liver dysfunction is
seen frequently in the diabetic patients, especially those whose
blood glucose is not controlled well [2]. Although the exact
mechanism of diabetes mellitus is still not well-known, it
seems that, increased production of free radicals is one of its
major destructive mechanisms [3]. The present study exam-
ined the effect of hydroalcoholic extract of F. vulgaris on the
improvement of liver damage in diabetic rats. The results of
histopathology analysis of the diameter of hepatocytes and
central vein in study groups indicated a significant increase
in the size of hepatocytes and central vein in the diabetic
control group compared to the normal control group. Also,
all groups receiving F. vulgaris extract showed a significant
decrease in the diameter of hepatocytes and central vein com-
pared to the diabetic control group. Oxidative stress can cause
cell damage and pathologic conditions such as liver cirrhosis
and fibrosis in the body by producing free radicals like

Fig. 6 Comparison of STZ, saline andF. vulgaris groups of: a liver MDA
level; b tissue FRAP level. *Significant increase in diabetic control group
compared to normal control group (p < 0.05). **Significant decrease in
all F. vulgaris groups compared to the diabetic control group (p < 0.05).
***Significant decrease in all F. vulgaris plus STZ groups compared to

the diabetic control group (p < 0.05). ¶Significant decrease in diabetic
control group compared to the normal control group (p < 0.05).
††Significant increase in all F. vulgaris groups compared to the diabetic
control group (p < 0.05). ‡Significant increase in all F. vulgaris plus STZ
groups compared to the diabetic control group (p < 0.05)

Fig. 5 Effects of administrating
F. vulgaris, STZ and F. vulgaris
plus STZ on the mean NO levels
*Significant increase in NO in
diabetic control group compared
to the normal control group
(P < 0.05). **Significant decrease
in all F. vulgaris groups compared
to the diabetic control group
(P < 0.05). ***Significant
decrease in administrating all
doses of F. vulgaris plus STZ
groups compared to the diabetic
control group (P < 0.05)
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superoxide anions and hydroxyl radical [18]. The STZ-
induced diabetes in the current study, could cause the in-
creased size and swelling in hepatocytes and central vein. It
seems that, depletion of antioxidant resources and reduced
activity of enzymes in antioxidant defence system in diabetic
patients impaires the antioxidant defence mechanism of the
body, activating the intracellular signalling pathways which
are susceptible to oxidative stress and increasing the expres-
sion of genes which are involved in inflammation, thereby
increasing inflammation and tissue damage [19]. The findings
of Nakagawa et al. revealed that diabets caused apoptosis and
liver cells death by inducing inflammation and oxidative stres
in endoplasmic reticulum, which is in line with the results of
the present study [20]. The antioxidant properiries of
F. vulgaris seem to be the main reason for neutralizing the
effect of diabetes on liver in the present study. Further, saponin
which is extracted from the plants can have pharmacologic
effects in the treatment and control of diseases like liver dis-
orders [21]. The study which is conducted by Qu et al. indi-
cated that, saponin which is extracted from actinidia valvate
dunn has antioxidant properties, protecting the liver against
inflammation induced by carbon tetrachloride, which is simi-
larity to the results of the present research [22]. The results of
weight analysis of rats at the beginning and end of the exper-
iment showed that, their weight was reduced significantly at
the end of experiment in diabetic control group compared to
the normal control group. Moreover, compared to diabetic
control group, all groups receiving F. vulgaris extract showed
a significant increase in the weight. Apparently, during suffer-
ing from type I diabetes, because the body cannot use the
glucose in blood due to dysfunction in insulin production, it
uses other sources like lipids and sometimes proteins; there-
fore, the diabetic animals become very thin [23]. Saponin can
have protective effects against pancreatic beta cells and in-
crease insulin secretion. Furthermore, the properties of sapo-
nin in reducing blood glucose [24] as well as presence of
vitamin C, protein and phytosterol in F. vulgaris extract can
be the reasons for the increased weight in diabetic animals
following treatment with F. vulgaris extract [13]. In addition,
it seems that, flavonoids exert their anti-diabetic effects
through insulin secretion, reduced apoptosis and increased
proliferation of pancreatic beta cells, improved hyperglycemia
through regulating glucose metabolism in hepatocytes and
increased glucose absorption from skeletal muscles and fatty
tissue [25]. The findings of Nimenibo-Uadia et al. are in line
with the results of the present study regarding administrating
vernomia amygdalina extract (alkaloids, saponin and flavo-
noids) to diabetic rats which improved their lost weight [26].
The current study showed serum NO level in diabetic control
group was significantly increased compared to control normal
group. Also, all groups receiving F. vulgaris extract showed a
significant decrease in NO compared to the diabetic control
group. NO is an active nitrogenous type of free radicals.

Increased NO production leads to cascade reaction and pro-
duction of free radicals consequently [27]. NO can act like a
double-edged sword, when it has both very low and very high
pathologic concentrations (10). It seems that high NO produc-
tion impairs the performance and reduces the vitality of beta
cells producing insulin [28]. Different flavonoids have numer-
ous anti-inflammatory and anti-analgesic effects. They can
reduce intracellular calcium and activity of NO-synthesizing
enzyme by inhibiting the activity of n-methyl-d-aspartate [29].
On the other hand, saponin seems to inhibit induced nitrite
oxide synthase (iNOS) [30]. The results of Kang et al.s study
indicated that saponin in soybean regulated the reduced ex-
pression of iNOS mRNA protein, which is in line with the
findings of the present study [31]. The analysis of serum levels
of liver enzymes in this study showed that STZ administrating
in diabetic control group increased the serum level of ALT,
AST and ALP enzymes significantly compared to the normal
control group. Furthermore, the groups receiving the extract
showed a significant decrease in serum levels of liver enzymes
compared to the diabetic control group. In evaluating liver
damage, the levels of enzymes such as ALP, ALT and AST
are assessed extensively. Necrosis or cell membrane damage
leads to the release of these enzymes into blood circulation [2].
It seems that, diabetes-induced hyperglycemic, through in-
creasing the glycation of antioxidant, super-oxidase dismut-
ase, glutathione, peroxidase and catalase enzymes, reduces
their activity in order to eliminate ROS, and an increase in
ROS is the most important factor which is involved in the
secondary disorders of diabetes, including destruction of liver
cells structure and increasing the activity of ASTenzyme [32].
Perhaps the antioxidant properties of F. vulgariswere the most
significant factor in reducing the effects of diabetes on the
liver cells in the present study [13]. The findings of Uluisik
et al.s study indicated that, administrating ginseng (which is
rich in saponin) reduced the serum levels of ALT, AST and
ALP enzymes significantly in the male rats having high-fat
diet, which is in line with to the results of the present study
[33]. The results of histopathology analysis in the current
study showed that, lobular and cellular structure of liver was
normal in the group receiving F. vulgaris extract and saline
(normal control) group, and impairment regarding histopa-
thology was seen in the diabetic control group. Apparently,
the invasion of free radicals to liver cells causes necrosis in
parenchymal cells, and these cells induce inflammatory re-
sponses in the liver and consequently induce the invasion of
mononuclear inflammatory cells to the liver damaged tissue.
On the other hand, the necrotic cells of liver release the pro-
inflammatory mediators, which intensify the liver impair-
ments [34]. The results of current study also showed that
F. vulgaris is able to reduce lipid peroxidation (decreased
MDA) and increase anti-oxidant capacity (increased FRAP)
of liver tissue, thus reducing oxidative stress. Consistent with
these findings, a large body of studies has shown anti-oxidant

J Diabetes Metab Disord (2019) 18:15–23 21



properties for F. vulgaris (11, 12, 35). Thus, it appears that
F. vulgaris could reduce MDA and increase FRAPS through
its anti-oxidant properties in the treatment groups by
inhibiting the production of Reactive Oxygen Species.
Based on the results of the present study, it seems that, using
F. vulgaris extract at the doses which were used in this study
can have positive effects due to the presence of saponin and
other antioxidant compounds in it, which reduce liver damage
in diabetic rats.

Our study had certain limitations; the lack of detecting anti-
oxidant levels in the plant. There was a lack of references about
the plant or extract. The plant or its extract was not available in
the market and we had to wait until the planting season
(spring). Death of some animals due to STZ administration in
this study was the most important limitations. Hence prospec-
tive studies should be taken for detailed association of the mo-
lecular interaction between F. vulgaris and liver in diabetic rats.

Conclusion

The current study indicated thatF. vulgaris extract can recover
some liver injuries significantly contrary to the destructive
properties of STZ which induce diabetes in rats. The results
also proved the potential effects of F. vulgaris extract particu-
larly antioxidant properties against toxic effects of diabetes.
The antioxidant effects of F. vulgaris extract might be a main
cause for its positive effect. Though, further experiments are
needed to explain its exact mechanism of action.
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