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Abstract

Tragopogon buphthalmoides (DC.) Boiss, is widely used as a food additive with some imputed health effects
in folk medicine of western Iran. Unfortunately, despite the prevalent medicinal uses of the plant, there are
no reports on the toxic effects of T. buphthalmoides aerial parts. The present study evaluated the potential
toxicity of dried hydroethanolic extract of the species in wistar rats. Also, we investigated antioxidant
activity and total phenolic content (TPC) of the extract. In the acute study, single doses of extract were
administered orally, and the rats were then monitored for 14 days. In the subchronic toxicity study, the
sample was administered to the rats for 45 days. In the antioxidant capacity assays dried extract showed
moderate to weak antioxidant activities. Also, the sample showed relatively notable TPC. The results of
acute study indicated that the LDs, of T. buphthalmoides is higher than 2500 mg/kg. Biochemical analysis
showed some significant changes including creatinine, glucose and triglyceride levels. Moreover, some
significant abnormality of lung, kidney and liver organs was observed. Based on the results of this study,
adverse effect level (AEL) of dried hydroethanolic extract of T. buphthalmoides considered to be less than
175 mg/kg/day for the male and female rats.
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INTRODUCTION

Tragopogon buphthalmoides (DC.) Boiss.
(Synonym: T. persicus Boiss), which is also
named as "Sheng e Iran" and "Sheng e
cheshmgaavi", belongs to the family Asteraceae,
tribe Cichorieae (1,2). It is a perennial herb of
5-50 cm height, with linear-lanceolate leaves
and yellow flowers that distributed in many
countries such as Syria, Turkey and Iran (1).
The Genus Tragopogon, commonly known
as "salsify" or "goat's beard", represents 25
species in the flora of Iran (2). Previous
phytochemical investigations on T. porrifolius,
T. orientalis and T. pretensis led to the
identification =~ of  dihydro  isocoumarins,
stilbenoids, olean saponins, triterpene saponins,
bibenzyls and flavonoids (3-8). Some biological
studies showed diaphoretic, antitussive, anti
acetylcholine esterase and antioxidant properties
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for plants of this genus (9-11). However, studies
on phytochemical and biological profile of T.
buphthalmoides have not been carried out, in
order to confirm its assumed beneficial
properties in folk medicine of western Iran.
The present study was undertaken to elucidate
the safety profile of T. buphthalmoides via
evaluation of acute and subchronic toxicity of
hydroethanolic extract in male and female
Wistar rats. Additionally, total phenolic content
(TPC) and the antioxidant activity of the extract
were investigated by different methods.

MATERIALSAND METHODS

Chemicals

B- Carotene and 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) were purchased from Sigma-
Aldrich. Linoleic acid, gallic acid, ferrous
chloride, sodium carbonate, dimethyl sulfoxide
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(DMSO), chloroform, Tween® 40, Folin-
Ciocalteu’s phenol reagent and ethanol were
purchased from Merck, ferrozine iron reagent
from Acros Organics.

Plant material

Aerial parts of Tragopogon buphthalmoides
(DC.) Boiss. were collected from Noorabad
(Lorestan province, Iran) in May 2012. The
plant was identified by Dr Sayyed Ahamad
Emami, School of Pharmacy, Mashhad
University of Medical Sciences (MUMS).A
voucher specimen (No. 12595) of the plant is
deposited in the herbarium of School of
Pharmacy at MUMS.

Preparation of the extract

The dried powdered aerial parts (238 g) of
Tragopogon buphthalmoides (DC.) Boiss.
were extracted with ethanol-water (7:3 v/v)
(sequential maceration with ca. 3x4 L of the
solvent). The extract was filtrated with filter
paper and the solvent was removed using
rotary evaporator under reduced pressure and
at a temperature below 45 °C to yield 69.16 g
of dried extract.

Animals

Four-week-old Wistar rats of both sexes
were purchased from Kermanshah University
of Medical Sciences ( Iran). Rats were divided
in 4 groups of 5 animals each and acclimatized
for two weeks before starting the experiment.
Environmental conditions were maintained at
23 £ 2°C and a relative humidity of 40 = 10%
with a 12 h light/dark cycle and allowed free
access to food and water. All rats were
allowed an 8-day acclimation period before
initiation of acute or subchronic dosing,
randomly assigned to a control or treatment
group, and fasted for 3 h before dosing. Study
was conducted in accordance with the
internationally  accepted  principles  for
laboratory animal use and care as found in the
US guidelines (NIH Publication no. 85-23,
revised in 1985).

Acute toxicity study

At the onset of dosing, the males and the
females weighed 194 = 3 and 148 £ 9 ¢
respectively. The extract was administered to
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Wistar rats as a single oral dose of 2.5 g/kg
body weight via a gavage. The control rats
received tap water by the gavage with the
same volume. Observations were made and
recorded systematically at 1, 2, 4 and 6 h after
administration of the extract, and daily
thereafter for a total of 14 days. Animals were
observed for body weight, general behavioral
changes, and mortality for a period of 14 days
post treatment. All of the animals were
sacrificed on day 15 and the relative organ
weight (weight of organ as proportion to the
total body weight of each rat) was calculated.

Subchronic toxicity study
Group assignment and the treatments

Dosing was initiated when the rats were
five weeks old, when the males and females
weighed 155 + 3 g and 131 + 2 g, respectively.
The animals were divided into four groups
(five rats per sex per group). The first group
was given 1 ml distillated water and used as
the control. The second, third, and fourth
groups received single doses of 175, 300, and
700 mg/kg of T. buphtalmoides by gavages
daily for 45 days. All of the solutions were
prepared just prior to dosing and were kept
chilled and tightly capped. Animals were
observed for signs of abnormalities during the
treatment period. Besides, the body weights of
animals were recorded at the end of the first
day and at weekly intervals throughout the
course of the study.
Measurement of haematological and
biochemical parameters

After 45 days, 12 h-fasted animals were
anesthetized with ether and their blood was
collected with and without anticoagulant
(ethylene diaminetetraacetate, EDTA) by
retro-orbital puncture (12) using capillary
tubes for haematological and biochemical
studies, respectively. The hematological
evaluations included erythrocyte (RBC), total
and differential leukocyte (WBC), hematocrit
(Hct), hemoglobin (Hb), platelet count, mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular
hemoglobin  concentration (MCHC) and
retinoculocyte. Blood samples for biochemical
analyses were centrifuged at 3,000 x g for 5



min, and the plasma was collected and
analyzed for glucose, creatinine, urea,
albumin, globulinecholesterol, triglycerides,
aAspartate aminotransferase (AST), alanine
aminotransferase (ALT), lactate dehydro-
genase LDH, phosphorus, K*, Na" and total
protein using a COBAS Mira S chemistry
analyzer (Roche Diagnostic Systems, West
Sussex, England).

Necropsy

Following blood collection, the rats were
sacrificed by decapitation, and the organs
identified in Table 1 were removed. Then,
organ weight per 100 g body weight (relative
weight) was calculated based on the fasted
animal’s body weight. All above tissues
preserved in 10% neutral phosphate-buffered
formalin were weighed and examined
macroscopically. Histopathological examin-
ation was conducted by using routine paraffin
embedding technique. Sections of 5 mm
thickness were stained with hematoxylin and
eosin (H&E) and observed under light
microscope for histomorphological alterations.

Antioxidant assays and determination of total
phenolic content

Folin—Ciocalteu method (13-14) was used
to determine the TPC. TPC was calculated on
the basis of the calibration curve of gallic acid
and expressed as gallic acid equivalents
(GAE), in milligrams per gram of the sample.

The (DPPH) activity was assayed using the
method of Hatano et al. (15). The chelating
activity of dried extract for ferrous ions Fe™
was determined by the ferrous iron—ferrozine
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complex method (FIC) (16). [-carotene
bleaching method (BCB) (17) was used to
specify the radical scavenging activity of the
sample as well.

Statistical analysis

Data were analyzed wusing statistical
methods and values were presented as the
mean with the standard errors (S.E.M). One-
way analysis of variance (ANOVA) followed
by Tukey’s test was used to compare the
differences between means separately for each
sex. A probability value of <0.05 was
considered statistically significant. Because no
treatment-related  animal  deaths  were
observed, the LD50 values were not measured.

RESULTS

Amodiaquine acute toxicity

The obtained result in the study of acute
toxicity indicated that the high dose of T.
buphthalmoides did not produce any
symptoms of toxicity. In the 14-days toxicity
study, daily gavage administration of the
extract at dose levels of 2500 mg/kg did not
result in the treatment-related deaths.

Normal body weight gains were observed
in the males and females of all of the dose
groups (Fig. 1). No abnormal gross findings
were observed in any of the animals.
Moreover, treatment-related changes in organ
weights were not observed (data are not
shown). The oral acute toxicity of total extract
(LDsp) was, therefore, considered to be
unclassified; doses up to 2500 mg/kg did not
induce death or toxic symptoms.

Table 1. Relative organ weight at termination of the treatment (g % body weight)

Dose Liver Kidney Heart Lung Spleen
Sex
(mg/kg)
Male  Control 3.29+0.218 0.362£0.015 0.325+0.010 0.796 £ 0.076 0.197 £0.007
700 3.64 £0.077 0.401 £0.012 0.444 +0.026 0.553 £0.023 0.317+0.014
350 4.12+0.207 0.390 £0.011 0.388 +£0.030 0.651 +0.028 0.223 £0.029
175 4.10£0.071 0.351+0.011 0.414 +0.045 0.589 +0.073 0.229+£0.017
Female  Control 4.32+0.180 0.343 £0.025 0.348 £ 0.001 0.769 £ 0.022 0.227 £ 0.005
700 3.96 £ 0.220 0.425 £0.055 0.366 = 0.008 0.679 +£0.074 0.250 £0.015
350 4.72 £0.241 0.460 £ 0.024 0.382+0.018 0.737 £0.022 0.386 +0.041
175 4.21 £0.147 0.361 £0.023 0.398 +0.023 0.720 = 0.048 0.257 £0.009

Data presented as mean + S.E.M. for N=5.
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Fig. 1. Changes in females (A) and males (B) rat body weight with duration of acute treatment. Each point represents
mean +SEM. N=5.
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Fig. 2. Changes in females (A) and males (B) rat body weight with duration of subchronic treatment. Each point

represents mean + SEM. N=5.***p<0.05.

Subchronic toxicity
Evaluation of animal body weight and organ
weights

One animal was died on the 28th day of the
treatment. As shown in Fig. 2, both control
and animals treated with T. buphtalmoides
presented constant increase in body weight.
However female rats treated with highest dose
of extract showed significant increase in
weight gain beginning on 28th day and
continuing throughout the treatment as
compared to the control. On the day 42 of the
study compared to the baseline value, the
control rats gained 34.42 (1.4%), while female
rats treated with the 700 mg/kg gained 73.36
(2.16%). Macroscopic analysis of target
organs of the treated animals (liver, heart,
lung, kidneys and spleen) did not show
significant changes in color and texture when
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compared with the control group. There were
no significant differences in the organ
weights between the control and the treatment
groups (Table 1).

Biochemical and hematological parameters

Animals exposed to the T. buphtalmoides
did not present any difference in the
hematological parameters evaluated, compared
to control (Table 2). Plasma biochemical
data at termination of the study are presented
in Table 3.

Glucose and triglycerides increased
significantly in the highest and middle dose
groups in both sexes. Moreover, it was
observed an increase in SGPT of the female
rats treated with T. buphtalmoides (350
mg/kg). All the other analyzed biochemical
parameters were normal (Table 3).



Acute and sunchronic toxicity of Tragopogon buphthalmoides

Table 2. Hematological parameters of Wistar rats after 45 days of the treatment with Tragopogon buphtal moides

Male Female
Group Group
Control 175 350 700 Control 175 350 700
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
WBC 8.67 8.17 6.07 5.52 5.07 8.92 5.22 8.92
(10%/ul) +0.77 +1.0 +1.49 +0.39 +0.88 +0.97 +0.28 +0.97
RBC 8.35 7.88 7.34 7.75 6.89 6.95 7.18 7.12
10%/pl)( +0.81 +0.19 +0.10 +0.12 +0.18 +0.14 +0.20 +0.11
Hb 16.5 14.6 13.8 14.8 12.9 13.7 13.8 14.1
(g/dL) +2.1 +0.08 +0.30 +0.1 +0.26 +0.14 +0.24 +0.20
HCT 49.5 46.5 44.4 472 41.1 422 43.9 42.5
%)( +4.60 +0.93 +0.97 +0.23 +0.78 +0.35 +0.89 +0.31
MCV 59.3 59.1 60.2 60.8 59.7 60.6 61.2 59.8
FI)( +0.29 +1.29 +0.74 +0.63 +0.63 +1.27 +0.99 +1.27
MCH 19.7 18.6 18.8 19.07 18.8 19.7 19.2 19.8
Pg)( +0.55 +045 +£0.26 +£0.27 +0.63 +0.51 +£0.43 £0.57
MCHC 332 313 31.2 31.1 31.5 324 314 33.1
) (g/dL +1.03 +0.36 +0.12 +0.08 +0.84 +0.21 +0.23 +0.26
Platelets 937 1166 1019 931 1144 1072 1025 1072
(10*/pl) +79.1 +58.8 +117 +£35.6 +6.30 £62.2 +41.1 +£622
Reticulocyte 5.50 2.42 3.32 3.025 3.05 4.43 3.82 4.43
(%) +0.36 +0.89 +1.20 +1.40 +1.10 +0.95 +1.4 +0.95
Data presented as mean + S.E.M. for N=5.
Table 3. Biochemical parameters of Wistar rats after 45 days treatment with tragopogon buphtal moides extract.
Male Female
Group Group
Control 175 350 700 Control 175 350 700
Blood sugar 93.7 96.7 118 156 55.0 63.7 89.2 132
)(mg/dl +4.83 +9.97 + 6.96%* +6.61%* +6.08 +4.40 +9.23%* + 10.2%%*
Triglyceride 50.0 69.7 90.5 100 81.0 111 177 120
mg/dl)( +3.24 +10.3 +7.80* +11.8%* +24.2 +11.7 +31.6%* +18.3*
Cholesterol 70.3 81.5 71.5 67.0 80.2 92.0 85.7 80.3
mg/dl)( +£3.11 +4.25 +£7.04 +3.76 +6.93 +3.65 +5.87 £112
Creatinine 0.57 0.66 0.57 0.52 0.56 0.66 0.63 0.63
mg/dl)( +0.021 +0.020* +0.010 +0.010 +0.060 +0.006** +0.006** +0.008%*
Albumin 4.12 3.75 3.65 3.80 3.75 3.77 3.87 3.83
g/dL)( +0.04 +0.04 +0.05 +0.10 +0.09 +0.09 +0.12 +0.08
Total. Protein 7.75 7.72 7.62 7.62 8.07 7.72 8.25 8.06
) g/dL( +0.06 +0.21 +0.16 +0.12 +0.85 +0.85 +0.29 +0.21
Urea 37.0 37.0 42.5 34.0 54.2 46.5 44.5 54.6
mg/dL)( +2.08 +2.08 +17 +1.63 +5.1 +4.19 +3.17 +2.96
LDH 1279 1123 1352 492 1012 626 996 495.6
U/L)( +247 +164.9 +277 + 286 +212 +38.3 +202 +34.52
Globulin 4.12 4.00 3.97 3.65 4.32 4.09 4.37 4.23
g/dL +0.04 +0.02 +0.13 +0.06 +0.06 +0.10 +0.18 +0.24
AST 137 140 132 140 113 109 122 99.6
TU/L)( +4.74 +8.81 +13.8 +10.8 +12.2 +4.19 + 8.04 +4.17
ALT 51.7 55.7 50.7 63.0 39.0 46.7 57.2 44.0
)NU/L( +2.13 +7.43 +2.01 +1.47 +5.19 +1.03 +5.39% +3.90
Phosphate 7.71 7.60 6.52 6.52 7.00 6.90 8.42 6.76
mg/dl)( +0.308 +0.29 +0.27 +0.60 +0.61 +0.54 +0.39 +0.82
Na 155.7 153.7 149 149 150 150 153 149
mEq/L)( +1.65 +0.94 +5.59 +5.59 +5.36 +536 +0.94 +5.59
K 4.42 4.50 4.55 4.45 4.27 4.07 4.90 3.66
mEq/L)( +0.11 +0.13 +0.46 +0.46 +0.11 +0.12 +0.67 +0.28
Ca 10.4 11.6 10.3 10.4 10.9 11.6 115 10.9
mg/dI)( +0.31 +0.34 +0.31 +0.31 +£0.29 +0.29 +0.58 +0.30

Data presented as mean + S.E.M. for N=5. Significantly different from control: *p<0.05, **p<0.01, ***p<0.001
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Histopathology

The results of microscopic examination of
control and the treatment animals showed
hyperemia, congestion of alveolar capillaries,
alveolar wall thickness in lung and congestion
of sinusoidal and portal vein and accumulation
of glycogen in the liver (Fig. 3). The changes
in the kidney included congestion, hemorrhage
and degeneration of tubules, and protein cast
within tubules in the cortex. These changes
were observed in the treatments but not the
control animals. No histological findings in the
spleen or heart could be attributed to the T.
buphtalmoides.

Antioxidant assays and determination of total
phenolic content

Dried extract showed moderate to weak
antioxidant activity in BCB, DPPH and FIC
assays with the ECsg values of 43.404 + 8.407,
65.228 + 1.413 and 987.038 + 45.140 pg/ml,
respectively. The sample exhibited relatively
notable TPC with the value of 40.667 = 1.477
mg GAE/g.

DISCUSSION

The need to evaluate the toxicity profile of
hydroalcoholic extract of T. buphtalmoides
was encouraged by the increasing knowledge
and interest in medicinal plants and their
preparations commonly known as herbal
medicine. In general, the first toxicity test
performed on a compound is acute toxicity,
determined from the administration of a single
exposure.

The main objective of acute toxicity testing
is to provide an approximation of the intrinsic
toxicity of the substances often expressed as
median lethal dose ( LDsg) (18). It is indicated
that substances which present LDsy greater
than 2000 mg/kg when administered orally can
be categorized practically non-toxic (18).
Therefore, it can be suggested that T.
buphtalmoides is devoid of acute oral toxicity.

Evaluation of oral toxicity through a
repeated dose 45-day experiment has been
applied in many herbal safety assessment
studies (19-20).

Fig. 3. Selected microphotographs of kidney, liver and lung hematoxylin and eosin of male rats that received the
highest dose of tragopogon buphtalmoides. A; Negative control of kiney, B;Showing tubular degeneration, C; Showing
protein cast in the tubules, D; Negative control liver, showing normal appearance with narrow sinusoids, E; Showing
sinusoidal congestion, F; Vascular congestion, G; Showing normal appearance of lung, H; Showing increased arteriolar

wall diameter I showing severe hyperaemia.



In subchronic study analyzing of blood
parameters showed that T. buphtalmoides does
not interfere with the formation of erythrocytes
and leukocytes nor does it cause microcytosis
or macrocytosis in rats. Hence, there were no
toxicologically significant alterations in the
hematological parameters. Blood sugar and
triglycerides were observed to increase with
increasing dose in female and male rats.
Abnormal rise in FBS and triglycerides
indicated significant metabolic effects of this
extract in long term administration (21).

Liver function was evaluated by means of
serum proteins, SGOT and SGPT. These
markers usually help to detect chronic liver
disease (22). In the current study, an increase
in SGPT of female rats treated with T.
buphtalmoides (350 mg/kg) was observed.
Also the histopathological observations
showed vascular and sinusoidal congestion
and also an increased glycogen storage in the
liver. Hepatic glycogen storage is regarded as
a normal metabolic function but excessively
intracellular accumulation can be related to
hepatotoxicity or disturbance of carbohydrate
metabolism (23). Kidney function was
assessed by means of serum urea, creatinine,
potassium and sodium. Serum creatinine is
present after the chemical creatine is broken
down by the body in order to make energy
(24) .The kidney is normally able to filter out
large amount of creatinine. Hence, high blood
creatinine is a reliable indicator of a negative
impact on kidney function or impaired
glomerular filtration (25).

In the current study there was a statistically
significant difference in serum creatinine in
treated animals. It must be noted that the
relationship between creatinine and the actual
GFR is hyperbolic, not linear. Hence initial
elevation of serum concentrations of these
substances indicates a large decrease in renal
performance (26). Additionally, the histo-
pathological analysis of kidneys revealed some
abnormalities in this organ. Therefore, these
results indicated that T. buphtalmoides has
negative impacts on the kidneys. Moreover,
congestion of alveolar capillaries and alveolar
wall thickness in lung of rats (700 mg/kg)
indicated that T. buphtalmoides may have
some effects on this organ. The
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histopathological evaluation of other organs
did not explain changes that could establish
the dose-response-dependent relationship to
treatment with the T. buphtalmoides
hydroalcoholic ~ extract. The difference
between male and female body weight
indicates that female is more sensitive than
male to subchronic toxicity effect of T.
buphtalmoides because gender is one of the
factors that could influences the response (19).
The principle goals of the subchronic study are
to establish a "no observed adverse effect
level" NOAEL and to further identify or
characterize the specific organ or organs that
affected by test compound after repeated
exposure (26).

The NOAEL is defined as the highest
exposure level at which there is not any
statistically or biologically significant increase
in the frequency or severity of adverse effects
between exposed and control groups.
Determination of NOAEL has numerous
regulatory implications. For example it used to
calculate reference dose (RfD) by environ-
mental protection agency EPA (18). On the
basis of current study it can be concluded that
liver and kidneys are possible target organs of
T. buphtalmoides. Also it was indicated that
NOAEL of the T. buphtalmoides is less than
175 mg/kg for male and female rats.

CONCLUSION

In conclusion, a number of significant
clinical and pathological changes were
associated  with  the subchronic  oral
administration of T. buphtalmoides hydro-
alcoholic extract to Wistar rats. Based on the
results of this study it can be concluded that
the risk of oral toxicity to mammals is not
insignificant. Additionally, in the antioxidant
capacity assays dried extract showed moderate
to weak antioxidant activities.
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