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Background: Ferula assa-foetida is an herbaceous plant from Apiaceae family. Several
pharmacological effects of oleo-gum resin of this plant were introduced in modern and
traditional medicines such as digestive, antimicrobial, anti-diabetic, appetizing,
insecticidal, and etc. Objectives: This study aimed to acute and sub-chronic toxicity of
chloroform fraction of oleo-gum extract of Ferula in Wistar rats. The safety of this can
guarantee its use in treatment and various industries. Methods: Rats in six groups
including male and female (kept separately) at different doses (50 mg/kg, 500 mg/kg, and
2000 mg/kg) and two control groups (control and DMSO) were selected to evaluate the
acute toxicity of chloroform fraction of Ferula. For 30 days, 50 mg/kg and 250 mg/kg of
sample was administrated to male and female rats. Mortality, appearance and behavioral
changes, food intake, the weight of rats, and hematological, biochemical variables and
histopathological changes were examined. Results: Physical and behavioral changes were
not observed in acute and sub-chronic toxicity conditions. Food intake significantly
differed between male and female DMSO control and other groups. In biochemical
variables study, only SGOT (AST) showed a significant difference from the control group
(DMSO) in acute toxicity and BUN, ALP and SGOT (AST) in sub-chronic toxicity. Also,
any histopathological change was observed in spleen, liver, and kidney organs.
Conclusion: Oleo-gum resin of F. assa-foetida has not toxic effects, so it should be used
with caution in the long term.

Abbreviations: F: Ferula, LD: Lethal Dose, GST: Glutathione S-Transferases, DMSO: Dimethylsulfoxide, GC: Gas
Chromatography, MS: Mass Spectroscopy, Na: Sodium, K: Potassium, SGOT (AST): Aspartate aminotransferase, SGPT
(ALT): Alanine aminotransferase, ALP: Alkaline Phosphatase, EDTA: Ethylenediaminetetraacetic acid, BUN: Blood
Urea Nitrogen, Hb: Hemoglobin, HCT: Hematocrit, PT: Prothrombin Time, WBC: White Blood Cell, RBC: Red Blood
Cell, FBS: Fasting Blood Sugar, Ca: Calcium, TBIL: Total Bilirubin, Alb: Albumin
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1. Introduction

One of the essential and extensive families
with food and medicinal uses, of which many
genera and species are found in different parts of
Iran, is the Apiaceae family (Umbelliferae). The
Apiaceae family is one of the most prominent
families of herbaceous plants. The extracts and
essential oils of plants of this family are rich in
extensive chemical compounds. They have
numerous genera that have had high medicinal
and economic value in the past. This family has
about 34 genera and 344 species [1, 2].

One of genus in this family that have most
important and widely used, is the genus Ferula
(Apiaceae), which has more than 154 species and
it is native to Central Asia. Among the species of
this plant, 53 species are grown in Iran and they
are used as food as well as traditional medicine
[3, 4]. Ferula assa-foetida L., F. gummosa Boiss.
and F. persica Willd are most famous species
among the native species of Ferula from Iran. The
origin of Ferula is the steppe ecozone of Iran and
parts of Afghanistan [5, 6].This plant grows in the
barren areas of dry sand containing calcareous
compounds in hot regions at altitude of 1900-2400
meters above sea level and in areas with high
altitude and lowlands on slopes of 15-70 % with
rainfall of about 250-350 ml. The soil of Ferula
habitats is usually shallow and eroded. This plant
turns green in the middle of March and tolerates
low temperatures and soil salinity [5, 7, 8].

Ferula genus was demonstrated several
protective effects in previous studies such as
antioxidant, anti-inflammatory,
immunomodulatory [9], neuroprotectivity [10],
and hepatoprotectivity [11].

Also, the oleo-gum resin of this plant was
demonstrated various effects in medicine
especially traditional medicine. The ole-gum
resin of Ferula was effective on gastrointestinal
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disorders, nervous  disorders,
disorders, and etc. [12].

Despite several studies on effectiveness of
different species of Ferula, there is lack of
information about toxicity of oleo-gum resin of
these plants.

Different species of rats or laboratory mice are
usually used, which are economical. The changes
between animals are less in them, but they are
more similar to humans [13].

The simplest method to determine the
approximate lethal dose is to use six animals.
Each animal receives an amount of the substance
whose concentration is 50% higher than the
concentration prescribed in the previous animal.
With such an interval in doses, the animal
receiving the higher dose and the smallest lethal
dose that may be close to the concentration that
50% of population was died (LDso) can be
determined. This method is repeated for high and
low doses, and in this way, the highest tolerable
dose and the lowest lethal dose are determined.
A newer method for the acute toxicity test is the
Fixed Dose method. In this method, the animal's
death is not used as the endpoint, and substances
are classified based on toxicity effects. The
selected dose range is the fixed doses of 5, 50,
500, and 2000 mg/kg. This method requires
fewer animals and allows the classification of
substances. This test is performed on young and
adult animals, and if one gender is used, the
female is used because the female show signs of
toxicity better and more than the male [14]. Sub-
chronic toxicity tests are performed when no
toxicity is observed during the acute toxicity
studies. A substance is used more often than a
critical period, which is why it is necessary to
conduct a long-term test such as chronic or sub-
chronic tests to check for non-fatal, non-acute
side effects. In these types of tests, toxicity takes
time to appear. The responses observed in low-

respiratory
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dose, repeated-dose toxicity studies differ
significantly from those in acute and high-dose
studies. Sub-chronic tests give information about
the target tissues and the organ in which the
chemical is accumulated. Due to work problems,
it is sometimes impossible to conduct chronic
tests, so sub-chronic tests are designed [15]. Sub-
chronic studies include: evaluation of the side
effects of a substance that may occur during
repeated daily doses. Studies should not take
more than 10-15% of the animal's lifetime.
Therefore, the study is considered within 30-90
days in rats and equivalent to the same period in
humans [15].

2. Materials and methods
2.1. Plant collection and identification

The oleo-gum resin of F. assa-foetida L. was
collected from Dasht-e-Lar region Fars province,
Iran and voucher specimen with herbarium code
PMP-1816 was registered in herbarium of
Faculty of Pharmacy of Tehran University of
Medical Sciences.

2.2. Extraction and Fractionation

About 200 grams of Ferula were weighed
with a scale (Feller, Germany) and transferred
into a round bottom flask and 2 L of ethanol 80%
was added. By magnetic stirrer heater mantle, the
extraction process was performed at 40-50 °C
and 150 rpm for 3 hrs. After the end of extraction
process, the total extract was filtered and dried by
rotary evaporator. To eliminate residual solvent,
total extract was kept under laboratory fume
hood until to dry.

For fractionation process, the total extract was
dispersed in water and 500 ml of chloroform
solvent was added to them in separatory funnel.
This process was repeated for 5 times and lower
layer was separated as chloroform fraction. After
filtering chloroform fraction, it was concentrated
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by rotary evaporator and concentrated
chloroform fraction was refrigerated.

2.3. Acute Toxicity Investigation

Thirty two male and female Wistar rats with
an average age of 6-8 weeks (16 males and 16
females) with 180 g were prepared from animal
house of the Faculty of Pharmacy, Tehran
University of Medical Sciences, Tehran, Iran.
The rats were kept in special cages and all ethics
considerations were follows. The number of rats
in total extract groups (50 mg/kg, 500 mg/kg,
2000 mg/kg) was four males and four females for
each dose and four males and four females for
DMSO 0.8 % control group. A single dose of
these samples were given orally (gavage) on the
first day of the study. During ten days of the
study, the mortality rate in rats was investigated
and behaviors of rats, such as teeth grinding and
possible changes in the appearance of their body,
such as reddening of skin lips, and etc. were
followed. The daily amount of water and food
consumed were measured [16, 17]. Also, the
weight of rats was measured by digital scale
(Feller, Germany) on the last day. After
sacrificing the rats, blood sample was taken from
heart and biochemical tests including Na* and K*
ions and liver enzymes, including SGOT (AST),
SGPT (ALT), and Alkaline phosphatase was
performed and analyzed.

2.4. Sub-chronic toxicity investigation

Twenty six male and female Wistar rats (13
males and 13 females) with an average age of 6-
8 weeks with 180 g were prepared from the
animal house of faculty of Pharmacy of Tehran
University of Medical Sciences, Tehran, Iran.
The rats were kept in special cages and all ethics
considerations were follows based on previous
studies on toxicity of Ferula species, doses of 50
and 250 mg/kg were determined. Sample groups
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(50 and 250 mg/kg), weight control group, and
DMSO (0.8 %) control group included four, four,
three, and two males and females rat,
respectively and food was given daily. Male and
female weight control groups did not receive the
same substances and only consumed water and
food, and the amount of water and food
consumed, and their weight was measured. The
behavior of the rat, such as teeth grinding,
possible changes in the rat's body, such as
reddening of the skin, reddening of the lips, and
etc., were investigated and followed up during a
month of study.

The weight of rats was measured on the
designated days (3rd, 7th, 14th, 21st, 28th, and
30th). At the end of study, rats were anesthetized
by ether, ketamine, and xylazine, and blood
sample was taken from their hearts. The blood
samples were transferred into test tubes with
EDTA and normal and hematological tests were
performed. The biochemical tests were analyzed
at the pathobiology and genetics laboratory [16,
18, 19, 20, 21].

The organs were separated from rats and they
were poured with 10 % formalin and were
refrigerated for histopathology tests.
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2.5. Statistical Analyses

Achieved data were analyzed with one-way
ANOVA and two-way ANOVA tests with P < 0.05
and for statistical comparison between groups,
post-hoc Tukey’s was performed.

3. Results
3.1. Acute toxicity
3.1.1. Evaluation of water and food consumption
The evaluation of amount of water consumed
in 6 days were analyzed by two-way ANOVA
test (P < 0.05) in figure 1.
Also, amount of food consumed in 6 days were
analyzed by two-way ANOVA test (P < 0.05) in
figure 2.

3.1.2. Investigation of weight changes

The initial weight for each rat was considered
to be 180 g and rats were re-weighted on the final
day was shown in the table 1.

3.1.3. Evaluation of biochemical factor changes

The investigation of biochemical factors after
the ten days of acute toxicity study were
summarized in table 2.
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Fig. 1. The consumed amount of water of F. assa-foetida L. (a) the amount of consumed water by different groups in
the female rats during six days. (b) The amount of water consumed by different groups in males during six days.
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Fig. 2. The amount of consumed food of F. assa-foetida L. (a) the amount of consumed food by different groups in the
female rats during six days. (b) The amount of water consumed by different groups in males during six days.

Table 1. The weight changes of rats on the sixth day in the acute toxicity of F. assa-foetida L.

Female Male

Female Male

Female

Rat DMSO  DMSO 2000 2000 so0  Male S0 Femaie - Male S0
(Control) (Control)  mg/kg mg/kg mg/Kg 9'kg 9/kg g/kg
No. 1 11 11 14 49 16 32 36 28
No. 2 15 18 - 16 27 30 30 32
No. 3 21 14 - 19 - 28 18 31
No. 4 16 13 - - - 41 19 35
Average 15.75 14 14 28 21.5 32.75 25.75 31.5

Table 2. The results of the biochemical factors after the study of acute toxicity of F. assa-foetida L.

Male rats Female rats
(DMSO) (Sf)k$g nfgfk%) n(é,(/)ﬁg) (DMSO) mé?lgg) m(glok%) %}ﬁg)
(m::glr”_) 143+1.4 140.5+£0.7 1425+2.1 1445 +0.7 1435+0.7 145+2.8 143.0£0.0 145.0£0.0
(mEK;/L) 508 59+03 46502 5.45+03 47+06 68+16 55+01 6.140.0
3‘3% 1365+148  2185+460  1235+134  2065+445  1195+120  267+269™ 1960+113  234.0+0.0%
SS/PLT) 405+07 485+0.7 41485 415+35 480+28 415+21 5254106  460+00
(ﬁbi) 800+2263 93504820  6125+2802  698+56.6 1037543231 7025884 827.0£1937  536.0+00

*significant difference with DMSO control group in female.

The results of acute toxicity tests were
demonstrated any changes in all biochemical
parameters in all groups with control group
except SGOT in female groups (50, 2000 mg/kg).

3.2. Sub-chronic toxicity

3.2.1. Evaluation of water and food consumption
The evaluation of amount of water consumed

in 30 days were analyzed by two-way ANOVA

test (P < 0.05) in figure 3.
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Also, amount of food consumed in 14 days were
analyzed by two-way ANOVA test (P < 0.05) in
figure 4.

3.2.2. Investigation of the weight change

The weight of rats was measured on the 0, 3,
7, 14, 21, 28, and 31 days after starting of the
study. The weight change profile was shown in
figure 5 and data were analyzed by a two-way
ANOVA test (P < 0.05).
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Fig. 3. The consumed amount of water of F. assa-foetida L. (a) the amount of consumed water by different groups in
the female rats during 30 days. (b) The amount of water consumed by different groups in males during 30 days. * A
significant difference between DMSO control group and other groups in several days.
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Fig. 4. The amount of consumed food of F. assa-foetida L. (a) the amount of consumed food by different groups in the
female rats during 14 days. (b) The amount of water consumed by different groups in males during 14 days. * A
significant difference between DMSO control group and other groups in several days.
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Fig. 5. Effect of F. assa-foetida L. on weight change of rats. (a) The weight of female rats on specific days during 30
days of sub-chronic toxicity study, (b) The weight of male rats on specific days during 30 days of sub-chronic toxicity
study
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3.3. Evaluation of biochemical factor changes 3.3.2. Evaluation of biochemical factors changes
3.3.1. Investigation of hematological factors The changes in biochemical factors during the
changes 30 days in sub-chronic toxicity study are

The hematological factors of animals were summarized in Table 4.
evaluated after 30 days of the sub-chronic
toxicity study (Table 3).

Table 3. Hematological factors of rats after 30 days of sub-chronic toxicity study of F. assa-foetida L.

Male rats Female rats
50 m 250 50m 250
(Control)  (DMso) (P9 Mg ( (Control)  (DMso) (%0 Mg (

/kg) mg/kg) /kg) mg/kg)

WBC 137425 132+12 127432 121+19 123+13 141426 1324038 149+16
RBC 95+03 96+0.1 94+02 96+02 81+05 82+07 85+04 84+0.1
(g|/_| dbL) 153402 14.8+03 158+0.8 155+05 155+14 153+06 159+04 154402
HCT 492405 466+12 50.7+39 492422 492+38 49.4+1.70 509+15 496+07

PT 7393+1498  6020+1432  7947+1137  8216+546 72004557  8330+1527 82474631  664.3+2124

Table 4. The results of the biochemical factors changes after the study of sub-chronic toxicity of F. assa-foetida L.

Male rats Female rats
(50 (250 (250
(Control)  (DMSO) m/kg) ma/kg) (Control) (DMSO) (50 mg/kg) ma/kg)
(m';E/‘dSL) 1063+133 7404217  790+275  796+111  907+217  605+49 8274386 773+76
(rr?glfle\lL) 43,0452 41,0463 447425 4404113 58,0436 36.5+49" 410426 433461
Creatinine 05+02 0400 04+01 04+00 04+00 04+00 04+00 04+00
(mg/dL)
(Cr:]‘g/'gslf?m' 650+76 530459 587+23 673+136  710+104  795+177 70.7 106 780+6.1
Trzg']éfggjes 373+183  520+141 823322  660+114  567+115  885:64 84.0+262 50.0+6.1
2+
Ca 83+37 94+01 104+09 98+06 102402 97401 105405 105402
(mg/dL)
Na 1450+10  1420+13  1417+25  1423+06 1437406  1435+07  1433+15 1427+15
(mmol/L)
K 63+28 46+02 48+04 54+04 53+04 43+03 51402 49402
(mEg/L)
(m;fi'ﬁ 007400 008400 00600  006+00  007+00 00800 0.06+00 0.05+00
(m%'/'c'j':_“)” 003400 004400 003+00 003+00 003+00  004%00 003+00 00400
SG‘()IB /(SST) 1406+248 12104178 16704105 16304211  2050+52 1540+184  1410+223"  1300+131"
SGF(’ITU%SLT) 453460  320+42  400+190 480420  580+199  315+120 313+87 323+86
('IAL\JL/IF_)) 20104829 4940+647° 4383+986 40333+440 23504140 2300+00  2663+345 16374278
( Qc'fi) 35402 31+01 32403 31404 42405 41405 38401 39401

*significant difference with each DMSO control group.

The amount of blood urea (50 mg/kg), the alkaline phosphatase enzyme in male group were
level of aspartate aminotransferase enzyme (50, demonstrated significant difference with their
and 250 mg/kg) in female group, and level of DMSO control groups.
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3.3.3. The ratio of organs to whole body weight

According to ethics consideration, the animals
were sacrificed on the last day of study and liver,
kidney, and spleen were removed, weight of
them was measured, and the ratio of organ weight
to body weight was calculated. The results were
demonstrated in figure 6.

(@
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£
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2
2
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&
(c)

weight of spleen (gram)

Z. Tofighi, et al

3.4. Mortality rate

The mortality rate of animals in acute toxicity
test was 60% in ten days. Four animals in 2000
mg/kg group and two rats were died in 1000 mg/
kg group. Also, no death was observed in 500
mg/kg group and the calculated LD50 was 2000
mg/kg.

During sub chronic toxicity test in 30 days,
death was not observed at any administered doses

(50 mg/kg and 250 mg/kg).
(b)
Subchronic Tox. kidney W
3+
£
E
0-
N
&° ')
(Jc)‘\(’o‘\6

(d)

Subchronic Tox. L/B

weight of liver/ weight of body

DN\
0

Figure 6. The weight variation of organs in sub-chronic toxicity of F. assa-foetida L. oleo-gum resin study. (a) The
weight of liver, (b) The weight of kidney, (c) The weight of spleen, (d) The ratio of liver to body weight,
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Figure 6. The weight variation of organs in sub-chronic toxicity of F. assa-foetida L. oleo-gum resin study. (e) The
ratio of kidney to body weight, and (f) The ratio of spleen to body weight.

3.5. Histopathological changes investigation in
sub-chronic toxicity study
3.5.1. Liver

The cross-sectional images of liver tissue
were shown hepatocytes are indistinct with mild
focal feather-like degeneration. There is no sign
of converging or focal fibrosis or necrosis
(Figure 7).

3.5.2. Kidney

The cross-sectional images of kidney tissue
were demonstrated both medulla and cortical
parts. Indistinct glomeruli and tubules are present
in the cortical and medulla parts. The interstitium
and kidney capsule does not show specific
pathological changes (Figure 8).

e nesies | LN Ak

Fig. 7. Histological determinations of Liver in DMSO

fraction of oleo-gum resin of F. assa-foetida L. (50 mg/kg) [E -Male, F-Female], chloroform fraction of oleo-gum resin
of F. assa-foetida L. (250 mg/kg) [G -Male, H-Female] Hematoxylin and eosin (H&E) stain (100 pum).
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Fig. 8. Histological determinations of Kidney in DMSO (A-Male, B- Female), control (C-Male, D- Female), chloroform
fraction of oleo-gum resin of F. assa-foetida L. (50 mg/kg) [E -Male, F-Female], chloroform fraction of oleo-gum resin
of F. assa-foetida L. (250 mg/kg) [G -Male, H-Female]. Hematoxylin and eosin (H&E) stain (100 pum).

3.5.3. Spleen includes white and red pulps. The sinusoidal
Also, the cross-sectional images of spleen structures are also open, and the splenic capsule
tissue were shown a healthy structure, which is healthy (Figure 9).

% : 12/

Fig. 9. Histological determinations of Spleen in DMSO (A-Male, B- Female), control (C-Male, D- Female), chloroform
fraction of oleo-gum resin of F. assa-foetida L. (50 mg/kg) [E -Male, F-Female], chloroform fraction of oleo-gum resin
of F. assa-foetida L. (250 mg/kg) [G -Male, H-Female]. Hematoxylin and eosin (H&E) stain (100 pum).

4. Discussion group, and three rats from the gender group was

Analyzing the results in acute toxicity study female, and LDsg = 2000 mg/kg was calculated.
were shown that the number of deaths (6 rats) in A significant difference was observed in water
the dose of 500 mg/kg, two rats from the female  consumption between the female DMSO control
group and 2000 mg/kg, one rat from the male group and other female gender groups. Only a
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significant difference was seen in food
consumption between the male DMSO control
group and other male gender groups. In
biochemical study, the SGOT (AST) in
chloroform fraction in female group was shown
significant difference with control group that
received DMSO. Therefore, consuming the
chloroform fraction of oleo-gum resin extract of
F. assa-foetida in male rats has toxic effects, but
acute toxicity is not seen. Examining the results
in the study of sub-chronic toxicity were shown
no significant changes and differences in the
appearance of behavior, the amount of water and
food consumed, the weight of rats, and
hematological variables between the groups
receiving the chloroform fraction and control
groups.

Furthermore, DMSO control was not
established, only in the case of biochemical
variables. In three variables, BUN, SGOT, and
ALP, a significant difference can be seen
between the groups receiving the chloroform
fraction of the extract and the weight control and
DMSO control groups. There is no significant
difference in the weight of the organs and the
ratio of the weight of the organs to the body
weight between the groups receiving the extract
fraction and the control. In histopathological
examinations, significant and noticeable changes
are not observed between the groups receiving
the chloroform fraction of the extract and the
control. Meanwhile, totally there are no
significant differences between male and female
groups in biochemical and histopathological
results. So, it was seen that the consumption of
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