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ABSTRACT

Objective: To evaluate the effects of ethanol–water (80:20) extract of Marrubium vul-
gare (M. vulgare) on the hematological parameters, macroscopic and histological aspects
of the uterus and fetus in non-pregnant and pregnant rats.
Methods: Female rats were divided into 4 equal groups (n = 9), group N (normal rats) and
groupG (pregnant rats) considered as control groups, groupNE (normal rats treatedwith the
ethanol–water (80:20, v/v) extract ofM. vulgare) and group GE (pregnant rats treated with
the extract). The ethanol–water (80:20) plant extract was administered in a single daily dose
1 g/kg at themorning, during 19 d.On the 19 day of the experiment, animals were sacrificed,
the uterus and fetuses were removed for the morphological and histological studies and the
blood was collected in EDTA tubes for the measurement of hematological parameters with
the use of an automate ‘HORIBA ABX Micros 60 Hematology Analyzer’.
Results: Our results showed, in group NE and GE, a significant decrease on hemato-
logical parameters: red blood cells (NE: 18.6%; GE: 38.4%), hematocrit (NE: 13.8%; GE:
20.4%), hemoglobin (NE: 12.1%; GE: 8.3%) and mean corpuscular volume (NE: 6.4%;
GE: 2%) with P more less a 0.05. Indeed, the extract of M. vulgare caused a significant
decrease on the mean implantations of fetuses (82.5%, P < 0.001) and their size (47.2%,
P < 0.01). As for the macroscopic and histological appearance of uterus, our data showed
no change in normal treated rats. In contrast, the treated pregnant rats showed a severe
histological change characterized by the existence of location of stopped gestation.
Furthermore, it was also found in the uterus of these rat lyses placental and embryo tissue.
Conclusions: All these results support the hypothesis of an abortifacient effect of
M. vulgare.
1. Introduction

Marrubium vulgare L. (M. vulgare, Lamiaceae), commonly
known as ‘White Horehound’, is a robust perennial herb,
densely cottony stems with white flower. Several studies have
reported that treatment with low doses of M. vulgare, has many
beneficial effects such as: anti-bacterial effect [1] and antioxidant
action [2–4]. It was also proved that this plant lowers blood
pressure in rats when used in traditional Moroccan medicines
(hypotensive activity) [5]. Other effects are hypoglycemic and
hypolipidemic effects that have been proved by the
administration of M. vulgare in diabetic rats with 500 mg/kg/
d [6,7]. Scientific research about M. vulgare has shown that the
treatment with different doses, in adult rats, induces a slight
increase in body weight over time [8]. Also, the treatment
improves liver function in rats [9,10]. These actions were
demonstrated both in humans and animals. Four groups of
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female rats received by gavage a single daily dose of 1 g/kg of
body weight during nineteen days. The present study was
conducted to investigate the hypothesis of a toxic effect of
ethanol–water (80:20, v/v) of M. vulgare in high doses
causing, in pregnant rats, an abortion and/or growth
retardation of some embryos. In this context, we follow the
perturbations on hematological parameters, on one hand, and
the probable changes on the macroscopic and histological
appearances of the uterus and fetuses, on the other.

2. Material and methods

2.1. Plants and extraction

The leaves of M. vulgare were collected in the month of
October, in the morning at a temperature of 9 �C of the region of
Haidra located in the center-west of Kasserine, Tunisia. Then it
was dried in the shade converted into a fine powder. Regarding
the extraction, as the method of Ghnimi et al., 2014 [11], the
dried leaves (1 kg) were homogenized with 5 L ethanol–water
Table 1

Effect of daily treatment with the water–ethanol (80:20, v/v) extract of

M. vulgare on values of RBC (million/mm3), HGB (g/L), HCT (%) and

MCV (m3) in group N, NE, G and GE (n = 9).

Group RBC HGB HCT MCV

N 5.3 ± 0.8 15.8 ± 0.9 25.4 ± 1.4 53.2 ± 1.0
NE 4.3 ± 0.4** 13.9 ± 2.3** 21.9 ± 3.5** 49.8 ± 3.3*

G 3.9 ± 0.6 13.3 ± 0.9 23.6 ± 1.8 50.4 ± 1.5
GE 5.4 ± 1.3*** 12.2 ± 0.9* 18.8 ± 2.9** 49.4 ± 0.9*

The measurements were performed on the 19th day of treatment.
*P < 0.05; **P < 0.01 and ***P < 0.001, compared to respective control
group.

Antiimplantation activity %=

�
No: of implants in control group–No: of implants in treated group

No: of implants in control group

�
× 100
(80:20, v/v) for 24 h. After filtration with Whatman paper the
extract was evaporated to dryness in vacuum using a rotary
evaporator at 37 �C. The percentage yield was calculated as
65.5 g per kg of powdered material and was stored at room
temperature in opaque bottles. According to analysis by LC–
MS and GC–MS, it was found that this plant was rich with
saponins, tannins, alkaloids, terpenes, polyphenols, flavonoids
and fatty acids.

2.2. Animals and experimental protocol

2.2.1. Animals and extract administration
Adult female albino rats Wistar weighed between 180 and

220 g were purchased from SIPHAT (Tunisia). The animals
were housed in room temperature (22 ± 2) �C with 12/12 h
(light/dark cycle). All the rats were provided with commercially
available rat normal pellet diet (Almes, Mateur, Tunisia) and
water ad libitum. The animals were kept for 2 weeks under
standard conditions. All the experiments were conducted ac-
cording to the Tunisian Ethical Committee for animal's labora-
tory (approval number: FST/LNFP/Pro 152012). Animals were
divided into four groups with 9 in each group: group N (normal
rats) and group G (pregnant rats) considered as control groups,
group NE (normal rats treated with the ethanol–water (80:20, v/
v) extract of M. vulgare) and group GE (pregnant rats treated
with the extract). The plant extract was administered in a single
daily dose 1 g/kg B.W., for 19 d. On the 19th day of the
experiment, animals were sacrificed by decapitation; the blood
was collected in EDTA tubes.

2.2.2. Vaginal smear
Vaginal smear was collected to identify the different phases

of the estrous cycle. At the end of the pro-estrus, the adult virgin
female rats were subjected to males to be fertilized. The presence
of spermatozoa in the vaginal smear indicated successful mating
and was considered as day one of gestation according to Sak-
raoui, 2008 and Keshri et al., 2003 [12,13].

2.2.3. Hematological analysis
All measurements of the biological values were performed in

a clinical laboratory of national institute of nutrition and food
technology of Tunis. For measurement of hematologic param-
eters, an automate HORIBA ABX Micros 60 Hematology
Analyzer was used to determine the values of red blood cells
number (RBC), hematocrit parameters (HCT), hemoglobin rate
(HGB) and mean corpuscular volume (MCV).

2.2.4. Morphological and histological analysis
The uteri of normal and pregnant rats were removed. Then

the fetuses were harvested and weighed. The number of fetuses
was determined and the mean implantations were calculated as
total implantations sites divided by the number of pregnant rats,
untreated and treated groups. The anti-implantation activity was
calculated and compared to control groups.
The samples were fixed in 10% buffered formalin solution,
dehydrated in graded ethanol series, embedded in paraffin for
posterior cross sections of 5 mm. The slides were stained in
hematoxylin eosin, mounted in balm for observation in an optic
microscope [14].

2.3. Data analysis

Significant differences between the treated groups mean and
its control group was performed by Student's t test. Differences
were considered to be significant if P < 0.05. Data were
analyzed with Excel and expressed as mean ± SEM.

3. Results

3.1. Hematological analysis

Treated normal rats (NE), demonstrated that the ethanol–
water (80:20, v/v) extract of M. vulgare administrated by
gavage during 19 d induced a significant decrease in
the different hematological parameters (Table 1). The
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percentages of the treatment induced falls were (18.6%,
P < 0.01), (12.1%, P < 0.01), (13.8%, P < 0.01) and (6.5%,
P < 0.05) for respectively RBC, HGB, HCT and MCV.
Similarly, the same tendency of variations in the treated
pregnant rats GE was detected. Indeed, a significant decrease
of the studied hematological parameters was detected in
treated pregnant rats, compared to its respective control group
G, with a lower values of both, HGB (8.27%, P < 0.05),
HCT (20.33%, P < 0.01) and MCV (2.21%, P < 0.05).
However, it showed a significant increase on the RBC
(31.22%, P < 0.001).

3.2. Anti-implantations activity

The macroscopic appearances of the uterus, in pregnant
treated rats during 19 d, showed very serious perturbations
compared to her respective control group. In fact, the oral
administration of the ethanol–water (80:20, v/v) extract of
M. vulgare induced a significant decrease on the mean implan-
tations of fetuses and their corporal size (the length between the
head and the tail bone). The rates of these effects were 82.5%
and 47.2% respectively. The implantation number was signifi-
cantly declined in the pregnant treated group (0.5 ± 0.2)
compared to pregnant control group (2.6 ± 0.2) (P < 0.001). The
average size of fetuses in the pregnant treated group (1.5 ± 0.5)
was also declined significantly compared to its control group
(2.8 ± 0.6) (P < 0.01). The anti-implantation activity of the
pregnant treated group and its control group were 82.5% and 0%
respectively.
Figure 1. Effect of daily treatment with the ethanol–water (80:20, v/v) extract o
normal rats.
(A) Macroscopic appearance of uterus in normal rats. (B) Macroscopic appearan
normal rats (100×). (D) Histological appearance of uterus in normal treated rats
Cint: circular internal; Int: intermediate; Lext: longitudinal external. The obser
3.3. Morphological and histological analysis

The comparative study between the macroscopic morphology
of the uteri in the normal treated rats (Figure 1B) and her
respective control group (Figure 1A) showed no change between
the two uteri. Further, the histological examination of the uterus
in normal rats (Figure 1C) showed a presence of glandular
epithelium that separates light of the uterus and endometrium,
which contained several secretor glands regularly arranged. The
myometrium was formed by a muscle bilayer with different
dispositions, circular internal and longitudinal external. Such
architecture of uterus morphology did not show any changes
after administration of water ethanol–water (80:20, v/v) extract
of M. vulgare in normal rats (Figure 1D).

In pregnant group of rats, our data demonstrated that the
number of fetal rat for up to 12, with an average of eight as
shown in the selected picture. In addition, it was observed
that fetus's distribution between the two horns of untreated
pregnant rats uterus was generally balanced, giving the body
a beaded appearance (Figure 2A). In the contrary, the treat-
ment by the ethanol–water extract during pregnancy caused
uneven distribution fetuses between the two horns (Figure 2B
and C).

The administration of ethanol–water (80:20, v/v) extract of
M. vulgare by gavage, in pregnant rats, caused significant fetal
growth retardation at certain stages (Figure 2D and 2E). More-
over, the histological examination in the uterus of treated
pregnant rats showed the presence of remnants of placental and
embryonic tissue lyses in light of their uterus (Figure 3).
f M. vulgare on macroscopic and histological appearance of uteri in female

ce of uterus in normal treated rats. (C) Histological appearance of uterus in
(60×). L: light of the uterus; Eg: epithelium glandular; Gu: glands uterine;
vation was made on the 19th day of treatment.



Figure 3. Effect of daily treatment with water–ethanol (80:20, v/v) extract of M. vulgare on histological appearances of uterus in pregnant rats.
The histological observations of uterus (40×) were made on the 19th day of treatment. L: light of the uterus; Cint: circular internal; Int: Intermediate; Lext:
longitudinal external; Tly: lysed tissue; Tpl: placental tissue.

Figure 2. Effect of daily treatment with water–ethanol (80:20, v/v) extract of M. vulgare on the macroscopic appearance of uterine cavity in full-term
pregnancy in rats.
(A) Macroscopic appearance of uterine cavity in full-term pregnancy in untreated pregnant rats. (B–E) Macroscopic appearance of uterine cavity in full-term
pregnancy in treated pregnant rats. The figure demonstrated a significant delay in fetal growth at different stages of gestation.
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4. Discussion

Decreased values of RBC, HCT percentage, HGB and MCV
in rats treated with ethanol–water (80:20, v/v)extract of
M. vulgare (1 g/kg) during the three weeks of pregnancy sup-
ported the hypothesis suggesting that this extract in pregnant rats
cause the appearance of a microcytic anemia. Taking into ac-
count the fact that pregnancy and lactation are physiologically
prepared by a series of metabolic changes attributed to fetal
growth, particularly affecting hematological values, we have,
therefore, tried to detect the impact of treatment with the extract
of M. vulgare on these parameters in pregnant rats. This
disturbance may be related, at least in part, to inadequate
nutritional bioavailability induced by treatment in pregnant rats
whose needs are physiologically increased especially towards
the end of pregnancy. These perturbations during pregnancy
could be partially overcome by the hypertrophy of the intestinal
mucosa, attributed to estrogen [15], to ensure better
physiologically nutritional bioavailability, as our previous
results have demonstrated [16], in the particular case of iron
[17] demonstrated both in humans and in animals [18].
Furthermore, an increase in the value of transferring [19] with
iron storage elevation is noticed towards the end of gestation,
confirmed by an increase on the values of ferritin [20].
Considering these results, which show that treatment with a
dose of 1 g/kg/d of ethanol–water (80:20, v/v) extract of
M. vulgare during pregnancy in rats causes microcytic anemia.
Therefore, the possibility of disruption of pregnancy following
treatment with a high dose of ethanol–water extract of
M. vulgare, would be entirely plausible. In agreement with
this hypothesis, Léon et al., 2014 and Sifakis et al., 2000 have
shown that anemia in pregnant women causes serious
disturbances of pregnancy, including fetal growth retardation
or even the risk of abortion [21,22].

To answer the question: ‘How does pregnancy was affected
in treated rats with the dose of 1 g/kg/d of extract of M. vulgare
during 19 days?’, our observations have revealed a significant
reduction on the mean implantations and the size of the fetuses,
compared to those from a normal gestation. According to these
macroscopic observations of the uterus, we could detect a sig-
nificant decrease on the number of fetuses per rat, with the
appearance of cases of fetal growth being stopped. In addition,
our histological observations showed that M. vulgare extract
treatment in pregnant rats induced: (1) The presence of lysed
tissue corresponding to embryonic and placental tissue; (2) A
decrease in the thickness of the glandular epithelium and a
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distension of the endometrium of the uterine wall; (3) A nar-
rowing of the uterine myometrium with the outbreak of lysed
pregnancy. Therefore, the assumption of a disturbance, relating
to an action of the ethanol–water extract of M. vulgare, in the
intestinal mucosa hypertrophy similar to that detected in the
uterine tissue could explain, at least in part, the appearance of
microcytic anemia. To better elucidate the mechanisms of the
abortion action ofM. vulgare extract, further studies will need to
explore profoundly the eventual actions disrupting physiological
levels of hormones ensuring good course of gestation.

In conclusion, the treatment by gavage of the ethanol–water
extract of M. vulgare causes, in pregnant rats, a significant
decrease on the hematological parameters. As for pregnancy
perturbations, our data showed a decrease on the mean im-
plantations of fetuses and their size. Furthermore, histological
appearances of pregnant rat uterus revealed the presence of lysed
tissue corresponding to embryonic and placental tissue. In
conclusion, our study might be considered as the first report on
the abortive properties of M. vulgare used at higher doses.
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