
Background 
Fumariaceae evolved from Papaveraceae within a family 
of 450 species divided into 15 genera (1,2). The genus 
Fumaria is distributed in the whole temperate regions of 
the northern hemisphere, especially in all the temperate 
regions of Europe, North Africa, West Asia, India, and 
Pakistan (3,4). Fumaria officinalis is one of the species 
that belongs to the Fumaria genus which is widespread in 
the region of Bejaia, Algeria. Its medicinal properties have 
been known since antiquity, and this species is used for 
its multiple biological activities such as the antimicrobial 
regularization of hepatobiliary function, helping in dispel 
disorders related to digestion and rheumatism problems 
(5,6). This plant is known for its antihypertensive, 
hepatoprotective, and antidiabetic properties (7). It was 
reported that this plant has a local strong reputation in 
Pakistan and India as an anthelmintic, an antidyspeptic, 

blood purifier, cholagogue, diuretic, laxative, sedative, 
and tonic, and is considered useful for treating abdominal 
cramps, fever, diarrhea, syphilis, and leprosy (4). The 
pharmacological properties of F. officinalis are attributed 
to the high contents of phenolic compounds (8,9) and 
isoquinoline alkaloids (10,11).

Alkaloids are secondary metabolites produced by about 
20% of plant species mainly using amino acids in their 
biosynthesis. Alkaloids demonstrated good effects in 
the prevention or treatment of numerous diseases such 
as cancer, respiratory illness, cardiovascular, eye, and 
gastrointestinal disorders. These bioactive metabolites act 
as an analgesic, sedative, and hypnotic agents and present 
excellent anti-inflammatory, antioxidant, antiviral, and 
antimicrobial properties (12,13). However, alkaloids can 
present deleterious and toxic effects depending on the 
administrated dose or the presence of certain compounds. 
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Abstract
Background: Fumaria officinalis is largely used in traditional medicine due to its efficiency in the treatment 
and prevention of numerous diseases and its large spectrum of therapeutic effects. Its multiple beneficial 
properties are due to its richness in bioactive substances, particularly isoquinoline alkaloids. However, few 
studies have addressed the toxicity of this plant. 
Objectives: The present work aimed to study acute and subacute toxicity of alkaloids extracted from F. 
officinalis using Swiss albino mice as the in vivo model. 
Methods: Alkaloids from the aerial parts of F. officinalis were extracted and administered to male and 
female Swiss albino mice. The acute and subacute toxicities were studied by monitoring the weight and 
histopathological study of animal bodies and organs (e.g., liver, heart, spleen, and kidneys).
Results: The results revealed that mice treated with increasing doses developed serious symptoms of 
toxicity (i.e., respiratory problems, tremors, coma, and paralysis leading the death) and lost weight. The 
LD50 was estimated at 1341.11 mg/kg permitting its classification as a low-toxic plant. The microscopic 
observations demonstrated disturbances in the kidney and liver, but not the heart and spleen.
Conclusion: The alkaloids of the aerial parts of F. officinalis expressed severe toxicity in mice, particularly 
at high doses. Nevertheless, the neutral fraction of alkaloids is more indicated.
Keywords: Fumaria officinalis, Alkaloids, Acute toxicity, Subacute toxicity, Swiss albino mice
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The Harmful effects of alkaloids can vary from a simple 
disorder such as reduced activity, muscle tremor, and 
convulsion to considerable effects such as organ damage, 
including the liver and kidney, cytotoxicity, cardiovascular 
and neuronal disorders, and even death (14-16).

According to some studies, F. officinalis alkaloids are 
biologically active compounds with good antioxidant, 
anti-inflammatory, and antibacterial activities (11,17). 
Despite its relevant properties, the toxicity of alkaloids 
must be taken into account. Indeed, cytotoxicity and 
apoptosis induction by F. officinalis extracts in leukemia 
and multiple myeloma cell lines have been shown, and 
some flavonoids and alkaloids were suspected of this 
toxicity (18). Some works have been published regarding 
the toxicity of the other species of the fumaria genus, 
including F. indica, F. parviflora, and F. capreolata 
(19,20), but no data are available regarding F. officinalis 
oral toxicity.

Indeed, to avoid the toxicity risks of F. officinalis uptake 
and optimize only its benefits, it is necessary to determine 
its acute and subacute toxicity. For this reason, this study 
aimed to determine the acute and subacute toxicity of the 
total and fractioned extracts of F. officinalis on male and 
female mice using oral treatment at different doses. The 
acute and subacute toxicities were studied by applying 
OECD 425 and OECD 407 guidelines, respectively, due 
to the advantage of minimizing the number of applied 
animals. In addition, these procedures allow for estimating 
the LD50, confidence intervals, and the observation of the 
signs of toxicity.

Materials and Methods
Plant Material
The aerial part of F. officinalis was harvested from 
the region of Beni-Maouche, Department of Bejaia 
(36◦3028.75 N; 4◦45 26.17 E; at an altitude of about 1000 
m). The plant was identified by the Laboratory of Plant 
Biotechnology and Ethnobotany (Bejaia University). The 
samples were dried using an oven, then ground with a 
“KIKA Labortechnik” electric grinder, and the obtained 
powder was sieved using a mesh particle size of 63 μm.

Extraction of Alkaloids
The alkaloids were extracted as described by Suau et al 
(1). The obtained extract of alkaloids (total alkaloids, 
TA) was then fractionated into three fractions, neutral 
fraction (NF), an acidic fraction (AF), and a basic fraction 
(BF).

Experimental Animals
Swiss albino mice (males and females of 18-27 g) were 
obtained from the Pasteur Institute of Algiers (Algeria). 
All animals were kept under standard environmental 
conditions at an environmental temperature of 22 ± 3°C. 
Mice had free access to water and a standard diet and were 
kept for an adaptation period of 15 days before their use. 
Then, they were deprived of food but not water (3-4 hours) 

prior to the administration of the extracts. Behavioral tests 
were performed during the light phase, and all conducted 
analyses were in harmony with guidelines for the care 
of laboratory animals and ethics (21) according to the 
directive N° 2010/63/EU-22/09/2010.

Acute Toxicity
The acute toxicity was orally conducted following the 
guidelines of the Organization for Economic Cooperation 
and Development (OECD 425). The method used in this 
study was the dose adjustment, which makes it possible to 
estimate the LD50 with a confidence interval.

Swiss albino mice received the total alkaloid extract of F. 
officinalis by gavage in a single dose using a stomach tube. 
Mice fasted for 3-4 hours before the administration of the 
extract. The dose was calculated according to the fasting 
body weight of each mouse. After the administration of the 
extract, the mice were deprived of food for 1-2 hours. The 
slope of the chosen dose-effect curve was equal to 8; the 
doses chosen for the main test were 970, 1290, 1750, and 
2000 mg/kg. The animals were observed for 14 days, and 
the weight of each mouse was determined shortly before 
the administration of the tested extract and thereafter at 
least once a week. The LD50 and confidence interval were 
calculated using the maximum likelihood method and the 
AOT425StatPgm software.

Subacute Toxicity
The experimental procedure used for the determination 
of subacute toxicity was the one described by OECD 
Guidelines 407. The animals (male and female Swiss 
albino mice) were separated into 5 groups of 18 mice 
each. After those mice fasted overnight, the control 
group received only physiological water, and the four 
treated groups received TA, NF, AF, and BF at the dose 
of 250, 500, and 1000 mg/kg (for low, medium, and high 
concentrations, respectively) for each group. The F. 
officinalis extracts were daily administered by gavage (0.5 
mL per mouse) with a gastric stomach for 28 days. Then, 
the mice were daily monitored during the experimental 
period. The volume of water and the amount of consumed 
food were daily measured, and the body weight of mice 
was monitored weekly. After 28 days, all surviving animals 
fasted overnight. Next, they were sacrificed, and their 
organs (liver, heart, spleen, and kidneys) were collected 
and weighed; then, pieces were preserved in 10% formalin 
solution for histopathological studies.

Histopathological Study
The histopathological investigation of the liver and 
kidneys was performed as well. The organ pieces were 
fixed in 10% formalin for one week and dehydrated in 
ethanol and then clarified, followed by impregnation 
in a paraffin bath. The final inclusion was performed 
in metal molds and then stored in the refrigerator; the 
obtained paraffin blocks were then cut with a microtome 
to obtain thin sections. The cuts were deposited on 
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slides and bathed in two successive xylene baths for 15 
minutes each. After hydration in ethanol, the slides were 
put in a hematoxylin bath for 3 minutes, followed by a 
bath of eosin for 30 seconds, rinsed quickly with water, 
and then immersed in ethanol and a xylene bath for 2-3 
minutes, and finally followed by drying in an oven. The 
microscopic observation was performed using an optical 
microscope of the Leica type at the laboratory of Medicine 
of the University of Bejaia (Algeria).

Statistical Analysis
All results were expressed as the mean ± standard error of 
the mean. The results were statistically analyzed with the 
analysis of variance (ANOVA, Statistica 5.5 software), and 
the data were compared at P < 0.05. 

Results
The present work is the continuation of our work 
already conducted on the identification of alkaloids 
by gas chromatography-mass spectrometry (11). The 
identification work revealed 11 alkaloids, including 
protopine, cryptopine, sinactine, parfumine, adlumine, 
fumariline, fumaritine, fumarophycine, stylopine, 
bicuculline, and corlumine. In the same work, the 
alkaloid extracts expressed a good antioxidant power 
and remarkable antimicrobial activity. This study was 
conducted to test the acute and subacute toxicity of 
alkaloids extracted from F. officinalis using Swiss albino 
mice as the animal model. 
 
Acute Toxicity
The effects of acute toxicity on the control group, which 
received only physiological saline (NaCl, 0.9%) by gavage, 
showed no signs of toxicity. Concerning the tested groups, 
all doses (970, 1290, and 2000 mg/kg) of total alkaloid 
extract from F. officinalis provoked more or less serious 

troubles (loss of balance, muscle contractions, vomiting, 
coma, and complete paralysis), leading to death in some 
case. 

Subacute Toxicity
Clinical Observation 
The observation of mice after subacute toxicity revealed 
no disorders and compartmental perturbations in the 
control group. The same observations, as control mice, 
were attributed to the groups treated with the NF and all 
fractions at the concentration of 250 mg/kg. With using the 
dose of 500 mg/kg for TA, AF, and BF, the mice expressed 
signs of weakness, drowsiness, and decrease movements 
with respiratory deficiency, particularly in females. With 
the highest alkaloid concentration (1000 mg/kg), the mice 
become isolated and developed strong signs of toxicity, 
including diarrhea, tachycardia, hypoactivity, and hair 
straightening.

Chronology of Weight Evolution
The monitoring of the variations in animal body weight 
during the subacute toxicity experiment with F. officinalis 
extracts demonstrated stability or a diminution in animal 
mass (Table 1). The stabilization of animal masses for the 
doses of 500 mg/kg and even a decrease in mice weights 
for those of 1000 mg/kg were noticed over the 4 weeks 
of the study. Only the batches treated with the NF and 
control did not affect the body weight, and animals were 
developed normally.

Evaluation of the Relative Mass of Organs
According to macroscopic examinations, the sizes and 
forms of various taken organs were normal. However, the 
relative mass values   of the kidneys, liver, spleen, and heart 
represented an increased mass of kidneys and liver in the 
treated mice compared to controls (Table 2).

Table 1. Effect of Alkaloid Extracts From Fumaria officinalis on Female and Male Mice Weights

Fraction
Dose

(mg/kg)

Weight Evolution of Females (g) Weight Evolution of Males (g)

Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4

Control 22.28 ± 0.52 23.48 ± 0.9 ͞ 24.21 ± 0.9↑ 26.28 ± 1.1↑ 25.13 ± 1.06 26.61 ± 1.15 ͞ 28.7 ± 0.98↑ 28.94 ± 1.12↑

TA

1000 22.8 ± 0.58 24.38 ± 0.73 ͞ 25.11 ± 0.67↓ 27.38 ± 0.64↓ 26.19 ± 0.8 27.76 ± 0.68 ͞ 29.68 ± 0.76 ͞ 30.06 ± 0.67 ͞

500 21.76 ± 0.63 22.58 ± 0.75 ͞ 23.31 ± 0.79 ͞ 25.18 ± 0.91 ͞ 24.07 ± 0.6 25.46 ± 0.84 ͞ 27.72 ± 0.87 ͞ 27.82 ± 0.89 ͞

250 21.92 ± 0.79 20.58 ± 0.69 ͞ 20.45 ± 0.68 ͞ 19.54 ± 0.73↑ 21.59 ± 0.73 21.06 ± 0.78 ͞ 20.51 ± 0.76 ͞ 19.72 ± 0.91↑

NF

1000 22.5 ± 0.95 21.31 ± 1.21 ͞ 21.12 ± 1.03 ͞ 20.18 ± 0.88↑ 21.15 ± 0.83 21.74 ± 0.83 ͞ 21.27 ± 0.8 ͞ 20.39 ± 0.77↑

500 21.34 ± 0.86 19.85 ± 0.8 ͞ 19.78 ± 0.97 ͞ 18.9 ± 0.97↑ 20.03 ± 1.02 20.38 ± 0.93 ͞ 19.75 ± 1.01 ͞ 19.05 ± 1.17↑

250 21.03 ± 1.03 21.51 ± 0.62 ͞ 20.72 ± 1.3 ͞ 20.36 ± 0.76↑ 20.62 ± 0.93 20.43 ± 1.29 ͞ 21.25 ± 0.66↑ 21.48 ± 0.97↑

AF

1000 21.66 ± 1.08 22.25 ± 0.92 ͞ 21.51 ± 0.95 ͞ 21.27 ± 0.82↓ 21.22 ± 0.94 21.27 ± 1.08 ͞ 22.12 ± 0.65 ͞ 22.37 ± 0.93↓

500 20.4 ± 0.66 20.75 ± 1.42 ͞ 19.93 ± 0.69 ͞ 19.45 ± 0.25↓ 20.02 ± 0.54 19.59 ± 0.94 ͞ 20.38 ± 0.93 ͞ 20.59 ± 1.13 ͞

250 20.09 ± 0.94 19.77 ± 0.54 ͞ 21.06 ± 1.00 ͞ 22.17 ± 0.96↑ 20.68 ± 0.96 20.98 ± 0.85 ͞ 22.09 ± 0.74 ͞ 22.98 ± 1.02 ͞

BF

1000 20.88 ± 0.92 20.46 ± 1.01 ͞ 21.74 ± 0.7 ͞ 22.9 ± 0.58↓ 21.41 ± 1.28 21.76 ± 0.98 ͞ 22.85 ± 0.97 ͞ 23.89 ± 1.48↓

500 19.3 ± 0.47 19.08 ± 0.78 ͞ 20.38 ± 0.84 ͞ 21.44 ± 0.8 ͞ 19.95 ± 0.91 20.2 ± 0.79 ͞ 21.33 ± 1.21 ͞ 22.07 ± 0.92 ͞

250 24.37 ± 0.85 25.82 ± 0.64 ͞ 26.52 ± 0.88↑ 27.5 ± 0.96↑ 24.23 ± 1.14 25.36 ± 0.68 ͞ 25.35 ± 0.99 ͞ 27.95 ± 0.65↑

Note. SEM: Standard error of the mean; TA: Total alkaloids; AF: Acid fraction; BF: Basic fraction; NF: Natural fraction. 
Each value represents the mean ± SEM. The results of weights in the same row for each gender with the signs↑, ͞ , or ↓ are statistically higher, similar, or lower than 
the initial values (Student t test, P < 0.05).
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Histology
The treatment of mice with F. officinalis alkaloids 
affected the masses of kidneys and liver but not those of 
the spleen and heart. The microscopic study regarding 
the last ones revealed no changes between mice treated 
with alkaloid extracts and the control, indicating that 
the whole shapes and structures were similar. Therefore, 
the histopathological analysis of the two affected organs 
(kidneys and liver) is presented below.

Histopathological Study of the Livers
The obtained results indicated that the livers of male 
and female control mice are normal with small masses 
of polynuclear cells (Figure 1a). The same aspect was 
observed in the mice treated with the NF. In contrast, 
the mice treated with other fractions (TA, AF, and BF) 
showed degenerative changes (Figures 1 and 2).

Histopathological Study of the Kidney
The kidneys of the control mice of both genders 
demonstrated normal glomeruli and tubules. The same 
aspect was observed in the mice treated with the NF. 
However, the kidneys of the animals treated with the TA, 
AF, and BF extracts represented histopathological changes 
in both genders characterized by tubular congestions and 
necroses, and renal abscesses at any dose (Figure 3). 

Discussion
The acute toxicity of F. officinalis alkaloids allowed the 
development of numerous troubles, including body 
weight, muscle contraction, and paralysis that conduce 
in some cases to death. These symptoms are probably 
due to the presence of isoquinoleic alkaloids such as 
protopine, cryptopine, and atropine, which are toxic to 
PC12 cells, modules of catecholaminergic neurons which 
have parasympatholytic effects (22,23). The LD50 was 

estimated using the AOT425StatPgm software at 1341.11 
mg/kg, and a range of confidence varied from 1118.17 to 
1564.05. According to the classification scale of the toxicity 

Table 2. Effect of Alkaloid Extracts from Fumaria officinalis on Organ Weights

Fraction Doses (mg/kg) Left Kidney Right Kidney Liver Heart Spleen

Control 0.14 ± 0.01 0.16 ± 0.01 1.27 ± 0.01 0.12 ± 0.01 0.17 ± 0.01 ͞

TA

1000 0.31 ± 0.01a↑ 0.33 ± 0.01a↑ 2.0 ± 0.12a↑ 0.15 ± 0.01a↑ 0.15 ± 0.01b ͞

500 0.30 ± 0.01a↑ 0.29 ± 0.02b↑ 1.83 ± 0.13a↑ 0.13 ± 0.01b ͞ 0.17 ± 0.01a ͞

250 0.25 ± 0.005b↑ 0.26 ± 0.02b↑ 1.35 ± 0.67a ͞ 0.13 ± 0.005b ͞ 0.16 ± 0.01ab ͞

NF

1000 0.17 ± 0.01a↑ 0.18 ± 0.01a ͞ 1.30 ± 0.01a↑ 0.11 ± 0.01a ͞ 0.17 ± 0.01a ͞

500 0.15 ± 0.03ba ͞ 0.14 ± 0.02b ͞ 1.39 ± 0.27a ͞ 0.16 ± 0.01b↑ 0.16 ± 0.01a ͞

250 0.16 ± 0.03a ͞ 0.15 ± 0.01b ͞ 1.28 ± 0.26a ͞ 0.15 ± 0.005b↑ 0.16 ± 0.005a ͞

AF

1000 0.27 ± 0.01a↑ 0.28 ± 0.01a↑ 1.90 ± 0.01a↑ 0.17 ± 0.01a↑ 0.20 ± 0.01a↑

500 0.24 ± 0.04a↑ 0.22 ± 0.04b ͞ 1.84 ± 0.03 a↑ 0.15 ± 0.01b↑ 0.15 ± 0.01bb ͞

250 0.14 ± 0.05b ͞ 0.13 ± 0.03c ͞ 1.84 ± 0.05a↑ 0.15 ± 0.01 b↑ 0.11 ± 0.01c↓

BF

1000 0.35 ± 0.01a↑ 0.34 ± 0.01a↑ 1.92 ± 0.1a↑ 0.17 ± 0.01a↑ 0.18 ± 0.01a ͞

500 0.35 ± 0.01a↑ 0.35 ± 0.02a↑ 1.92 ± 0.11a↑ 0.16 ± 0.03 a ͞ 0.10 ± 0.01c↓

250 0.13 ± 0.02b ͞ 0.13 ± 0.01b↓ 0.67 ± 0.11b↓ 0.16 ± 0.03b ͞ 0.14 ± 0.005b↓

Note. SEM: Standard error of the mean; ANOVA: Analysis of variance; LSD: Least significant difference; TA: Total alkaloids; AF: Acid fraction; BF: Basic fraction; 
NF: Natural fraction. 
The results are expressed as the mean ± SEM. The results in the same row for each treatment with different letters are statistically different (ANOVA, LSD test 
P < 0.05; a > b > c). The results in the same column with the signs ↑, ͞ , or ↓ are statistically higher, similar, or lower than the control, respectively (Student t test 
P < 0.05).

Figure 1. Histological Cuts of the Cloth of Mouse Liver Dealt With the Total 
Alkaloids of F. officinalis (A: Control; B: TA 500 mg/kg; C: TA 1000 mg/kg). 
Note. TA: Total alkaloids; F. officinalis: Fumaria officinalis

Figure 2. Histological Cuts of the Cloth of the Mouse Liver Treated With 
Acid and Basic Fractions of F. officinalis Alkaloids (A: AF 500 mg/kg; B: AF 
1000 mg/kg; C: BF 500 mg/kg; D: BF 1000 mg/kg). Note. AF: Acid fraction; 
BF: Basic fraction; F. officinalis: Fumaria officinalis
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of Hodge and Sterner (24), the alkaloids of F. officinalis 
are classified as slightly toxic. In an acute toxicity study 
conducted by Sharma et al (25), it was found that the 
ethanolic extract of F. officinalis leaves, administered 
intraperitoneally, is also slightly toxic (2/3 of dead mice) 
at a dose of 2000 mg/kg, which is the LD50 value of the 
experiment. These results indicate that the route of 
administration probably influences the LD50 value.

After 28 days of subacute toxicity, it was revealed that 
the control group had no signs of toxicity. The same result 
was observed with the batch treated with the NF, indicating 
that it had no toxic effect on mice. For 250 mg/kg, no 
visible changes were detected, implying that at this dose, 
the alkaloids of F. officinalis were not toxic. Contrarily, 
tremor was found in the mice of the batch treated 
with medium and high concentrations of the extracts 
(TA, AF, and BF). At the dose of 500 mg/kg, the mice 
developed weakness associated with individual isolation, 
drowsiness, movements decreased, and breathing became 
difficult, particularly for females. At a dose of 1000 mg/
kg, males and females showed even strong signs of 
toxicity (diarrhea, increased heart rate, hypoactivity, hair 
straightening, and isolation). These signs of toxicity were 
the same for both genders, but they were more intense 
in females than in males. The toxic effect is, therefore, 
gender-related, which was also demonstrated by Baliga 
et al (26). In this study, females were more sensitive to 
subacute intoxication by F. officinalis alkaloid extracts 
than males. During the 28 days of experiments, a decrease 
in food uptake was found in the mice having consumed 
the alkaloid extract. The exception was noted for mice 
treated with NF that presented a similar food uptake as 
the control group. The observed toxicity was probably 
related to the anorexic effect exerted by the extracts (TA, 

AF, and BF), which could be attributed to protopine 
(27). A significant difference was detected in the volume 
of water consumed by different groups of treated mice 
compared to the control group. The mice treated with NF 
consumed the same volume of water as the control group. 
This result may be due to the consequence of alkaloid 
extracts administered to the mice.

The evolution of body weight during subacute toxicity 
was considered a good indicator of the adverse actions of 
chemical components, and it is well-known that weight 
loss is associated with the physiological status of the 
animal (28). This reduction in weight can be explained 
by a decrease in food intake (29), but even by the dose/
absorption interaction (30). The decrease or even the 
stabilization of body weights over the period of the study 
suggests that oral administration of the alkaloid extracts of 
F. officinalis affects the growth and development of Swiss 
albino mice.

Regarding the effect of alkaloid administration on mice 
organs, it was found that the extracts of F. officinalis have 
affected the relative mass but not the shape. Generally, the 
change in internal organ weight is an index of toxicity after 
exposure to toxic substances (31). The increase in liver 
weight may be related to congestion by the retention of 
blood in this organ (32,33). However, these results require 
a deep study and analysis in order to determine the effect 
of the extract on these organs.

The histopathological study of livers represented that 
the mice treated with TA at the dose of 1000 mg/kg had 
a partially erased architecture of the liver tissue, cellular 
suffering, and marked veins of vascular congestions. The 
mice treated with TA at a dose of 500 mg/kg indicated the 
rare masses of neutrophilic polynuclear lymphocytes in 
centrilobular perivein. These alterations often explain the 
increase in the volume of the liver and the loss of weight. 
Rasheed et al (34) demonstrated similar cases in Albino 
mice after the administration of the alkaloid extracts of 
F. officinalis. Mice treated with AF and BF at a dose of 
1000 mg/kg revealed the presence of neutrophil foci and 
congestions. At 500 mg/kg, the hepatic tissue showed the 
range of cellular suffering and small vascular congestion. 
However, the results confirmed that there is no cell death, 
but incipient centrilobular necrosis exists, which can lead 
to long-term cell death.

The histopathological abnormalities observed in livers 
and kidney tissues are due to the toxic effects of alkaloids 
that have been administered to mice. Thus, the alkaloids 
of F. officinalis have subacute toxicity, suggesting that the 
pharmacological effects should be achieved at doses below 
500 mg/kg. In the study of Singh et al (19) on acute and 
sub-chronic oral toxicities in rodents, Fumaria indica has 
been reported to be cytotoxic but devoid of long-term 
toxic effects. Bribi et al (20) also assessed the toxicity of two 
species of Fumaria. In the same conditions, F. capreolata 
was non-toxic, while Fumaria bastardii expressed 
significant toxicity. This is due to the administered dose 
and even the type of present compounds.

Figure 3. Histological Cuts of the Renal Cloth of Mouse Treated With Total 
Alkaloids and the Basic Fraction of F. officinalis Alkaloids (A: Control; B: TA 
1000 mg/kg; C: TA 500 mg/kg; D: BF 500 mg/kg). Note. TA: Total alkaloids; 
BF: Basic fraction; F. officinalis: Fumaria officinalis
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Conclusion
Overall, experimental acute toxicity data in Swiss albino 
female mice suggest that F. officinalis should be classified 
as a slightly toxic plant orally, with an LD50 of 1341.11 mg/
kg. The alkaloid extract of this plant may cause symptoms 
of toxicity with dose-dependent ranging from simple 
drowsiness, diarrhea, loss of appetite, breathing problems, 
and weakness to rapid heart rate and loss of equilibrium. 
These effects could be due to the toxicity of the alkaloids of 
the studied plant. The histological observations revealed 
the presence of structural alterations in the liver and kidney 
at a concentration greater than or equal to 500 mg/kg, 
highlighting that the alkaloids of F. officinalis, particularly 
TF, AF, and BF fractions, expressed significant subacute 
toxicity in Swiss albino mice. These results revealed that 
the beneficial uses of F. officinalis extracts have to be 
expected with a dose of alkaloids lower than 500 mg/kg. 
In perspective, chronic toxicity studies of F. officinalis 
alkaloids are needed to determine the long-term effects. 
In this context, it is also necessary to perform a separation 
of extracted alkaloids and evaluate their toxicity. 
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