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Lepidium sativum (garden cress) is a folk medicine that exhibited several therapeutic applications includ-
ing anti-asthma, antihypertension, and bone healing. This study aimed to investigate the effects of L. sati-
vum seeds on healing of fractured bone in male albino rats (Rattus rattus albinus). Twenty male albino rats
were randomly divided into four groups (each group contains 5 rats); Non-Broken Control (NBC), Broken
Control Non-Treated (BCNT), Broken Treated with 1 g/kg of seed powder (BT1g), and Broken Treated with
5 g/kg of seeds powder (BT5g). Right tibial closed fractures were created in the rats using a three-point
bending technique. Serum Ca2+ level and Alkaline phosphatase tests were examined in all groups. Digital
radiography was applied for three times, at the beginning, after 3 weeks, and 6 weeks. Histopathological
study was done for right limb tibia bones. Results showed that the highest level of ALP was in the BT5g
group after 3 weeks. However, after 6 weeks ALP level was the lowest in the BT5g group followed by the
BT1g group. Serum Ca2+ level was higher in BT5g group after 6 weeks as compared to same group after
3 weeks. The X-ray photography shows that in treatment groups a clear improvement in bone healing
that was revealed by an obvious callus and to a large extent a blurred fracture line. We also observed that
after 6 weeks, the healing and recovery of broken bones were almost completed in L. sativum treated
groups, especially in the BT5g group. Histology data further confirm the distinctive features of bone heal-
ing after feeding of seeds powder. Overall, our data suggested that seed of L. sativum has potential to
speed up the callus formation, fracture line repairing, and new bone regeneration. This study highlights
the importance of folk herbs in healing of fractured bones.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Fractures are one of the most recurrent injuries of the body‘s
skeletal system. Bone fractures are a public health issue worldwide
and pose a serious burden to the society and country (Watts et al.,
2013; Ahamed et al., 2022a). Bone fractures can cause disability,
diseased productivity, health loss, and a major burden to individu-
als, families, and healthcare systems (Nandra et al., 2016; Claes
et al., 2012). Although treatment of bone fracture has upgraded
substantially in recent decades, a large percentage of all fractures
still show delayed healing and complications. Bone healing is a
proliferation physiological process that enables the repair of a frac-
tured bone. This process is characterized by secretion of a new
bone organic matrix called osteoid and its subsequent mineraliza-
tion, thus, the gap between two bony fragments is bridged (Davis
et al., 2004; Ahamed et al., 2021a). Since several decades, numer-
ous herbs have been widely used as traditional medicine for the
treatment of several diseases. For instance, Stellate ganglion is
being used for healing of fractured bones (Kizilay et al., 2020).
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Lepidium sativum (garden cress) herb belongs to the Cruciferae
family cultivated in Yemen, Saudi Arabia, Egypt, and Asia, Europe,
and USA is an underutilized crop (Mahassni and Khudauardi,
2017). The L. sativum seeds are rich in protein, fiber, lipid,
omega-3, iron, calcium, phosphorus, essential amino acids, and
various phytochemicals. Several products of L. sativum seeds are
being used either as a health drink or food integrated (Doke and
Guha, 2014). It has been found that L. sativum seeds increase com-
plete blood counting and hemoglobin level as well as increase the
weight of spleen and total body weight (Ahsan et al., 1989;
Ahamed et al., 2021b).

L. sativum seeds also recommended to treat inflammation, bron-
chitis, muscular pain, rheumatism (Mahassni and Khudauardi,
2017). Furthermore, L. sativum seeds had been found are signifi-
cantly have anti-pyretic, analgesic and coagulant activities. Inter-
estingly, L. sativum seeds have shown minimum side-effects
(Attia et al., 2019). Hence, L. sativum seeds can be used as herbal
medicines for bone healing and other diseases. This study aimed
to investigate the effects of L. sativum seeds on the bone healing
of an induced bone fracture in male albino rats (Rattus rattus albi-
nus). This study determined the degree of callus formation and the
degree of fracture line repairing potential of L. sativum seeds.
Histopathological changes related to bone fracture and healing
after L. sativum seeds feeding were also examined.
2. Materials and methods

2.1. Plant collection

Plant seeds were purchased from local market of Dhamar city,
Yemen. The seeds were shade dried and grounded into fine powder
(Ahamed et al., 2022b).

2.2. Preparation of L. sativum seeds powder dosages

Two dosages of dried powder of L. sativum seeds were prepared;
a high concentration of 5 gm/kg BW and a low concentration of
1gm/kg BW. Seeds powder dosages were mixed with the daily
meals of rats.

2.3. Experimental animals

Twenty male albino rats (Rattus rattus albunus) (weight 100–
160 gm) were utilized in this study. Rats were supplied from the
animal house, science faculty of Sanaà University, Yemen. They
were housed in stainless steel cages containing husk as the bed-
ding material under the condition of 25 �C with 12 h light-dark
cycle. Animal experiments were carried out according to the
‘‘Guide for the Care and Use of Laboratory Animal” (Clark et al.,
1996). The number of animals in this experiment has been care-
fully selected from the outset to avoid unnecessary increases and
the animal handling was done as gently as possible to avoid pain.
Also, an appropriate quantity of anesthesia was used at the time of
dissection.

2.4. Animal feeding

Animals were fed on the diet formula supplied by the Depart-
ment of Animal Production, Faculty of Veterinary, Thamar Univer-
sity, Yemen. The diet formula consisting of corn 30%, ssoybean 8%,
wheat bran 7%, wheat 25%, and dried fish as a source of animal pro-
tein 10%, ssorghum stover 20%, and 1 teaspoonful of vegetable oil
mixed with 3.5 kg of the above stock. The ingredients were supple-
mented with a suitable dose of multivitamins and minerals. The
diet was prepared as pellets (Al-Amri, Veterinary Manufacturing
2

Comp. Dhamar, Yemen). Rats received 100 gm/day of the dried
pellets.

2.5. Experimental design

Twenty male albino rats were randomly divided into four
groups (each group contains 5 rats); Non-Broken Control (NBC,
Group 1), Broken Control Non-Treated (BCNT, Group 2), Broken
Treated with 1 g/kg of seed powder (BT1g, Group 3), and Broken
Treated with 5 g/kg of seeds powder (BT5g, Group 4). All rats
received L. sativum of the standard pellets and tap water during
the adaption period. Rats weight, experiment samples, and radio-
graphs were studied at three time intervals; first day (initial per-
iod), after 3 weeks (mid period), and after 6 weeks (end period).

2.6. Bone broken induction

Rats were anesthetized with appropriate amount of chloroform
(Dehkohneh et al., 2019). Right tibial closed fractures were created
in the rats by using a three point bending technique as described
earlier (Xu et al., 2020). Bone fractures were further stabilized with
gypsum (Türkmen et al., 2017).

2.7. Blood samples collection

Samples were collected in the three defined experiment periods
(first day, 3 weeks, and 6 weeks). Blood samples from each group
were carefully collected from eye canthus of rats without anticoag-
ulants using the heparinized micro-haematocrit capillary tubes.
Serum was obtained after centrifugation of blood (3000 rpm for
10 min). Serum samples were immediately used for biochemical
studies.

2.8. Biochemical assays

Serum Ca2+ levels were detected using commercial kit (Spin-
React, Girona, Spain). Briefly, 10 ll serum was mixed with 1 ml
of R solution (Imidazol Buffer pH 6, 5–100 mmol/L). At the optimal
assay conditions (Cuvette 1 cm light path, Constant temperature
37 �C for 10 min and the adjust the instrument to zero with dis-
tilled water) the absorption of samples was recoded at 660 nm
using Rayto Chemray-240 Spectrophotometer.

Alkaline phosphatase (ALP) assay was performed as per the pro-
tocol of Rosalki et al. (1993).

2.9. Radiography

Digital radiography of different group of rats was performed at
Al-Mosali Hospital, Dhamar, Yemen. Radiographs were taken by
XVISION-525 system (Korea) under 50 kV and 5 mA. The first set
of radiograph was taken after first day of broken right tibia bone.
The second set of radiograph was taken after three weeks of treat-
ments. The third and final set of radiograph was recorded the rats
right tibia bone after six weeks of treatment of L. sativum seeds.
The digital radiographs was used to observe the bone fracture line,
bone callus, and bone healing.

2.10. Histopathology

For histopathological study, rats were sacrificed and right limb
tibia bones were removed from different groups for different trial
periods of the treatment. The right limb tibia of each sample was
labeled and fixed in 10% formalin. Tibias were decalcified with
0.5 M EDTA (pH8) and embedded in paraffin for standard histolog-
ical procedures. Microtome sections were cut at 5 lm and stained



Table 2
Mean ± SD of the effect of L.sativum seeds on ALP levels in rat’s serum at the initial
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with hematoxylin and eosin (H and E) (Takikawa et al., 2001).
Images were captured at SINHER microscope at 40�magnification.
day, the end of the 3rd week and the end of the 6th weeks.

Period
Groups

Initial day
(Mean ± SD)

End of 3rd week
(Mean ± SD)

End of 6th week
(Mean ± SD)

NBC
N = 5

165.40 ± 28.66 194.80 ± 25.05 181.00 ± 34.08

BCNT
N = 5

182.00 ± 13.60 361.40 ± 24.24 366.40 ± 46.05

P value A = 0.001;
C = 0.001

A = 0.001;
D = 0.001
2.11. Statistical analysis

Quantitative data among groups were analysed by using one-
way analysis of variance (ANOVA) followed by Dunnette‘s compar-
ison tests. The significant difference between groups was accepted
at p < 0.05.
BT1g
N = 5

164.80 ± 27.06 412.80 ± 44.46 322.00 ± 49.56

P value A = 0.001;
B = 0.040;
C = 0.001

A = 0.001;
D = 0. 001

BT5g
N = 5

171.00 ± 11.13 524.80 ± 73.13 307.40 ± 39.25

P value A = 0.001;
B = 0.001;
C = 0.001

A = 0.001;
B = 0.019;
D = 0.001

NBC = Non-Broken control. BCNT = Broken control-non treated. BT1g = Broken-
treated with 1 g BT5g = Broken- treated with 5 g. N = Number of albino rats per
group. A = P-value comparison significance between NBC and other groups. B = P-
value comparison significance between BCNT and other groups. C = P- value com-
parison significance between the same group on the initial day and the end of
3. Results

3.1. Body weight

As shown in Table 1, after 3 weeks from the beginning of this
experiment, the rat’s body weight was increased in all the groups
and the percentage of increment was higher in the groups treated
with L. sativum seeds than those of the control groups. Likewise, at
the end of the experiment (after 6 weeks), the percentage of body
weight gain was higher in the seed treatment groups as compared
to the control groups.
3 weeks. D = P- value comparison significance between the same group at the end of
3 weeks and the end of 6 weeks.
3.2. ALP levels

The comparison of the changes of ALP levels in rats serum
between the experimental groups is shown in Table 2. The highest
value of ALP level was at the end of the 3rd week in comparison
with the rest of the periods in the all treatment groups
(p < 0.001) in comparison with the NBC group. Moreover, at the
end of the 3rd week, the highest level of ALP was in the BT5g group
(524.80 ± 73.13) with a significance of 0.001, followed by the level
in the BT1g group (412.80 ± 44.46) with the significance of 0.040,
all in a comparison with the BCNT group. However, the ALP level
in the BCNT group was the lowest among the treated groups in this
period (361.40 ± 24.24). Generally, after six weeks of treatment
and healing, the ALP level declined as is shown in Table 2. The
highest decline in this level was in the BT5g group (307.40 ± 39.2
5) with a significance of 0.001 followed by the level in the BT1g
group (322.00 ± 49.56) with a significance of 0.001, all compared
to the levels after three weeks of the experiment, while ALP level
in BCNT group remained high (366.40 ± 46.05) close to the level
found at the end of the third week.
Table 1
Effect of L. sativum seeds on male albino rats body weight of experimental groups.

Period
Groups

Initial day
(Mean ± SD) g

End of 3rd week
(Mean ± SD) g

% of change in body w

NBC
N = 5

154.00 ± 5.87 179.00 ± 19.78 +16.23*

P value C = 0.049
BCNT
N = 5

151.80 ± 5.40 183.60 ± 25.21 +20.94*

P value C = 0.013
BT1g
N = 5

128.20 ± 18.36 195.40 ± 25.51 +52.41*

P value C = 0.001
BT5g
N = 5

153.60 ± 6.65 207.40 ± 27.93 +35.02*

P value A = 0.026; C = 0.001

NBC = Non-Broken control. BCNT = Broken control-non treated. BT1g = Broken- treated w
value comparison significance between NBC and other groups. C = P- value comparison si
value comparison significance between the same group at the end of 3 weeks and the
weight � Initial weight)/Initial weight. * % of change between the initial day and the en

3

3.3. Serum Ca2+ level

Serum Ca2+ analysis did not reveal any significant difference at
the end of the 3rd week of the treatment in all bone broken groups
in comparison with the NBC group, as seen in Table 3, despite there
was a slight increase found in L. sativum seeds treated groups.
However, at the end of the 6th week, the serum Ca2+ level was
increased more than the level at the end of the 3rd week in L. sati-
vum seeds treated groups with significant values in BT5g group,
0.042 and 0.009 in comparison with NBC group and BCNT group,
respectively (Table 3).
3.4. Radiography study

The radiographic examination using the X-Ray method was
applied to show the differences in the bone healing features, most
eight mean End of 6th week
(Mean ± SD) g

% of change in body weight mean

202.40 ± 11.32 +31.42**

222.00 ± 17.20 +46.24**

D = 0.003
233.80 ± 22.92 +82.37**

A = 0.015; D = 0.003
239.80 ± 27.30 +56.11**

A = 0.004; D = 0.012

ith 1 g BT5g = Broke- treated with 5 g. N = Number of albino rats per group. A = P-
gnificance between the same group on the initial day and the end of 3 weeks. D = P-
end of 6 weeks. + = an increase in body weight. % of change of the mean = (Final
d of the 3rd week. **% of change between initial day and the end of 6th week.



Table 3
Mean ± SD of the effect of L. sativum seeds on Ca2+ level in rat’s serum at the different
periods of the experiment.

Period
Groups

Initial day
(Mean ± SD)

End of 3rd week
(Mean ± SD)

End of 6th week
(Mean ± SD)

NBC
N = 5

8.98 ± 0.79 8.88 ± 0.49 8.92 ± 0.41

BCNT
N = 5

8.40 ± 0.56 8.78 ± 0.64 8.66 ± 0.58

BT1g
N = 5

8.52 ± 0.96 9.24 ± 0.11 9.42 ± 0.35

BT5g
N = 5

8.76 ± 0.98 9.02 ± 0.56 9.76 ± 0.58

P value A = 0.042;
B = 0.009

NBC = Non-Broken control. BCNT = Broken control-non treated. BT1g = Broken-
treated with 1 g BT5g = Broken- treated with 5 g. N = Number of albino rats per
group. A = P-value comparison significance between NBC and other groups. B = P-
value comparison significance between BCNT and other groups.

Fig. 1. X-ray photos at initial day of tibial fracture induced in male albino rats. NBC = Non
BT5g = Broken- treated with 5 g; Yellow circle = the zone of induced fracture; White ar
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important were callus formation and fracture line, among the three
studied periods in this study. On the initial day, X-ray photographs
in all broken groups have shown the same appearance in which the
callus was absent and the fracture line was visible and clear as
shown in Fig. 1.

After 3 weeks of treatment by L.sativum seeds, X-ray pho-
tographs in treatment groups showed a clear improvement in
bone healing steps that revealed by an obvious callus and to a
large extent a blurred fracture line, whereas in BCNT the callus
was not clear and the fracture line remained visible. Furthermore,
the progress of bone healing that appeared in the photographs
was better in the BT5g group than in the BT1g group (Fig. 2).
After six weeks of the treatment (Fig. 3), the features of healing
and recovery of broken bones were less or more completed in
L.sativum treated groups, especially in the BT5g group. In contrast,
the broken bone in the BNCT group was still with a clear fracture
line.
-Broken control; BCNT = Broken control-non treated; BT1g = Broken- treated with1g.
row indicate the fracture line.



Fig. 2. X-ray photos after three weeks of tibial fracture induced in male albino rats. NBC = Non-Broken control; BCNT = Broken control-non treated; BT1g = Broken- treated
with1g. BT5g = Broken- treated with 5 g; Yellow circle = the zone of induced fracture; White arrow indicate the fracture line.
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3.5. Histopathological study

The histopathological results of this study revealed the amelio-
rated effect of L. sativum seeds on bone healing in dose depending
manner. In comparison to the BNTC group after 3 weeks of treat-
ment, the distinctive features of bone healing like new bone forma-
tion, display of collagen fibers, repair of the fracture line, and bone
organization, were fast and more clear in the BT5g group followed
by BT1g group (Fig. 4).

After 6 weeks of the treatment, the fractured bone in the BT5g
group shown a high degree of bone healing in which the fracture
line was close to being completely repaired and the processes of
healing like new bone formation and display of collagen fibers
were less, all indicate close healing termination. Progressing of
the healing process was less in the BT1g group, whereas the heal-
ing in the BNTC group was slow (Fig. 5).
5

4. Discussion

The present study shows the effect of L. sativum seeds treatment
increases the body weight. This result was in agreement with the
earlier study where male swiss albino mice given extract of L. sati-
vum seeds (0.5 ml and 1 ml daily) orally for twenty-one days
(Mahassni and Khudauardi, 2017). Authors found a significant
increase in body weight in the high dose group of L. sativum as
compared to the control group. (Elshal et al., 2013). Furthermore,
our result has shown a significant increase in serum calcium level
after six weeks of the treatment in the BT5g group, which is in
according with the study of Jadhav et al. (2016) that found associ-
ation of high levels of calcium and phosphorus with the increase in
the body weight in chicks. The increase of rat’s body weight and
serum calcium level can be attributable to L. sativum components
because this herb contains high levels of protein as well as the



Fig. 3. X-ray photo after 6 weeks of tibial fracture induced in male albino rats. NBC = Non-Broken control; BCNT = Broken control-non treated; BT1g = Broken- treated with1g.
BT5g = Broken- treated with 5 g; Yellow circle = the zone of induced fracture; White arrow indicate the fracture line.
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seeds are a good source of essential minerals, such as potassium,
phosphorus, calcium, and iron. Additionally, L. sativum seeds oil
contains high levels of unsaturated fatty acids such as the essential
fatty acid linoleic acid and linolenic acid (Agarwal and Sharma,
2013).

Our results have shown a significant increase of alkaline phos-
phatase level after three weeks of the treatment in the BT5g group
that followed by the BT1g group. After six weeks, the ALP level
decreased in the BT5g group followed by the BT1g group in com-
parison to the BCNT group. This result agrees with Sipani et al.
(2020) that recorded an increase in ALP level in the 3rd week of
bone fracture induction. Ajai et al. (2013) also observed an increase
in ALP level from 4th to 6th weeks, while HangPham et al. (2017)
found increament of ALP level after 5th week of L. sativum
treatment.

As documented previously, ALP is an important component in
hard tissue formation and is highly expressed in mineralized tissue
cells (Golub and Boesze-Battaglia, 2007). It is also found in osteo-
6

blast plasma membrane before extracellular release, correlates
with bone surveys, and with parameters of bone resorption (Ajai
et al., 2013). Moreover, ALP elevation is correlated with the
increase in the osteoblastic activity that occurs in bone growth,
bone healing, and acromegaly. The ALP effect of proliferation and
differentiation of osteoblasts, osteocytes, and macrophages is by
the regulation of the different enzymes at bones healing duration
in which osteoblasts release large quantities of ALP, which help
in bone matrix formation and its mineralization. Besides, ALP is
acting to increase the local concentration of inorganic phosphate,
a mineralization promoter (Golub and Boesze-Battaglia, 2007;
Ahamed et al., 2020).

In this study, serum Ca2+ level had no significant change in L.
sativum treated groups, whereas at the end of the 6th week in
the BT5g group. Serum Ca2+ was elevated when the bone fracture
was nearly healed that may indicate the role of the plant as a
source of calcium. This result is supported by other study that
observed the lower concentration of serum Ca2+ in non L. sativum



Fig. 4. Light photomicrographs show the histological effect of L.sativum seeds on tibial fracture induced in male albino rats after three weeks compared to control groups.
NBC = Non-Broken control; BCNT = Broken control-non treated; BT1g = Broken- treated with1g. BT5g = Broken- treated with 5 g. BM = bone marrow. BT = new bone formation.
CB = compact bone. CF = collagen fibers. FL = fracture line. HS = Hamate stage. OC = osteocyte.
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treated group comparing to L. sativum treated groups (Elshal et al.,
2013). Besides, Paskalev et al. (2005) found a decrease in the serum
Ca2+ during osteosynthesis and bone mineralizing. The L. sativum
seeds are good source of linoleic acid, which has been shown to
inhibit bone reabsorption and resistant the Ca2+ elimination.
Another study also reported higher serum Ca2+ level upon com-
plete healing of fractured bone (Claassen et al., 1995).

Radiographic examination of the callus formation and fracture
line repairing in the fracture tibia bone in this study illustrated
the speed up healing effect of L. sativum in the treated groups,
especially in the BT5g group which showed the best result of heal-
ing at the end of this experiment. These results confirm the dose-
dependent ameliorated the effect of this plant on bone heating.
The callus is a soft external bridge that occurs in bone fracture
healing which gradually hardens over time and restores the struc-
tural stiffness of the bone (Schwarzenberg, 2019). Similar to this
7

work, Yadav and co-workers (2011) studied the effect of L. sativum
seeds extract (400 mg/kg) on rats using X-ray photography for
eight weeks and found a significant increase in callus formation
in the plant treated group compared to the control group. Another
group studied the effect of L. sativum on fracture healing in the left
femur of rabbits by X-Ray photography after 6 and 12 weeks’ post-
operation and found significant healing of fractures (Bin Abdullah
Juma, 2007). Our results along with earlier studies it can be sug-
gested that L. sativum seeds play an important role in promoting
and accelerating callus formation in fractures and regarded as a
beneficial recipe in conventional medicine for bone healing.

Histopathological analysis of the present study has also indi-
cated L. sativum seeds promotes faster bone healing by collagen
deposition at the fracture sites of bone. As reported previously,
when a new bone is deposited, some of the osteoblasts are embed-
ded in the mineralizing collagen matrix and differentiate to osteo-



Fig. 5. Light photomicrographs show the histological effect of L.sativum seeds on tibial fracture induced in male albino rats after six weeks compared to control groups.
NBC = Non-Broken control; BCNT = Broken control-non treated; BT1g = Broken- treated with1g. BT5g = Broken- treated with 5 g. BM = bone marrow; BT = new bone
formation; CB = compact bone; CF = collagen fibers; OB = Osteoblast; OC = osteocyte.
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cytes, forming a dense network throughout the whole bone tissue
(Kerschnitzki et al., 2011). Assisted role of L. sativum seeds in bone
remoulding and regeneration may attribute to its compounds such
as phytoestrogens which exist in higher quantities of this medici-
nal plant (Sirotkin and Harrath, 2014).
5. Conclusion

Radiography, histopathology, and biochemical (Serum Ca2+ and
ALP) data demonstrated the ameliorated effect of L. sativum seeds
in bone fracture healing through rapid callus formation, fracture
line repair, and new bone reaeration. This work emphasizes the
importance medicinal plant in bone related diseases.
8
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