
ABSTRACT
Traditional therapies for osteoporosis have undesirable side effects so that new therapeutic agents have been improved to use natural 
products and herbal extracts for therapeutic purposes. Therefore, the aim of this work was to evaluate the combined effects of Panax 
ginseng and Lepidum sativum (LS) seeds on biochemical changes and histological alterations of induced osteoporosis in female rats. 
Fifty adult female albino rats (200-320 g) were divided into five groups (n=10 rats/group). Group I, control group included non-
ovariectomized untreated rats. Group II, ovariectomized (OVX) rats. Group III, OVX rats administrated with KRG extract (100 mg\
kg bw\day). Group IV, OVX rats administrated with LS seeds extract (20 mg\kg bw\day). Group V, OVX rats administrated with both 
extracts of KRG and LS seeds. In the present study, the ameliorative effects of Ginseng and LS seeds on bone remodeling against 
induced osteoporosis by ovariectomy were demonstrated by increasing serum levels of calcium (Ca), phosphorus (P), magnesium 
(Mg), vitamin D as well as decreasing serum alkaline phosphatase (ALP). The histological study of cortical and trabecular femur bone 
revealed that the bone resorption and trabecular bone loss were increased in the OVX group. The administration of Ginseng, LS and 
their combination showed a marked improvement in trabecular bone and a significant reduction in bone loss. Ginseng and LS seed 
extracts and their combination possess an ameliorative effect against ovariectomy-induced osteoporosis which may be attributed to 
presence of wide range phytochemicals in the studied extracts.
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INTRODUCTION

Osteoporosis is a progressive skeletal disorder represented 
by reduced bone mineral density and microarchitectural bone 
deterioration (Qaseem et al., 2008), leading to increased 
bone fragility and fractures  which is commonly occurred 
in the wrist, hip or spine (De Martinis et al., 2021). More 
than 200 million people have been affected by osteoporosis 
worldwide (Khan et al., 2019) and estimated at 21.4- 39.5% 
of Saudi population (Barzanji et al., 2013; Alwahhabi, 
2015; Barake et al., 2021). Several types of therapies have 
been designed to manage postmenopausal osteoporosis on 
using medications that inhibit bone resorption (e.g.estrogen, 
calcitonin and bisphosphonates)or stimulate bone formation 
(e.g. growth hormone, sodium fluoride, and parathyroid 
hormone) (Elkomy and Elsaid, 2015; Hagino et al., 2021). 
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However, these medications have side effects (such as 
malignant reproductive tissues, cancers, gastrointestinal 
issues, and reduced skeletal strength) (Cao et al., 2014; 
Albert and Wood, 2021).

Accordingly, to reduce the side effect of currently used 
medicines, new therapeutic agents have been improved 
for efficacy therapy. There is a growing attitude in recent 
studies to use natural products and herbal extracts that 
possess active components (Khalil et al., 2008; Andargie et 
al., 2021). Among the traditional herbs is Ginseng (Panax 
ginseng C. A. Meyer) which has been widely used in Eastern 
countries for thousands of years (Kim et al., 2015; Kim et 
al., 2016). Ginseng belongs to the Araliaceae family and has 
been widely grown in Korea (Siddiqi et al., 2013; Sharma 
and Goyal, 2015). Nowadays, all Ginseng products such as 
Korean Red Ginseng (KRG) have been used as alternative 
medicine in Europe as well as in Asian countries (Burden 
et al., 2021).
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Ginsenosides are active components of Ginseng, which 
include protopanaxatriol, oleanane and protopanaxadiol (Bai 
et al., 2018). Ginseng has been reportedly a source of many 
effective substances including proteins, polysaccharides, 
polyacetylenes, and phenols compounds (Sharma and 
Goyal, 2015). Ginseng presents different biological, 
medical and pharmaceutical functions such as anti-oxidant, 
anti-inflammatory, anti-allergic, anti-cancer, anti-fungal, 
anti-stress, memory enhancement; promoting liver function 
and protein synthesis, prevention of arteriosclerosis and 
hypertension (Sharma and Goyal, 2015; Karmazyn and 
Gan, 2021). In addition to its anti-osteoporosis activity 
by increasing bone formation in bone marrow cells and 
pre-osteoblast cells, amelioration of osteoporosis, as well 
as altering osteo-clastogenesis and bone resorption (Jung 
et al., 2021).

However, the mechanisms anti-osteoporotic effects of 
Ginseng are not clear. Lepidium sativum (LS) or Hab 
Al- Rashad “as locally termed in Saudi Arabia” belongs 
to the Brassicaceae family and have is widely grown in 
the Middle East (Elshal et al., 2013). LS seeds contain 
the most important phytochemicals and plant phytosterols 
have proved their potential anti-oxidant, anti-inflammatory 
and protection against certain diseases. It also contains a 
flavonoid compound that protects the human body from 
oxidative stress (Yadav et al., 2011; Mahassni and Al-
Reemi, 2013). LS has been used as a traditional herbal 
healer to diabetes control, hypertension, renal disease, 
cancer prevention, cardiovascular diseases protection and 
Phytotherap (Mahassni and Al-Reemi, 2013; Juma et al., 
2007). LS seeds are particularly used in healing bone fracture 
(Juma et al., 2007; Abdul-Jabbar and Mohammed, 2021). 
The aim of this work is to evaluate the combined effects 
of Ginseng and Lepidium sativum (LS) on biochemical 
changes and histological alterations of induced osteoporosis 
in female rats.

MATERIAL AND METHODS

Korean Red Ginseng (KRG) Panax ginseng was purchased 
from Korea Ginseng Corporation, Korea. KRG dose was 
prepared according to literature (Kim et al., 2015; Shin 
et al., 2021). The aqueous extract was given orally to 
experimental rats at a dose of 100 mg/kg bw/day for one 
month. Lepidium sativum (LS) seeds were obtained from 
a local herb shop in Jeddah, Saudi Arabia. The aqueous 
extract of LS seeds was prepared according to the traditional 
Moroccan method described earlier (Eddouks et al., 2005). 
The obtained extract was administrated orally at a dose 
of 20 mg/kg bw/day for one month to different groups of 
rats. A total of 50 healthy female albino rats (200-320 g, 3 
months old) were obtained from the Animal Experimental 
Unit at KFMRC (King Fahd Medical Research Center), 
King Abdulaziz University, Jeddah, Saudi Arabia with 
approved ethical permission. The animals were fed with a 
standard diet manufactured by Grain Silos and Flour Mills 
Organization, Saudi Arabia. A bilateral ovariectomy was 
performed for 40 rats (called after as OVX rats) according 
to standardized procedures as previously described (Idris, 
2012; Liu et al., 2015).

The animals were divided into 5 groups (n=10 rats/ group). 
Group I: untreated rats were fed on a standard diet and served 
as a negative control group. Group II (OVX group): OVX 
rats fed on a standard diet and served as a positive control 
group. Group III (Ginseng group): OVX rats administrated 
with the KRG extract (100 mg\kg bw\day). Group IV (LS 
group): OVX rats administrated with the extract of LS seeds 
(20 mg\kg bw\day). Group V (Ginseng+LS group): OVX 
rats administrated with a combination of KRG extract (100 
mg\kg bw\day) and LS seeds extract (20 mg\kg bw\day).

Blood samples collected from rats were centrifuged at 3000 
rpm for 15 min. The serum was separated and frozen at -20 
°C until used for analysis. Serum phosphorus (P), calcium 
(Ca), magnesium (Mg) and alkaline phosphatase (ALP) were 
determined by commercial kits purchased from Siemens 
Healthcare Diagnostics Inc., Newark, USA. Serum Ca, P 
and Mg were measured as bone profile markers whereas 
ALP was measured as a bone turnover marker to monitor the 
bone metabolism. Serum levels of vitamin D were measured 
for the assessment of vitamin D sufficiency. [25(OH) D] kit 
was purchased from Roche Cobas Diagnostics International 
Ltd., Mannheim, Germany.

After blood collecting, rats were sacrificed, and the right 
and left femurs were harvested. Each femur was carefully 
cleaned, weight was recorded, and then stored in 10% 
neutral buffered formalin. The bone was decalcified with 
5% aqueous nitric acid for one week. Once decalcified, the 
specimens were followed by routine histological processing 
and were embedded in paraffin. The paraffin sections (5 
µm thick) were deparaffinized and stained by hematoxylin 
and eosin (H&E) for light microscopic examination as 
described in the literature (Mawhinney et al., 1984). Data 
was analyzed by using SPSS statistics (version 15). All 
variables were double-checked for their values and outliers. 
Data were presented as mean ± SD. The parametric tests 
were used with normally distributed variables. The variance 
analysis was conducted to explore relationships between 
subgroups.

RESULTS AND DISCUSSION

Osteoporosis, represented by the rapid reduction and 
deterioration of the micro-architecture of bone tissue, 
causing an increased bone susceptibility to bone fracture 
has been a serious health problem worldwide (Genant et al., 
2007; Hamed et al., 2021). Bone remodeling is described 
by the speed of two opposite processes; bone formation 
and bone deterioration. Any imbalance in bone remodeling 
may lead to bone mass loss (Hamed et al., 2021). With 
all their clinical and pharmacological advantages, the 
hormone replacement therapy has been widely applicable 
for osteoporosis. Recently, medicinal herbal extracts have 
been investigated for their therapeutic effects related to bone 
remodeling (Kurasawa, 2005; Guo et al., 2021). 

Ginseng has been reported for its beneficial effects in the 
treatment of osteoporosis and increased bone formation 
although its effects and mechanism of action are not 
fully understood. Studies have shown that ginseng has 
an effective estrogenic activity on the OVX rats, due to 
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its ability to stimulate the biosynthesis of estrogen and 
increase the quantity of receptor in the reproductive target 
tissues. The aglycone part of ginsenosides has shown 
to be similar to several steroids in structure, especially 
female hormones (Lee et al., 2021). This encouraged us to 
explore the beneficial effects of Ginseng, LS seed and their 
combination against OVX-induced osteoporosis in rats. The 
results for the ameliorative effects of Ginseng, LS seed and 
their combined extract on some biochemical parameters 

of ovariectomized – induced bone loss were presentedin 
(Table 1). Serum Ca level was significantly increased with 
the treatment of Ginseng compared to control group and 
OVX group, (P< 0.01, Fig. 1 A). Level of serum P was 
significantly increased in Ginseng group (P< 0.001), LS 
group (P< 0.05), and their combination group (P< 0. 001) 
compared to the control group, Fig. (1 B). Furthermore, 
Ginseng administration increased the serum phosphorus 
concentration compared to the OVX group, P< 0.001.

Parameters	 Control	 OVX	 Ginseng	 LS	 Ginseng +
	 group	 group	 group	 group	  LS group

Serum Ca(nmol\L)	 2.46± 0.04	 2.05 ± 0.02	 2.59 ± 0.11	 2.55 ± 0.06	 2.55± 0.09
Serum P (nmol\L)	 1.37± 0.18	 1.54 ± 0.09	 2.01 ± 0.32	 1.65 ± 0.15	 1.82± 0.13
Serum Mg (nmol\L)	 1.02 ± 0.05	 0.90 ± 0.02	 1.05 ± 0.09	 1.02 ± 0.05	 1.02± 0.08
Serum Vit D (nmol\L)	 106.17± 11.97	 77.47±3.47	 91.26 ± 21.31	 85.95±12.50	 82.17 ± 33.78
Serum ALP (U\L)	 53.63 ± 16.39	 128.70 ± 11.06	 128.28 ± 39.40	 145.25 ± 41.22	 135.86± 54.90

Values are presented as (mean ± SD); Ca: calcium; P: phosphorus; Mg: magnesium; Vit D: vitamin D; ALP: alkaline 
phosphatase

Table 1. Serum biochemical parameters among different rat groups

Figure 1: Effect of ginseng, Lepidium sativum seed and their 
combination on biochemical parameters.

Values are mean ± SD. #Significant P<0.05 versus control. *Significant 
P<0.05 versus OVX.
##Significant P<0.01 versus control. **Significant P<0.01 versus 
OVX. ###Significant P<0.001 versus control. ***Significant P<0.001 
versus OVX.

Figure (1 C) showed that serum Mg was significantly 
decreased in the OVX group compared to the control group, 
at P<0.01. Comparing to the OVX group; Mg levels were 
significantly increased in Ginseng group (P<0.001), LS 
group (P<0.01) and Ginseng + LS group (P<0.01). Due 
to the ovariectomy, vitamin D was showed a significant 
decreasing in the OVX group compared to control rats  
(P< 0.05); while the administration of herbal extracts 
(Ginseng, LS seed or their combination) caused a none-
statistical improvement in its level, Fig. (1 D). The serum 
ALP levels were significantly increased in ovariectomy rats 
(OVX group, P<0.01) and all treatment groups (Ginseng, 
LS and Ginseng + LS) compared with the control group 
(P<0.01, P<0.001 and P<0.001, respectively), Fig. (1 E).  
In preceding studies, the researchers demonstrated the 
ameliorative effect of Ginseng and LS seed against mass 
reduction and bone strength induced by ovariectomy in rats 
through assessing the serum levels of Ca, P, Mg, Vit D and 
ALP. These parameters and other bone turnover markers 
have been widely used as research tools to measure the 
effect of various drugs on bone remodel in (Bahlou, 2006; 
Nathawat et al., 2015; Gabr et al., 2017).

The results of Table 1 showed the ameliorative effect 
of Ginseng, LS seed and their combined extracts on 
ovariectomized- induced bone loss. The results revealed that 
serum calcium level was decreased in OVX rats compared 
to untreated control rats. Serum calcium indirectly reflected 
the metabolism of bones. The administration of Ginseng 
and LS seed extract resulted a significantly increasing in the 
calcium level. These results are consistent with those that 
showed the serum Ca level was decreased in ovariectomized 
rats. These findings are supported by the fact that ovarian 
hormone deficiency following ovariectomy, is marked by 
reduced intestinal calcium absorption and may contribute 
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to the bone loss (Ouichou et al., 2008; Hassan et al., 2013). 
The results are also supported by the fact that, the level of 
calcitonin recorded a significant decrease in ovariectomized 
rats and may be attributed to the concentration of calcium 
level can be considered the principal stimulus for the 
secretion of calcitonin by C-cell. Low calcium in blood 
can stimulate for calcitonin secretion is diminished (Zhao 
et al., 2021).

in vitamin D synthesis in the cell. The results are in line 
with the fact that herbal extracts can ameliorate the effect 
of OVX on biochemical parameters (Zhao et al., 2011). 
The serum of ALP, among the bone formation markers, 
increased in its level reflected bone turnover whereas its 
decreasing indicated to bone formation. In ovariectomized 
rats, ALP level was found to increase dramatically due to an 
increase in bone deterioration turnover. The results of this 
work also indicated a significant increasing in ALP level in 
the OVX rats compared to control rats, but the level of ALP 
tended to decrease after administration of herbal extracts. 
These suggest that herbal extracts possess compounds that 
stimulate bone density and inhibit bone resorption (Nagaki 
et al., 2021).

In the present study, histology of Group I (Control group): 
In the present study, the structure of female rat femur was 
similar to those described in the literatures. The cortical 
(compact) bone of femur shaft was showed smooth outer 
surface (Thick black arrows) and characterized by normal 
Haversian system architecture (white arrows) (Fig. 2A). 
Trabecular (spongy) bones showed normal branching and 
anastomosing trabecula (black arrows) separated by the 
bone marrow spaces (stars) (Fig. 2B). Histology of Group 
II (OVX group): In this study, the femur bone of OVX 
rats showed random irregular cracking of femur cortical 
(compact) bone (black arrows), widening of Haversian 
canals (white arrow), areas of bone rarefication (star), 
lines of calcification (dotted arrows), and in severe cases 
areas of bone fracture and loss (Fig. 2C & D). Trabecular 
(spongy) bone showed wide bone marrow cavities (stars) 
and thin cracked trabeculae (white arrows) a thin cracked 
trabecula (Fig. 2E). Histology of Group III (Ginseng 
group): Administration of Ginseng to OVX rats provided 
marked protection against OVX- induced boney changes 
in the rat femur. Cortical (compact) bone showed a normal 
appearance with absence of any bone cracking that seen in 
untreated rats.

Figure (2 F) showed cortical bone with narrow Haversian 
canals (white arrow) and normal osteocyte lacunae (black 
arrows). Although trabecular (spongy) bone looked to be 
thicker, it showed central regions of incomplete ossification. 
Figure (2 G) showed normal wide trabeculae (black arrows) 
with bluish areas of calcification (dotted arrows) and bone 
marrow cavities (stars). Histology of Group IV (LS group): 
Administration of LS seeds to OVX rats provided more 
protection against OVX- induced bone changes in rat femur 
compared to Ginseng. Compact cortical bone showed a 
well-organized Haversian system with absence of any 
bone cracking that seen in untreated rats. Figure (2H&I) 
showed narrow Haversian canals (white arrow) and normal 
osteocyte lacunae (black arrows).

Fine cracking was still observed (dotted arrow). Spongy 
trabecular bone looked thicker and more ossified than 
Ginseng group. Figure (2 J) showed cortical bone with 
normal wide trabeculae (black arrows) with bluish areas 
of calcification (dotted arrows) and bone marrow cavities 
(stars). Histology of Group V (Ginseng + LS group): The 
administration of a combination of Ginseng and LS seed 

Figure 2: Histological sections of female rat 
femur of five groups, (H&E ×200).

The serum phosphate and magnesium were found 
significantly increased in the serum of the OVX rats who 
received the plant extracts compared to untreated OVX 
rats (Yu et al., 2021). The result of them showed gradually 
increase comparing with OVX, the highest increase shown 
in treatment with Ginseng. Serum vitamin D was found to 
be significantly decreased in OVX compared to control rats. 
The administration of Ginseng and LS seed extracts by the 
OVX rats caused none-significant increasing in its level 
compared to the OVX rats. This increasing in the vitamin 
D level resulted from the stimulatory effect of the extract 
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to OVX rats provided more protection against OVX- 
induced boney changes in rat femur compared to Ginseng 
or LS seeds alone. Compact cortical bone showed a well-
organized Haversian system with absence of any bone 
cracking. Figure (2 K) showed cortical bone with narrow 
Haversian canals (white arrow) and normal osteocyte 
lacunae (black arrows). Spongy trabecular bone looked 
thicker and more ossified compared to previous groups. 
Spongy bone showed in Fig. (2 L) normal wide trabeculae 
(black arrows) with areas of complete calcification (dotted 
arrows) and bone marrow cavities (stars).

The histological study of both cortical and trabecular femur 
bone revealed that the bone resorption and trabecular bone 
loss were increased in the OVX group. The administration 
of Ginseng, LS and their combined extracts showed a 
marked improvement in trabecular bone and a significant 
reduction in bone loss. These results were agreed with the 
biochemical investigations. Microscopically, the control rats 
revealed no histopathological alteration in the cortical and 
trabecular femur bone which is in agreement with Vallet 
et al., (2021) who demonstrated that the left femur of the 
normal control rats did not show any histopathological 
changes in the cortical bone with osteoblasts proliferation 
as well as normal bony trabeculae. The present study 
suggested an increase in bone loss which was supported 
by osteoporotic changes found through histological 
examination in OVX rats. The histopathological findings in 
Ginseng group are well supported by the findings of Leiu et 
al. (2015) as Ginseng stimulates the process that increases 
bone density by inhibiting bone resorption. The positive 
effect on bone density of the Ginseng extract is probably 
due to increasing the protein biosynthesis and nucleic acid 
(Han et al., 2021).

Previous histopathological studies supported a potential 
protective role of LS against induced osteoporosis in male 
and female rats. El-Zawahry et al., (2017), and Abdul-Jabbar 
et al., (2021) reported that the sections of rats treated with 
LS extract revealed a marked improvement compared with 
osteoporotic rats, and the cortical bone thickness was very 
similar to the normal control group. In both studies, the 
bony trabeculae were partially recovered near the normal 
structure and appeared to be more persistent with the smaller 
bone marrow spaces.

Conclusion

In conclusion, the present results indicated that Ginseng and 
LS seed extracts and their combined extracts reduced the 
bone loss in ovariectomized rats, possibly through inhibiting 
bone resorption process. Phytochemical constituents of 
extracts such as flavonoids, saponins, and phenolics could 
probably be responsible for the anti-osteopathic activities 
of plants. Therefore, the extract from Ginseng and LS has 
the potential to be used in the development of clinical anti-
osteoporotic agents.
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