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ABSTRACT

Osteoporosis is defined as a universal skeletal disorder. The medicinal importance of earthworms has
been known from time immemorial. The present investigation was designed to assess the antiosteoporotic
efficacy of the earthworm, Allolobophora caliginosa extract (AcE) in bilaterally orchiectomized rats (OCX) to
elicit the underlying in vivo mechanism. Twenty-eight male rats were divided into two groups. The first group (7
rats/group) represented sham-operated rats, while the second group (21 rats/group) underwent bilateral
orchidectomy (OCX). The second group was randomly subdivided into three subgroups; OCX and A. caliginosa
extract (AcE) (100 or 200 mg/kg body weight/day) treated subgroup. Administration of AcE to OCX rats increased
femoral bone mineral density (BMD), bone mineral content (BMC), calcium (Ca), phosphorus (P), and calcitonin
level, as compared to OCX rats. On the other hand, administration of AcE to OCX rats significantly decreased
serum alkaline phosphatase (ALP) activity and parathyroid hormone (PTH) level compared to OCX rats. The
present study showed that AcE is a beneficial novel natural antiresorptive agent. Its anti-osteoporotic effects may
positively impact osteoblast differentiation, particularly bone mineralization, and higher osteoblast activity

account for bone formation, preventing osteoporosis.
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1. INTRODUCTION

Osteoporosis is defined as a universal skeletal
disorder and is often called a silent disease of aging
because bone loss occurs without symptoms until micro-
architectural deterioration and bone fracture occur!. In
addition to causing pain, osteoporotic fractures can lead
to deformity, permanent disability, loss of independence,
and even death?. The imbalance of bone remodeling with
increased bone resorption is the pathophysiological
process underlying osteoporosis®. In the Western world,
epidemiological studies showed that 1 in 3 postmeno-
pausal women and 1 in 5 men above 50 years of age would
have an osteoporotic fracture in their lifetime. Although
osteoporosis has an exceptionally high incidence in
postmenopausal women, research on osteoporosis in
men is still lacking®. Osteoporosis in men is associated
with more significant morbidity and mortality than in
women®.
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Antiresorptive agents such as bisphosphonates,
denosumab, teriparatide, and strontium ranelate are
considered the major conventional therapy for post-
menopausal osteoporosis in women®. Since synthetic
drugs are often encountered with some adverse effects,
treatment with natural products is now considered as an
alternative approach in managing osteoporosis’. The
etiology of osteoporosis in men is very diverse and
multifactorial. Chronic diseases, lifestyle habits, medi-
cation use, male sex hormones, calcium intake, heredity,
and aging are the most etiological factors of osteoporosis
in mené. Chronic administration reduces therapeutic
effects, and toxicity is the main problem associated with
antiosteoporotic drugs. Thereby, developing antiosteo-
porotic from natural products may reduce toxicity and
maintain therapeutic effectiveness when used clinically.
Natural products have proven to be highly efficient for
treating osteoporosis, and, not amazingly, the variety of
drugs based on natural products is enormous.
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The medicinal importance of earthworms has
been known from time immemorial®. Earthworms have
a dense nutritional content because of their soil-based
origin. The phylum Annelida, more commonly known
as segmented or bristle worms, presents in a wide
variety of environments ranging from terrestrial and
freshwater to marine habitats®. Among the Annelida,
Allolobophora caliginosa (A. caliginosa) belongs to the
family Lumbricidae!'. Moreover, the use of A. caliginosa
confers certain beneficial advantages including antipy-
retic, antispasmodic, detoxic, diuretic, antihypertensive,
antiallergic, antiasthmatic, spermatocidal, antioxida-
tive, antimicrobial, anticancer, antiulceral and anti-
inflammatory activities®?. Zhe et al.™® studied the effect
of the Chinese Materia Medica standardized product
extracted from Hirudo and Pheretima (Shuxuetong)
against osteoporosis in rats. Moreover, Diez!* revealed
the efficacy of the earthworm, Lumbricus rubellus soil
cacaing extract in suppressing osteoclast cell formation,
resulting in anti-resorptive activity in alveolar bone. The
present investigation was designed to assess the anti-
osteoprotic efficacy of the A. caliginosa extract (AcE)
in bilaterally orchiectomized rats (OCX), the animal
model of male osteoporosis, and elicit the underlying in
vivo mechanism.

2. MATERIALS AND METHODS
2.1. Collection of earthworms

Earthworms of species A. caliginosa were
collected from commercial vermiculture at Giza Gover-
norate and maintained in plastic tubs containing decom-
posed organic matter until used for the study.

2.2. Preparation of earthworm extract

Earthworm extract was prepared using a
method described previously*®. Briefly, 500 adult clitel-
lated worms (900 mg/worm) were kept in 0.65% NaCl
at room temperature for 1~2 h until their digestive
systems became clean with a few times of solution
changes. Animals were kept out of the solution and
minced with scissors. Three grams of earthworm tissue
was homogenized in 40 ml of chloroform-methanol
solution and left overnight at 4°C. The following day,
16 ml of distilled water was added to the homogenate.
Then the mixture was centrifuged at 2460xg for 10 min.
Three clearly visible layers were obtained. The upper
water/methanol layer was pipetted out, and evaporated
on a rotavapor until no methanol was left. An opalescent
fluid, pH 7, was obtained, freeze-dried and kept at 4°C
until use.

2.3. Amino acid content of earthworm extract
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Amino acid content of earthworm extract was
analyzed using High Performance Liquid Chromato-
graphy (HPLC). Earthworm extract (0.01 g) and 10 ml
of 6N HC1 were added to the glass ampoule. After
sealing with Bunsen burner flame, the ampoule was put
into the oven (105°C for 22 hrs). After cooling, the extract
was filtered and then evaporated to dry at 40°C under
vacuum in a rotary evaporator. The residue was dissolved
with 5ml of acetate buffer (pH 2.0), stored in plastic
specimen bottles, and kept in the freezer. Ten microlitres
of the hydrolyzed sample were loaded into the cartridge
of the analyzer*®.

2.4. Heavy metals content of earthworm extract

100 mg of the dry extract was mixed with 4 ml
conc. HNOs and 2 ml conc. HCI for 12 hrs. The mixture
was heated in a closed Teflon bottle in the oven (at
150°C and 800 kPa) for 2 hrs. After cooling at ambient
temperature, 50 ml with ultrapure distilled water was
added. Metal contents were determined using a 304 u/c
Atomic Absorption Spectrometer?’.

2.5. Animals

Healthy and pure strain male albino rats (Rattus
norvegicus) weighing 150-170 g were procured from the
Research Center (NRC), Egypt. The animals placed in
a pathogen-free room and maintained under standard
conditions (28+2°C; 55-60% RH) with natural day and
night cycle. They were fed on a standard diet of rats and
given water ad libitum. The rats were kept for a week
before the commencement of the experiment for accli-
matization. Experimental protocols and procedures
used in this study were approved by the Institutional
Animal Care and Use Committee (CU-IACUC) (Egypt)
(CU/N/F/53/18). All the experimental procedures were
carried out in accordance with international guidelines
for the care and use of laboratory animals.

2.6. Surgical procedure of orchiectomy

Rats were anesthetized with 50 mg/kg sodium
pentobarbital that injected intra-peritoneally for gene-
ralized anesthesia. Surgical procedures were carried out
in accordance with the regulatory guidelines set by the
Guide for the Care and Use of Laboratory Animals of
the NIH. Laparotomy was performed under antiseptic
conditions. A ventral midline skin and muscle incision
was made, starting at umbilicus & continuing caudally
for a few millimeters. Testis is pulled out through the
incision and ligated with 4-0 absorbable surgical thread.
Then carefully cut below the testis, ensuring no testi-
cular tissue is remaining. The skin incision and muscle
were sutured with nonabsorbable surgical thread. The
same preparation was performed on animals in the sham
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operation group, allowing the authors to identify the
testis without their removal visually. The rats were given
25 mg/kg/12h metamizole sodium as an analgesic and
received IM injection of 4000 1U/kg/24 h ampicillin for
2 days. The wound dressing was also applied every day
for a week.

2.7. Experimental design

Twenty-eight male rats were divided into two
groups. The first group (7 rats/group) represented sham-
operated rats, while the second group (21 rats/group)
underwent bilateral orchidectomy (OCX). After one
week of recovery from orchidectomy surgery, the
second group was randomly subdivided into 3 subgroups
(7 rats/each subgroup). The first OCX subgroup was
administered orally distilled water (vehicle) daily for 10
weeks. The other two OCX subgroups were administered
orally A. caliginosa extract (AcE) (100 or 200 mg/kg body
weight/day) for 10 weeks.

2.8. Animals handling

At the end of the tenth week, the experimental
rats were anesthetized with sodium pentobarbital (150
mg/kg). Bone mineral density (BMD) and bone mineral
content (BMC) of the femur and tibia were analyzed
using DEXA (Dual energy X-ray absorptiometry). While
the blood samples were collected in centrifuge tubes
without anticoagulants. Left femora were excised, and
the surrounding tissues were removed, then washed in
cold saline and stored at -80°C until used for oxidative
stress parametersé,

2.9. Biochemical analyses

The appropriate clinical Kits (Biodiagnostic,
Egypt) were used for the determination of several
parameters. Calcium and phosphorus contents in serum
were measured according to Gindle et al.® and El-
Merzabani et al.?, respectively. Serum total alkaline
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phosphatase (ALP) was determined colorimetrically
according to the method described by Belfield and
Goldberg?. Parathyroid hormone (PTH) was estimated
using IRMA PTH kit (A11930, Beckman Coulter Com-
pany), and calcitonin was determined by DRG ELISA kit
according to Tiegs et al.?%. Testosterone had been deter-
mined in line with the manufacturer’s instructions of
Spectrum Diagnostics kits (Giza, Egypt).

2.10. Histopathology of the femur bone

The rats were sacrificed at the end of the
experiment. The femoral bones of a few rats from each
group were utilized to examine the bone histology using
hematoxylin & eosin (H&E) staining. The left femurbone
samples were fixed in 10% formalin for 24 hours before
being decalcified at 4°C for 2 weeks using a 10% ethy-
lene diamine tetraacetic acid (EDTA) solution. After
that, bone samples were washed, dehydrated in ascen-
ding concentrations of ethanol, cleared with xylene,
infiltrated, and embedded in paraffin wax. Thin sections
of 5 um thick using a rotary microtome. Sections were
stained with Hematoxylin & Eosin stains (H&E) for
light microscope examination of the micro-architecture
of the femur bone®24,

2.11. Scanning electron microscopy (SEM) of the
femur bone

For SEM evaluations, the proximal parts of
the femora were trimmed in a coronal plane. They were
treated with 5% sodium hypochlorite solution (Com-
mercial Bleach) for 4 hours to expose the epiphyseal and
metaphyseal trabecular bone. Specimens were placed
into 2.5% buffered glutaraldehyde solution. Tissues were
dehydrated using acetone series with increasing degree.
After the drying process, they were mounted on aluminum
reservoirs by liquid silver and coated with gold/palladium
using Denton Vacuum, LLC Desk V sputter/etch unit
coating device (Denton vacuum LLC, Moorestown,
NJ)?. The tissue loaded was evaluated and captured
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Figure 1. Effect of AcE on BMC (a) and BMD (b) levels of OCX rats. Values are means+SE (n=7 per group). a=significant difference (p<0.05) relative
to sham group, b=significant difference relative to untreated OCX rats. The comparisons within groups were evaluated utilizing one way ANOVA.
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Table 1. Amino acid composition of earthworm extract.
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Amino acid % in dray mass
Alanine 0.40
Arginine 0.65
Methionine 0.40
Aspartic 1.00
Glutamic 1.70
Glycine 0.39
Histidine 0.71
Isoleucine 0.55
Leucine 0.62
Lysine 0.58
Phenylalanine 0.51
Serine 0.60
Threonine 0.50
Cysteine 0.37
Tyrosine 0.52
Valine 0.58
Proline 0.58

Table 2. Metal contents of earthworm extract.

Metal Concentration (mg/kgm)

Zn 100

Cu 15.35

Cr 0.75

Cd 0.37

Pb 0.10

Hg -

Ni -

Table 3. Effect of ACE on Testosterone level (ng/ml) markers of OCX rats.

Groups Testosterone level
Sham 1.87+0.35
OCX <0.072
AcE (100 mg/kg) <0.072
AcE (100 mg/kg) <0.072

Values are means+SE (n=7 per group). a=significant difference relative to sham group (p<0.05). The comparisons within groups were evaluated

utilizing one way ANOVA.
using a scanning electron microscope (JEOL, JSM-5200).
2.12. Statistical analysis

Values were expressed as meanstSE. The
comparisons within groups were evaluated utilizing one
way analysis of variance (ANOVA) with Duncan post
hoc test which was used to compare the group means. A
p<0.05 was considered statistically significant. SPSS,
for Windows (version 15.0) was used for the statistical
analysis.

3. RESULTS

3.1. Amino acid contents and heavy metals found in
earthworm extract

The extract contains essential and non-essential
amino acids with high nutritional value (Table 1).

Zn, Cu, Cr, Cd, and Pb are the main metals
present in the earthworm extract (Table 2).

3.2. Testosterone, BMD and BMC

Following orchidectomy, testosterone levels
were monitored. The data showed that OCX rats had a
significant decrease (p<0.05) in testosterone levels,
compared with sham group (Table 3). We then examined
femoral BMC and BMD and the results demonstrated
that, the femoral BMC and BMD were decreased
significantly (p<0.05) in the OCX group compared to
the sham group. AcE (100 and 200 mg/kg body weight)
significantly alleviated the decreasing effect of OCX on
BMD (Figure 1).

3.3. Calcium and phosphorus contents
Orchidectomy induced a significant decrease
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(p<0.05) in the serum calcium and phosphorus contents
when compared to the sham-operated group (Figure 2a
and Figure 2b). On the other hand, treatment with AcE
(100 and 200 mg/kg body weight) caused a significant
increase (p<0.05) in the serum calcium (Ca) and phos-
phorus (P) contents as compared to OCX rats (Figure 2c).

3.4. Alkaline phosphatase activity

Data presented in Figure 2 showed that orchi-
dectomy induced a significant increase (p<0.05) in the
serum ALP activity as compared to sham-operated rats.
Meanwhile, administration of AcE (100 and 200 mg/kg
body weight) decreased significantly (p<0.05) the serum
ALP activity as compared to OCX rats.

Pharm Sci Asia 2022; 49(2), 138-146

3.5. Serum calcitonin and PTH levels

The serum calcitonin level of OCX rats was
decreased significantly (p<0.05) in comparison with
rats of the sham group (Figure 2d). Concerning serum
PTH, OCX rats showed a significant increase (p<0.05)
in their concentration compared with the sham group.
On the other hand, administration of AcE (100 and 200
mg/kg body weight) restored significantly (p<0.05) the
serum calcitonin and PTH levels near to their standard
value (Figure 2).

3.6. Histopathology of the femur bone

Histological sections of the femur bone from
rats of the sham group showed the articular cartilage
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Figure 2. Effect of AcE on Ca (a), P (b), ALP (c), calcitonin (d), and PTH (e) levels of OCX rats. a=significant difference (p<0.05) relative to
sham group, b=significant difference relative to untreated OCX rats. The comparisons within groups were evaluated utilizing one way ANOVA.
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Figure 3. Photomicrographs of the rat femur stained by Hematoxylin and Eosin of the studied groups: (A) sham group showed the growth plate
(GP), osteoblasts appeared cuboidal (arrows), osteocytes resided in their lacunae (L), better connected trabecular bone (TB) surround bone marrow
(BM). (B) OCX group showed disorganization of the growth plate (GP), many trabeculae suffered from necrosis (N), showed defective
mineralization (arrow) and osteoporotic cavities (arrow head). (C) OCX group showed increased number of osteoclasts caused dissolution and
absorption of bone (arrows) and empty large lacunae (L). (D) AcE (100 mg/kg) group showed the growth plate with different healthy zones (GP)
and relative repair of the trabecular bone (TB) surround bone marrow (BM). (Bar=100 pm). (E) AcE (200 mg/kg) group showed the growth plate
with different healthy zones (GP), osteoblasts appeared cuboidal (arrows) and better connected trabecular bone (TB) surround bone marrow (BM).
(F) AcE (200 mg/kg) group showed activated osteoblasts (arrows).
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Figure 4. Scanning electron micrographs of the femoral proximal metaphysis in rats. (A) sham group, represents the normal bone structure and
trabecular integrity. (B) OCX group showing disintegration in bone architecture, combined with resorption cavities (arrow). (C) AcE (100 mg/kg)
group showing tight or loose collagen fibrils on the bottom of the lacuna (arrow). (D) AcE (200 mg/kg) group showing reduction in holes and the
arrangement of fibrillar collagen make smooth surfaces (arrow).
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composed of hyaline cartilage and attached to the corti-
cal bone of the head of the femur. The hyaline cartilage
contained glycosaminoglycans in the matrix that synthe-
sized and maintained by the chondrocytes. Bone sections
showed active growth plate. Bone tissue was of the
compact type, covered by two layers, the periosteum and
the endosteum. Osteocytes are found in lacunae. The
head of the femur bone was formed of cancellous bone
composed of a network of irregular bone lamellae
between which osteocytes resided in their lacunae.
Cancellous bone of sham rats revealed normal archi-
tecture of trabecular bone. Where trabecular structure
showing normal, dense and better connected trabecular
bone structure, leads to a decrease of intertrabecular
cavities. The bone forming osteoblasts appeared cuboidal
with large nuclei located on the surface of the bone and
responsible for synthesizing the organic components of
the bone (Figure 3A).

In the case of OCX rats, examination of the
femur bone showed marked decrease in the thickness
of the compact bone and decrease in the number of
osteocytes with disorganization of the growth plate.
Examined sections of model group showed a loss of
bone mass, a weakening of the bones as their calcified
supporting structures are replaced with fibrous tissue
(Figure 3B). Moreover, many trabeculae suffered from
necrosis, showed defective mineralization and were thin
with decrease bone density and loss of the trabecular
interconnectivity when compared to sham rats. Many
osteoporotic cavities and empty large lacunae were
observed in bone tissue associated with increased num-
ber of osteoclasts caused dissolution and absorption of
bone (Figure 3C).

Examination of bone sections in rats treated
with with ACE (100 & 200 mg/kg body weight/day)
showed that the number of osteocytes was increased.
The growth plate showed different healthy zones of
cartilage as compared with OCX rats. Many osteoporotic
cavities were still present. Exhibited thicker trabeculae
with increased interconnectivity, showing relative repair
of the trabecular bone in comparison to OCX model
group (Figure 3D and Figure 3E).

3.7. Scanning Electron Microscopic (SEM) examina-
tion

In the sham group, the connectivity of trabe-
cular bone in the metaphysis showed greater association,
smooth surfaces of collagen (Figure 4A).

Orchiectomy, on the other hand, resulted in
changes in normal bone architecture, including a reduc-
tion in femoral trabecular bone and disintegration of
bone architecture, as well as resorption cavities and
numerous cracks, thinning, tapering and breakage
(Figure 4B).

Administration of ACE (100 mg/kg body
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weight/day) alleviated the abnormalities induced by
orchiectomy; on the bottom of the lacuna, tight or loose
collagen fibrils presented and improved bone architec-
ture, as compared to OCX rats (Figure 4C). Furthermore,
in comparison to untreated OCX rats, administration
of ACE (200 mg/kg body weight/day) ameliorated the
changes in trabecular bone induced by orchiectomy and
the morphology of the metaphysis remained nearly usual,
improved the collagen, as evidenced by the reduction in
holes and the arrangement of fibrillar collagen made
smooth surfaces (Figure 4D).

4. DISCUSSION

Osteoporosis is a metabolic and chronic bone
disease that results from a disturbance in the normal
bone remodeling, tilting the balance to bone resorption
over formation?. Globally, high mortality and mor-
bidity rates of osteoporosis increased the inevitability
of the development of a novel antiosteoporotic drug.
Usually, in male osteoporosis patients, the morbidity
and mortality of fracture are higher than those in the
female population, which necessitates additional
research on osteoporosis treatment in men?’. For the
therapeutic strategies of bone resorption during osteo-
porosis, it is vital to find an effective compound or drug
that can block bone injuries. Several emerging findings
have suggested that Earthworm extracts showed chemo-
prevention activity against osteoporosis'®. The present
study throws light for the first time on the therapeutic
efficacy of A. caliginosa extract (AcE) against osteopo-
rosis induced bilaterally orchiectomized rats.

In conjunction with the reports of Sakr et al.?,
the present study revealed that OCX induced marked
decreased BMD and BMC of the femur compared with
the sham group. The marked decrease in BMD and BMC
levels is a marker for bone resorption during osteopo-
rosis,

In accordance with the report of Filipovié¢ et
al.?°, the present investigation showed that OCX caused
a marked decrease in the contents of both calcium and
phosphorus in the serum as compared to the sham group.
Agnusdei, et al.* reported that testosterone deficiency
is associated with impaired calcium balance, thereby
reducing calcium absorption and increased renal excre-
tion of calcium. It was reported that androgen is vital
for maintaining trabecular bone mass and structure®..
Treatment with AcE caused a marked increase in serum
BMD, BMC, Ca, and P levels, indicating maintenance
of functional integrity of osteoblast. Bone remodeling
is a lifelong process in that initiated by osteoclastic bone
resorption and subsequent osteoblastic bone formation.
The recorded improvement in the BMD and BMC in the
OCX rats in the present study may be due to enhance-
ment in the proliferation, differentiation, and matrix
calcium deposition of osteoblasts following treatment
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with AcE®. The main element present in AcE was zinc.
It was reported that zinc improves chondrocyte and
osteoblast activities while reducing osteoclast activity,
indicating that zinc plays a role in bone homeostasis and
regeneration®®, AcE is also rich in essential and non-
essential amino acids. The protein and some amino acids,
such as alanine and glycine, may help maintain bone
health®*. Fascinatingly, the present study suggested that
AcE has a favorable effect on Ca absorption and its
deposition in bone, contributing to increased BMD and
BMC.

In conjunction with the report of Omrani, et
al.*®® the present investigation disclosed that the activity
of ALP significantly increased in osteoporotic rats. Our
results are consistent with the results of Dabaja, et al.*,
who proved that low serum testosterone level in hypo-
gonadal men correlates with increase in serum ALP.
Treatment with AcE in the present study decreased the
serum ALP activity significantly. These findings agreed
with the antecedent study of Yuan-Tsung et al.?, who
reported that AcE might positively affect osteoblast
differentiation, particularly bone mineralization and
higher osteoblast activity account for bone formation,
which prevents osteoporosis. Meanwhile, ALP reduction
after AcE would indicate a reduction in bone resorption
and inhibition in the osteoclastic activities®.

In accord with the report of Filipovi¢, et al.?°,
the present results revealed a significant elevation in
PTH level and a significant reduction in calcitonin level
of OCX rats. The hyperparathyroidism in osteoporotic
rats may be attributed to calcium deficiency®®. The
present investigation suggests that testosterone defi-
ciency leads to decreased calcium level in blood, which
ultimately increases the PTH concentration, where
calcium is the major regulator of PTH secretion®.
Administration of AcE in the OCX rats significantly
decreased PTH and increased calcitonin activities that
may indicate a reduction of bone resorption and osteo-
clastic activities®.

5. CONCLUSION

From the present study results, it can be con-
cluded that AcE is a useful novel natural antiresorptive
agent. Again, the present study suggested that AcE has
a favorable effect on Ca absorption and its deposition
in bone, contributing to increased BMD and BMC.
Administration of AcE in the OCX rats significantly
decreased PTH and increased calcitonin activities, indi-
cating a reduction in bone resorption and osteoclastic
activities.
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