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Abstract

entire study.

Background: The object of the present study is to evaluate the effect of alcoholic extracts of Cissus quadrangularis
(CQ), Cryptolepis buchanani (CB), and Sardinella longiceps (SL) either alone or in the combination (100 mg/kg) in the
management of femur bone healing of Wistar albino rats for 8 weeks. After the period of treatment, femur bones
were examined by using biochemical, radiographical, and histopathological studies.

Result: Biochemical evaluation results reveal that there is a steep increase of serum calcium level in the
experimental animals during the entire period of treatment which led to an adequate supply of serum calcium to
the fractured bone for healing and increases the thickness of the femur bones soon compared to control group. It
had been estimated by a calibrated ocular micrometer. Radiographical images of the bones also disclose that the
complete bridging of fractured bone occurred in the experimental animals after the treatment of natural
compound extracts. In addition to that, all the organs of animals were safe in the experimental animals during the

Conclusion: The present study strongly recommended that these ethanolic extracts (CQCBSL) either alone or in the
combination restoring the strength of the bone and reduced bone repairing period due to the rich content of
calcium and other natural phytochemicals presents with them.

Keywords: Cissus quadrangularis, Cryptolepis buchanani, Sardinella longiceps, Femur bone healing

1 Background

Bone fracture is known as a breaking of bone with dam-
age of soft tissues surrounding in it [1]. It is a partial or
complete break in the continuity of bone occurred when
there is an exposure of a high external force or impact
on it [2]. Bone fracture is characterized by pain, inflam-
mation, edema, hematoma, breakdown of periosteum,
endosteum, and rupture of soft tissues [3]. There is a
need to heal the fractured bone to restore the normal
anatomy and prevent the chance of an unusual position
[4]. Bone healing is the process in which reformation
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takes place from the fractured bone which consists of
three major phases called inflammatory, repair, and re-
modelling stages [5]. The practice of the synthetic com-
pounds and minerals with NSAID on fractured bones
are raising poor compliance among the patient due to
severe side-effects such as swelling, reduction in blood
flow, color changes in skin and nails, discomfort, pain,
nephrotoxicity, gastrointestinal bleeding, delayed blood
clotting, and prolongation of treatment [6]. Therefore,
there is a necessity of a newer method of treatment re-
quired to treat the fractured bone. The recent literature
study stated that usage of phytochemicals in the treat-
ment of bone healing offering promising results without
side effects and reducing repair period [7]. In this study,
we had taken three varieties of natural sources such as
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Cissus quadrangularis (CQ), Cryptolepis buchanani
(CB), and Sardinella Longiceps (SL) for the treatment of
bone healing due to the rich content of calcium and
other phytochemicals (Fig. 1). CQ is a perennial plant of
the grape family commonly found in Sri Lanka and India
has been used for different health benefits [8]. It consists
of a large number of phytochemicals such as calcium, as-
corbic acid, triterpenes, B-sitosterol, ketosteroid, asym-
metrical, and tetracyclic triterpenoids [9]. It is known to
have significant activities on diabetes [10], heart disease
[11], bone healing [12], cholesterol [13], cancer [14],
hemorrhoids [15], ulcer [16], and menstrual disturbances
[17]. Similarly, CB is a climber or straggling shrub com-
monly found in forests of Thailand, China, India, Nepal,
and Indo-china [18]. Different parts of this plant used
for anti-diarrheal [19], anti-bacterial [20], anti-ulcerative
[21], anti-inflammatory [22], rickets [23], anti-diarrheal
[24], and blood purifier [25] due to the presence of alka-
loids, steroids, glycosides, saponins, flavonoids and tan-
nins, calcium, and phosphates [26]. Sardinella Longiceps
(SL) is a species of ray-finned fish found in Indian, Pa-
cific, and Atlantic oceans [27]. It is composed of protein,
lipid, carbohydrate, calcium, and minerals [28]. The fish
oil is one of the richest and cheapest sources of Eicosa-
pentaenoic acid (EPA), docosahexaenoic acid (DHA),
calcium, phosphate, protein, amino acid, minerals, vita-
mins, and fatty acids exhibits anti-bacterial activity [29],
bone and teeth formation, etc., [30]. To the best of our
knowledge, it is a pioneer study that demonstrates the
effect of mentioned natural compounds as either alone
or in combination tested for the healing of fractured
bone. The study result reveals that these natural com-
pounds restore the strength of the bone and enhancing
the bone repair due to the rich content of calcium and
other natural phytochemicals. It is an important mile-
stone in the development of a newer method of bone
healing treatment.

2 Methods

2.1 Drugs and chemicals

Thiopental sodium (Wellona Pharma, India), Diclofenac
sodium tablets (GlaxoSmithKline, India), Calcium vita-
min D3 tablets (Novartis, Bangladesh), Sodium Hydrox-
ide (Sigma-Aldrich, India), and Ethanol (Gandhi
Chemical Corporation, India).
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2.2 Collection of materials

Excellent quality of Cissus Quadrangularis (CQ), Crypto-
lepis Buchanani (CB) was collected from a wild-growing
plant in Sengottai, Tirunelveli District of Tamil Nadu,
India. Collected materials of the plants were identified
by Dr. K. Madhava Chetty, Professor, Department of
Botany, Sri Venkateshwara University, Thirupathi. The
plant materials were dried in a shade and pulverized for
bone healing purpose. Sardinella Longiceps was obtained
from Kakinada harbor and was identified in State Insti-
tute of Fisheries Technology (SIFT).

2.3 Preparation of extracts
The whole plant of Cissus quadrangularis, Cryptolepis
buchanani was collected from the different sites and
washed of dust, impurities using tap water. Similarly, fil-
leting waste of Sardinella Longiceps was separated from
bone by boiled with distilled water. The above materials
were dried at ambient temperature and pulverized using
a blender. A specified quantity of the powder either
alone or in the combination was extracted with ethanol
by using Soxhlet apparatus at 60 °C [31, 32]. Semisolid
extracts were stored in the refrigerator until the arrange-
ment of the entire procedure of the experiment. The
solvent present in the extracts has been removed by re-
duced pressure technique. The extract was collected and
preserved in a desiccator for further studies. Four ex-
tracts of plants and Sardinella Longiceps were prepared
as follows:

Extract 1 prepared from 10 g of Cissus quadrangularis
in 100 ml of ethanol.

Extract 2 prepared from 10 g of Cryptolepis buchanani
in 100 ml of ethanol.

Extract 3 prepared from 10 g of Sardinella Longiceps
in 100 ml of ethanol.

Extract 4 prepared from 10 g of a mixture in equal
parts of Cissus quadrangularis, Cryptolepis buchanani
and Sardinella Longiceps in 100 ml of ethanol.

2.4 Phytochemical studies

The extracts of Cissus quadrangularis (CQ), Cryptolepis
buchanani (CB), and Sardinella longiceps (SL) either
alone or in the combination were subjected to phyto-
chemical studies to get the active chemical compounds
present in it. Extracts were sticky, green color, and

N

Fig. 1 Images of Cissus quadrangularis (CQ), Cryptolepis buchanani (CB), and Sardinella Longiceps (SL)
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stored at 4 °C until use. Phytochemical studies were per-
formed according to the official methods prescribed for
medicinal compounds using appropriate chemical
reagents.

2.5 Experimental animals

Wistar albino rats of either sex (150-200 g) were pro-
cured from Sainath Agencies, Hyderabad, Telangana,
India. The animals were kept in the polypropylene cages
and provided with standard rat feed and filtered water
ad libitum [33]. The animals were acclimatized for la-
boratory conditions 1 week before conductance of the
study to avoid anxiety in animals. All the experimental
animals were housed under standard environmental
temperature (23 + 2 °C), humidity (50 + 5%), and 12 h
of light/dark cycles [34]. The husk in the cages was
cleaned on every alternate day to ensure hygiene and
maximum comfort for animals.

2.6 Ethics statement

All experimental procedure and studies performed under
the guidelines of scientific experiments on animals as ap-
proved by the Institutional animal ethics committee
(IAEC) on 2 February 2019 and care of laboratory ani-
mals taken for the entire study as per the guidelines of
the committee for the purpose of Control and Supervi-
sion of Experiments on Animals (CPCSEA). The regis-
tration number is GSP/IAEC/2019/02/01.

2.7 Euthanasia and anesthesia

To perform the histopathological study, animals were
sacrificed by cervical dislocation as it causes extensive
damage to the brainstem resulting in immediate uncon-
sciousness and death. Experimental rats were sedated
with diethyl ether (5%) before dislocation.

2.8 Acute toxicology studies

The female albino mice (nulliparous and non-pregnant)
were subjected to acute toxicity study as per OECD
guidelines 423. Here, every three animals were grouped
and treated with the graded dose (5 —5000 mg/kg) of
natural extracts in a standard room environment (22
°C). Administration of extracts was done by oral route
after constituted with 0.1% carboxymethyl cellulose.
Restlessness, alertness, fearfulness, and irritabilities were
observed in the animals during the 14 days and special
care given for the first 4 h [35].

2.9 Bone healing activity

The experimental rats were divided into six groups, each
group comprising of six animals. Group I animals were
administered with 1 ml of 0.1% carboxymethyl cellulose
and considered as a control for 8 weeks. Calcium
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vitamin D3 tablets (250 mg/125 IU) administered to
group II animals and had been treated as a standard. Ex-
tracts of Cissus quadrangularis (CQ), Cryptolepis bucha-
nani (CB), and Sardinella longiceps (SL) either alone or
in the combination were given twice daily to group III to
VI containing animals with the dose of 100 mg/kg body
weight. Administration of test and the standard drug
was done by oral route after constituted with 0.1%
carboxymethyl cellulose. Experimental animals were
examined by biochemical, radiographical, and histo-
pathological studies [36].

2.10 Biochemical parameter

Blood was collected from experimental rats by
venipuncture using a 20-gauge needle. Blood was centri-
fuged for 5 min at 2000 rpm to separate serum. The ex-
tracted serum was transferred into the plastic vial and
stored at — 80 °C. They were employed for the determin-
ation of calcium levels using commercially available kits.
Briefly, serum samples were diluted with a buffer in the
kit and the amount of calcium was determined. Measure-
ments were recorded every fortnight of experiments [37].

2.11 Radiographical parameter

It is a technique used to find out the fractured bone and
liable to fracture. All the rats anesthetized with thiopen-
tal sodium (30 mg/kg) by the intraperitoneal route and
one of the leg had been shaved on the femur bone, an
incision was made by drilling in it with a mini hand elec-
tric power driller [38, 39]. The incision was closed and
dressed with an antiseptic agent. Animals were subjected
to X-ray radiography for evaluation of bone fracture. Ex-
tracts were administered to treat the fractured bone of
the experimental animals for 8 weeks. The progression
of bone healing has been assessed for every week using
X-ray radiography and compared the result with control
and standard [40].

2.12 Histopathological parameter

The liver, kidney, and brain were extracted from the
animals according to the guidelines suggested by the
committee for supervision and control of animals’ ex-
periments. Section of the organs was prepared from
paraffin-embedded blocks and was stained with
hemotoxylin-eosin. Examination of these organs was

Table 1 Extractive values of natural compounds

Natural compounds Extractive values

Cissus quadrangularis (CQ) 9.3%
Cryptolepis buchanani (CB) 8.5%
Sardinella longiceps (SL) 124%
Mixture (CQCBSL) 15.3%




Ramachandran et al. Beni-Suef University Journal of Basic and Applied Sciences

Table 2 Phytochemical Constituents of natural compounds
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Phytochemical constituents

Cissus quadrangularis (CQ)

Cryptolepis buchanani (CB)

Sardinella longiceps (SL)

Alkaloids + + -

Anthraquinones + + -

ascorbic acid + - -

Ash - - +

calcium + + +

carotene + - -

Fatty acid + +

Flavonoid + -

Glycoside - + -

Kaempferol + - -

Minerals + +

Moisture + +

Nicotinic acid + - -

Pallidol + - -

Parthenocissin + - -

Phosphorus + - +

Phytosterol + + -

Protein + - +

Quadrangularins + - -

resveratrol + - -

Saponins - + -

Sugar + + +

Tannin - + -

Triterpenoids + + -

vitamins + - +

(+) positive sign indicates present, (—) negative sign indicates absent

Table 3 The result of acute toxicity of alcoholic extracts of natural compounds on Wistar albino rats

Experimental animals Alcoholic extract of natural compounds Dose Mortality Symptoms

Albino mice (3) cQ 5 mg/kg 0/3 None
50 mg/kg 0/3 None
300 mg/kg 0/3 Restless, jumping
2000 mg/kg 0/3 Motionless, dyspnea
5000 mg/kg 1/3 Motionless, dyspnea, death

CB 5 mg/kg 0/3 None
50 mg/kg 0/3 None
300 mg/kg 0/3 Restless, jumping
2000 mg/kg 1/3 Motionless, dyspnea, death
5000 mg/kg 1/3 Motionless, dyspnea, death
SL 5 mg/kg 0/3 None

50 mg/kg 0/3 None
300 mg/kg 0/3 Restless, jumping
2000 mg/kg 1/3 Motionless, dyspnea, death

5000 mg/kg 2/3

Motionless, dyspnea, death
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Table 4 The level of serum calcium in the experimental animals after treating with alcoholic extracts of natural compounds

Treatments Serum calcium level mg/dl
0 day 14 days 28 days 42 days 56 days

Control 4.80 + 0.12** 435 £+ 0.34% 4.04 + 0.28* 398 + 0.34** 3.87 + 0.05**
Standard 4.84 + 0.15% 509 + 0.03** 512 + 0.16** 523 + 0.26* 529 + 047*
CQ-100 mg/kg 477 £ 0.19%* 4.89 £ 0.52** 4.93 + 040* 501 £ 0.02** 512+ 0.18*
CB-100 mg/kg 4.71 £ 040** 484 £ 057* 490 £ 0.29** 4.98 + 0.04** 505 + 0.38*
SL-100 mg/kg 485+ 0.07* 494 + 0.05** 501 + 042** 509 + 0.28* 518 £ 0.31**
CQCBSL 100 mg/kg 481 £ 0.26** 5.04 £ 035* 5.09 + 0.18* 515+ 0.23* 522 + 045*

**P < 0.005, *P < 0.001 as compared to blank and standard respectively. Statistical analysis—one-way ANOVA

carried out as per the standard histopathological pro-
cedure [41].

3 Results

3.1 Phytochemical constituents

Phytochemical studies on alcoholic extracts of Cissus quad-
rangularis (CQ), Cryptolepis buchanani (CB), and Sardinella
longiceps (SL) either alone or in the combination revealed that
the presence of numerous bioactive compounds such as
flavonoids, calcium, vitamins, alkaloids, resveratrol,
ascorbic acid, phytosterol, triterpenoids, nicotinic
acid, carotene, enzyme, quadrangularins, pallidol,
parthenocissin, kaempferol, phosphorus, tannins,
glycoside, saponins, carbohydrates, anthraquinones,
protein, fatty acid, moisture, and ash. Each one is
different from the others by appearances, metabo-
lites present in it, and their quantities. Extractive
values of CQ, CB, SL, and mixture of each in etha-
nolic solvents are demonstrated in Table 1. The
report of phytochemical studies on natural com-
pounds was summarized in Table 2.

3.2 Acute toxicity

Symptoms and mortality were reported in the group
treated with a high dose of alcoholic extract of natural
compounds, and there is no such type of lethality and

symptoms that were observed at low doses given to the
experimental animals either alone or in combination.
The report of acute toxicity was furnished in Table 3.

3.3 Biochemical parameters

Amount of serum calcium present in the experimental
rats was measured at the beginning and every fortnight
of the experiment (0, 14, 28, 42, and 56 days), and
expressed as differences in the blood calcium level in
these days. The level of blood calcium in the tested ani-
mals continuously increased after an individual or in
combination with alcoholic extracts of Cissus quadran-
gularis (CQ), Cryptolepis buchanani (CB), and Sardi-
nella longiceps (SL). The level of calcium of these tested
animals compared with control and standard groups.
The results were presented in Table 4.

3.4 Radiographical parameter

The experimental rats treated with either individual or
in combination with alcoholic extracts of Cissus quad-
rangularis (CQ), Cryptolepis buchanani (CB), and Sardi-
nella longiceps (SL) showed increasing bone healing
compared to the control groups. The level of bone inci-
sion gradually reducing in the group treated with ex-
tracts due to the adequate level of calcium supply to the

1* week 228 week

5th week

f . -
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Fig. 2 Different images of a fractured bone in the control group during the period of 8 weeks
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Fig. 3 Different images of a fractured bone in the standard group during the period of 8 weeks

blood. Therefore, serum calcium constantly delivered to
the bone having the incision on it. As a result, incisions
have vanished from the tested group rapidly when com-
pared with the control group. The size of the incisions
has been identified by using X-ray radiographical tech-
nique (Figs. 2, 3, and 4).

3.5 Histopathological studies

Transverse section of the kidney, liver, and brain were
prepared and studied histopathologically. These organs
were extracted from the group treated with alcoholic ex-
tracts of a mixture of natural compounds and control
group at the end of the experiment. The result reveals
that these organs were not affected during the study
period. Therefore, these extracts are safe to consume for
bone healing and bone strength. Here, we demonstrated
kidney, liver, and brain transverse section of animals
treated with extracts of natural compounds (CQCBSL)
and control (Fig. 5).

3.6 Statistical analysis

The results obtained in the experiment were assessed by
paired ¢ test and one-way ANOVA. The results of the
test groups were compared to control and standard,
respectively.

4 Discussion

The study was designed to evaluate the effect of alco-
holic extracts of Cissus quadrangularis (CQ), Cryptolepis
buchanani (CB) and Sardinella longiceps (SL) in the
management of bone healing of Wistar albino rats. To
find out the bone healing properties of alcoholic extracts
of natural compounds, incisions were made in the femur
bone of experimental animals with an aid of mini hand
electric power driller and calculated the initial diameter
of the hole. Later, animals were treated with the stand-
ard drug and alcoholic extracts of natural compounds.
Calcium vitamin Dj tablets are used as a standard drug
to find out the calcium supplementary effect of alcoholic
extracts of natural compounds obtained from plants and
fish. Animals were divided into six groups and each
group comprised of six animals. Group I treated as a
control group. Group II animals were administered with
standard drugs. Test animals (group III to VI) were
treated with alcoholic extracts of Cissus quadrangularis,
Cryptolepis buchanani, and Sardinella longiceps either
alone or combinations (100 mg/kg). The result reveals
that animals treated with natural compounds either indi-
vidual or in combination significantly restored the serum
calcium throughout the experiment and induces the
bone healing process in the fractured bone of the tested
albino rats. Amount of serum calcium in the

Fig. 4 Different images of a fractured bone in the group treated with a mixture of natural compounds during the period of 8 weeks
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Fig. 5 Histopathological sections of the kidney, liver, and brain of control and group treated with a mixture of natural compounds (CQCBSL)

experimental animals was measured at every fortnight of
the experiment with the aid of kit. Each of the extract
offering a varying degree of serum calcium in the tested
animals is listed in Table 2. Combination of natural
compound extracts (CQCBSL) significantly raising the
level of serum calcium throughout the experiment and
reached the final score of 5.22 + 0.45 mg/dl in the tested
animals. The value is very closer to the group treated
with the standard drug. Furthermore, extracts were pre-
pared from individual natural compounds exhibited a
different level of serum calcium in the tested animals
and recorded 5.18 + 0.31 mg/dl (SL), 5.12 + 0.38 mg/dl
(CQ), 5.07 £ 0.38 mg/dl (CB) at the end of the 56th day.
The size of bone incision gradually reduces every week
in the group treated with alcoholic extracts of natural
compounds due to the adequate level of calcium supply
to the blood. Therefore, serum calcium constantly deliv-
ered to the bone having the incision on it. A clear sys-
tem is existing between alcoholic extracts of natural
compounds and serum level in the tested animals. The
hole in the femur bone of tested animals and standard
has vanished at the end of experiments, but it has been
persisting in the control group after 8 weeks. It has been
identified every week by using X-ray radiographical tech-
nique and are summarized in Figs. 2, 3, and 4. At last, a
histopathological study was measured after sacrificing
the animals. The kidney, liver, and brain of the experi-
mental animals were healthy at the end of the experi-
ment. Histopathological studies were summarized in Fig.
5. These extracts are safe to consume for bone healing
and bone strength. The order of the bone healing effect
of these alcoholic extracts of natural compounds was
found to be CQCBSL>SL>CQ’CB.

5 Conclusion

Our study demonstrated that individual or combination
of alcoholic extracts of Cissus quadrangularis, Cryptole-
pis buchanani, and Sardinella longiceps enhance the
bone healing process in the tested animals due to
the presence of different phytochemicals. These

phytochemicals raise the level of serum calcium which
led to speed up the bone healing and bone strength.
Moreover, the combination of alcoholic extracts of nat-
ural compounds considerably reduces the time period of
bone healing in the experimental rats as similar to that of
standard drug. Thus, Cissus quadrangularis, Cryptolepis
buchanani, and Sardinella longiceps are promising agents
for the management of bone healing by restoring the
calcium without inducing side effects.
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