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Abstract 

Background: The present research aims to screen anti-resorptive activity to alleviate 

osteoporosis and other bone and joint disease of the Nano encapsulated essential oil isolated 

from the Ruta graveolens (NELVORG), Family: Rutaceae using a novel, fast, economical and 

genetically tractable method to evaluate developmental aspects of bone formation in a high 

throughput fashion through the visualization of embryonic and larval skeleton of zebrafish 

(Danio rerio) model. Method: The volatile oil (VO) was isolated from the leaves of R. 

graveolens and extracted VO was subjected to GC-MS Analysis. Nano-encapsulated volatile 

oil of R. graveolens leaves (NELVORG) was prepared by solvent displacement method. The 

Nanoparticle size was standardized by scanning electron microscope. We implemented 3Rs 

(Reduction, Replacement, Refinement) ethical principle to minimize harm to the vertebrate 

animals. Preliminary toxicological studies were evaluated on whole embryo and larvae, 

showed no mortality up to 1µl/ml. At 3 days post fertilization (3 d.p.f) zebrafish larvae (n=6 / 

group) were taken in 96 well plates containing embryo medium. Osteoporosis (OP) was 

induced by immersing zebrafish larvae from 3dpf to 6dpf in embryo medium containing 

10µg/ml prednisolone. At 6 d.p.f, the E3 medium containing prednisolone was removed and 

replaced with the combination of 10µg/ml prednisolone and NELVORG in triplicate till 9 

d.p.f was taken as a test group. Alendronate (10µg/ml) and (0.1%) DMSO was taken as a 

standard and control group respectively. At 9 d.p.f zebrafish larvae were collected and 

subjected to alizarin red staining for the labelling of the skeleton and the area of stained 

portion were analyzed using image pro plus analysis to calculate the density of staining. 

Results: The result showed NELVORG significantly prevented Glucocorticoid-induced bone 

loss and density and comparable to the standard drug Alendronate in zebrafish larval (ZF) 

model in vivo. So, Nano encapsulated volatile oil of the leaf of R. graveolens may be 

developed as a novel nontoxic potential candidate for the prevention or treatment of 

osteoporosis.  
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INTRODUCTION 

Traditional systems of medicine have been 

practiced continuously worldwide on 

many accounts. Increase in population rise, 

insufficiency distribution of drugs, 

expensive treatments, side effects of 

several synthetic drugs and development 

of resistance to currently prescribed drugs 

for infectious diseases have led to 

increased emphasis on the use of plant 

materials as a source of medicines for a 

wide range of human ailments. Recently, 

the WHO (World Health Organization) 

estimated that 80 percent of people 

worldwide rely on herbal medicines for 

some aspect of their primary health care 

needs. According to WHO, around 21,000 

plant species have the potential for being 

used as medicinal plants. Disease of bone 

loss like osteoporosis contributes to the 
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major worldwide health problem with an 

estimated of 100 million people at the risk 

of developing the disease [27, 28]. A 

gradual reduction in bone loss in 

osteoporosis to a point where the skeleton 

is compromised ends up with bone 

fragility and susceptibility to the fractures 

[13]. It was reported that patients taking 

glucocorticoids (GC) for 6 months or 

longer, 50% develop osteoporosis with a 

30% increase of incidence of fracture. 

Thus osteoporosis is a major limiting 

factor in the usage of steroids [1, 36]. Only 

fewer therapies are prone to be effective in 

increasing bone mass and improving the 

defects in bone microarchitecture to 

establish advanced osteoporosis or for 

fracture healing improvement.  

 

It has been reported that, the very first tiny 

fish on earth was susceptible to arthritis. 

This discovery may fast track the 

therapeutic research in preventing bone 

related disability. According to Pixar’s 

Dory, zebra fish and other ray finned fish 

have synovial fluid that are creaky and 

susceptible to arthritis. “Developing zebra 

fish as a first arthritis model – an emerging 

regenerative model for research to cure 

arthritis” said Gage Crump. It was also 

been reported that, zebra fish jaw and fins 

have certain features that resemble the 

synovial joints found in mammals. 

 

In our study, the 3Rs ethical principle 

(Replacement Refinement Reduction) was 

implemented to minimize harms to 

vertebrate animals used in science. Recently 

zebrafish are becoming an established model 

of several human disease states including for 

investigating developmental aspects of bone 

formation [15, 11]. Further the zebra fish 

genome has been sequenced and shown to 

contain similarities of genes compared to the 

human genome with high homology across 

key protein binding domain in many cases 

[15]. 

 

Volatile oil is valuable natural product 

found applications in many areas including 

pharmaceuticals, cosmetics, perfumes, 

phytotherapy, spices etc. Attention of 

many scientists was attracted towards the 

screening of plants to study the biological 

activities of oils from phytochemical and 

pharmacological to therapeutic aspects. 

This may be hopefully led to new direction 

on plant applications and new perspective 

on the potential therapeutic use of the 

natural products. Volatile oil is a complex 

mixture comprising of many single 

components. 

  

The family Rutaceae consists of wide 

range of aromatic plants and is the largest 

plant family with approximately 150 

genera and 1500 species known for its 

citrus fruits and also called as citrus family 

[19, 37]. A variety of plants of this family 

used in traditional system of medicine 

worldwide. The most common medicinal 

plants of this family R. graveolens L. 

commonly known as garden rue. Rue is an 

ornamental evergreen shrub and has 

considerable medicinal importance. More 

than 120 natural compounds including 

acridone alkaloids, coumarins, essential 

oil, flavonoids, and furocoumarins were 

reported in this plant.  

 

In the traditional system of medicine, it is 

used as stimulant, emmenagogue, diuretic, 

abortifacient, and resolvent. The local use 

of this drug along with honey is good for 

the treatment of paralysis, tremors, joint 

pains, nervine disorder [35]. It has been 

used in homeopathy for injuries to the 

ligaments, tendons, and the periosteum or 

thinning of bones, overstrain, Carpal 

tunnel syndrome, eyestrain, hardened or 

thickened areas or nodules over the bones, 

periosteum or tendons caused by overuse 

or injury, back problem, sciatica, lameness 

after sprains especially ankles, wrists and 

knees, surgery, ganglion of the wrist, pain 

in the feet and dental and mouth problems 

[16]. 

 

It was reported that the leaves possess anti-

nociceptive [24], anti-parasitic [14], 
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wound healing [38], antifungal [32], 

antiulcer [42], antiarrhythmic[21], anti H. 

pylori [34], The aerial parts showed 

relaxant activity [2], antioxidant [10], anti-

Alzheimer’s [3], antimicrobial [33], 

antibacterial and cytotoxicity[4], antiviral 

activity [30] and hepatoprotection activity 

[31], These initiated us to investigate the 

leaves especially volatile oil of the plant 

with strict scientific protocol so that the 

vast economic potential of the crop can be 

exploited properly. The study aims to 

scientifically explore the important 

medicinal use of the volatile oil of this 

plant on bones which have not been 

studied. 

 

MATERIALS AND METHODS 

Collection and authentication of Ruta 

graveolens: 

Leaves of the plant R. graveolens were 

collected from Halieyberiya estate, Idukki 

district, Kerala, India during the month of 

July 2016. It was authenticated by Dr. 

Stephen, Dept. of Botany, The American 

College, Madurai and Dr. Sasikala, 

Director (Retd), Siddha Research Institute, 

Arumbakkam, Chennai. 

 

Extraction of volatile oil from 

R.graveolens: 

The fresh leaves of R.graveolens hydro 

distilled in Clevenger apparatus under cold 

water circulation for 4h. The pale yellow 

volatile oil was collected in brown vials 

and stored at 4oC until use. 

 

Identification of compounds present in the 

volatile oil of leaves of R. graveolens by 

GC-MS analysis: 

The extracted volatile oil of R. graveolens 

leaves was subjected to GC-MS analysis 

for the identification of important 

constituents and was compared with the 

standard instrument library. 

Nano encapsulation of volatile oil of the 

R.graveolens leaves (NELVORG): 

The following steps were involved in the 

production of Nano encapsulated R. 

graveolens leaves. 

 100mg of ethyl cellulose dissolved in 

8ml of DMSO using magnetic stirrer 

 0.5ml of VO of R. graveolens was 

dissolved in 1ml of DMSO using 

magnetic stirrer. 

 Then both the ethyl cellulose solution 

and VO solution mixed together. 

 Then this solution was added drop 

wise to 30ml of distilled water by a 

syringe with constant stirring with the 

help of magnetic stirrer. 

 Formation of nanoparticle was 

observed using microscope [18, 7, 41, 

39]. 

 

MEASUREMENT OF 

NANOPARTICLES 

Scanning Electron Microscope 

SEM is a method for high-resolution 

imaging of surface. The sample was placed 

on a glass slide (1×1cm), after rinsing the 

slide with ethanol. A drop of nanoparticles 

was evenly distributed over the glass slide 

and allowed to dry in air. The NPs were 

subjected to SEM analysis under ambient 

conditions [18]. 

 

PHARMACOLOGICAL STUDY 

Preliminary toxicological studies of 

Volatile oil of R.graveolens on zebrafish 

embryo and larvae. Toxicological studies 

rely on the utility of vertebrate animals 

which is expensive in both time and cost 

with debatable predictive power in safety 

aspects for a human. To streamline the 

drug development timeline prioritize drug 

candidates for animal testing and reduce 

an unnecessary cost for mammalians 

studies, drug screening assay using 

zebrafish is becoming increasingly popular 

[9, 26]. 

 

Whole Embryo Toxicity Study 

At around 2-4 h post fertilization (blastula 

stage) were collected and rinsed several 

times with water. 200-300 embryos were 

maintained at 28°C in embryo medium. 

The development of blastula eggs was 

monitored at a specified time points (12, 
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36, 60, &80 hours) under a microscope. 

Endpoints used for assessing the effect of 

the drug during the major organ is visible 

included edema, eye malformation, bent 

tail, undulated notochord, twisted 

notochord, and death. Podophyllotoxin 

used as a standard at 0.01µg/ml 

concentration. 

 

Larval Toxicity Study 

5 d.p.f healthy zebrafish larvae (n=6) released 

in embryonic medium (10ml) in a petri dish 

in triplicate. Various concentrations of rue oil 

0.5-2µl/ml dissolved in DMSO were treated 

and two controls (DMSO and embryonic 

medium). Podophyllotoxin (0.1µg/ml) was 

used as a standard toxin. 

 

EFFECT ON GC-INDUCED 

OSTEOPOROSIS 

Assay on bone formation and bone density 

in normal and prednisolone induced 

inhibition of osteogenesis in larval ZF 

model. At 3 days post fertilization (3 d.p.f) 

zebrafish larvae (n=6 / group) were taken 

in a 96 well plates containing embryo 

medium (5mM NaCl, 0.17mM Kcl, 

0.33mM cacl2, 0.33mM Mg2SO₄, 
methylene blue). OP was induced by 

immersing zebrafish larvae from 3dpf to 

6dpf in E3 medium containing 10µg/ml 

prednisolone. At 6 d.p.f the E3 medium 

containing prednisolone was removed and 

replaced with the combination of 10µg/ml 

prednisolone and NELVORG (0.1ml/ml) 

in triplicate till 9 d.p.f was taken as a test 

group. Alendronate (10µg/ml) and (0.1%) 

DMSO was taken as a standard and control 

group respectively. Zebrafish larvae were 

collected from the well at 9 d.p.f and 

subjected to alizarin red staining for 

labeling of the skeleton. 

Skeletal Staining 

Bone mineralized matrix deposition was 

evaluated using Alizarin red S staining, 

which is a dye gets attached to the calcium 

salts, stain them and can be easily 

observed and measured. At 9 d.p.f 

zebrafish larvae was stained with 0.1% 

alizarin red s in 0.1% KOH for 2hrs and 

then can be easily observed under 

stereomicroscope [40, 20]. 

 

Quantifications 

Stained zebrafish head and cranial bone 

portions were observed using 

stereomicroscope and images was captured 

using a color view camera. The area and 

integral optical density (IOD) of the 

stained portion were quantified using color 

threshold using image pro plus image 

analysis software version (6.0) [13, 25]. 

Statistical analysis was calculated using 

one way ANOVA by SPSS version 16. 

Data are presented as mean ± standard 

deviation, if the p˂0.01 statistical 

difference were considered significant. 

 

RESULTS 

Phytochemical analysis of volatile oil: 

Identification of compounds present in the 

volatile oil of leaves by GC-MS 

analysis. 

The GC-MS analysis of the isolated V.O 

indicated the presence of 42 constituents 

with the presence of 2-Decanone, 2 –

Pentadecanone, Eugenol etc. It was 

reported that the presence of 2-

undecanone as the major constituent in 

the volatile oil of R. graveolens leaves 

which was absent in my analysis. Below 

compounds were identified. 

 

Table 1: Phytoconstituents present in the VO of R. graveolens leaves. 
SI No. Retention Time 

Compound 

1 5.07 Cyclohexane, 4- isopropeneyl-1-methoxymethoxy methyl- 

2 8.37 Cyclohexene,3,4-diethenyl-3-methyl- 

3 8.90 2-Decanone 

4 9.96 2- Decanone 

5 11.74 2 –Pentadecanone 

6 12.16 1,7-octadiene,2,7-dimethyl-3,6-bis(methlene)- 
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7 14.22 Cyclooctane, 1,2-dimethyl- 

8 14.73 Eugenol 

9 14.90 2- Nonadecanone 

10 15.78 Caryophyllene 

11 16.53 2- Hexadecanol 

12 16.79 Cis-alpha-bisabolene 

13 17.14 2-Dodecanone 

14 17.71 3-buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 

15 19.05 
Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl-(1S-

Cis) 

16 19.22 1,3- benzodioxole, 4-methoxy-6-(2-propenyl)- 

17 19.67 Oxirane – decyl 

18 20.16 
Cyclohexanemethanol, 4-ethenyl-alpha., 4-trimethyl-3-(1-

methylethenyl)- 

19 20.55 15-octadecenal 

20 20.89 Caryophyllene oxide 

21 21.79 Hexadecane 

22 22.28 Cubenol 

23 22.80 .tau.-cadinol 

24 23.19 .alpha.-cadinol 

25 23.60 Formic acid, 2-phenylethyl ester 

26 25.30 Benzofuran,2,3- dihydro-2,2,5,6-tetramethyl- 

27 25.77 Phenanthrene 

28 26.51 Tetradecanoic acid 

29 27.16 Bicycle [2,2,1]hept-2-en-7-ol,7-(4-methoxy phenyl)-,syn- 

30 27.69 2-pentadecanone,6,10,14-trimethyl 

31 28.97 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 

32 29.50 Hexadecanoic acid, methyl ester 

33 29.96 1,2-benzenedicarboxylic acid, butyl octyl ester 

34 30.86 n-Hexadecanoic acid 

35 31.59 1-(2-methoxy-5-methyl-benzyl)-3-nitro-1H-(1,2,4) triazole 

36 32.84 Trans-13-octadecenoic acid, methyl ester 

37 34.33 Octadecanoic acid 

38 39.46 10-Heneicosene 

39 41.08 2-methy octacosane 

40 41.45 
2(1H)-phenanthrene,3,4,49,9,10,10a-hexahydro-6-methoxy-1,1,4a-

trimethyl-7-(1) 

41 42.18 2-amino-7,10-dimethyldibenzo(b,f)(1,4) oxazepine-11(10H)-one tms 

42 42.58 2-methyl octacosane 

 

 
Figure 1: GC-MS PROFILE OF THE V O OF THE R. graveolens leaves. 
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Nanoencapsulation 

The nanoparticles formed were measured 

to ascertain their size distribution by 

intensity. SEM analysis depicted the size 

of nanoparticles to be 162nm with quite 

uniformity in Nano size. 

  

 
Figure 2: NELVORG under SEM. 

 

TOXICOLOGICAL STUDIES 

Whole Embryo Toxicity Study 

In our study, the 3Rs ethical principle 

(Replacement Refinement Reduction) was 

implemented to minimize harms to 

vertebrate animals used in science. Effects 

of VO on developmental stages revealed 

no malformations and incidence of 

mortality up to 1µl/ml concentration level 

but medium to strong edema, eye 

malformations, bent tail, weak undulated 

notochord, and twisted notochord were 

observed at 2µl/ml concentration till 

80hpf. No mortality was observed at this 

concentration level. Total mortality was 

observed in the standard podophyllotoxin 

at 0.01µg/ml [34]. These observations 

showed no pronounced retardation in 

zebrafish embryo development when 

exposed to a normal concentration which 

indicated that volatile oil would pose no 

hazard to early stages of Danio rerio. 

 

Larval Toxicity Study 

Zebrafish larval toxicity study revealed 

that no mortality was observed up to 

1µl/ml but 5% mortality was observed at 

2µl/ml concentrations. No mortality was 

observed in both the controls. 100% 

mortality was found at podophyllotoxin at 

0.1µg/ml concentrations (Fig. 2). This 

study showed no significant mortality or 

malformation in zebrafish larvae at 24 

hours of exposure in normal concentration.

 

 
Figure 3:  Zebra fish larval toxicity study 
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Effect on GC induced inhibition of 

osteogenesis: 

The present study revealed that 

NELVORG can prevent GC induced 

inhibition of osteogenesis on zebrafish 

larval model. 10µg/ml prednisolone 

elicited a significant decrease in area and 

IOD of the stained larval skull from 3 to 9 

dpf when compared to the control. 

Alendronate 10µg/ml and NELVORG 

showed increased stained area and IOD 

(p˂0.01) Figure (4, 5, 6), so that can 

prevent GC-induced inhibition of 

osteogenesis. It indicates that NELVORG 

attenuates prednisolone induced inhibition 

of bone mineralization in ZF larvae.

 

 
Figure 4: Effect of bone area on Prednisolone induced bone loss 

 

 
Figure 5: Effect of bone density on Prednisolone induced bone loss 
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a) Control: 0.1% DMSO                                          b) Prednisolone treated (10µg/ml) 

                          

          
b) NELVORG                                             d) Standard Alendronate (10µg/ml). 

 

Figure 6: Effect on bone mineralization of zf larval skull-glucocorticoid-induced 

osteoporosis. 

 

DISCUSSION 

A previous study reported containing 34 

components in the volatile oil of the leaves 

of R. graveolens [29]. As a polyphenolic 

compound show an anti-oxidative effect 

and is thought of as one of the most 

effective natural product of antioxidants. 

Increasing pharmacological data have 

indicated that volatile oil has the following 

properties such as antibacterial, an 

effective fungicide, anti-tumor properties, 

have the ability to prevent transmission of 

some drug resistance strains of pathogens 

antispasmodic, diuretic, antiseptics, local 

anesthetic, in dentistry and aromatherapy. 

GC-MS Analysis of volatile oil of leaves 

showed important constituents presence 

and was compared with the instrument 

library. 

 

The toxicological study reveals that the 

volatile oil of the leaves of R. graveolens 

is nontoxic and safe. Encapsulation of 

biologically active components represents 

a feasible and efficient method to 

modulate drug release, increase the 

physical stability of the active 

components, protect from interaction with 

the environment, decrease their volatility, 

enhance their bioactivity, and reduce 

toxicity and convenience. 

 

Modified drug delivery system has 

advantages over conventional preparations 
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like reduced toxicity, convenience and 

optimization of the delayed drug release at a 

specific rate additionally due to the 

subcellular size, they may tend to increase 

cellular absorption mechanism and increase 

bio-efficacy. Volatile oil loaded Nano 

delivery system designed to possess a number 

of special features for therapy like sustained 

and controlled release drug locally, cellular 

uptake and subcellular trafficking, deep tissue 

penetration etc. We prepared Nano 

encapsulated volatile oil (NELVORG) and its 

size was determined using SEM. 

 

Zebrafish is a new type of ideal model 

which possesses several advantages, 

including extra-uterine development, small 

size, short generation time, optically 

transparent embryos, strong regeneration 

ability, and genomic conservation between 

zebrafish and humans [15]. By contrast, 

rodential animals such as rats, mice, and 

rabbits have too many limitations 

including long cycles, large expense, high 

labor-intensity, limited sensitivity, and 

unsuitable testing for trace ingredients [33, 

34]. In particular, zebrafish had high 

similarity with humans in terms of bone 

architecture, bone cells, matrix proteins, 

and molecular signaling, suitable for the 

screening of agents to prevent and treat 

osteoporosis [5, 23]. Moreover, the cranial 

bone of zebrafish larvae develops in 

approximately 1 week from 3- dpf to 9-dpf 

with two kinds of osteogenesis similar to 

humans, including endochondral and 

intramembranous ossification [17].  

 

This investigation showed that NELVORG 

can prevent GC induced inhibition of 

osteogenesis in the presence of 

prednisolone. According to the results 

shown in (Fig. 4, 5, 6,) prednisolone 

10µg/ml elicited a significant decrease of 

the area and IOD stained with alizarin red 

in larval skull compared with the control 

and Alendronate standard drug, reversed 

the decrease of the stained area and IOD. 

NELVORG hampered the inhibition of 

prednisolone on the area and IOD of the 

cranial bone in larvae as a climax 

comparable to the standard drug. It 

indicates that NELVORG attenuates the 

prednisolone induced inhibition of bone 

mineralization in zebrafish larvae 

(p<0.001)  

 

CONCLUSIONS 

Our data showed NELVORG significantly 

prevented the glucocorticoid-induced bone 

loss and density and comparable to the 

standard drug alendronate in ZF larval 

model in vivo. 

 

Nano-encapsulated volatile oil of the leaf 

of R. graveolens may be developed as a 

potential candidate for the prevention or 

treatment of osteoporosis. 

 

In conclusion, the leaves of R. graveolens 

may be further investigated for the 

development as novel nontoxic 

preventive/to be an effective therapy in 

increasing bone mass and improving bone 

microarchitecture characteristic in 

established and advanced osteoporosis or 

for accelerating fracture healing alternative 

to the existing bisphosphonates. 

 

But to confirm our findings further 

investigations of this effect to the 

mammalian model is necessary. Further 

pharmacokinetic studies are also required 

to understand the post metabolism 

ingredients along with the clinical efficacy 

and safety in human. 

 

ACKNOWLEDGEMENT 

My heartfelt thanks to Dr. K. 

Periyanayagam Pillai M.Pharm. Ph.d, 

Head of the department, Department of 

Pharmacognosy, Madurai Medical College 

for being a guide and a support throughout 

my research work. This study was 

supported by Tamil Nadu Pharmaceutical 

Science Welfare Trust and awarded 

scholarship for securing second rank in 

M.Pharm project. 



 

 

 

 

34 Page 24-36 © MAT Journals 2019. All Rights Reserved 

 

Journal of Pharmacological Research and Developments  

Volume 1 Issue 2 

CONFLICT OF INTEREST 

I have no conflict of interest to declare. 

 

REFERENCES 
1. Adinoff, AD, Hollister JR. (1983), 

“Steroid-induced fractures and bone 
 loss in patients with asthma”, N. Engl. 
J. Med, Volume 309, pp. 265–268. 

2. Aguila L, Ruedlinger J, Mansillak, 
Ordenes J, Salvatici R, Ribeiro DE 
Campos R, Romero F. (2015), 
“Relaxant effects of a hydro alcoholic 
extract of Ruta graveolens on isolated 
rat tracheal rings”, Biological 
Research, Volume 48, Issue 28. 

3. Ahmed HH, Salem AM, Sabey MG, 
Husein AA, Kotob ES. (2014), 
“Medicinal Plant offer multi 
mechanistic approaches in 
management of Alzheimer’s disease”, 
Journal of chemical and 
pharmaceutical research, Volume 6, 
Issue 11, pp. 879−892. 

4. Aljaiyash AA, Gonaid MH, Islam M, 
Chaouch A. (2014), “Antibacterial and 
cytotoxic activities of some Libyan 
medicinal plants”, Journal of Nat. 
Prod. Plant Resource, Volume 4, Issue 
2, pp. 43−51. 

5. Barbazuk WB, Korf I, Kadavi C, 
Heyen J, Tate S, Wun E. (2000),  
“The syntenic relationship of the 
zebrafish and human genomes”, 
 Genome Res, Volume 10, pp. 
1351−1358. 

6. Barrett R, Chappell C, Quick M, 
Fleming A. (2006), “A rapid, high 
content, invivo model of 
glucocorticoid-induced osteoporosis”, 
 Biotechnol J, Volume 1, pp. 651−655. 

7. Bilia AR, Guccione C, Isacchi B, 
Righeschi C, Firenzuoli F, Bergonzi 
MR. (2014), “Essential oil loaded in 
Nano system: A developing strategy 
for a successful therapeutic approach. 
Evidence- based complementary and 
alternative medicine”, Pubmed, 

8. Cubbage CC, Mabee PM. (1996), 
“Development of the cranium and 
paired fins in the zebrafish Danio rerio 
(Ostariophysi, cyprinidae)”, J 
Morphol. Volume 229, pp. 121−160. 

9. Dave G, Damgaard B, Grande M, 
Martelin JE, Rosander B, Viktor T. 
(1987), Ring test of an embryo–larval 
toxicity test with zebrafish (danio 
reiro) using chromium and zinc as 
toxicants”, Env, tox.chem, Volume 6, 
pp. 61–71. 

10. Divan R, Shinde A, Malpathak N. 
(2012), “Phytochemical composition 
and antioxidant potential of Ruta 
graveolens L. “in vitro culture lines”, 
Journal of Botany, Article Id: 685427. 
6 pages. 

11.  Dooley K, Zon LI. (2000), “Zebrafish: 
a model system for the study of human 
disease”, Curr. Opin. Genet Dev. 
Volume 10, pp. 252−256. 

12.  Fleming A, Keynes R, Tannahill D. 
(2004), “A central role for the 
notochord in vertebral patterning”, 
Development, Volume 131, pp. 
873−880. 

13.  Fleming A, Sato M, Gold smith P. 
(2005), “High Throughout In vivo 
Screening for Bone Anabolic 
compounds with Zebrafish”, Journal of 
Biomolecular screening, Volume 10, 
Issue 8, pp. 823−831. 

14.  Freire R B, Borba H R, Coelho CD. 
(2010), “Ruta graveolens L toxicity in 
Vampirepis nana infected mice”, 
Indian Journal of Pharmacology, 
Volume 42, Issue 6, pp. 345−350. 

15.  Goldsmith P. (2004), “Zebrafish as a 
pharmacological tool: the how, why 
and when”, Curr. Opin. Pharmacol, 
Volume 4, pp. 504−512. 

16.  Gopi K.S. “Encyclopedia of Medicinal 
Plants used in Homoeopathy (Volume 
I)”, Chapter XXVI, pp. 695−703. 

17.  Haga Y, Dominique VR, Du SJ. 
(2009), “Analyzing notochord 
segmentation and intervertebral disc 
formation using the twhh:gfp 
transgenic zebrafish model”, 
Transgenic Res. 18: 669-83.  

18.  Jamil B, Abbasi R, Abbasi S, Imran 
M, Khan US, Ihsan A, Javed S, 
Bokhari H, Imran M. (2016), 
“Encapsulation of cardamom essential 
oil in chitosan nano-composites; in-
vitro efficacy on Antibiotic Resistant 



 

 

 

 

35 Page 24-36 © MAT Journals 2019. All Rights Reserved 

 

Journal of Pharmacological Research and Developments  

Volume 1 Issue 2 

Bacterial pathogens and cytotoxicity 
studies”, Front. Microbiol., Volume 7, 
pp. 1580. 

19.  Jones D. (1995), Rutaceae. In: The 
Flora of Sabah and Sarawak. 5th ed., 
Kuala Lumpur. Ampang Press Sdn. 
Volume 5, pp. 351−401. 

20.  Kelly WL. (1983), “A Modified 
differential stain for cartilage and bone 
in whole mount preparation of 
mammalian fetuses and small 
vertebrates”, Stain Technol., Volume 
58, pp. 131−134. 

21.  Khori V, Nayebpour M, Semnani S, 
Golalipour M J, Marjani. (2008), “A 
prolongation of AV nodal 
refractoriness by Ruta graveolens in 
isolated rat hearts, potential role as an 
anti-arrhythmic agent”, Saudi Med 
Journal, Volume 29, Issue 3, pp. 
357−363.  

22.  Lin S, Huang J, Zheng L, Liu Y, Liu 
G, Li N. (2014), “Glucocorticoid-
induced osteoporosis in growing rats”, 
Calcif. Tissue Int., Volume 95, pp. 
362−373. 

23.  Li N, Felber K, Elks P, Croucher P, 
Roehl HH. (2009), “Tracking gene 
expression during zebrafish osteoblast 
differentiation”, Dev Dyn. Volume 
238, pp. 459−466. 

24.  Loonat F, Amabeoku G J. (2014), 
“Antinociceptive, Anti Inflammatory 
and Antipyretic Activities of the Leaf 
methanol extract of Ruta graveolens l. 
(RUTACEAE) in mice and rats”, Afr. 
jour. Tradit Complement Alter med. 
Volume 11, Issue 3, pp. 173−181. 
(NCBI,Pubmed) 

25.  Luo S, Yang Y, Chen J, Zhong Z, 
Huang H, Zhang J, Cui L. (2016), 
“Tanshinol stimulates bone formation 
and attenuates dexamethasone-induced 
inhibition of osteogenesis in larval 
zebrafish”, Journal of orthopedic 
translation, Volume 4, pp. 35−45. 

26.  McGrath P and Chun – Qi Li, (2008), 
“Zebrafish a preclinical model in 
assessing drug induced toxicity”, Rev 
drug dis today, Volume 13, Issue 9. 

27.  Melton LJ. (1995), “How many 
women have osteoporosis now?”, J 

Bone Miner Res. Volume 10, pp. 
175−177. 

28.  Melton LJ, Johnell O, Lau E, 
Mautalen CA, Seeman E. (2004), 
“Osteoporosis and the global 
competition for health care resources”, 
J Bone Miner Res., Volume 19, pp. 
1055−1058. 

29.  Melnyk MV, Grytsyk AR, Stalyus 
LV. (2015), “Research of component 
composition of Ruta graveolens L. 
herb essential oil”, The Pharma 
Innovation Journal, Volume 4, Issue 2, 
pp. 41−43.  

30.  Mphuthi DD. (2015), “Anti-viral 
property of wildeals (Artemisia afra) 
and wynruit (Ruta graveolens) as 
combination therapy and its effect on 
the renal system”, Natural and 
agricultural sciences, pp. 1351. 

31.  Nabaei M, Mesbah AR, Ghavami H, 
Saeidinia A, Keihanian F. (2014), 
“Effects of Ruta graveolens extract on 
Histopathologic changes in mice 
livers”, International Journal for 
Pharmaceutical Research Scholar 
(IJPRS), Volume 3, Issue 2, pp. 
675−680. 

32.  Olivia A, Meepagala MK, Wedge DE, 
Harries D, Hale LA, Aliotta G, Duke 
OS. (2003), “Natural fungicides from 
Ruta graveolens L. leaves including a 
new quinolone alkaloid”, Journal of 
Agricultural and Food Chemistry, 
Volume 51, Issue 4, pp. 890−896. 

33.  Ojala T, Remes S, Haansuu P, 
Vuorela H, Hiltunen R, Haahtela K, 
Vuorela P. (2000), “Antimicrobial 
activity of some coumarin containing 
herbal plants growing in Finland”, 
Journal of Ethnopharmacology, 
Volume 73, pp. 1−2. 

34.  Osman MS, Gamil L, Ramadan MA. 
(2010), “Bioactivity guided study of 
Anti helicobacter activity of Ruta 
graveolens”, International Journal of 
Applied Research in Natural Products, 
Volume 8, Issue 3, pp. 1−5. 

35.  Parray SA, Bhat JU, Ahmad G, Jahan 
N, Sofi G, Faisal Iqbal SMF. (2012), 
“Ruta graveolens: from Traditional 
System of Medicine to Modern 



 

 

 

 

36 Page 24-36 © MAT Journals 2019. All Rights Reserved 

 

Journal of Pharmacological Research and Developments  

Volume 1 Issue 2 

Pharmacology: an Overview”, 
American Journal of PharmTech 
Research, Volume 2, Issue 2, pp. 
239−252. 

36.  Reid IR. (1997), “Glucocorticoid 
osteoporosis- mechanisms and 
management”, Eur. J. Endocrinol. 
Volume 137, pp. 209–217. 

37.  Sahrma O. (1993), Plant Taxonomy. 
2nd ed., New Delhi; Tata McGraw-
Hill. Volume 2, pp. 274−278, 
291−294.  

38.  Sahib HB ,Ouda M, Abba IS, Abdul 
Jalil AI, Khadum E, Khadum MK. 
(2014), “The wound healing activity of 
(rue) Ruta graveolens L. methanolic 
extract in rats”, International Journal 
of Pharmaceutical Sciences Review 
And Research, Volume 29, Issue 2, pp. 
263−266. 

39.  São PA, Santo EI, Silva CV, Detoni 
C, Albuquerque E. (2013), “The 
nanotechnology as an approach for 
essential oil- based formulation with 
antimicrobial activity”, Formatex, 
Volume 4, Issue 2, pp. 1364−1374. 

40.  Salaramoli J, Sadeghi F, Gilanpour H, 
Azarnia M, Aliesfehani T. (2015), 
“Modified double skeletal staining 

protocols with Alizarin red and Alcian 
blue in laboratory animals”, Annals of 
Military & Health Science Research, 
Volume 13, Issue 2, pp. 76−81. 

41.  Shams N, Sahari MA. (2016), 
“Nanoemulsions; preparation, 
structure, functional properties and 
their antimicrobial effects”, Applied 
food biotechnology, Volume 3, Issue 3, 
pp. 138−149. 

42.  Tarique M, Siddiqui HH, Khushtar M, 
Rahman A. (2016), “Protective effect 
of hydro alcoholic extract of Ruta 
graveolens L leaves on indomethacin 
and pylorus ligation-induced gastric 
ulcer in rats”, Journal of Ayurveda and 
integrative Medicine, Volume 7, Issue 
1, pp. 38−48. 

43.  Witten PE, Hansen A, Hall BK. 
(2001), “Features of mono- and 
multinucleated bone resorbing cells of 
the zebrafish Danio rerio and their 
contribution to skeletal development, 
remodeling and growth”, J Morphol., 
Volume 250, pp. 197−207. 
 
 

 

 


