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ABSTRACT
Background: Gestational diabetes mellitus, a hyperglycaemic condition that develops at 
the time of pregnancy, causes approximately 7% of complications during pregnancies 
world wide. Syzygium jambolanum has been proved clinically for the management of 
diabetes mellitus and is being prescribed for the management of diabetes in pregnant 
women. Objectives: This study has been designed to evaluate the safety of Syzygium 
jambolanum mother tincture on the development of zebrafish embryos. Materials and 
Methods: Zebrafish embryos were exposed to 1%, 5% and 10% of Syzygium jambolanum 
mother tincture with the same concentration of alcohol. Observations like mortality, 
hatching at 24, 48 and 72 hr post fertilization and yolk sac edema, length, eye width, 
pericardial edema and heart rate were recorded at 72 hr post fertilization. The locomotor 
activity was recorded at 7 day post fertilization. Results: Results showed that mortality 
in zebrafish embryos with the treatment of Syzygium jambolanum mother tincture at 
10% could be due to alcohol as similar results were observed with 10% alcohol also. 
Moreover, changes observed in heart beat in embryos with the treatment of alcohol at 
different concentration were reduced by the Syzygium jambolanum indicating its possible 
protective role in cardiac parameters. Conclusion: Results suggest the safety of Syzygium 
jambolanum mother tincture at low concentrations (1% and 5%) on development of 
zebrafish embryos. The embryo toxicity induced by 10% concentration of Syzygium 
jambolanum may be attributed to the ethanol. Further developmental toxicity studies 
on animals need to be carried out to validate the results obtained followed by clinical 
validation.
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INTRODUCTION 
Syzygium jambolanum (L.) Alston (Syzygium 
cumini; Eugenia jambolanum etc.) is commonly 
known as rose apple, Jamun, or black 
plum and it belongs to Myrtaceace family. 
It is mostly found in Southeast Asia and 
is widely distributed in India mainly in the 
north-eastern region. Due to the medicinal 
properties of S. jambolanum, each part of  
the plant has been used for the treatment 
of  several disorders in the natural medicinal 
systems.1 The seed of  syzygium has always 
remained to be a keen area of  interest among 
scientific communities as it has an enormous 

source of  phenolic acids,2 flavonoids like 
quercetin, rutin, kaempferol myricetin, 
etc.3 Many experimental studies have 
reported that it exhibited antioxidant,1,4 anti-
inflammatory,5 antibacterial,6 antifungal,7 

anti-diabetic,8 anti-HIV,9 analgesic and 
antipyretic activities10 and genoprotective 
activies.11

In homeopathy, Syzygium jambolanum mother 
tincture (S.J. ϕ) i.e. ethanolic seed tincture 
is used as a remedy in the management of  
diabetes mellitus and gestational diabetes. 
S.J. ϕ was reported to have active chemical 
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constituents like Jamboline glycoside, ellagic acid, tannin 
and Gallic acid.12

S.J. ϕ has been found to show a protective effect 
on carbohydrate and lipid metabolic disorders in 
experimental diabetic rats.13 S.J. ϕ and 6C, 30C potencies 
were found to exhibit anti-diabetic effects by activating 
insulin signalling molecules in the skeletal muscle of  
diabetic rats.14 Furthermore, in vitro studies of  S.J. ϕ 
have reported antiglycation and cell protection ability15 

confirming its anti-diabetic activity. According to data, 
gestational diabetes mellitus is one of  the major concern 
and it is necessary to check the safe effect of  anti-
diabetic remedies on embryo when it consume during 
pregnancy.16-24

Zebrafish (Danio rerio), is widely applied as an alternative 
animal model for high throughput screening of  drugs. 
Danio rerio is small in size, easy to breed, cost-effective, 
having less generation interval and genetic homology 
to humans. The most striking feature of  this model is 
transparent embryos provide a great opportunity to 
observe morphological developmental processes and a 
high level of  structural conservation25,26 as well as very 
readily assessment of  developmental abnormalities in 
zebrafish embryos like a disturbance in length, retina 
size, heart rate, edema in pericardial and yolk sac.27 These 
features of  Zebrafish and its embryos provide advantage 
over other models and led this model to be used in the 
determination of  cytotoxicity of  number of  solutions, 
chemical agents and natural drugs/plant extracts.28,29 

Clinically S.J. ϕ is also used to manage gestational diabetes 
but reports on the developmental effects of  S.J. ϕ on 
developing embryos are not available. Hence, this study 
was planned to investigate the developmental effects 
and safety of  S.J. ϕ on zebrafish embryos compared to 
ethanol at same concentrations.

MATERIALS AND METHODS
Drug Preparation
Homoeopathic mother tincture (ϕ) of  Syzygium jambolanum 
was prepared and standardised in the laboratory as 
mentioned in Homoeopathic Pharmacopoeia of  India 
(HPI). Briefly, 100g material was weighed and poured in 
a specified concentration of  alcohol. The material was 
kept for a given period of  time. After specified time, the 
tincture was separated from material and store in amber 
colour glass bottle. Alcohol and S.J. ϕ were diluted to 
1, 5 and 10% concentrations using medium used for 
embryo development (embryo medium; 5 mmol/L 
NaCl, 0.33 mmol/L CaCl2, 0.33 mmol/L MgSO4·7H2O, 
0.17 mmol/L KCl).30

Zebrafish Husbandry and Management
Zebrafish were housed in 7 different groups having 10 
Zebrafish/ 5L tank in clean poly-sulphone filled with 
filtered, charcoal and UV treated water. The environment 
of  the zebrafish facility was kept controlled with a 
temperature at 27-29°C, light/dark cycle of  ~14/10 
hrs and pH- 6.8-7.5. The fishes were provided constant 
filtration and aeration.30 Zebrafish was fed with dry brine 
shrimp tetrabits diet manufactured by Tetra GmbH, 
Germany, thrice a day.

Zebrafish breeding and collection of eggs
On the day before the test, male and female zebrafish 
(1:2) were transferred to the breeding tank a few hrs 
before the onset of  darkness. Spawn traps were placed 
into the tanks to collect the eggs.31,32 The light was 
switched on the next morning. The process of  mating, 
spawning and fertilisation approximately completed 
within 45 min. The fish were returned to their home 
tank and the spawn traps with the collected eggs were 
carefully removed and the eggs were placed in the Petri 
dishes containing embryo medium. 

Egg differentiation
At 26°C, fertilised eggs were collected after 15 min 
post-fertilization. At this stage, fertilised eggs were 
identified and selected for the study by using an inverted 
microscope (RTC-7, Radical scientific equipments Pvt. 
Ltd., Ambala, India).

Grouping
Fertilised eggs were divided randomly into seven groups 
(n=10) namely; Group I; Water (Control), Group II-IV; 
Alcohol (ethyl alcohol) (Alc 1%,5% and10%) and Group 
V-VII; S.J. ϕ (S. J. 1%,5% and10%) in 24 well plates for 
further experiment. In the initial experiments carried out 
at our faciltity, alcohol at more than 10% was found to 
be lethal to embryos. Therefore to minimize the toxic 
effect of  vehicle, the concentration of  alcohol and test 
drug was kept 10% or less for this study.33

Exposure of drugs
Each group of  embryos was exposed to its corresponding 
concentration of  drug for a period of  one hr after 3 hr 
post fertilisation (hpf) of  embryos. In zebra fish embryo 
development, Blastula period represents a key phase which 
occurs from 2 hpf  to 5 hpf  approximately. During 3 hpf-4 
hpf  blastula period, embryo acquires distinctive features like 
acquiring a spherical shape, formation of  yolk sac nuclei 
with meta synchronous division. Hence, in the present 
study effects of  one hour exposure of  S.J. ϕ during the 
initial phases of  embryonic development i.e. 3-4 hpf  was 
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investigated.26 In parallel, control (embryo medium) and 
alcohol groups in the same concentration were also 
exposed. 

Brief Procedure
The procedure for the zebrafish embryo toxicity test 
(FET) was adopted from several standard methods.34,35 

Zebrafish were approved by the Institutional Animal 
Ethics Committee (IAEC), DDPRCRIH (DDPR-
CRIH/Pharmacology/CPCSEA/IAEC/2018/005). 
The test was initiated immediately after fertilisation of  
the eggs and terminated after 7 days post fertilisation 
(dpf) or 168 hpf. Fertilized randomized viable eggs 
were transferred to 24-well plates. The plates were pre-
conditioned for 24 hr with solutions and refilled with 
2 ml/well freshly prepared test solutions. The exposure 
time of  embryos with the test drug was one hour. After 
one hour, test solutions were replaced by an embryo 
medium for the entire duration of  the study. The 
embryos were incubated at 26°C with the replacement 
of  embryo medium on daily basis.

Observations
Observations were recorded on each tested embryo 
group under RTC-7 inverted microscope to confirm 
the morphological characteristics and changes. The 
following parameters were observed by blinded 
observers periodically: mortality, hatching, coagulation, 
on 24, 48 and 72 hpf  and heartbeat, pericardial edema, 
yolk sac edema, length and eye-width was recorded on 
72 hpf. Morphometric image analysis was done using 
Image-J analysis software. Heartbeat was recorded 
for one minute on camera and after that counted by a 
blinded observer. On the 7th day after fertilization (168 
hpf), the parameters of  locomotor activity: total distance 
traveled and average speed. Briefly, the well plate was 
divided into the quadrant and the locomotor activity 
was recorded by making protocol with the help of  video 
tracking software (ANY maze software, 5.21).

Statistical Analysis
The mean ± standard error (SEM) of  different values 
from each sample was calculated. One-way analysis 
of  variance (ANOVA) was used for statistical analysis 
of  data followed by Tukey’s post hoc test to monitor 
significance among test groups with control and its 
corresponding alcohol group. The comparison between 
the groups was considered significant having ap<0.05.

RESULTS

Effect of S.J. ϕ (1, 5 and 10%) on the mortality of 
zebrafish embryos
The effect of  different concentrations of  S.J. ϕ (1, 5 and 
10%) on the mortality rate is illustrated in Figure 1(a). 
Alcohol and S.J. (ϕ) at 10% showed mortality which may 
be due to alcohol.

Effect of S.J. ϕ (1, 5 and 10%) on hatching rate of 
zebrafish embryos
The effect of  S.J. ϕ (1, 5 and 10%) on the hatching rate is 
depicted in Figure 1(b). The result showed that S.J. ϕ 1% 
at 48 hpf  whereas 5% at 48 and 72 hpf  delayed hatching 
as compared to control and alcohol groups.

Effect of S.J. ϕ (1, 5 and 10%) on morphological 
changes in zebrafish embryos
After fertilization, the embryos were exposed with S. 
J. ϕ at 1, 5 and 10%; and the images at 72 hpf, Figure 
2(a) shows significant morphological changes; yolk sac 
edema 2(b), pericardial edema 2(c), length 2(d) and eye 
width 2(e) in larvae. Results of  Figure 2b revealed that 
yolk sac edema was not found in S. J.; treated groups 
whereas alcohol at 10% showed significant edema 
(ap≤0.05) as compared to the control group. 
Pericardial edema in zebrafish embryo (Figure 2c) 
had significantly occurred with S.J. ϕ 5% (ap≤0.05) as 
compared to the control group. 

Figure 1(a): Effects of one-hour exposure of S.J. ϕ (1, 5 and 
10%) on % of mortality rate.

Figure 1(b): Effects of one-hour exposure of S.J. ϕ (1, 5 and 
10%) on % of hatching rate of survived zebrafish embryos.
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As seen in Figure 2(d), the length of  the zebrafish 
larvae was not changed in S.J. ϕ treated groups whereas 
a significant increase (ap≤0.05) in length was observed 
in the alcohol 10% group as compared to the control 
group. 
No significant (ap≥0.05) effect was observed with 
one hr exposure of  S.J. ϕ on eye width as compared 
to the control group whereas S.J. ϕ at 1% significantly 
decreased (bp≤0.05) the eye width as compared to 
alcohol 1% group as depicted in Figure 2(e).

Effect of S.J. ϕ (1, 5 and 10%) on heart rate
The effect of  S.J. ϕ on cardiac function was observed by 
recording the heartbeats at 72 hpf  (Figure 3). At 72 hpf, 
the heart rate was significantly increased (ap≤0.05) with 
all concentrations of  alcohol as compared to control. S.J. 
ϕ at 1 and 5% significantly decreased the increased effect 
of  alcohol 1 and 5% concentration that is equivalent to 
the control group. There was a significant increase in a 
heartbeat (ap≤0.05) in 10% of  the S.J. ϕ group which 
may be the effect of  alcohol as the same effect observed 
with alcohol 10%. 

Effect of S.J. ϕ (1, 5 and 10%) on behavior 
parameters
The effect of  different concentrations of  S.J. ϕ on the 
behavior of  zebrafish embryos in terms of  locomotor 
activity at 7 dpf  is demonstrated in Figure 4. Post hoc 
analysis revealed that there was no alteration found in 
total distance traveled (Figure 4a) and average speed 

(Figure 4b) of  the larvae at 7 dpf  in treated groups 
(ap≥0.05) when compared to control.

DISCUSSION
Safety evaluation of  Homeopathic medicines mainly 
those are prescribed in Mother tincture form and of  
plant-derived is pre-clinically unexplored despite having 
good pharmacological effect. Among them, several 
homeopathic medicines are prescribed in pregnancy but 
their effects on developing embryos are not investigated 
by scientific methods. Zebrafish embryos have recently 
emerged as a reliable method in assessing the effects 
of  herbal medicines as well as synthetic compounds on 
embryonic development.36-38 From the literature survey 
it has been found that S.J. ϕ is widely prescribed for 
managing diabetes as well as for gestational diabetes. 

Figure 2: Larvae images at 72 hpf (a), effects of one-hour 
exposure of S.J. ϕ (1, 5 and 10%) on yolk sac edema (b), 
pericardial edema (c), length (d) and, eye width (e) of the 

zebrafish embryo. Different values from each group are Mean 
± SEM (n=6), ap≤0.05 as compared to control, bp≤0.05 as 

compared to Alc-1% (One-way ANOVA subsequently Tukey’s 
post hoc test).

Figure 3: Effects of one-hour exposure of S.J. ϕ (1, 5 and 
10%) on the heart rate of embryos at 72 hpf. All values are 

Mean ± SEM (n=6), ap≤0.05 when compared to control group, 
bp≤0.05 compared to alcohol-1% and cp≤0.05 as compared 

to Alc-5% (One-way ANOVA subsequently Tukey’s post hoc 
test).

Figure 4: Effects of one-hour exposure of S.J. ϕ (1, 5 and 
10%) on the behavior of zebrafish larvae at 7 dpf in terms 

of locomotor activity (total distance traveled; a and average 
speed; b). All values are calculated as Mean ± SEM (n=6), the 
analysis was done using one-way ANOVA followed by post 

hoc (Tukey’s) test.
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To explore its safety aspects, the present study was 
designed to find out the developmental effects of  S.J. ϕ 
on zebrafish embryos.
For the assessment of  the safety of  the embryos, primary 
observational parameters are an effect on mortality and 
hatching. In addition to this, following observational 
parameters like effect on the heart (lack in heartbeat, 
pericardial adema), yolk sac deformities, the effect on 
length, eye width and behavior were selected as these 
are the target sites of  any drug that may cause toxic 
effect at a very initial stage. The selected observations 
were similar in earlier embryonic and teratogenic 
studies carried out on different chemicals reflecting 
the predictive power of  zebrafish embryo bioassay for 
embryonic development in mammals.36,39,40 From the 
previous data reported33 which was further verified 
at our lab also in initial experiments of  alcohol for 1 
hr showed significant mortality when concentration 
of  alcohol was more than 10%. Some mortality was 
observed at 10% concentration, however it was non-
significant. Hence 10% concentration was taken as the 
highest concentration along with 5% as middle and 1% 
as the lowest dose for further experiment. 
Coagulation of  embryo and lack of  heartbeat 
were considered as indicators of  mortality during 
embryogenesis. In this study, S.J. ϕ at 10% concentration 
showed mortality [Figure 1(a)] in zebrafish embryo 
comparable to the control group (alcohol at 10%) that 
indicates the embryotoxic effect of  S.J. ϕ may be due to 
alcohol which needs further in-depth investigation.
For the transformation from embryo to larva hatching is 
an important process41,42 and normally, hatching occurs 
between 48 to 72 hpf.43 In the current study, 1 and 
5% concentration of  S.J. ϕ showed a little delay in the 
hatching of  survived embryos [Figure 1(b)]. This change 
may be due to alteration in hatching enzyme activity and 
the movement of  embryos.42

Morphological developments play an important role in 
the evaluation of  early-stage developmental effects of  
many compounds. The yolk sac provides nutrients to the 
embryo inside the chorion before 4 dpf.44,45 No significant 
changes were observed in yolk sac edema [Figure 2(b)] 
as well as in length [Figure 2(d)] after exposure of  S.J. ϕ 
groups as compared to control group. Whereas alcohol 
10% showed significant yolk sac edema which was not 
observed in S.J. ϕ 10% which may be the indication of  
the masking effect of  drug upon alcohol effect. The eye 
width of  zebrafish larvae was not affected [Figure 2e)] 
after the exposure of  S.J. ϕ. 
In the present study, pericardial edema and changes in 
the heartbeat of  zebrafish larvae were noted as the sign 
of  heart malformation. S.J. ϕ 5% showed a significant 

increase in pericardial edema [Figure 2c] compared 
to control. Besides, at 72 hpf, S.J. ϕ was ameliorated 
alcohol-induced increased heartbeat at 1% and 5% 
concentration [Figure 3]. This effect on heartbeat may 
be due to the diminishing effect of  S.J. ϕ on alcohol in 
the early life stages of  development which needs to be 
further studied. 
The swimming pattern is one of  the important parts of  
behavioural research when the model used is an aquatic 
organism. In the present study, S.J. ϕ did not affect the 
behavioural parameters (total distance travelled, average 
speed) of  larvae indicating that S.J. ϕ 1 hr exposure may 
not have significant CNS effects [Figure 4(a) and 4(b)].

CONCLUSION
From the present study it may be concluded that safety 
of  Syzygium jambolanum ϕ at low concentrations (1% and 
5%) on development of  zebrafish embryos. The embryo 
toxicity induced by 10% concentration of  Syzygium 
jambolanum may be attributed to the ethanol. In addition, 
Syzygium jambolanum ϕ was found to be effective against 
the alcohol-induced heart malformation. This result 
suggests the possibility of  the effective role of  S.J. ϕ 
in diabetic patients with cardiac complications. Further 
developmental toxicity studies on animals need to be 
carried out to validate the results obtained followed by 
clinical validation.
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ABBREVIATIONS
S.J.: Syzygium jambolanum; HIV: Human 
immunodeficiency virus; ϕ: Mother tincture; C: 
Centesimal; GDM: Gestational diabetes mellitus; HPI: 
Homoeopathic Pharmacopoeia of  India; g: gram; 
%: Percentage; ltr: Litre; UV: Ultraviolet; °C: Degree 
centigrade; hrs: Hours; min: Minute; Alc: Alcohol; hpf: 
hours post fertilisation; FET: Fetal embryo toxicity test; 
IAEC: Institutional Animal Ethics Committee; dpf: 
days post fertilisation; ml: millilitre; SEM: Standard 
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error of  mean; CNS: Central nervous system; ANOVA: 
Analysis of  variance.

REFERENCES
1.	 Aqil F, Munagala R, Jeyabalan J, Joshi T, Gupta RC. The Indian Blackberry 

(Jamun), Antioxidant Capacity and Cancer Protection. Cancer: Oxidative 
Stress and Dietary Antioxidants. Academic Press. Amsterdam. 2015;101-13. 

2.	 Bhatia IS, Bajaj KL. Chemical constituents of the seeds and bark of Syzygium 
cumini. Planta Med. 1975; 28(4):346-52. 

3.	 Karthic K, Kirthiram KS, Sadasivam S, Thayumanavan B. Identification of 
alpha-amylase inhibitors from Syzygium cumini Linn seeds. Indian J Exp Biol. 
2008;46:677-80. 

4.	 Aqil F, Gupta A, Munagala R, Jeyabalan J, Kausar H, Sharma R, et al. 
Antioxidant and antiproliferative activities of anthocyanin/ellagitannin-
enriched extracts from Syzygium cumini L. (Jamun, the Indian Blackberry). 
Nutr Cancer. 2012;64(3):428-38.

5.	 Chaudhuri AKN, Pal S, Gomes A, Bhattacharya S. Anti-inflammatory and 
related actions of Syzygium cumini seed extract. Phytotherapy Res. 1990; 
4(1):5-10. 

6.	 Kothari V, Shah A, Gupta S, Punjabi A, Ranka A. Revealing the antimicrobial 
potential of plants. Int J Biosci Technol. 2010;3(1):1-20.

7.	 Prajapati S, Sharma M, Gupta P, Kumar M, Dwivedi B, Arya BS. Evaluation of 
antifungal activity of different homoeopathic mother tinctures against Candida 
albicans. Indian J Res Homoeopathy. 2017;11:237-43. 

8.	 Farswan M, Mazumder PM, Parcha V, Upaganlawar A. Modulatory Effect 
of Syzygium cumini Seeds and its Isolated Compound on biochemical 
parameters in Diabetic Rats. Phcog Mag. 2009;5(18):127-33. 

9.	 Ayyanar M, Babu PS, Ignacimuthu S. Syzygium cumini (L.). Skeels, a 
novel therapeutic agent for diabetes: Folk medicinal and pharmacological 
evidences. Complement Ther Med. 2013;21(3):232-43.

10.	 Chandrasekaran M, Venkatesalu V. Antibacterial and antifungal activity of 
Syzygium jambolanum seeds. J Ethnopharmacol. 2004; 91(1):105-8.

11.	 Khan MS, Qais FA, Ahmad I. Indian Berries and their Active Compounds. New 
Look to Phytomedicine. 2019;179-201. 

12.	 Shanbhag DA, Khandagale N. Application of HPTLC in the Standardization of 
a Homoeopathic Mother Tincture of Syzygium jambolanum. J Chem Pharm 
Res. 2011;3(1):395-401. 

13.	 Maiti S, Ali KM, Jana K, Chatterjee K, De D, Ghosh D. Ameliorating effect of 
mother tincture of Syzygiumjambolanum on carbohydrate and lipid metabolic 
disorders in streptozotocin-induced diabetic rat: Homeopathic remedy. J Nat 
Sci Biol Med. 2013;4(1):68-73.

14.	 Sampath S, Narasimhan A, Chinta R, et al. Effect of homeopathic preparations 
of Syzygium jambolanum and Cephalandra indica on gastrocnemius muscle 
of high fat and high fructose-induced type-2 diabetic rats. Homeopathy. 2013; 
102(3):160-71. 

15.	 Tupe RS, Kulkarni A, Krishna A, Shaikh S, Shah N, Jadhav A. Syzygium 
jambolanum and Cephalandra indica homeopathic preparations inhibit 
albumin glycation and protect erythrocytes: an in vitro study. Homeopathy. 
2015;104(3):197-204.

16.	 Metzger BE, Coustan DR. Fourth International Work-shop-Conference on 
Gestational Diabetes Mellitus. Diabetes Care. 1998;2(1): B1-67.

17.	 Farrar D, Simmonds M, Bryant M, Sheldon TA, Tuffnell D, Golder S, et al. 
Hyperglycaemia and risk of adverse perinatal outcomes: Systematic review 
and meta-analysis. BMJ. 2016;13:354. 

18.	 American Diabetes Association (ADA). Gestational Diabetes Mellitus. 
Diabetes Care. 2003;26:103-5. 

19.	 Kuzuya T, Nakagawa S, Satoh J, Kanazawa Y, Iwamoto Y, Kobayashi M, et 
al. Report of the committee on the classification and diagnostic criteria of 
diabetes mellitus. Diabetes Research and Clinical Practice. 2002;5(1):65-85. 

20.	 International Diabetes Federation. Global guidelines for type 2 diabetes. 
Diabetes Research and Clinical Practice. 2014;104(1):1.

21.	 Buchanan TA, Xiang AH, Page KA. Gestational diabetes mellitus: Risks 
and management during and after pregnancy. Nat Rev Endocrinol. 
2012;8(11):639-49. 

22.	 Priya G, Kalra S. Metformin in the management of diabetes during pregnancy 
and lactation Drugs Context. 2018;7:212-523. 

23.	 Helmstadter A. Antidiabetic drugs used in Europe prior to the discovery of 
insulin. Pharmazie. 2007;62(9):717-20.

24.	 Boericke W. Materia Medica with repertory. 9th ed. Santa Rosa: Boericke and 
Tafel 1927;328-31.

25.	 Sumanas S, Lin S. Zebrafish as a model system for drug target screening and 
validation. Drug Discovery Today: Targets. 2004;3(3):89-96.

26.	 Kimmel CB, Ballard WW, Kimmel SR, Ullmann B, Schilling TF. Stages of 
embryonic development of the zebrafish. Dev Dyn. 1995;203(3):253-310. doi: 
10.1002/aja.1002030302. PMID: 8589427.)

27.	 Shive HR. Zebrafish models for human cancer. Vet Pathol. 2013;50(3):468-82
28.	 Maes J, Verlooy L, Buenafe OE, DeWitte PAM, Esguerra CV, Crawford AD. 

Evaluation of 14 Organic Solvents and Carriers for Screening Applications in 
Zebrafish Embryos and Larvae. PLoS One. 2012;7(10):e43850.

29.	 Atanasova AG, Waltenberger B, Pferschy-Wenzig E, Linder T, Wawrosch 
C, Uhrin P, et al. Discovery and resupply of pharmacologically active plant-
derived natural products: A review. Biotechnol Adv. 2015;33(8):1582-614.

30.	 Westerfield M. A guide for the laboratory use of zebrafish Danio rerio. Eugene: 
University of Oregon Press. 2000.

31.	 Nagel Roland. The Embryo Test with the Zebrafish Danio rerio: A General 
Model in Ecotoxicology and Toxicology; Altex. 2002;:38-48.

32.	 Braunbeck T, Bottcher M, Hollert H, Kosmehl T, Lammer E, Leist E, et al. 
Towards an Alternative for the Acute Fish LC50 Test in Chemical Assessment: 
The Fish Embryo Toxicity Test Goes Multi-species: An Update. Altex. 
2005;22(2):87-102.

33.	 Shaukat A, Danielle LC, Alia A, Michael KR. Large-scale analysis of acute 
ethanol exposure in zebrafish development: A critical time window and 
resilience. PLoS One. 2011;6(5):e20037. 

34.	 Truong L, Harper SL, Tanguay RL. Evaluation of embryotoxicity using the 
zebrafish model. Methods Mol Biol. 2011;691:271-9. 

35.	 Busquet F, Strecker R, Rawlings JM, Belanger SE, Braunbeck T, Carr GJ, et 
al. OECD validation study to assess intra- and inter-laboratory reproducibility 
of the zebrafish embryotoxicity test for acute aquatic toxicity testing. Regul 
Toxicol Pharmacol. 2014;69(3):496-511. 

36.	 Zhang ZJ, Cheang LV, Wang MW, Li GH, Chu IK, Lin ZX, et al. Ethanolic 
Extract of Fructus Alpiniaoxyphylla Protects Against 6-Hydroxydopamine-
Induced Damage of PC12 Cells in vitro and Dopaminergic Neurons in 
Zebrafish. Cellular and Molecular Neurobiology. 2011;32(1):27-40.

37.	 Ali S, Van MHGJ, Richardson MK. Large-Scale Assessment of the Zebrafish 
Embryo as a Possible Predictive Model in Toxicity Testing. PLoS One. 
2011;6(6):21076.

38.	 Le Q, Feng C, Yang Y, Yuan L, Suzhen Q, Chengju W. Mechanisms of 
developmental toxicity in zebrafish embryos (Danio rerio) induced by boscalid. 
Science of the Total Environment. 2018;634:478-87.

39.	 Halili JFA, Quilang J. The zebrafish embryotoxicity and teratogenicity assay. 
The Philippine Biota. 2011;44:63-71.

40.	 Gao XP, Feng F, Zhang XQ, Liu XX, Wang YB, She JX, et al. Toxicity 
assessment of 7 anticancer compounds in zebrafish. Int J Toxicol. 
2014;33(2):98-105.

41.	 Leung SY, Bulkley RV. Effects of petroleum hydrocarbons on length of 
incubation and hatching success in the Japanese Medaka. Bull Environ 
Contam Toxicol. 1979;23:236-43.

42.	 Samaee S, Rabbani S, Jovanovic B, Mohajeri-Tehrani M, Haghpanah V. 
Efficacy of the hatching event in assessing the embryotoxicity of the nano-
sized TiO(2) particles in zebrafish: A comparison between two different 
classes of hatching-derived variables. Ecotoxicol Environ Saf. 2015;116:121-
8.

43.	 Hwang P, Chou M. Zebrafish as an animal model to study ion homeostasis. 
Pflueg Arch Eur J Physiol. 2013;465(9):1233-47.

44.	 Anderson J, Carten J, Farber S. Zebrafish lipid metabolism: From mediating 
early patterning to the metabolism of dietary fat and cholesterol. Methods Cell 
Biol. 2011;101:111-41.

45.	 Wiegand MD. Composition, accumulation and utilization of yolk lipids in 
teleost fish. Rev Fish Biol Fish. 1996;6(3):259-86.



Sharma, et al.: Effect of Syzygium jambolanum on Zebrafish Embryos

204� Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 | Jan-Mar, 2021

Cite this article: Sharma M, Prajapati S, Kumar A, Tripathi A, GVN Kumar, Gupta P. Safety Evaluation of Syzygium 
jambolanum on the Development of Zebrafish Embryos. Indian J of Pharmaceutical Education and Research. 
2021;55(1):198-204.

SUMMARY
Based on results, it may be summarized that Syzygium 
jambolanum ϕ at a higher concentration (10%) 
showed mortality which might be alcohol-induced 
also. Despite mortality at higher concentrations, 
Syzygium jambolanum ϕ at different concentrations 
found to be beneficial against the alcohol-induced 
heart malformation suggested the possibility of the 
effective role of S.J. ϕ in diabetic patients with cardiac 
complications. Therefore, it can be concluded that 
Syzygium jambolanum ϕ at low concentration was 
found to be safe in the early life stage of zebrafish 
embryos. However, detailed developmental toxicity 
assessment should be carried out at employing higher 
animal models for better clinical correlation.
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