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Introduction This study aimed to evaluate the toxicity and the antiangiogenic activ-
ity of Murraya koenigii leaf extracts in zebrafish.
Materials and Methods Crude aqueous and ethanol extracts of M. koenigii leaves 
were obtained following a standard solvent-based extraction method. The toxicity 
of these extracts on zebrafish embryonic development was determined and the LC50  
values were calculated. Finally, the antiangiogenic activity of the M. koenigii leaf 
extracts was evaluated in a transgenic zebrafish (Tg [fli1: GFP]) that express GFP under 
the control of fli1, a transcription factor involved in vasculogenesis.
Results The LC50 value of the aqueous extract of M. koenigii leaves was much larger 
(2,450 ppm) compared with that of ethanol extract (9.85 ppm), suggesting a lower 
toxicity of the aqueous extract. The antiangiogenic activity was evident only in aque-
ous extract, with significant effects in formation of intersegmental vessels and subin-
testinal veins in treated Tg (fli1: GFP) zebrafish embryos.
Conclusion This study demonstrated the biological activity of M. koenigii leaf extracts 
as angiogenesis suppressor, suggesting its therapeutic potential as an angiogenesis 
inhibitor. Identification of active components from natural sources with potent antian-
giogenic activity could lead to the development of anticancer agents.
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Introduction
The increasing demand for chemical diversity in screening 
programs leads to the identification of therapeutic drugs 
from natural products, particularly from edible plants. 
According to the World Health Organization, more than 80% 
of the world’s population rely on traditional medicine for 
their primary health care needs.1,2 The application of medic-
inal plants in traditional medical treatments is significant in 
both developing and industrialized countries.3,4

Murraya koenigii (curry tree), a small aromatic plant 
belonging to the family Rutaceae, is native to India and is 
used in the Ayurvedic system of medicine.5 Leaves, roots, and 
bark of this plant have been demonstrated as rich sources of 
carbazole alkaloids with potent biological activities.6 Some 

of the pharmacological effects such as antioxidant, antidia-
betic, anti-inflammatory, antitumor, anticancer, and neuro-
protective activities have been reported for M. koenigii.2,7,8 
The leaves are rich source of polyphenols, which can inhibit 
the proteolytic activity of the cancer cell and cause cell death.

Angiogenesis is a complex process involved in the devel-
opment of new blood vessels from preexisting vasculature, 
mainly for endothelial cell proliferation, organization, and 
migration.9,10 It plays an important role in tumor progression 
by stimulating blood vessel growth from nearby capillaries as 
a prelude to metastasis. Tumor growth and metastasis in can-
cer states have been reported as angiogenesis dependent.11 
Persistent unregulated angiogenesis is a hallmark of cancer.12 
Therefore, blocking angiogenesis is considered as an encour-
aging strategy in cancer therapy.
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In recent years, zebrafish (Danio rerio) has gained tremen-
dous popularity as an in vivo model in biomedical research 
due to its several inherent properties. Zebrafish has high 
fecundity, the embryos are optically transparent, and it has 
short generation time. The zebrafish is amenable to high 
throughput screening in drug discovery and it is inexpensive 
to maintain. The ease of genetic manipulation and the avail-
ability of many transgenic lines where the blood vessels are 
tagged with fluorescent proteins allowing real-time visual-
ization of the process of vasculogenesis make it an ideal sys-
tem for screening antiangiogenic compounds.13,14

In this study, we have obtained crude extracts of M. koenigii  
leaves using two different solvents and determined the  
toxicity of these compounds. Further, we investigated the anti-
angiogenic activities of these extracts in transgenic zebrafish 
embryos (Tg [fli1: GFP]) that expressed GFP under the con-
trol of fli1, a transcription factor involved in vasculogenesis.  
The results of this study suggest that M. koenigii leaves  
contain potent angiogenesis inhibitors, which could be 
further characterized and developed as potent anticancer  
drugs.

Materials and Methods
Sample Collection and Extraction
The M. koenigii leaves were collected from in and around 
Mangalore. A thorough washing of the collected leaves was 
done with tap water followed by distilled water. The leaves 
were then air dried at room temperature for 48 to 72 hours, 
powdered, and were stored in an airtight container. Solvent 
extraction was performed following a previously described 
method.15 In brief, 10 g of dried leaf powder and 100 mL 
of the ethanol and water were added separately to 500 mL 
conical flask. It was kept in the shaking incubator at 37°C 
for overnight at 110 rpm. Following day, the suspension was 
taken from the incubator and filtered using muslin cloth and 
was poured into petri plates. These petri plates were kept 
at room temperature for drying. After drying, the extract 
was scrapped using spatula and was finely powered. The 
extract was then transferred into 15 mL conical tubes, and 
stored in 4°C. A 2,500 ppm stock was prepared by dissolving  
25 mg extract in 25 mL solvent. It was than centrifuged at 
12,000 rpm for 2 minutes. The filtrate was collected and used 
for exposure studies. For every trial, fresh stock was prepared 
and used.

Animal Husbandry and Rearing
Adult zebrafish were maintained at 28°C in a recirculating 
aquaculture system with 14/10-hour day/night light cycle. 
Embryos were generated by natural pairwise mating of adult 
fish.16 Breeding boxes were placed into the fish tank over-
night. Embryos were collected in the morning and trans-
ferred into petri dishes containing embryo media (E3) and 
subsequently maintained at 28.5°C.

LC50 Determination
A semistatic methodology, where media change with renewal 
of test compound twice a day, was followed. The experiments 

were performed in triplicates in microtiter plates with 10 
embryos in each replicate. The embryos were exposed at 
10-hour postfertilization (hpf) and mortality was recorded 
after 24 hours postexposure. To calculate LC50, Kärber’s 
method17 was employed where the concentration at which 
all the embryos were dead (LC100) was considered as the 
upper limit and the concentration at which all the embryos 
survived (LC0) was considered as the lower limit. Toxicity 
studies were conducted in accordance with OECD guidelines.

Evaluation of Developmental Toxicity of Aqueous and 
Ethanol Extracts
The developmental toxicity was evaluated for each of the 
concentrations. The experiments were conducted in trip-
licates with 10 embryos each. The embryos were observed 
for morphological changes for 5 days with change of water 
and renewal of test solution twice a day. The developmen-
tal stage at first exposure was the shield stage (10 hpf). Four 
types of toxicological assays, namely, developmental toxicity, 
cardiotoxicity, neurotoxicity, and hepatotoxicity were per-
formed with observation and recording of lethal and sub-
lethal end points. The effects on development was analyzed 
on day 1 postfertilization followed by cardiotoxicity on day 
2, neurotoxicity on day 3, and hepatotoxicity on day 5. Data 
from three replicates for each end point for each concentra-
tion were recorded using a stereomicroscope at 10 magni-
fication (Leica S9D, Germany) and were compared with the 
control (unexposed) embryos. The p-value was calculated 
using a t-test, and a value of <0.05 was considered statisti-
cally significant.

Assessment of Antiangiogenic Activity of Aqueous and 
Ethanol Extract
To investigate whether the extracts can prevent vasculogene-
sis in zebrafish embryos, transgenic zebrafish that expresses 
green fluorescent protein under the control of fli promoter 
(Tg [fli1: GFP]) was exposed to various concentrations of 
aqueous and ethanol extracts of M. koenigii leaves. Embryos 
(n = 10) in triplicates were exposed to various concentra-
tion of the compound at 10 hpf and were observed for the 
effects on intersegmental vessels (ISVs) and subintestinal 
veins (SIVs) at 48 and 72 hpf. A 10 μL of 1X phenylthiourea 
was added to all wells to prevent pigmentation. The embryos 
without exposure of the test compound served as control 
group. The microtiter plate was incubated at 28.5°C for the 
entire duration. For imaging, the embryos were anesthetized 
with tricane (final concentration 0.04%) and were photo-
graphed at 50 magnification using a fluorescent microscope 
(Leica DM2500, Germany).

Results
Developmental Toxicity of Aqueous and Ethanol 
Extracts
The toxicity of the test compound was determined by calculat-
ing the LC50 using the Kärber’s method. As shown in ►Tables 1  
and 2, the LC50 of the aqueous extract was estimated to be 
2,450 ppm and that of ethanol extract was 9.85 ppm. The 
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results obtained from the exposure of aqueous extract indi-
cated that the crude extract of M. koenigii leaves is quite safe 
without any significant mortality or developmental defects 
up to 1,000 ppm. At 1,500 ppm, mortality was observed for 

a few embryos, but it was not statistically significant. For 
concentrations ranging from 2,000 to 4,000 ppm, though the 
developmental effects were not evident at day 1, the effects 
of the extracts were quite apparent from day 2 onward and 
at higher concentrations, most of the embryos were dead by 
day 3 (►Fig. 1A). Morphological defects including pericardial 
edema and incomplete yolk absorption were evident at con-
centrations beyond 2,000 ppm (►Fig. 1B). Thus, the aque-
ous extract appeared to be nontoxic at concentrations up to  
1,000 ppm. In contrast, the ethanol extract appeared to be 
highly toxic at concentrations beyond 11 ppm (►Fig. 2A). At 
concentrations between 8 and 10 ppm, the embryos were 
unaffected with a few deaths at day 5. However, the reduction 
in number of live embryos was not statistically significant. 
Severe morphological defects including tail bending, lack 
of digestive system, and pericardial edema were observed 
beyond 11 ppm. The treated embryos did not survive till  
5 dpf (►Fig. 2B).

Cardiotoxicity of Aqueous and Ethanol Extracts
To check the cardiotoxicity, the heart rate and rhythmicity 
were analyzed on day 2 postfertilization postexposure to 
both aqueous and ethanol extracts. The heart beat was cal-
culated based on beats per minute and the values are rep-
resented as mean of three independent observations. In 
case of aqueous extract, there was no change in the heart-
beat up to 1,000 ppm. However, the heartbeat decreased  
with increased concentrations and drastic reduction was 
observed after 3,000 ppm (►Fig. 3A). In case of ethanol extract, 
the treated embryos displayed a decrease in heart rate at  
8 and 9 ppm. Intriguingly, the heartbeat was increased at  
11 ppm onward (►Fig. 3B), suggesting defective cardiac func-
tion. However, the looping of the heart was intact for both 
the extracts, even at higher concentrations, suggesting no 
effect on structural development of the heart in the treated  
embryos.

Table 1  Estimation of LC50 for aqueous extract

Concentration 
(ppm)
N = 30

Dose difference
(a)

Mean death
(b)

(a) × (b)

4,000 – – –

3,500 500 9.5 4,750

3,000 500 8 4,000

2,500 500 6 3,000

2,000 500 4.5 2,250

1,500 500 2.5 1,250

1,000 500 0.5 250

Total 15,500

Note: LC50 = Maximum dose  (⅀ab/no. of embryos used) = 4000 −
(15450/10) = 2450 ppm.

Table 2  Estimation of LC50 for ethanol extract

Concentration 
(ppm)
N = 30

Dose 
difference
(a)

Mean death
(b)

(a) × (b)

12 – – –

11 1 8 8

10 1 5 5

9 1 3.5 3.5

7 2 2.5 2.5

Total 21.5

Note: LC50 = Maximum dose  (⅀ab/ no. of embryos used) = 12 − (24/10) =  
9.85 ppm.

Fig. 1 Survival rate and developmental toxicity of zebrafish embryos treated with Murraya koenigii leaf aqueous extract.(A) Survival rates 
of zebrafish embryos treated with M. koenigii leaf aqueous extract at different days postfertilization. The embryos were exposed at 10-hour 
postfertilization (hpf) and the survival rates were recorded at 24, 48, 72 and 120 hpf. (B) Representative images of zebrafish embryos at  
120 hpf exposed to different concentrations of aqueous extract: a—control, b—2,000 ppm, c—3,000 ppm, and d—3,500 ppm. Morphological 
anomalies such as incomplete yolk absorption (roundish yolk), pericardial edema (arrowhead), and reduced pigmentation were evident in 
treated embryos.
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Investigation of Antiangiogenic Property in Murraya 
koenigii
To investigate the effects of M. koenigii leaf aqueous and 
ethanol extracts on angiogenesis, a transgenic zebrafish 
line that expresses GFP under the control of fli1 was used. 
For determination of antiangiogenic activity, three con-
centrations below the calculated LC50 (2,450 ppm for aque-
ous extract and 9.85 ppm for ethanol extract) that did not 
show any effects on embryonic development were chosen. 
As shown in ►Fig. 4, the exposure to the aqueous extract of  
M. koenigii leaves resulted in disruption of the ISV formation 
leading to defective ISVs (indicated by white box) at 1,000 
and 1,500 ppm at 48 hpf (►Fig. 4A). Although the effects on 
ISV formation at 48 hpf were marginal, at 72 hpf, it was more 
prominent with conspicuous absence of the proper branch-
ing of the ISVs in the treated embryos, particularly at 1,500 
and 2,000 ppm, compared with the control (►Fig. 4B). The 
aqueous extract also showed a severe effect on the SIV basket 
formation when observed at 72 hpf. As shown in ►Fig. 4C, 
in the control embryos (a), the SIVs were properly formed 

with well-organized sprouting of the vessels in the form of 
a mesh-like structure (indicated by white arrow). However, 
in the treated embryos, there was either ectopic sprouting 
of SIVs or lack of SIVs suggesting an effect on SIV formation 
(►Fig. 4C).

In case of ethanol extract, although the branching of the 
ISVs was not affected, the signal intensity of GFP was lesser in 
the treated embryos at 48 hpf (►Fig. 5A). However, at 72 hpf, 
there was no obvious difference between the treated and the 
control embryos (►Fig. 5C). Similarly, there was no effect on 
SIV formation in exposed embryos (►Fig. 5C).

Discussion
M. koenigii is known for its rich sources of carbazole alka-
loids and have been used in traditional medicines because 
of its various biological properties.18-20 The balance between 
proangiogenic and antiangiogenic factors describes the cru-
cial process of angiogenesis. The imbalances in these factors 
contribute to impaired angiogenesis leading to vasculature 

Fig. 2 Survival rate and developmental toxicity of zebrafish embryos treated with Murraya koenigii leaf ethanol extract. (A) Survival rates of 
zebrafish embryos treated with M. koenigii leaf ethanol extract at different days postfertilization. The embryos were exposed at 10-hour post-
fertilization (hpf) and the survival rates were recorded at 24, 48, 72, and 120 hpf. (B) Representative images of zebrafish embryos at 120 hpf 
exposed to different concentrations of ethanol extract: a—control, b—8 ppm, c—10 ppm, and d—12 ppm. Severe developmental effects such as 
lack of development of digestive tract, tail bending, severe pericardial edema (arrowhead) were evident in treated embryos.

Fig. 3 Effects of Murraya koenigii leaf aqueous and ethanol extracts on heartbeat of zebrafish embryos.(A) Measure of heart beat at 72-hour 
postfertilization (hpf) zebrafish embryos treated with different concentration of aqueous extract. (B) Measure of heart beat at 72 hpf zebrafish 
embryos treated with different concentration of ethanol extract.
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Fig. 4 Antiangiogenic effect of Murraya koenigii leaf aqueous extract on zebrafish transgenic line Tg (fli1: GFP).(A, B) Representative images of 
transgenic zebrafish trunk intersegmental vessels (ISVs) (white box) at 48-hour postfertilization (hpf) (A) and 72 hpf (B) treated with aqueous 
extract. a—control, b—1,000 ppm, c—1,500 ppm, and d—2,000 ppm. (C) Representative images of subintestinal vein basket (white arrow) of 
embryos at 72 hpf treated with the extract at different concentration. All figures are lateral views with dorsal to the top and anterior to the left.

Fig. 5 Angiogenesis in Tg (fli1: GFP) zebrafish embryos treated with Murraya koenigii leaf ethanol extract. (A, B) Representative images of 
zebrafish trunk intersegmental vessels (ISVs) (white box) at 48-hour postfertilization (hpf) (A) and 72 hpf (B) treated with ethanol extract.  
a—control, b—6 ppm, c—7 ppm, and d—8 ppm. (C) Representative images of subintestinal vein basket (white arrow) of embryos at 72 hpf 
treated with the extract at different concentration. All figures are lateral views with dorsal to the top and anterior to the left.
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abnormalities which are exacerbated as tumor continues 
to grow.21,22 A promising strategy for cancer therapeutics 
could be exploring the antiangiogenic activity of the drug.23 
The present study focused on investigating the developmen-
tal toxicity and antiangiogenic potentials of M. koenigii leaf 
extract in vivo. Zebrafish model system has gained much 
attention in recent years as an in vivo model for angiogenesis 
study due to its physiological similarities with mammals.24,25 
The results of this study showed that the aqueous extract of 
M. koenigii leaves are quite safe and the deleterious effects 
on development are visible only at high concentrations of  
1,500 ppm and above. The developmental defects such as 
edema in heart, incomplete yolk sac absorption, and absence 
of swim bladder were observed in embryos when exposed to 
2,000 ppm and above of M. koenigii extracts.

On the contrary, the ethanol extract appeared to be quite 
toxic and concentrations beyond 10 ppm interfered with the 
survivability of embryos beyond 3 dpf. Severe developmental 
effects such as body curvature, yolk sac burst, tail bending, 
and pericardial edema were observed at all doses and none 
of the exposed embryos could survive till 5 dpf. The devel-
opmental deformities observed in the present study are in 
concordance with the previous studies on toxicity and tera-
togenic effects of natural products such as curcumin and 
celastrol.26,27

Characterization and screening of small molecules 
with antiangiogenic properties from natural sources have 
garnered wide attention in recent years. In this study, we 
have shown preliminary results of the effect of M. koenigii 
leaf extracts on vasculogenesis using transgenic zebrafish 
models. The results of this study indicated that the anti-
angiogenic activity of aqueous extract is more potent as 
compared with the ethanol extract. These observations 
corroborate the results shown in other studies conducted 
using natural products such as soya bean.28 From our data, 
it is not clear why the aqueous extract alone demonstrated 
antiangiogenic activities. Antioxidant activity of aqueous 
extracts of M. koenigii could contribute to our observa-
tions. Indeed, a study on rats has shown that the aqueous 
extract of curry leaf can alleviate the cadmium-induced 
oxidative damage in cardiac tissues through its antioxidant  
activity.29

Conclusion
Although the data presented here are preliminary, they, nev-
ertheless, demonstrate that the crude aqueous extract of 
M. koenigii leaves is less toxic and possesses antiangiogenic 
properties. In contrast, the ethanol extract is more toxic 
and does not show any antiangiogenic activity. The study 
also highlights the usefulness of the zebrafish model system 
as an effective in vivo tool for screening such natural com-
pounds for their anticancer activities. Future work should 
be directed toward isolating the active ingredients from this 
crude extract and characterizing the active ingredients for its 
anticancer properties using mammalian systems.
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