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Abstract: Background: Fruit — by - product includes peels, seeds, leaves, residual pulp, stems and discarded pieces from
a variety of sources. Pomegranate (Punica granatum) peel is a good source of bioactive compounds, antioxidants,
nutraceuticals, and functional properties and there is a healthy trend towards by-product utilization and value addition.
However, its toxicityand its adverse effects were not intensively studied. Objective: This study aimed to examine the In-vivo
toxicity of Pomegranate Peel Powder (PPP) extract and histopathological assessment using zebrafish (Danio rerio).
Methods: Decoction (Aqueous) by Soxhlet method was used for extraction from Pomegranate Peel Powder (PPP). Dense
extract was used to study toxicity level and it was assessed using Dose Dependent Toxicity Assessment (DDTA) with
Zebrafish. The mature Zebrafish were divided into eight groups (A, B, C, D, E, F, G, andcontrol) based on their average
body weight, with eight fishes in each tank. Fish groups (8 fishes/concentration) were treated to different doses and
concentrations of Pomegranate PeelPowder (PPP). Fish mortality was monitored and recorded after 24, 48, 72, and 96
hours. After acute toxicity analysis, H & E staining was performed to analyse the zebrafish brain. Atleast 3 fish from each
group were taken and analysed for histopathological scoring. Result: At 24 hr and 96 hr exposure periods, the lethal dosage,
to kill 50% of test fishes, was 800 mg/L.Fish treated with 200 mg/L dosage had a score grade of 1 and showed no toxic
pathological changes when compared to 400 and 800 mg/L doses because they considerably had decreasedpathological
scores of neuronal damages, which was equivalent to the control group. Zebrafishtreated with 12.5 — 200 mg/L showed no
toxic effect in the brain of fish, which was comparablewith the control. Conclusion: The current study showed that the No-
Observed Adverse Effect Level (NOAEL) is evaluated to be 200 mg/L dosage. Thus, PPP has less toxicity, and its use is
suggested with potential applications against diseases.
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1. Introduction

Various parts of the Pomegranate tree and fruit are used for therapeutic and culinary applications. Punica
granatum L. has a long history to treat several conditions including diarrhoea, ulcers, aphthae, haemorrhage, and
respiratory complications [1]. People use pomegranate for high blood pressure, athletic performance, heart disease,
diabetes, and many other conditions, but there is no good scientificevidence to support most of these uses.
Pomegranate Peel Powder (PPP) has diverse pharmacological functions such as antioxidant [2].

PPP possesses strong antibacterial,antioxidant and anti-tyrosinase activities. Therefore, the PPP could be
exploited as a potentialsource of natural antimicrobial and antioxidant agents [3]. They are also usedto treat parasitic
and microbial infections. For example, the use of 250 p g/mL pomegranate peel extract (PPE) was most effective
to inhibit antibiotic resistant strains of Salmonella typhimurium and Staphylococcus aureus in meat surfaces [4].

There are various kinds of traditional medicines derived from plants and have studied in much chemical content
and efficacy in them. But there are still many plants whose toxicity levels are not yet known, so it needs to be further
investigated to determine safety ingredient [5]. Toxicity tests are needed to assess the safety of the drug, or
ingredients used as supplements or food [6]. It isalso to protect the community from potentially harmful effects.

One of the methods used to test the toxicity is to use the Zebrafish (Danio rerio). This method is easy to work
with, cheap, short time detection, and accountable [7]. The toxicity test in red pomegranate is not widely known. The
root, stem,or peel of pomegranate is possibly unsafe when taken by mouth in large amounts. So, based onthis
background, the researcher is interested in doing a red pomegranate toxicity test on zebrafish (Danio rerio). This
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study aims to determine the toxic effects of PPP on Zebrafish (Danio rerio) and to determine LC 50 value of
Zebrafish (Danio rerio) after supplying of PPP.

1.1 Objectives

This study aimed to examine the In-vivo toxicity and histopathological assessment of Pomegranate Peel Powder
(PPP) extract using zebrafish (Danio rerio). The purpose of the studywas to assess the histological alterations in the
adult zebrafish (Danio rerio L.) brain after long-term exposure to Pomegranate Peel Powder (PPP) in eight groups
(A, B, C, D, E, F, G, and control) at concentrations of 12.5, 25, 50, 100, 200, 400, 800 and tank water mg/L for 24,
48, 72, and 96 hours.

2 Material and Methods
2.1 Plant Extraction

The Punica grantum L. peel used in the current study was collected from local market

of Chennai city, Tamilnadu, India. To prepare PPP, pomegranates were manually peeled, shadedried and powdered
by a mixer grinder.

2.2 Extraction — Decoction Method

50 grams of Pomegranate Peel Powder (PPP) was added to 500 mL of 80% methanol for 10 days in a Soxhlet
extraction apparatus. After extraction the solvent was removed, by means of a rotary evaporator, yielding the
extracted compound. The stock peel extract was keptin sterile containers at 4°C until use. The dense extract is then
filtered before being utilized orfurther processing.

Table -1 Extraction Procedure
Steps (Extraction Yield- 71.26%)

| 1] 1] v

Wash, clean andpeel off fre Drying of Pomegranatepeel (Shade
Pomegranate

Decoction (Aqueous)

- Extraction

&

F

2.3 Selection of Animal

Genetic, pharmacological, and behavioural investigations with Zebrafish (Danio rerio) are becoming increasingly
popular. Zebrafish are used as an animal model for severalhuman illnesses since they are vertebrates and share
70-80% of our genetic makeup. Zebrafish has a high fertility, low care expenses, transparent embryos, and rapid
development as advantages.

514



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 513-521

(Source: Wikipedia and Max-Planck-Gesellschaft)
Zebrafish (Danio rerio)

2.4 Zebrafish Maintenance

About 100 mature, mixed-gender Zebrafish of the AB strain from a nearby aquariumsupply shop were procured.
Every fish was kept in a circulating 3 L system tank that regularly aerates and filters the system water (dechlorinated
water) to preserve the water quality for a healthy aquatic habitat. The illumination was set to 14:10 hours (light:
dark), and the tank's temperature was kept between 26-28.5 °C. They were provided with a nutritionally adequate
standard laboratory diet. Live brine prawns (Artemia sp.) and Tetra- Min flake meal were mixed and given to them
1-2 times per day. The pH of the system water was measured daily and kept between 6.8 and 7.5, and the salinity of
the water shouldbe between 0.5-2 ppt. Fish tanks were cleaned on a regular basis.

2.5 Experimental Design
2.5.1 Toxicological Study
Grouping
The mature Zebrafish were divided into eight groups (A, B, C, D, E, F, G, and control) based on their average
body weight, with eight fishes in each tank. The fish in eachgroup varied in weight from 0.15 to 3 g prior to treatment,

all the fish in each group were acclimated in a 3 L circulating tank for 10 days. A consistent mixed diet (brine prawns
andTetra-Min flake meal given 1-2 times daily) was supplied to all the fish in the groups.

Table-2 Weight of The Zebrafish in each group

WEIGHT OF THE INDIVIDUAL FISHES IN EACH GROUP (in grams)

Group Group Group Group Group Group Group Group Control
No. Of Fish A B © D E F G

1 0.21 0.46 0.21 0.62 1.04 0.68 2.01

2 0.38 0.26 0.21 0.30 0.60 0.58 0.86

3 0.32 0.30 0.40 0.21 1.60 0.99 0.83

4 0.25 0.32 0.56 0.17 0.75 0.63 3.05

5 0.26 0.27 0.32 1.90 0.15 0.90 0.98

6 0.45 0.29 0.54 0.133 0.99 0.98 0.78

7 0.43 0.28 0.69 0.38 0.81 0.97 0.56

8 0.98 0.56 0.25 0.44 0..45 0.40 1.72

According to OECD standards 203, aqueous extract of Pomegranate peel powder was tested for acute toxicity
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in zebrafish (Danio rerio) for 96 hours. For 96 hours, the before mentioned fish groups (8 fishes/concentration) were
treated to different doses and concentrations of Pomegranate peel powder. Using the median lethal concentration
(LC50), the approach for calculating the acute toxicity test that is most frequently accepted. The amountof test sample
in water needed to kill 50% of a test batch of fish during a specific exposure period is known as the LD50. Both
before (48 hours prior to treatment) and throughout the experiment, the fish were not fed. Prior to and following the
experiment, the mean average weight of fish in each group will be measured. The fatal concentration (LC50) in
Danio rerio was established using seven different concentrations of Pomegranate peel powder extract and one
control (normal system water). 3 L of dechlorinated water was used to dissolve each concentration.

Table — 3 Concentration of Aqueous Extract of Pomegranate Peel Powder (PPP) todetermine Acute Toxicity in
Zebrafish (Danio rerio)

Groups Concentration of Extract (mg/L)
A 12.5
B 25
C 50
D 100
E 200
F 400
G 800
Control System water

Ina 3 L tank with 96 hours of exposure, about eight healthy fish were exposed to variousconcentrations. A constant
temperature of 25°C and a pH of 7.0 were maintained for both the treatment and control groups. Fish mortality was
monitored and recorded after 24, 48, 72, and96 hours. It is thought that a fish is dead if there is no visible operculum
movement and no response when the caudal peduncle is touched. To avoid spreading illness, deceased fish were
removed from the tank once mortalities were reported. The fish in each group were moved to new tanks with their
appropriate amounts of aqueous extract of pomegranate peel powder after 24 hours. After 96 hours of exposure,
the cumulative mortalities and 96-hour lethal concentrations (LC50) values for each test sample were determined.

2.5.2- Histopathological Sampling and Biochemical
2.5.2.1 Analysis Procedure
After acute toxicity analysis, fish were sacrificed using a higher dose of MS-222. The

head of the fish was cut open to remove the brain. The extracted brain was fixed in fixative andtissues were processed
to prepare paraffin wax blocks. H & E staining was performed to analysethe zebrafish brain. The H & E-stained slides
were observed under a microscope and microscopic lesions were recorded. At least 3 fish from each group were
taken and analysed for histopathological scoring. Histological alterations were scored as (-) no histopathology; (+)
histopathology in <25% of the field, (++) histopathology in > 75% of the field, and (+++) histopathology in all fields.

2.5.2.2 Ethical Considerations

All experimental procedures were reviewed and approved by the Institutional Animal Ethics Committee (IAEC), on
22nd July 2023, at Centre for Laboratory animal Technology and Research, Sathyabama Institute of Science and
Technology, Chennai., prior to the initiationof the experiment and the laboratory animals were taken care of
according to the committee for the purpose of control and supervision of experiments on animals (CPCSEA)
regulations.
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3. Results

3.1 Toxicological Assessment -

Figure - 1 Acute toxicity analysis (Labels: Left to Right 12.5, 25, 50, 100, 200, 400,800mg/L and control tank)

Table - 4: Number of live fishes in each Concentration at different time interval and itsLC50

Concentration (mg/L) No. of live fishes IC 50

Oth [8th [1gth |path |32nd |40 th |ygth |sth [g4th [72nd|80 th(88 thggth
A (12.5) 8 8 8 8 te] 8 te] 8 8 8 8 8 [B |
B (25) 8 8 8 8 te] 8 te] 8 8 8 8 8 [B |
C (50) 8 8 8 8 te] 8 te] 8 8 8 8 8 [B |
D (100) 8 8 8 8 8 8 8 8 8 8 8 8 [B [
E (200) 8 8 8 8 te] 8 te] 8 te] 8 8 8 [B |
F (400) 8 8 7 [ |7 7 6 6 Ip 6 6 |6 |6 |

G (800) 8 7 6 6 5 5 4 3 3 2 0 0 |0 [48th
Control (normal dechlorinated water) (8 8 8 8 8 8 8 8 8 8 8 8 B |

Table -5: Percentage of live fishes in each concentration at time interval

Group Concentration Live fishes at different time interval (in %)
(mgL) 24t Hour 48t Hour 72nd Hour 96t Hour

A 12.5 100 100 100 100

B 25 100 100 100 100

C 50 100 100 100 100

D 100 100 100 100 100

E 200 100 100 100 100

F 400 87.5 75 75 75

G 800 75 50 25 0

517



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 513-521

Table 6: Mortality of fishes in each concentration at time interval

(mgiL)

Group Concentration

Mortality of fishes at different time interval (in %)

24t Hour

48th Hour

72nd Hour

96t Hour

125

25

50

100

o| ol o] of ©

200

o| ol o] of ©

o| ol o] of ©

o| ol o] of ©

400

ol nl ml of of =w| >

12.5

25

25

25

800

25

50

75

100

Mortality rate @24th hour

=
tn

Mortalityv®a

y=0.0334x2.227

Concentration(mg/L)

Ln
=

[ar}
=1

Mortality %o

Figure 2 Graphical Representation of Mortality rate @24th and @48th hour

Mortality rate@72rd hour

Mortality (in %)

v=0.0959x- 74715,

Concentration(mg/L)

Mortality (in %)

Figure 3 Graphical Representation of Mortality rate @72nd and @96th hour

Mortality rate @48th hour

¥=0.0669x - 4454

Concentration(mg/L)

Mortality rate @96th hour

¥ =0.125x-10.489

Concentration (mg/L)

The aqueous extract of pomegranate peel powder was found to be toxic, as evidenced by the 100% fatality rate.
The LCso values of different concentrations of pomegranate peel powder extract were 1563.6, 813.96, 599.28, and
483.91 mg/L for 24, 48, 72, and 96 hours, respectively. Concentration-dependent change in the mortality of fishes

exposed to different
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Table -7: LCsp value

TIME (Hours) LC50 value (mg/L)
24 1563.6
48 813.96
72 599.28
96 483.91

concentration of pomegranate peel powder were clearly observed at 24, 48, 72, 96 hours. The pomegranate peel
powder was found to be lethal at the highest concentration of 800 mg/L within 24 hours of exposure to the sample.
As the exposure duration rose from 24 to 96 hours,the death rate increased dose-dependently and decreased
time-dependently, and the median fatal concentration decreased. At 200 mg/L of pomegranate peel powder
extract, no mortality was found. At 24 hr and 96 hr exposure periods, the lethal dosage to kill 50% of test fishes

was800 mg/L. During the trial period, there was no mortality in the control group.
3.2 Histopathological Assessment

Table -8 Pathological scoring of H & E-stained zebrafish brain

S. No. Groups Pathological Scoring
1 Control -
2 800 mg/L +++
3 400 mg/L ++
4 200 mg/L +
5 100 mg/L -
6 50 mg/L -
7 25 mg/L -
8 12.5 mg/L -
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Figure -4 Pathological reference of 800 mg/L treated zebrafish brain
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Figure-5 Pathological reference of 400 mg/L treated zebrafish brain
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Figure-6 Haematoxylin and Eosin staining of zebrafish brain

Histopathological assessments of the hippocampus and cortical regions of the brain were performed on all group
(12.5 — 800 mg/L) zebrafish, and the mean pathology score was reported. The brain and hippocampus regions of
control fish treated with system water appearnormal, with spherical neuronal bodies and circular, conspicuous
nuclei, and are scored as 0. In the higher dosage group (800 mg/L), there was a substantial increase in the glial
cell proliferation in several parts of the zebrafish brain, as well as inflammation and constriction ofneuronal cells, and
therefore rated as 3. The brains of zebrafish treated with the 400 mg/L revealed gliosis which was lesser than the
higher doses and moderate inflammation in the cortex, no constriction of neurons was visually seen in zebrafish
brains indicating that 400 mg/L was less toxic compared to the higher dose, 800 mg/L. Fish treated with 200 mg/L
dosagehad a score grade of 1 and showed no toxic pathological changes when compared to 400 and 800 mg/L
doses because they considerably had decreased pathological scores of neuronal damage, which was equivalent
to the control group. Zebrafish treated with 12.5 — 200 mg/L showed no toxic effect in the brain of fish, which was
comparable with the control.

Conclusion

Pomegranate Peel Powder (PPP) has an acute toxic potential against Zebrafish, which is indicated by LC50
values<1000 mg / ml. LC50 value of Pomegranate Peel Powder (PPP) is 200 mg / ml. It was concluded that PPP
has the potential to harm the nervous system. PPP exposure at 200, 400 and 800 mg/L concentrations for 90 days
produce mild to moderate pathological changes in the cortex The results allowed us to have a baseline for more in-
depth studies on efficacy and safety of Pomegranate Peel Powder (PPP) for a possible therapeutically application
for the public health.

REFERENCES

[1] Nagqvi SAH, Khan MSY, Vohora SB. Anti-bacterial, anti-fungal and anthelmintic investigations on Indian medicinal plants.
Fitoterapia. 1991, 62: 221 -8

[2] Li Y, Guo C, Yang J, Wei J, Xu J, Cheng S. Evaluation of antioxidant properties of pomegranate peel extract in comparison with
pomegranate pulp extract. Food chem. 2006; 96 (2): 254 -60

[3] Fawole OA, Makunga NP, Opara UL. Antibacterial, antioxidant and tyrosinase- inhibition activities of pomegranate fruit peel
methanolic extract. BMC Complement Altern Med. 2012; 12: 200

[4] Tayel AA, El-Tras WF, Moussa SH, El-Sabbagh SM. Surface decontamination and quality enhancement in meat steaks using
plant extracts as natural biopreservatives. Foodborne Pathog Dis. 2012; 9 (8): 755 -61

[5] Abnaz, Zahra Dzakirah, & Jutti Levita. (2018). Buah Mengkudu (Morinda citrifolia L.) dan Biji Jinten Hitam (Nigella sativa L.) dan
Teori Uji Toksisitas. Farmaka, 16, 213—-221.

520



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 513-521

[6] Makiyah, A., & Tresnayanti, S. (2017). Uji Toksisitas Akut yang Diukur dengan Penentuan LD50 Ekstrak Etanol Umbi
lles-iles (Amorphophallus variabilis Bl.) pada Tikus Putih Strain Wistar. Majalah Kedokteran Bandung, 49(3), 145-155.

[7] Sangi, M. S., Momuat, L. I, & Kumaunang, M. (2012). Uji Toksisitas Dan Skrining Fitokimia Tepung Gabah Pelepah Aren
(Arenga pinnata). Jurnal limiah Sains, 12(2), 127.

[8] Caceres A, Giron LM, Alvarado SR, Torres MF. Screening of antimicrobial activity ofplants popularly used in Guatemala for the
treatment of dermatomucosal diseases. J Ethnopharmacol. 1987; 20 (3): 223 -37

[9] Thring TS, Hili P, Naughton DP. Anti-collagenase, anti-elastase and antioxidant ativities of extracts from 21 plants. BMC
Complement Altern Med. 2009; 9: 27

[10] Gujral ML, Varma DR, Sareen KN. Oral contraceptives. Part |. Preliminary observations on the antifertility effect of some
indigenous drugs. Indian J Med Res. 1960; 48: 46 -51

[11] Sato A. Cancer chemotherapy with Oriental medicine (I): Antitumor activity of crude drugs with human tissue cultures in in vitro
screening. Int J Orient Med. 1990; 15 (4): 171 -83

[12] Kulkarni AP, Mahal HS, Kapoor S, Aradhya SM. In vitro studies on the binding, antioxidant, and cytotoxic actions of punicalagin.
J Agric Food Chem. 2007; 55 (4): 1491 -500

[13] Chidambara Murthy KN, Jayaprakasha GK, Singh RP. Studies on antioxidant activity of pomegranate (Punica granatum) peel
extract using in vivo models. J Agric Food Chem. 2002; 50 (17): 4791 -5

[14] Dhawan BN, Patnaik GK, Rastogi RP, Singh KK, Tandon JS. Screening of Indian plants for biological activity: part VI. Indian J
Exp Biol. 1977; 15 (3): 208 -19

[15] Hontecillas R, O'Shea M, Einerhand A, Diguardo M, Bassaganya-Riera J. Activation of PPAR gamma and alpha by punicic
acid ameliorates glucose tolerance and suppresses obesity-related inflammation. J Am Coll Nutr. 2009; 28 (2) : 184 -95

[16] Pavan M. Patel, et al. Histopathological evaluation of brain and retina of adult zebrafishexposed to silver nitrate. Anim Med Res,

Vol.13, Issue - 1, 2023, p. 62-70 DOI: 10.52635/eamr/13.1.62-70, 3, Issue 1, June 2023, ISSN 2277- 470X (Print), ISSN 2319-
247X

[17] Rofiatu Sholihah, et al. Acute Toxicity Test of Black Pomegranate Peel Extract(GranatiFructus Cortex) Against Larvae of Shrimp
(Artemia salina Leach). Medical Laboratory Technology Journal5 (2), 2019, 62-69, MLTJ, ISSN 2461-0879

[18] Bassiri Jahromi S, Pourshafie M R, Mirabzadeh E, Tavasoli A, Katiraee F, et al. Punicagranatum Peel Extract Toxicity in Mice.
Jundishapur J Nat Pharm Prod. 2015;10(4):e23770. https://doi.org/10.17795/jjnpp-23770.

DOI: https://doi.org/10.15379/ijmst.v10i5.2540

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in
any medium, provided the work is properly cited.

521


https://doi.org/10.17795/jjnpp-23770
https://doi.org/10.15379/ijmst.v10i5.2540

