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Abstract

Background: Various bleaching agents are used in food industries among which some reacts to form alloxan.
Therefore, the alloxan can indirectly enter a human body and thus form an important aspects for studying its effect
on the development. In the present study, the effect of alloxan was studied on the climbing ability, pupation and
emergence of flies. Fifty first instar larvae were introduced separately in the vials containing 0.001, 0.002, 0.003 and
0.004 M of alloxan. Then, the duration of pupation as well as the emergence of flies was noted each day till 20 days.

The climbing assay was performed on the emerged flies.

Results: The results suggest that alloxan at 0.002, 0.003 and 0.004 M is potent in inducing the delay in pupation,
emergence (of adult flies) and decreased locomotor activity of Drosophila melanogaster.

Conclusions: Alloxan exhibits toxic effects at 0.002, 0.003 and 0.004 M in Drosophila.
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Background

Alloxan has structural similarity with glucose and selec-
tively destroys the B-cells of pancreas (Bilic, 1975; Yasar
et al., 2007). Due to this property it is widely used to
induce diabetes (Type 1) in various experimental ani-
mals (Dhanesha et al., 2012; Skudelski, 2001). Alloxan
has been reported to alter biochemical parameters of the
liver, kidney functions, and histoarchitectural changes in
various experimental animals (Yakuba et al., 2015). The
low cost, rapid generation time and the availability of
excellent genetic tools have made the fly important for
basic research (Scott & Buchon, 2019). Drosophila has
functional homologs of nearly 75% of the human dis-
ease genes and, therefore, is a good model to understand
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multiple pathways involve in the developmental process
or in the progression of various human diseases (Panchal
& Tiwari, 2017; Naz & Siddique, 2021). Drosophila has
been used for the toxicological evaluations of various
chemical compounds using cognitive, oxidative stress
and genotoxic parameters (Adebambo and et al., 2020;
Liu et al,, 2019; Idda et al., 2020; Zhou et al., 2017; Sid-
dique et al,, 2013; Siddique et al., 2014; Siddique et al,,
2015; Siddique et al., 2016). It is easy to perform experi-
ments on fly as it renders fly embryo accessible to small
molecules, toxicants and drugs (Rand et al., 2010).

The toxicity of alloxan at higher doses in humans can-
not be ignored. In our earlier study on the third instar
larvae of transgenic Drosophila melanogaster (hsp70-
lacZ Bg’®) alloxan has shown the toxic effects (Siddique
et al, 2020). In this strain Drosophila heat shock gene,
hsp70; fused to the E. coli B-galactosidase gene has been
introduced into the Drosophila germline by the P- ele-
ment microinjection method (Lis et al., 1983). Alloxan
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exhibited cytotoxicity and genotoxicity at 0.002, 0.003
and 0.004 M by generating reactive oxygen species (Sid-
dique et al., 2020). Hence, we decided to study its effect
on climbing ability, pupation and emergence (adult flies)
of Drosophila melanogaster. Various bleaching agents
(having oxide of nitrogen, chlorine, nitrosyl and ben-
zoyl peroxide) in food industries react (chloride oxide
with protein) to form alloxan (Shakila & Sasikala, 2012).
Drosophila is a holometabolous insect and completes
its entire life cycle within 2 weeks at 25°C (Ashburner &
Thomson, 1978). Various external factors (temperature,
humidity, exposure to various environmental agents)
are known to influence the life cycle to different degrees
(Podder & Roy, 2015). In the present study, we studied
the effects of alloxan on the pupation, emergence (adult
flies), and climbing ability of the emerged flies.

Methods

Fly strain

Drosophila melanogaster strain (Oregon-R) culture was
maintained on the diet containing agar, corn meal, sugar
and yeast at 24+1°C (Nazir et al., 2003a, b). Alloxan
(SRL, India) was dissolved in diet and the final concentra-
tions of 0.001, 0.002, 0.003 and 0.004 M were established.
The alloxan was mixed in diet during preparation to get
the desired concentrations.

Effect on pupation and emergence of flies

Fifty first instar larvae were introduced in the vials con-
taining the desired concentration of alloxan. The num-
ber of pupae followed by the number emerged flies were
recorded in control as well as the treated groups till
20 days. Three sets of each treatment groups [includ-
ing the untreated and positive control (MMS)] were
employed in the study. From the 4" day, the numbers
of larvae pupate followed by number of flies emergence
were recorded separately and the data was expressed as
the mean of three replicates (50 larvae/replicate) (Podder
& Roy, 2015).

Drosophila climbing assay

The climbing ability or negative geotaxis measures the
ability of the fly to climb up the walls of the vials (Pen-
dleton et al., 2002). The climbing assay was performed
according to the procedure described by Pendleton et al
(2002). Ten flies (1-3 day old) were placed in an empty
glass vial (10.5 cm X 2.5 cm). A horizontal line was drawn
8 cm above the bottom of the vial. After the flies had
acclimated for 10 min at room temperature, both control
and treated groups were assayed at random to a total of
10 trials for each. The mean values and standard error
were calculated.
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Statistical analysis

One way ANOVA post hoc Tukey was performed for sta-
tistical analysis using Statistica software (Statistica Soft
Inc., USA).

Results

A significant day-wise difference in the rate of pupation
(Fig. 1a) and emergence of flies (Fig. 1b) was observed
at the exposure of 0.002, 0.003 and 0.004 M of alloxan
compared to control (Fig. 1a and b; p<0.05). The results
obtained for the total number of larvae pupated showed
a significant difference between control and the larvae
exposed to 0.001, 0.002, 0.003 and 0.004 M of alloxan
compared to control (Fig. 2a; p<0.05). The results
obtained for the total number of flies emerged showed
a significant difference between control and the larvae
exposed to 0.001, 0.002, 0.003 and 0.004 M of alloxan
(Fig. 2b; p<0.05). The flies emerged from the larvae
exposed to 0.002, 0.003 and 0.004 showed a significant
decrease of 1.17, 1.26 and 1.35 folds, respectively, in the
climbing ability compared to control (Fig. 3; p<0.05).
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Fig. 1 Daywise distribution of the number of pupae observed a and
the number of flies emerged b in the different treated and controls
groups. (n=3, 50 larvae/replicate; *significant at p < 0.05, compared
to control). [A-Alloxan; A1-0.001 M; A2-0.002 M; A3-0.003 M;
A4-0.004 M; PC-Positive Control, 0.1 ul/ml methylmethanesulphonate]
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Fig. 2 Effect of alloxan on the number of larvae pupated a and flies
emerged b (Zsignificant at p <0.05, compared to control). [n=3,
50 larvae/replicate; A-Alloxan; A1-0.001 M; A2-0.002 M; A3-0.003 M;
A4-0.004 M; PC-Positive Control, 0.1 pl/ml methylmethanesulphonate]

Discussion

The results of the present study showed that the exposure
of alloxan not only affects the climbing activity of adult
flies but also delayed the pupation and emergence of
the flies. The studies with different insecticides and pes-
ticides have shown well defined effects on the life cycle,
hatch ability, and the emergence of D. melanogaster
(Nazir et al., 2003a, b; Podder & Roy, 2015). The cyto-
toxicity by the alloxan involves the generation of reac-
tive oxygen species (ROS) in the presence of intracellular
thiols in a cyclic reaction with its reduction product as
dialuric acid (Jorns et al., 1997). The rate of larvae trans-
forming into pupae and pupa to adult reduced in a dose
dependent manner. Every organism possesses a system
for detoxification involving Phase I and Phase II enzyme
changing the compounds in the form to be excreted by
kidney (Benson & DiGiulio, 1992). The midgut of the
insects is considered to be the most active region in the
metabolism. The metabolism of imidacloprid occurs in
the midgut of D. melanogaster larvae and the metabolites
are rapidly excreted (Hoi et al., 2014). The metabolism
of xenobiotics in vivo in insects is likely to be far more
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Fig. 3 Effect of alloxan on the climbing ability of flies in different
treated and controls groups. (°significant at p < 0.05, compared
to control). [n=3, 10 flies/replicate; A1=0.001 M; A2=0.002 M;
A3=0.003 M; A4=0.004 M; PC-Positive Control, 0.1 pl/ml methyl
methanesulphonate

complex. As for various compounds especially, insec-
ticides the metabolites have been reported to be more
toxic than the parent compounds (Dunkov et al., 1997;
Joussen et al., 2008). At higher dose the larvae failed to
pupate and the mean number of pupae formed was sig-
nificantly reduced. Similarly, the reduced rate of pupae
becoming adults can be attributed to the interference
in the function of the essential enzymes needed for the
production of hormones involved in metamorphosis
by alloxan at higher concentration (AL-Momani and
Massadeh, 2005). The study conducted by Podder and
Roy (2015) showed that the exposure of cryolite above
a threshold value successfully deactivates the detoxify-
ing enzymes, thereby allowing the toxicant to exert its
effect on lengthening the pupal duration as well as the
emergence of flies. The study of various compounds on
Drosophila showed that either they lead to the massive
production of ROS or disturb redox homeostasis leading
to disturbed signalling pathway (Wu et al,, 2021; Nazir
et al., 2003a, 2003b; Beamish et al., 2021; Singh et al,
2020; Zou et al., 2016; Riddiford & Ashburner, 1991; Gao
et al., 2020). Our earlier study on alloxan has shown the
cytotoxic and DNA damage potential of the alloxan on
third instar larvae of transgenic Drosophila melanogaster
(hsp70 lacZBg’) (Siddique et al., 2020). The toxic effects
were due to the increased oxidative stress and the genera-
tion of ROS (Siddique et al., 2020).

Conclusions

In our present study the reduction in the climbing abil-
ity of the emerged flies and the delay in the pupation as
well as emergence of adult flies clearly demonstrates that
alloxan is potent in disturbing the locomotory and devel-
opmental patterns in flies.



Siddique et al. The Journal of Basic and Applied Zoology (2022) 83:46

Abbreviations
MMS: Methyl methanesulphonate; ROS: Reactive oxygen species.

Acknowledgements
We are thankful to the Chairperson, Department of Zoology, Aligarh Muslim
University, Aligarh for providing laboratory facilities.

Significance statement

Our earlier study has shown the toxic effects of alloxan in the third instar lar-
vae of transgenic Drosophila. Various bleaching agents are used to make flour
clean among which some reacts to form alloxan. In this context the present
study demonstrates that the alloxan is also potent in inducing the develop-
mental defects in Drosophila.

Author contributions

YHS design and performed experiments; MSA, FN and R performed experi-
ments; YHS, MF and SP wrote manuscript; MSA, FN, R and SJ performed
statistical analysis. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The data and the materials will be made available on request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declared no potential competing interest with respect to the
research, authorship, and/or publication of this article.

Author details

'Drosophila Transgenic Laboratory, Section of Genetics, Department of Zool-
ogy, Aligarh Muslim University, Aligarh, India. 2School of Agriculture Forestry
and Fisheries, Himgiri Zee University, Dehradun, India. *Present Address:
Department of Zoology, University of Allahabad, Allahabad, UP, India.

Received: 16 April 2020 Accepted: 2 September 2022
Published online: 16 September 2022

References

Adebambo, T. H., Fox, D. T, & Otitoloju, A. A. (2020). Toxicological study and
genetic basis of BTEX susceptibility in Drosophila melanogaster. Frontiers
in Genetics, 11,1275.

Al-Momani, F. A, & Massadeh, A. M. (2005). Effect of different heavy-metal con-
centrations on Drosophila melanogaster larval growth and development.
Biological Trace Element Research, 108(1-3), 271-278. https://doi.org/10.
1385/BTER:108:1-3:271

Ashburner, M., & Thompson, J. N. (1978). The Laboratory culture of Drosophila.
The Genetics and Biology of Drosophila. Academic Press.

Beamish, C. R, Love, T. M., & Rand, M. D. (2021). Developmental toxicology of
metal mixtures in drosophila: unique properties of potency and interac-
tions of mercury isoforms. International Journal of Molecular Sciences,
22(22),12131.

Benson, W. H., & DiGiulio, R. T. (1992). Biomarkers in hazard assessments of
contaminated sediments. Sediment Toxicity Assessment (pp. 241-265).
Lewis Publishers.

Bili¢, N. (1975). The mechanism of alloxan toxicity: An indication for alloxan
complexes in tissues and alloxan inhibition of 4-acetamido-4'-
isothiocyanato-stilbene-2, 2/-disulphonic acid (SITS) binding for the liver
cell membrane. Diabetologia, 11, 39-43.

Page 4 of 5

Dhanesha, N., Joharapurkar, A, Shah, G., Dhote, V., Kshirsagar, S., Bahekar, R, &
Jain, M. (2012). Exendin-4 reduces glycemia by increasing liver glucoki-
nase activity: An insulin independent effect. Pharmacological Reports, 64,
140-149.

Dunkov, B. C, Guzov, V. M., Mocelin, G., Shotkoski, F, Brun, A., Amichot, M., &
FFrench-Constant, RH., Feyereisen, R,. (1997). The Drosophila cytochrome
P450 gene Cyp6a2: Structure, localization, heterologous expression, and
induction by phenobarbital. DNA and Cell Biology, 16, 1345-1356.

Gao, L, Li,Y, Xie, H, Wang, Y., Zhao, H., Zhang, M., & Gu, W. (2020). Effect of eth-
ylparaben on the growth and development of Drosophila melanogaster
on preadult. Environmental Toxicology and Pharmacology, 80, 103495.

Hoi, K. K, Daborn, P. J,, Battlay, P, Robin, C, Batterham, P, O'Hair, R. A. J,, &
Donald, W. A. (2014). Dissecting the insect metabolic machinery using
twin ion mass spectrometry: A single P450 enzyme metabolizing the
insecticide imidacloprid in vivo. Analytical Chemistry, 86(7), 3525-3532.
https://doi.org/10.1021/ac404188g

Idda, T, Bonas, C., Hoffmann, J, Bertram, J,, Quinete, N,, Schettgen, T,, Fietkau,
K, Esser, A, Stope, M. B,, Leijs, M. M., & Baron, J. M. (2020). Metabolic
activation and toxicological evaluation of polychlorinated biphenyls in
Drosophila melanogaster. Scientific Reports, 10(1), 1-12.

Jorns, A, Munday, R, Tiedge, M., & Lenzen, S. (1997). Comparative toxicity of
alloxan, N-alkylalloxans and ninhydrin to isolated pancreatic islets in vitro.
Journal of Endocrinology, 155(2), 283-293. https://doi.org/10.1677/joe.0.
1550283

Joussen, N, Heckel, D. G, Haas, M., Schuphan, I, & Schmidt, B. (2008). Metabo-
lism of imidacloprid and DDT by P450 CYP6G1 expressed in cell cultures
of Nicotianatabacum suggests detoxification of these insecticides in
Cypbg1-overexpressing strains of Drosophila melanogaster, leading to
resistance. Pest Managagement Science, 64, 65-73.

Lis, J.T, Simon, J. A, & Sutton, C. A. (1983). New heat shock puffs and 3=
galactosidase activity resulting from transformation of Drosophila with an
hsp70-lacZ hybrid gene. Cell, 35(2), 403-410.

Liu, J, Li, X, & Wang, X. (2019). Toxicological effects of ciprofloxacin exposure to
Drosophila melanogaster. Chemosphere, 237, 124542.

Naz, F, & Siddique, Y. H. (2021). Drosophila melanogaster a versatile model of
Parkinson’s disease CNS & neurological disorders-drug targets. Formerly
Current Drug Targets-CNS & Neurological Disorders., 20(6), 487-530.

Nazir, A, Indranil Mukhopadhyay, D. K., Saxena, D. K., & Chowdhuri, D. K. (2003).
Evaluation of the no observed adverse effect level of solvent dimethyl
sulfoxide in Drosophila melanogaster. Toxicology Mechanisms and Methods,
13(2), 147-152. https://doi.org/10.1080/15376510309846

Nazir, A, Saxena, D. K, & Chowdhuri, D. K. (2003). Induction of hsp70 in trans-
genic Drosophila: biomarker of exposure against phthalimide group of
chemicals. Biochimica et Biophysica Acta (BBA) - General Subjects, 1621(2),
218-225. https://doi.org/10.1016/50304-4165(03)00060-6

Panchal, K, & Tiwari, A. K. (2017). Drosophila melanogaster “a potential
model organism”for identification of pharmacological properties of
plants/plant-derived components. Biomedicine & Pharmacotherapy, 89,
1331-1345.

Pendleton, R. G, Parvez, F, Sayed, M., & Hillman, R. (2002). Effects of Phar-
macological agents upon a transgenic model of Parkinson’s disease
in Drosophila melanogaster. Journal of Pharmacology and Experimental
Therapeutics, 300(1), 91-96. https://doi.org/10.1124/jpet.300.1.91

Podder, S., & Roy, S. (2015). Study of the changes in life cycle parameters of
Drosophila melanogaster exposed to fluorinated insecticide, cryolite.
Toxicology and Industrial Health, 31(12), 1341-1347. https://doi.org/10.
1177/0748233713493823

Rand, M. D. (2010). Drosophotoxicology: The growing potential for Drosophila
in neurotoxicology. Neurotoxicologyand Teratology, 32, 74-83.

Riddiford, L. M., & Ashburner, M. (1991). Effects of juvenile hormone mimics
on larval development and metamorphosis of Drosophila melanogaster.
General and Comparative Endocrinology, 82(2), 172-183.

Scott, J. G, &Buchon, N. (2019). Drosophila melanogaster as a powerful tool
for studying insect toxicology. Pesticide Biochemistry and Physiology, 161,
95-103.

ShakilaBanu, M., & Sasikala, P. (2012). Alloxan in refined flour: A Diabetic con-
cern. International Journal of Advance Innovative Research, 2278, 204-209.

Siddique, Y. H,, Khan, W,, Khanam, S., Jyoti, S, Naz, F, Rahul, B. R, & Singh, A. H.
(2014). Toxic potential of synthesized graphene zinc oxide nanocom-
posite in the third instar larvae of transgenic Drosophila melanogaster


https://doi.org/10.1385/BTER:108:1-3:271
https://doi.org/10.1385/BTER:108:1-3:271
https://doi.org/10.1021/ac404188g
https://doi.org/10.1677/joe.0.1550283
https://doi.org/10.1677/joe.0.1550283
https://doi.org/10.1080/15376510309846
https://doi.org/10.1016/S0304-4165(03)00060-6
https://doi.org/10.1124/jpet.300.1.91
https://doi.org/10.1177/0748233713493823
https://doi.org/10.1177/0748233713493823

Siddique et al. The Journal of Basic and Applied Zoology (2022) 83:46

(hsp70-lacZ)Bg9. Biomedicine Research International, 2014, 1-10. https://
doi.org/10.1155/2014/382124

Siddique, Y. H., Ansari, M. S., Rahul & Jyoti, S. (2020). Effect of alloxan on the
third instar larvae of transgenic Drosophila melanogaster (hsp70-lacZ)
Bg9. Toxin Reviews, 39(1), 41-51.

Siddique, Y. H,, Fatima, A, Jyoti, S., Naz, F, Khan, W, Singh, B. R, & Naqvi, A. H.
(2013). Evaluation of the toxic potential of graphene copper nano-
composite (GCNC) in the third instar larvae of transgenic Drosophila
melanogaster (hsp70-lacZ) Bg9. PLoS ONE, 8(12), e80944.

Siddique, Y. H., Haidari, M., Khan, W,, Fatima, A,, Jyoti, S, Khanam, S., Naz, F,
Singh, A. F, &Beg, T. (2015). Toxic potential of copper-doped ZnO nano-
particles in Drosophila melanogaster (Oregon R). Toxicology Mechanisms
and Methods, 25(6), 425-432.

Siddique, Y. H,, Khan, W,, Fatima, A, Jyoti, S, Khanam, S., Naz, F, Ali, F, Singh, B.
R, & Naqvi, A. H. (2016). Effect of bromocriptine alginate nanocomposite
(BANC) on a transgenic Drosophila model of Parkinson’s disease. Disease
Models & Mechanisms, 9(1), 63-68.

Singh, V., Chowdhary, R, Shah, S., & Yasmin, S. (2020). Effect of fluoride on the
reproductive output of Drosophila melanogaster. Global Journal of Science
Frontier Research C Biological Science., 20(1), 17-20.

Skudelski, T. (2001). The mechanism of alloxan and streptozotocin activity in B
cells of the rats pancreas. Physiological Research, 50, 537-546.

Wu, Q, Du, X, Feng, X, Cheng, H., Chen,Y,, Lu, C, Wu, M,, &Tong, H. (2021).
Chlordane exposure causes developmental delay and metabolic disor-
ders in Drosophila melanogaster. Ecotoxicology and Environmental Safety,
225,1127309.

Yakubu, M. T, Ogunro, O. B, & Oluwayemisi, B. O. (2015). Attenuation of
biochemical, haematological and histological indices of alloxan toxicity
in male rats by aqueous extract of fadogia agrestis (Schweinf. Ex Hiern)
stems. Iranian Journal of Toxicology, 9, 1392-1400.

Yasar, S., Oto, G, Demir, H., & Cebi-llhan, A. (2007). Effect of Alloxan on some
of biochemistry parameters in serum rats. Asian Journal of Chemistry, 19,
2399-2402.

Zhou, S., & Armour, S. E. (2017). A Drosophila model for toxicogenomics:
Genetic variation in susceptibility to heavy metal exposure. PLoS Genetics,
13(7),e1006907.

Zou, H., Zhao, F, Zhu, W, Yan, L., Chen, H,, Gu, Z,, Yuan, Q, Zu, M,, Li, R, & Liu, H.
(2016). In vivo toxicity evaluation of graphene oxide in Drosophila mela-
nogaster after oral administration. Journal of Nanoscience and Nanotech-
nology, 16(7), 7472-7478.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1155/2014/382124
https://doi.org/10.1155/2014/382124

	Effect of alloxan on the locomotor ability and developmental stages of Drosophila melanogaster (Oregon-R)
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Fly strain
	Effect on pupation and emergence of flies
	Drosophila climbing assay
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


