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 Toxicological Impact of Profenofos and Azadirachtin on Vital Organs and
Biochemical Indices in Fish (Labeo Rohita)
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ABSTRACT

The present study investigated the histopathological effects of a synthetic organophosphate
pesticide, profenofos, and a neem-derived biopesticide, azadirachtin, on the freshwater fish Labeo
rohita. The fish were exposed to sub-lethal concentrations of 40 µL/L profenofos and 25 mg/L
azadirachtin for 96 hours and upto 28 days under controlled conditions. Histological observations
revealed notable toxicological effects with profenofos causing more severe damage. The gills, being
primary sites of pesticide absorption, exhibited progressive deterioration, including lamellar fusion,
blood congestion, and epithelial cell degradation. Muscle tissues showed mild atrophy after 96 hours,
progressing to significant necrosis by the end of 28 days. In contrast, azadirachtin exposure induced
milder effects, including fibrosis and vacuolation in the gills and moderate muscle atrophy during the
same exposure periods. This study highlights the differential toxicity between synthetic and natural
pesticides, underlining the need for stringent regulation of profenofos due to its pronounced ecological
risks. The relatively lower toxicity of azadirachtin suggests its potential as an eco-friendlier pest
control alternative.
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INTRODUCTION
Pesticides are widely used in agriculture to manage

various pests; however, they often find their way into
aquatic ecosystems, posing risks to non-target organisms
such as fish (Pandey et al., 2024). Profenofos, a commonly
used pesticide, has significant adverse effects on living
organisms. These insecticides are favored in agriculture
due to their rapid biodegradation and non-persistent
nature. Nonetheless, in developing countries, unregulated
and excessive use of pesticides to prevent crop damage is
a prevalent (Kumar et al., 2021). Through surface runoff,
pesticides infiltrate aquatic environments such as ponds
and rivers, altering water’s physio-chemical properties and
negatively impacting aquatic organisms (Santhakumar &
Balaji, 2000; Kamble & Muley, 2000).

Organophosphate pesticides, due to their inability to
break down efficiently in natural conditions, contribute
significantly to environmental damage. The overuse of
fertilizers, pesticides, and herbicides leads to contamination
of water sources, serving as a clear indicator of pollution.
Fish absorb these pollutants through various pathways,

making vulnerable. Concerns about freshwater pollution
by toxic substances have grown over the past few decades
(Sindhe et al., 2007; Vutukuru, 2005). Due to their
sensitivity to the environmental changes, fishes are
valuable bioindicators for assessing the risks of chemical
contamination in aquatic systems (Dirilgen, 2021).

Tandon & Dubey (1983) noted that, while herbicides,
insecticides, and other chemicals used in agriculture and
public health efforts might not seem to disrupt aquatic or
terrestrial ecosystems directly, they can have harmful
effects on non-target organisms, including fish. These
pesticides can alter habitats, influence behavior, hinder
growth, and reduce reproductive capacity, posing an
ongoing threat to aquatic life (Taha, 2022).

Profenofos, a widely used organophosphorus
insecticide, is primarily employed in agriculture to control
pests on crops such as cotton, tobacco, and paddy. This
chemical is highly toxic to fish (El-Houseiny, 2022). The
acute toxicity of profenofos is primarily due to its inhibition
of acetylcholinesterase, which leads to neurotoxicity in
both humans and aquatic organisms. Pesticides like
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profenofos are a significant concern because of their
extensive use and potential toxicity to mammals
(Kushwaha et al., 2016). Hydrolysis is the key
detoxification mechanism for organophosphate
compounds, as it makes them more prone to further
degradation. Several studies have documented the toxic
effects of organophosphorus pesticides on fish (Raj
et al., 2024; Kaliwal & Ksheerasagar, 2006).

Neem (Azadirachta indica), a highly versatile plant,
is well-known for its insecticidal, medicinal, and
pharmacological properties (Biswas et al., 2002).
Traditionally, it has been widely used in the treatment of
various ailments (Van Der Nat et al., 1991). Synthetic
pesticides, while effective, are associated with disruptions
to reproductive functions and significant biochemical
changes in fish (Sharma & Ansari, 2010; Ahmad et al.,
2012). In contrast, natural pesticides derived from plant
extracts, such as azadirachtin, are gaining traction as safer
alternatives for pest management (Schmutterer, 1990).

Azadirachtin, an active compound extracted from
neem, is increasingly regarded as an environmentally
friendly alternative to synthetic pesticides (Isman, 2006).
Recent studies suggest that neem leaf powder can serve
as an effective medium for delivering pesticides (Singh
et al., 2010). Neem extracts have also been successfully
employed in aquaculture to control fish predators (Dunkel
& Ricilards, 1998). Azadirachtin (AZA), a secondary
metabolite in neem, has been recognized for its antiviral,
antibacterial, and antifungal properties for over 2,000 years.
This compound is biodegradable, breaking down within
100 hours when exposed to light and water, and is
commonly applied as a pesticide at a concentration of 7.8
mL/L of water (Isman et al., 1990; Harikrishnan et al., 2003).

The continuous exposure of aquatic organisms,
particularly vital organs like gills, to water makes them
highly susceptible to toxicants. Fish absorb pesticides
primarily through their gills, leading to noticeable
respiratory effects. As toxic exposure intensifies, oxygen
consumption rates in fish increase, indicating physiological
stress (Premdas & Anderson, 1963).

Jawale et al. (2010) reported that freshwater fish
Cyprinus carpio exposed to sub-lethal levels of piscicidal
chemicals exhibited significant hematological changes.
Similarly, Shaikh et al. (2012) observed behavioral changes
in Lamellidens marginalis following acute exposure to
cadmium. The present study aims to evaluate the histo-
pathological effects of profenofos on the gills and muscle
tissues of a freshwater air-breathing fish.

MATERIALS AND METHODS

Experiment Design
This study examines the toxic effects of profenofos

on Labeo rohita, a freshwater Indian major carp widely
found in ponds, swamps, and ditches. This species, part
of the family Cyprinidae and order Cypriniformes, is an
important food fish. Specimens were sourced from local
fish farms in Sultanpur, Uttar Pradesh, India, and transported
to the laboratory under careful conditions.

To eliminate potential external infections, the fish were
treated with a 0.05% potassium permanganate (KMnO4)
solution for two minutes. They were then housed in
100-liter plastic tanks and acclimatized under controlled
laboratory conditions for 14–15 days. During this period,
the fish were fed a diet of wheat flour and mustard cake
every other day. Tank water and any leftover food were

(A) (B) (C)
Fig.1. Muscles tissue (A) Control, Profenofos exposed tissue: 96 hours (B), 28 days (C).

(NA, MA, MBA, N, VD must be abbreviated in the bracket)
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replaced daily with fresh water to maintain optimal
conditions. The tanks were covered with transparent nylon
nets to prevent contamination and ensure safety.

Feeding was ceased 24 hours before the toxicity tests
began. The fish were maintained at room temperature with
exposure to natural light cycles. The water’s
physicochemical parameters, including temperature,
dissolved oxygen (DO), and pH, were monitored regularly.
Toxicity tests were conducted under static conditions in
10-liter glass aquariums.

Fish L. rohita were exposed to 40 μg/L concentration
of profenofos for durations of 96 hours and 28 days. The
pesticide consistently impacted the gills and muscles,
which are vital organs for the fish. Histopathological
analyses were conducted on these tissues to assess the
effects. Thin tissue sections were prepared using the
microtomy technique and stained with Hematoxylin and
Eosin for microscopic examination to highlight cellular and
tissue structures.

Based on prior LC50 assessments (Mrinalini et al.,
2025), stock solutions of analytical-grade profenofos and
azadirachtin were prepared and diluted to achieve sub-
lethal concentrations equal to 50% of the LC50 value.
Experimental groups, with replicates, were exposed to these
concentrations, while a control group remained unexposed.
Water quality was consistently monitored to ensure stable
conditions throughout the 96-hour acute toxicity tests and
the 28-days extended exposure period.

SAMPLING AND PROCESSING OF
SAMPLES
Û Organ Collection: After exposure, dissect the fish and

gather its important organs, such as the gills and muscles.

For histological examination, organs fixed in 10%
neutral buffered formalin.

Û Tissue Processing: A sequence of graded ethanol to
dehydrate tissues was used. Wrap tissues in paraffin
wax after clearing them with xylene. Using a
microtome, cut tissues into thin slices that are 4-5 μm.

Û Staining: To perform a general histological
assessment, Hematoxylin and Eosin used.

Û Microscopic Examination: Examine stained sections
for histopathological alterations (such as necrosis,
inflammation, and degeneration) using a Olympus
compound microscope.

RESULT

Histological effect of on gills of Labeo rohita
A. Profenofos

Muscles: The arrangement of muscle tissue is
normally arranged in single layer and straight fibres
(Fig. 1A). Exposure to 40 μg/L of profenofos caused
noticeable changes in the muscle tissue after 96 hours,
mild atrophy was observed (Fig1. B). Prolonged exposure
for 28 days led to significant atrophy of muscle bundles,
vacuolar degeneration, and focal areas of necrosis
(Fig. 1C).

Gills: The gills of a fish displayed a normal structure,
consisting of four branchial arches beneath the operculum.
Each arch contained two hemi-branches, composed of
rows of primary gill lamellae (PGL), which were flattened
and tapered. The hemi-branches were arranged
perpendicular to the arch and parallel to each other.
Secondary gill lamellae (SGL), flattened leaf-like structures,
formed the respiratory surface on the upper and lower

(A) (B) (C)
Fig.2. Gills: Control (A), Profenofos exposed Gills: 96 hours (B), 28 days (C).

(PGL, SGL, MI, ECD,BCD,BCC must be abbreviated in the bracket).
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sides of each PGL (Fig. 2A). Gills show mild to moderate
alterations after 96 hours of exposure to 40 μg/L profenofos
(Fig. 2B). However, after 28 days, the gill tissues exhibited
pronounced histopathological changes, including blood
congestion, curved lamellae, fusion of lamellae, bone cell
deformities, and epithelial cell damage (Fig. 2C).

B. Azadirachtin
Muscles : The normal muscle tissue and cells have

been described and shown earlier (Fig.1A). Exposure to
25 mg/L of azadirachtin resulted in moderate atrophy in
the muscle tissue after 96 hours (Fig. 3A). Prolonged
exposure for 28 days led to bundle atrophy, vacuolar
degeneration, and focal necrotic areas in the muscle tissue
(Fig. 3B).

Gills : In control fish, the gills displayed a normal
structure as described and shown earlier (Fig. 2a). Exposure
to 25 mg/L of azadirachtin for 96 hours resulted sign of gill
fibrosis in the primary gill lamellae, expansion of the
interstitium (the space between the secondary gill lamellae),
and narrowed, shrunken secondary gill lamellae.
Vacuolation was noted in the epithelial cells of the SGL,
with minimal shrinkage in the nuclei (Fig.4A). About 28
days of exposure to the same sub-lethal concentration of
azadirachtin, the gills displayed further pathological
changes. These included infiltration of inflammatory cells
into the PGL, moderate to severe dilatation of the central
part of the PGL, vacuolar degeneration, and distortion of
the SGL. The SGL also showed dilatation and infiltration
of inflammatory cells (Fig. 4B).

DISCUSSION
This study assessed the histopathological effects of

profenofos and azadirachtin on the gills and muscle tissues
of L. rohita. Exposure to 40 μg/L of profenofos resulted in
progressive damage to both gills and muscles. After 96
hours, the gills exhibited mild to moderate alterations, while
prolonged exposure for 28 days led to significant damage,
including blood congestion, lamellar fusion, epithelial cell
damage, and necrosis. Muscle tissues initially showed
mild atrophy at 96 hours, which progressed to marked
degeneration and necrotic areas by the 28-day mark.
Similarly, exposure to 25 mg/L of azadirachtin induced
histological changes, though these were less severe
compared to profenofos. After 96 hours, gills showed
fibrosis, expansion of interstitial spaces, and epithelial
vacuolation. Prolonged exposure for 28 days resulted in
increased inflammatory cell infiltration, vacuolar
degeneration, and dilation of lamellae. In muscle tissues,
azadirachtin exposure caused atrophy and vacuolar
degeneration, with focal necrosis becoming evident after
extended exposure.

The histopathological findings revealed that the gills
were the primary target tissue affected by profenofos
exposure. As the main entry point for pesticides, gills are
widely recognized as reliable indicators of water quality
(Rankin et al., 1982). These structures play crucial roles in
the respiratory, osmoregulatory, and excretory systems of
the fish. Histological alterations in the gills of various fish
species exposed to pesticides have been extensively
documented.

Fig. 3. Muscle: Azadirachtin exposure: 96 hours (3A), 28 days (3B)
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Santhakumar et al. (2001) observed that Anabas
testudineus exposed to sub-lethal concentrations of
monocrotophos exhibited mucus secretion, lamellar
swelling, and microridge reduction, along with lamellar
fusion. Kumaraguru et al. (1982) reported that synthetic
pyrethroids primarily affect the gills of fish, with both
technical and commercial formulations penetrating the gills
and disrupting movements essential for respiration,
ultimately impacting oxygen uptake. Ramamurthy (1988)
also noted that pesticide exposure caused gill damage and
reduced respiratory metabolism in fish. Additionally, the
96-hour LC50 value for common carp was recorded as
62.4 μg/L, while for zebrafish, it was 0.057 mg/L (Ismail
et al., 2021). The grass carp (Ctenopharyngodon idella),
a commercially significant freshwater fish from the
Cyprinidae family, is noted for its rapid growth and ability
to manage aquatic vegetation effectively (Qu et al., 2016;
Cudmore et al., 2017).

The spread of contamination in water bodies has
raised concerns regarding the effects of toxins on both
human health and the survival and well-being of fish.
Similar findings were observed in studies on Nile tilapia
(Oreochromis niloticus) and Labeo rohita exposed to both
lethal and sublethal doses of profenofos (Khan, 2019).
According to Joshi et al. (2002), the damage caused by
the toxicant to the intestine may have contributed to
reduced iron absorption, leading to deficiencies. In a similar
study by Mamatha et al. (2014), it was found that
azadirachtin could penetrate fish tissues within four days,
aligning with the tissue damage observed in the gills of
Glossogobius giuris, a species commonly found in the
rice fields of the Cauvery belt region in Mysore.

Kapinga et al. (2018) studied the effects of neem leaf
powder supplementation at varying doses (1.0, 2.0, 4.0,
and 8.0 g per kg of feed) over a three-month period in
Oreochromis niloticus. Their results revealed that even
the lowest dose significantly reduced the absolute
fecundity and gonadosomatic index of the fish. While
extracts from Azadirachta indica are generally considered
to have low toxicity to non-target aquatic organisms,
studies have shown some effects on Tilapia zilli.
Osmoregie & Okpanhchi (1997) reported respiratory issues
in this species when exposed to water-based neem bark
extracts. Furthermore, prolonged exposure to low
concentrations of crude Azadirachta indica extract was
found to hinder the growth of this cichlid fish (Omoregie
& Okpanhchi, 1992). Tiwari and Singh (2006) suggested
that, the reduction in protein levels in the muscles in fishes
was due to exposure to A. indica extract could be due to
increased protein hydrolytic activity within the tissues.

CONCLUSION
In the present study, histopathological effects of

profenofos and azadirachtin on the gills and muscle tissues
of Labeo rohita. Exposure to 40 μL/L profenofos caused
the gills showing progressive deterioration, from mild
changes at 96 hours to severe alterations, including blood
congestion, lamellar fusion, and epithelial damage after 28
days. Similarly, the muscles exhibited increasing
degeneration, transitioning from mild atrophy to severe
vacuolar changes and necrotic regions over the extended
exposure period. In contrast, azadirachtin at 25 mg/L
induced relatively less severe changes. The gills showed
structural modifications such as fibrosis and vacuolation
within 96 hours, which progressed to inflammation, lamellar

Fig. 4. Gills: Azadirachtin exposure: 96 hours (A), 28 days (B)

219



J. Appl. Biosci., 51(2)

dilation, and degeneration after 28 days. The muscles
displayed progressive atrophy, vacuolar degeneration, and
necrosis over time. These findings highlight the toxic
effects of both pesticides, with profenofos proving more
harmful. The study emphasizes the need for careful
regulation of these chemicals to minimize ecological and
environmental risks, advocating for the use of safer,
alternative pest control strategies.

REFERENCES
Ahmad, M.K., Sharma, D.K., Ansari, S., & Ansari, B.A. (2012).

Effect of lambda-cyhalothrin and Neemgold on some
biochemical parameters in the gill, liver, and ovary of
zebrafish, Danio rerio (Cyprinidae). Arch Pol. Fish, 20:
19-25. http://dx.doi.org/10.2478/v10086-012-0003-5

Biswas, K., Chattopadhyay, I., Banerjee, R.K., &
Bandyopadhyay, U. (2002). Biological activities and
medicinal properties of neem (Azadiracta indica). Curr.
Sci., 82: 1336-1345.

Cudmore, B., Jones, L.A., Mandrak, N.E., Dettmers, J.M.,
Chapman, D.C., Kolar, C.S., & Conover, G. (2017).
Ecological risk assessment of Grass carp
(Ctenopharyngodon idella) for the great lakes basin. Can.
Sci. Advis. Sec. Res. Doc., 2016/118: vi-115

Dunkel, F.V., & Ricilards, D.C. (1998). Effect of an Azadirachtin
formulation on six non target aquatic macro invertebrates
Environ. Entomol. 27: 667-673.

DÝRÝLGEN N. (2001). Accumulation of heavy metals in
freshwater organisms: Assessment of toxic interactions.
Turkish J. Chem., 25(2): 173-9.

El-Houseiny, W., Khalil, A.A., Abd-Elhakim, Y.M., Arisha, A.H.,
Moselhy, A.A., Dahshan, H., Saber, T., Saber, T.M., &
Ahmed, M.M. (2022). Alleviative effects of dietary Silybum
marianum and co-enzyme Q10 on waterborne nickel-induced
impaired growth, immunosuppression, tissue damage,
immune-related genes dysregulation, and reduced resistance
to Pseudomonas aeruginosa in Oreochromis niloticus.
Aquacul. Rep., 26: 101308.

Harikrishnan, R., Rani, M.N, & Balasundaram, C. (2003)
Haematological and biochemical parameters in common carp,
Cyprinus carpio, following herbal treatment for Aeromonas
hydrophila infection. Aquacul., 221(1/4): 41-50. doi: 10.
1016/S0044-8486(03)00023-1

Isman, M.B. (2006). Botanical insecticides, deterrent and
repellents in modern agriculture and an increasingly regulated
world. Ann. Rev. Entomol., 51: 45-66. http://dx.doi.org/10.
1146/annurev.ento.51. 110104.151146

Isman, M.B., Koul, O., Luczyski, A., & Kaminski, J. (1990).
Insecticidal and antifeedant bioactivities of neem oils and
their relationship to azadirachtin content. J. Agricul.  Food
Chem., 38(6): 1406-1411. doi: 10.1021/jf00096a024

Ismail, M., Ali, R., Ali, T., Waheed, U., & Khan, Q.M. (2009).
Evaluation of the acute toxicity of profenofos and its effects
on the behavioral pattern of fingerling common carp

(Cyprinus carpio L., 1758). Bull. Environ. Toxicol.,  82:
569-573.

Jawale, C.S., & Dama, L.B. (2010). Insecticidal potential
of Cestrum sp. (Solanaceae: solanales) against
Triboliumcastaneum and Triboliumconfusum (herbst)
(Coleoptera-tenebrionidae). Int J. Res., 3: 155-61.

Joshi, P., Harish, D., & Bose, M. (2002). Effect of Lindane and
Malathion exposure to certain blood parameters in a
freshwater teleost fish Clarias batrachus. Poll. Res., 21(2):
55-57.

Kapinga, I.B., Limbu, S.M., & Madalla, N.A. (2018). Dietary
Aspilia mossambicensis and Azadirachta indica
supplementation alter gonadal characteristics and histology
of juvenile Nile tilapia (Oreochromis niloticus). Aquacul.
Res., 50(2): 573-580. doi: 10.1111/are.13931

Khan, M.P. (2019). Effects of profenofos, an organophosphate
pesticide, on the hematological parameters of nile tilapia
(Oreochromis niloticus). Master Thesis. Department of
fisheries management, Bangladesh Agricultural University

Kamble, G.B., & Muley, D.V. (2000). Effect of Acute Exposure
of Endusolfan and Chlor. Ind. J. Environ. Sci., 4: 97-102.

Kaliwal, B.B., & Ksheerasagar, R.L. (2006). Histological and
biochemical changes in the liver of albino mice on exposure
to insecticide, carbosulfan. Caspian J. Environ. Sci., 4(1):
67-76.

Kumaraguru, A.K, Beamish, F.W.H. & Ferguson, H.W. (1982).
Direct and circulatory paths of permethrin causing
histopathological changes in the gills of rainbow trout. J.
Fish Biol., 20(1): 87-91.

Kumar, R., Sankhla, MS., Kumar, R., & Sonone, SS. (2021).
Impact of pesticide toxicity in aquatic environment.
Biointerface Res. Appl. Chem., 11(3): 10131-40.

Kushwaha, M., Verma, S., Chatterjee, S. (2016). Profenofos, an
Acetylcholinesterase-Inhibiting Organophosphorus
Pesticide: A Short Review of Its Usage, Toxicity, and
Biodegradation. J. Environ. Qual., 45(5): 1478-89.

Mamatha, P., & Mohan, M.R. (2014). Detection of biopesticide
Azadirachtin and analysis of gill tissues of the fish
Glossogobius giuri using HPCL. Advan. Fores. Sci.,  1(3):
83-8.

Mrinalini, Pandey, V.K., & Pandey, R.K. (2025). Determination
of Lethal Concentrations of Profenofos and Azadirachtin
on Labeo rohita and Analysis of Electrolyte Imbalance
Following Sub-Lethal Exposure. J. Drug Disc. Health Sci.,
2(2): 69-76.

Omoregie, E., & Okpanachi, M.A. (1992). Growth of Tilapia
zilli exposed to sublethal concentration of crude extract of
Azadirachta indica. Actahydrobiol., 34: 281-286

Özkara, A., Akyýl, D., & Konuk, M. (2016). Pesticides,
environmental pollution, and health. In Environmental health
risk-hazardous factors to living species. IntechOpen.

Pandey, V.K., Singh, A., Shukla, P.K., & Pandey, R.K. (2024).
Genotoxic Effects of Atrazine and Pyrethrum: Insights from

220



J. Appl. Biosci., 51(2)

DNA Fragmentation Studies in Rohu, Labeo rohita (Ham.).
J. Appl. Biosci., 50(2): 189-193.

Premdas, F.H. & Anderson, J.M. (1963). The uptake and
distribution of 14 C labelled DDT in Atlantic salmon, Salma
saleni. J. Fish Res. Board. Can., 20: 827.

Qu J-H, Sun D-W, Cheng J-H, & Pu, H. (2016). Mapping
moisture contents in grass carp (Ctenopharyngodo nidella)
slices under different freeze drying periods by Vis-NIR
hyperspectral imaging. LWT-Food Sci. Technol., 75: 529-
536.

Raj, A., Kumar, A., & Khare, P.K. (2024). The looming threat of
profenofos organophosphate and microbes in action for
their sustainable degradation. Environ. Sci. Poll. Res., 31(10):
14367-87.

Ramamurthy, K. (1988). Impact of Hepatochloron on
haematological, histological and selected biochemical
parameters in the fresh water edible fish Channa punctatus.
Ph.D. Thesis, S.V. University, Tirupathi, Andhra Pradesh,
India.

Rankin, J.C., Atagg, R.M. & Bolis, L. (1982). Effects of pollutants
on gills. In: Gills, eds., D.F. Houlihan, J.C. Rankin, T.J.
Shuttleworth. Cambridge University Press, pp. 207-220.

Santhakumar, M., & Balaji, M. (2000). Acute toxicity of an
organophosphorus insecticide monocrotophos and its effects
on behaviour of an air-breathing fish, Anabas testudineus
(Bloch), 121-123.

Santhakumar, M., Balaji, M. & Ramudu, K. (2001). Gill lesions
in the perch Anabus testudineus, exposed to mono-
crotrophos. J. Environ. Biol., 22: 87-90.

Schmutterer, H. (1990). Properties of natural pesticides from
the neem tree, Azadirachta indica. Ann. Rev. Entomol., 35:
271-297.

Sharma, D.K., Ansari, B.A. (2010). Effect of a Synthetic
Pyrethroid Deltamethrin and a Neem Based Pesticide

Achook on the Reproductive Ability of Zebrafish Danio
rerio (Cyprinidae). Arch Pol. Fish, 18: 157-161. http://dx.
doi.org/10.2478/v10086-010-0017-9

Shaikh, M.K., Devrajani, B.R., Shaikh, A., Shah, S.Z., Shaikh,
S., & Singh, D. (2012). Plasma homocysteine level in
patients with diabetes mellitus. World Appl. Sci. J. 16(9):
1269-73.

Singh, B., Sharma, D.K., Ramesh Kumar & Atui Gupta, (2010).
Controlled release of thiram from neem-alginateclay based
delivered system to manage environmental and health
hazards. Appl. Clay Sci., 47(3-4): 384-391.

Sindhe, S.C., Indira Pala, I.P., & Butchiram, M.S. (2007). Toxicity
and behavioural changes in the freshwater fish, Labeo rohita
exposed to ziram.

Taha, A. (2022). Assessment of non-target toxicity of profenofos
insecticide on the aquatic bird; the white egret egretta alba.
Egyptian J. Aquatic Biol. Fish, 26(2): 263-276.

Tandon, R.S., & Dubey A. (1983). Toxic effects of two
organophosphorus pesticides on fructose-1, 6-diphosphate
aldolase activity of liver, brain and gills of the freshwater
fish Clarias batrachus. Environmental Pollution Series A,
Ecolog. Biol., 31(1): 1-7.

Tiwari, S. & Singh, A. (2006). Biochemical stress response in
fresh water fish channapunctatus induced by aqueous extract
of Euphorbia tirucalli plant. Chemos., 64: 36-42.

Vutukuru, S.S. (2005). Acute effects of hexavalent chromium on
survival, oxygen consumption, hematological parameters
and some biochemical profiles of the Indian major carp,
Labeo rohita. Interna. J. Environ. Res. Pub. Heal., 2(3):
456-62.

Van Der Nat, M.G, Van Der Sluis., K.T.D. & Labadie, R.P.
(1991). Ethonophormocognostical survey of A.indica.Juss
(Maliaceae). J. Ethnopharmac., 35: 1-24.

221


