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(Abstract

liver and testis in Wistar rats.

alterations were observed.

L

Background: Water atrazine contaminants can harm the tissues of animals at high levels, but effects of chronic low
dose exposure remain unclear. This study aims to evaluate the impact of chronic low-dose atrazine exposure on the

Methods: This was a controlled in vivo experimental animal study carried out between February and May 2026 at the
Small Animal Research Unit (SARU) within the College of Veterinary Medicine and Biomedical Sciences at Sokoine
University of Agriculture (SUA). The experiment involving 15 male Wistar rats allocated into three parallel groups: two
atrazine-exposure groups receiving atrazine at 0.013 pg/L (drinking water level) and 0.172 ug/L (river level), and
control distilled water. Treatment was by gastric gavage for 120 days. Following exposure, body weights were
recorded, and animals were sacrificed under ether anesthesia. The liver and testes were excised, weighed, and
processed for histological examination. Spermatozoa were analyzed from caudal epididymis.

Results: Exposure to 0.013 pg/L dose did not significantly affect body weight which increased at 0.172 ug/L dose.
Both doses resulted in a significant reduction in liver and testicular weights. Histological analysis revealed insignificant
pathological changes, with only mild central vein congestion and limited hepatocellular degeneration in the liver.
Testicular tissues were largely normal, with minor germinal epithelial erosion in some seminiferous tubules.
Spermatozoa parameters showed slight, statistically insignificant reductions.

Conclusion: Prolonged low-dose atrazine exposure did not induce significant adverse effects, although minor tissue
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Background

Atrazine is a widely used herbicide for controlling weeds and
enhancing crop productivity in modern agriculture [1]. Its use is
particularly common in the production of food crops such as
maize, sorghum, sugarcane, and pineapple [2—-5], as well as in
forestry and non-food crop systems [6]. Despite its extensive
application, atrazine use is highly regulated or banned in several
countries due to concerns regarding its potential environmental
and health risks [7,8]. Following application, atrazine enters the
soil, where it undergoes degradation through processes such as
photolysis and microbial activity. These mechanisms involve
biochemical transformations, including N-dealkylation and
hydrolysis of the chloro substituent, resulting in intermediate by-
products [4,9,10]. The rate of atrazine degradation is influenced
by environmental factors such as soil temperature, moisture, and
pH [11,12]. Notably, atrazine can persist in soil and surface water
for extended periods, with reported stability exceeding 100 days
at 20 °C [13]. Furthermore, its degradation decreases with
increasing soil depth, facilitating leaching and accumulation in
groundwater [14,15]. Environmental and public health concerns
related to atrazine arise from the potential toxicity of both the
parent compound and its degradation products, which may
adversely affect ecosystem integrity, biodiversity, and food
safety [16,17]. In Tanzania, atrazine residues have been detected
in water sources used by humans and animals. For example, a
study in the coastal region reported concentrations of 0.013 pg/L
in drinking water, 0.016 pg/L in pond water, and 0.172 pg/L in
river water [18]. Although these concentrations fall within World
Health Organization (WHO) guideline limits and are unlikely to
pose acute toxicity risks [19,20], the long-term health


10.47108/jidhealth.Vol9.Iss4.460
10.47108/jidhealth.Vol9.Iss4.460
https://www.jidhealth.com/index.php/jidhealth/index

026); 9(4):1452-1457

implications of chronic exposure remain poorly understood.
Evidence from experimental studies indicates that high doses of
atrazine can induce pathological alterations in the liver [21-23].
effects
concentrations on hepatic function particularly given the liver’s
and metabolism remain

However, the of prolonged exposure to low
critical role in detoxification
insufficiently understood. Additionally, atrazine has been
identified as an endocrine-disrupting compound [24,25]. At high
doses, it has been associated with adverse effects on testicular
structure, sperm count and motility, and epididymal enzyme
activity. Whether similar effects may arise from chronic low-
dose exposure is yet to be established. Accordingly, this study
aimed to evaluate the effects of prolonged exposure to atrazine at
concentrations comparable to those detected in Tanzanian water
bodies on liver and testicular histopathology, as well as sperm
parameters, using the white albino rat as an experimental model.

Methods

Study area

The study was conducted over four consecutive months, from
February to May 2026, at Sokoine University of Agriculture
(SUA) in Morogoro Municipality. The study area is located
between longitudes 35.6° and 39.5° E and latitudes 5.7° and 10°
S, on the lower slopes of the Uluguru Mountains, at
approximately 1,600 feet above sea level. The experiments were
carried out at the Small Animal Research Unit (SARU), within
the College of Veterinary Medicine and Biomedical Sciences at
SUA [26].

Study esign

The study employed controlled experimental animal study (in
vivo) design based on the protocol described by [27,32], with
minor modifications to suit the study objectives. The animals
used for this study were male Wistar rats aged 6 months.

Sample size

A total of fifteen Wistar male rats were used in the study. The
sample size adhered to ethical principles aimed at reducing
animal use in research with necessary adjustments for this
experiment [28,32].

Preparation of different atrazine concentrations

The stock solution of atrazine (185 g/L) was serially diluted to
obtain working concentrations of 0.172 pg/L and 0.013 pg/L.
Initially, the stock concentration was converted into consistent
units (185 g/L = 1.85 x 10® ug/L) to facilitate accurate dilution
calculations. Based on the target concentrations, the overall
dilution factors were calculated to be approximately 1.08 x 10°
for 0.172 pg/L and 1.42 x 10" for 0.013 pg/L. Given that such a
large dilution factor is impractical to achieve in a single step, a
series of sequential dilutions was employed. Serial dilutions were
performed beginning with a 1:100 dilution, followed by
successive 1:10 dilutions. Each set of dilutions yielded a
cumulative factor of 1:1000, and this process was repeated three
times to achieve an overall dilution factor of 10°, yielding an
intermediate atrazine concentration of 0.185 pg/L. This
intermediate solution was subsequently adjusted to obtain the
desired working concentration of 0.172 pg/L and 0.013 pg/L. All
dilutions were prepared using distilled water obtained from the

College of Veterinary Medicine and Biomedical Sciences at
SUA.

Experimental setup

The experiment consisted of three parallel groups of Wistar rats:
two test groups and one control group. One treatment group
received atrazine at a concentration of 0.013ug/L, representing
levels found in drinking water, while the second group received
0.172 pg/L, similar to levels reported in river water [29]. Control
group received distilled water. Feeding was done by gastric
gavage using a needle designed for that purpose. More details on
the experimental setup are displayed in Table 1. Atrazine
exposure: Atrazine solutions were prepared at concentrations
corresponding to 0.172 ug/L and 0.013 pg/L. The prepared
solutions were administered to animals once daily by gastric
gavage at a volume of 2 ml/animal/day. The administered
atrazine dose was calculated based on the concentration of
atrazine in the gavage solution, the volume administered, and the
average initial body weight (104.6 g) of rats using the equation:
Dose (ng/kg body weight/day) = [atrazine concentration (pug/mL)
x administered volume (mL/day)] / body weight (kg). The
resulting doses were 0.00329 pg/kg and 0.0002486 pg/kg body
weight/day for the concentration of 0.013pg/L, representing
levels found in drinking water, and 0.172 pg/L, similar to levels
reported in river water [29].

Table 1. Experimental setup for a 120-day study evaluating the
effects of prolonged exposure to low-dose atrazine in rats

Groups of adults Duration of
Parameters
male rats treatment
Negative control (n =| 120 days | Body weight, liver and testis
5) on distilled water. weight, and histology, sperm
parameters
Atrazine-treated group | 120 days | Body weight, liver and testis
(n = 5); atrazine at a weight, and histology, sperm
dose of 0.0002486 parameters
ug/kg body.
Atrazine-treated group| 120 days | Body weight, liver and testis
(n = 5); atrazine at a weight, and histology, sperm
dose of 0.00329 ng/kg parameters
body weight/day.

Data Collection Procedure

Measurement of the weight of the body, the liver, and the
testis

Body weight was recorded before the initiation of treatment and
again after 120 days of exposure using a calibrated digital
weighing balance. At the end of the experimental period, the
animals were euthanized under ether anesthesia. The abdominal
cavity was then carefully opened, and the liver and testicular
tissues were dissected and weighed using a digital analytical
balance.

Assessment of Sperm Cell Parameters

Sperm cell motility

The caudal epididymis of each rat was dissected and
homogenized in 1 mL of warm (37 0C) normal saline in a small
beaker using a dissection scissor to make a sperm cell
suspension. For progressive sperm motility assessment, a
protocol by [30] was employed. A drop of sperm suspension was
placed on a microscope slide, and a bright-field microscope
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equipped with a camera (Olympus BH-2 with a Pro205A camera)
was used to record five-second videos from five different fields
of view on each slide. The videos were later assessed by three
independent individuals to determine the proportion of
progressively motile spermatozoa relative to the total number of
sperm cells in each microscope slide field across study groups.

Sperm cells' vitality

Sperm cell viability was determined using a staining solution
composed of nigrosine and eosin [31]. A drop of the sperm cell
suspension was added on a microscope slide, followed by one
drop of the staining solution, and mixed with a toothpick before
being examined with a bright-field microscope at %200
magnification. The proportion of live sperm cells with white to
pinkish heads, and dead sperm cells, identified by reddish heads
was calculated based on a total of 200 sperm cells counted across
five different fields.

Sperm cells morphology

Sperm cell morphology was assessed using a staining solution
composed of eosin and nigrosine (1:1 ratio). One drop of the
sperm cell suspension was added on a microscope slide, followed
by one drop of the staining solution, and mixed with a toothpick
before being examined with a bright-field microscope at x1000
magnification. Spermatozoa with normal morphology were
identified as those with an intact, curved head, a straight neck and
mid-piece, a straight long tail, and a normal acrosome. All other
sperm cells were classified as morphologically abnormal.

Sperm cell counts

Sperm cell concentration was determined using a protocol
described by [32]. Briefly, a total of 1 ul of sperm suspension
was diluted at a ratio of 1:20 by adding 19 pl of 0.9% saline
solution. The coverslip was placed in the Neubauer chamber
firmly. After vigorous shaking, a 10 pl of the diluted semen was
placed in a Neubauer hemocytometer and allowed to settle for 3
minutes. Sperm cells were then counted under a microscope at
%100 magnification in the five central squares of the chambers.
Sperm cell concentration (cells/mL) was calculated as the total
number of cells counted in the five central squares multiplied by
the dilution factor and 10,000.

Histological assessment of the liver and testis

After weighing, liver and testicular tissues were fixed in 10%
formalin.

After 48 hours of fixation, the tissues were dehydrated
sequentially in 70%, 90%, 95%, and 95% ethanol. They were
then cleared in xylene, embedded in paraffin wax, and sectioned
at 5 um thicknesses using a rotary microtome. The sections were
stained with hematoxylin-eosin.

Stained sections were examined under a bright-field microscope
at x100 and x200 magnifications [33]. Eight sections were
prepared from each liver and testicular tissue sample for
histopathological assessment. All sections were independently
examined by two experienced pathologists. Histopathological
changes were assessed systematically based on the presence and
severity of observed lesions, including cellular degeneration,
necrosis, congestion, inflammatory changes, and other tissue
abnormalities.

Statistical analysis

The collected data were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s HSD post hoc test for
multiple comparisons. Statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS), version
25.0. Differences between group means were considered
statistically significant at p < 0.05.

Results

This study evaluated the effects of prolonged exposure to low-
dose atrazine contamination in drinking water on body weight,
organ weights (liver and testes), and spermatozoa parameters
using a rat model. The study revealed that prolonged exposure to
low-dose atrazine did not cause a reduction in body weight in rats
compared to the negative control. Specifically, rats treated with
0.013 pg/L atrazine exhibited body weights comparable to
controls, whereas those exposed to 0.172 pg/L showed a modest
increase (Table 2). In contrast, the weights of both liver and testes
were significantly reduced in rats exposed for 120 days to 0.013
pg/L and 0.172 pg/L atrazine compared with the control group
(Table 2). The histological examination of the liver revealed
slight structural changes in the tissues in atrazine treated rats
compared with the negative control (Figure 1). The liver section
of the negative control rats showed normal hepatocytes arranged
in cords radiating from the normal central vein and entrapping
normal blood sinusoids between the cords (Figure 1). Rats under
chronic exposure to concentrations of 0.013 pg/L and 0.172 pg/L
of atrazine revealed mild congestion in the central vein and
possessed a mixture of normal and a few degenerating
hepatocytes showing cytoplasmic vacuolation and pyknotic
nuclei in the liver tissues (Figure 1). The testicular tissues also
showed slight histopathological changes in the seminiferous
tubules in the atrazine-treated rats compared with the negative
control (Figure 2). The negative control rats showed normal
seminiferous tubules with intact germinal epithelium composed
of several layers of spermatogenic cells (Figure 2). In contrast,
the testes of atrazine treated rats revealed a mixture of normal
seminiferous tubules with intact germinal epithelium and others
exhibiting mild germinal epithelium erosion, beginning from the
center of the tubules (Figure 2).

Table 2. Body, liver and testicular weights of rats (n= 15) following 120 days exposure to low-dose atrazine.

Parameter (g) Negative control Atrazine-treated (0.013 pg/L) | Atrazine-treated 0.172 pg/L. | P-value
Final Body weight (Mean + SEM) 103.3+1.94 100.94 +4.29 125.01 £9.87 0.039
Weight of the liver (Mean + SEM) 4.160£0.11 3.68 £0.04 3.28+0.06 <0.001
Weight of the Testis (Mean + SEM) 1.98+0.14 1.75+0.15 1.29+0.08 0.007
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Figure 1. Representative hematoxylin and eosin (H&E) stained histological sections of rat liver tissue after 120 days of treatment (200 magnification). Section A illustrates
the hepatic architecture of the negative control group (distilled water), showing normal hepatocytes (white arrow) arranged in well-organized cords radiating from a
structurally intact central vein, with intervening normal blood sinusoids. Section B and C represent liver sections from rats exposed to atrazine at concentrations of 0.013
ng/L and 0.172 pg/L, respectively. These sections demonstrate mild histopathological alterations, including congestion of the central vein and a mixed population of
hepatocytes comprising morphologically normal cells (white arrows) alongside degenerating hepatocytes characterized by cytoplasmic vacuolation and pyknotic nuclei (black

arrows).

Figure 2. Representative hematoxylin and eosin (H&E) stained histological sections of rat testicular tissue following 120 days of treatment, examined at x200 magnification.

Section A depicts the testicular architecture of the negative control group administered distilled water, showing normal seminiferous tubules (black arrow) with an intact
germinal epithelium composed of multiple orderly layers of spermatogenic cells. Sections B and C represent testicular sections from rats exposed to atrazine at concentrations

0f 0.013 pg/L and 0.172 pg/L, respectively. These sections demonstrate a heterogeneous pattern comprising both morphologically normal seminiferous tubules with preserved

germinal epithelium (black arrows) and tubules exhibiting mild germinal epithelial erosion originating centrally (white arrows).

Assessment of sperm cell parameters revealed no statistically
significant differences between atrazine-treated rats and the
negative control group. Although the proportion of dead
spermatozoa was slightly higher in both the 0.013 pg/L and 0.172
ng/L treatment groups, the proportion of viable spermatozoa was
correspondingly  slightly reduced compared to controls.
Similarly, the percentage of spermatozoa with normal
morphology showed a minor decline in atrazine-exposed rats,

while no significant differences were observed in the prevalence
of morphologically abnormal sperm cells (Table 3). Progressive
sperm motility was also slightly higher in the control group
relative to the treated groups. Furthermore, total sperm counts
were modestly, but not significantly, reduced in rats exposed to
0.013 pg/L and 0.172 pg/L atrazine compared to the negative
control.

Table 3. Sperm cell parameters of rats (n=15) 120 days of exposure to low-dose atrazine.

Sperm parameter Negative control | Atrazine- treated (0.013 pg/L) Atrazine- treated 0.172 pg/L. | P-value
Dead spermatozoa (%) 22.59+6.26 48.28+10.758 47.16+£10.82 0.148
Live spermatozoa (%) 69.45+3.29 51.58+10.775 52.90+10.72 0.402
Progressive motile spermatozoa (%) 50+11.18 45+9.354 40+10.00 0.789
Sperm cell counts (%10’ spermatozoa/mL) | 91.80+8.29 61+6.272 75.40+9.081 0.056
Normal-shaped spermatozoa (%) 63.50+9.97 46.8+13.130 60.826+11.408 0.613
Abnormally shaped spermatozoa (%) 35.5£10.05 53.2+13.131 39.12+11.437 0.613

Discussion

This study evaluated the effects of prolonged exposure to low-
dose atrazine contamination in drinking water on liver and
testicular weights, histopathological architecture, and sperm cell
parameters in a rat model. A significant increase in body weight
was observed in rats exposed to 0.172 pg/L atrazine compared

with those receiving 0.013 pg/L and the negative control. In
contrast, a significant reduction in both liver and testicular
weights was observed in rats exposed to 0.013 pg/L and 0.172
ng/L compared with the control group. Histopathological
examination revealed only mild morphological alterations in
hepatic and testicular tissues compared with the negative control.
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In the liver, these changes were characterized by mild congestion
of the central vein and a mixture of morphologically normal
hepatocytes alongside degenerating cells exhibiting cytoplasmic
vacuolation and pyknotic nuclei. Similarly, testicular sections
showed predominantly intact seminiferous tubules with
preserved germinal epithelium, although occasional tubules
exhibited mild germinal epithelial erosion originating centrally.
Comparable findings have been documented in previous studies
[21,22]. For instance, [22] reported non-significant alterations in
body weight in quails exposed to atrazine at 50, 250, and 500
mg/kg. In contrast, [21] observed significant reductions in liver
weight and altered gene expression profiles related to lipid
metabolism and androgen biosynthesis following atrazine
exposure (5 mg/kg body weight/day), accompanied by hepatic
tubular

architecture consistent with endocrine disruption have been

steatosis. Similarly, disruptions in seminiferous
reported at higher doses [23]. In the present study, atrazine
concentrations of 0.013 pg/L and 0.172 pg/L did not produce
statistically significant changes in sperm parameters, including
motility, viability, morphology, or total sperm count, when
compared with controls. These findings differ from those of
[34,35], who reported significant impairments in sperm quality
following exposure to substantially higher atrazine doses. The
discrepancies are most likely attributable to differences in
the mild

histopathological changes observed suggest that even low-level

exposure concentration and duration. Overall,
chronic atrazine exposure may induce subtle tissue responses in
sensitive organs; however, extrapolation to human health
outcomes should be made cautiously due to species-specific
differences and exposure conditions. The main limitation of this
study was the small sample size of five animals per experimental
group. The numbers were minimized in accordance with ethical
considerations; therefore, the findings should be considered
preliminary and interpreted with caution. Future studies should
use relatively larger sample size for confirmation of the observed
effects.

Conclusion

Prolonged exposure to low-dose atrazine was not associated with
statistically significant alterations in liver and testicular histology
or sperm parameters under the conditions investigated. However,
further studies with larger sample sizes are needed to determine
whether prolonged exposure to low-dose atrazine may cause mild
hepatic or reproductive effects and to better establish their
relevance to human environmental exposure.

Abbreviation

SUA: Sokoine University of Agriculture; WHO; World Health
Organization; SARU: Small Animal Research Unit; H & E:
Hematoxylin and eosin stains; cv: Central vein; pv: Portal vain;
0C: Degrees Celsius; y2: Chi-square; pg/L: Microgram per liter;
mg/kg: Milligram per kilogram.

Declaration

Acknowledgment

Authors acknowledge the valuable assistance of Mr. Jafari
Madaraka, a laboratory technician in the Department of
Veterinary Anatomy and Pathology at SUA, for his assistance in
laboratory work.

Funding

Authors received no financial support to conduct this study.

Availability of data and materials

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request by
emailing usamwange@sua.ac.tz.

Authors’ contributions

All authors contributed equally in designing the study, collecting
the data, performing the statistical analyses, interpreting of the
data, critically revising the manuscript, and approving the final
version. All authors read and approved the final manuscript.

Ethics approval and consent to participate

We conducted the research in accordance with the Declaration of
Helsinki. This study was reviewed and approved by the Research
Ethics Review Committee of Sokoine University of Agriculture
(clearance number DPRTC/R/186/64) on January 20, 2026, prior
to the commencement of the research. All animal welfare
guidelines were followed during animal handling, restraint, and
experimentation. Animals were housed in plastic cages with a
wired top cover that allowed adequate spacing and ventilation.
The rats were acclimatized to standard environmental conditions
of 25-30 °C, relative humidity of 65-75%, and a 12-hour light-
dark cycle. Animals were fed broiler mash and provided with
water ad libitum. At the end of the experiment, the animals were
sacrificed under general anesthesia using ethyl ether. All
experiments were conducted at the Small Animals Research
Laboratory, which is specifically designed for small animal
experimentation.

Consent for publication
Not applicable

Competing interest
The authors declare that they have no competing interests.

Open Access

This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and
indicate if changes were made. The Creative Commons Public
Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to
the data made available in this article unless otherwise stated.

Author Details

'Department of Veterinary Physiology, Biochemistry and
Pharmacology, College of Veterinary Medicine and Biomedical
Sciences, Sokoine University of Agriculture, P. O. Box 3017,
Morogoro, Tanzania.

2Department of Veterinary Anatomy and Pathology, College of
Sokoine

Veterinary Medicine and Biomedical Sciences,

University of Agriculture, P.O. Box 3016, Morogoro, Tanzania.

References

1. LeBaron HM, McFarland JE, Burnside OC. The Triazine
Herbicides: A Milestone in the Development of Weed Control
Technology. In: The Triazine Herbicides [Internet]. Elsevier; 2008.
p. 1-12. doi:10.1016/B978-044451167-6.50004-0.

2. Udikovi¢-Koli¢ N, Scott C, Martin-Laurent F. Evolution of
atrazine-degrading capabilities in the environment. Appl Microbiol



Biotechnol. 2012 Dec;96(5):1175-89. doi:10.1007/s00253-012-
4495-0.

Singh S, Kumar V, Chauhan A, Datta S, Wani AB, Singh N, et al.
Toxicity, degradation and analysis of the herbicide atrazine.
Environ Chem Lett. 2018 Mar;16(1):211-37. doi:10.1007/s10311-
017-0665-8.

Abd RNF, Ahmad KK, Aris F, Mohamed YN, Zakaria NA.
Atrazine-degrading bacteria for bioremediation strategy: A review.
Biocatal ~ Biotransformation. 2022  Jul = 4;40(4):233-47.
doi:10.1080/10242422.2021.2000967.

Gajendra G, Pulimi M, Natarajan C, Mukherjee A. Occurrence,
Toxicodynamics, and Mechanistic Insights for Atrazine
Degradation in the Environment. Water Air Soil Pollut. 2024
Oct;235(10):649. doi:10.1007/s11270-024-07439-0.

Obiri BD, Obeng EA, Oduro KA, Apetorgbor MM, Peprah T,
Duah-Gyamfi A, et al. Farmers’ perceptions of herbicide usage in
forest landscape restoration programs in Ghana. Sci Afr. 2021
Mar;11:¢00672. doi:10.1016/j.sciaf.2020.e00672.

Ghosh PK, Philip LI. Environmental significance of atrazine in
aqueous systems and its removal by biological processes: an
overview. Glob NEST J. 2013 Apr 29;8(2):159-78.
doi:10.30955/gnj.000306.

Almberg K, Turyk M, Jones R, Rankin K, Freels S, Stayner L.
Atrazine Contamination of Drinking Water and Adverse Birth
Outcomes in Community Water Systems with Elevated Atrazine in
Ohio, 2006-2008. Int J Environ Res Public Health. 2018 Aug
31;15(9):1889. doi:10.3390/ijerph15091889.

Ralebitso TK, Senior E, van Verseveld HW. Microbial aspects of
atrazine degradation in natural environments. Biodegradation.
13(1):11-9. doi.org/10.1023/A:1016329628618.

Li MR, Zhan FD, Chen JJ, Zu YQ, Li Y. Atrazine Degradation
Pathway and Genesof Arthrobacter sp. FM326. Pol J Environ Stud.
2020 Jun 8;29(5):3683-9. doi:10.15244/pjoes/115326.

Omotayo AE, Ilori MO, Obayori OS., Amund OO. Influence of pH,
temperature and nutrient addition on the degradation of atrazine by
Nocardioides spp. isolated from agricultural soil in Nigeria. Malays
J Microbiol. 2016 Dec. doi:10.21161/mjm.81315.

Lu Y, Liu Y, Tang C, Chen J, Liu G. Heat/PMS Degradation of
Atrazine: Theory and Kinetic Studies. Processes. 2022 May
9;10(5):941. doi:10.3390/pr10050941.

Chowdhury IF, Rohan M, Stodart BJ, Chen C, Wu H, Doran GS.
Persistence of atrazine and trifluralin in a clay loam soil undergoing
different temperature and moisture conditions. Env Pollut.
276:116687. doi.org/10.1016/j.envpol.2021.116687.

Urseler N, Bachetti R, Biolé F, Morgante V, Morgante C. Atrazine
pollution in groundwater and raw bovine milk: Water quality,
bioaccumulation and human risk assessment. Sci Total Environ.
2022 Dec 15;852:158498.
doi.org/10.1016/j.scitotenv.2022.158498.

Guan SH, Huang MW, Li X, Cai Q. Determination of Atrazine,
Simazine, Alachlor, and Metolachlor in Surface Water Using
Dispersive Pipette Extraction and Gas Chromatography—Mass
Spectrometry.  Anal  Lett. 2018 Mar 4;51(4):613-25.
doi:10.1080/00032719.2017.1341904.

Chen YP, Liu Q, Ma QY, Maltby L, Ellison AM, Zhao Y.
Environmental toxicants impair liver and kidney function and
sperm quality of captive pandas. Ecotoxicol Environ Saf. 2018
Oct;162:218-24. doi:10.1016/j.ecoenv.2018.07.008.

Huang P, Yang J, Ning J, Wang M, Song Q. Atrazine Triggers DNA
Damage Response and Induces DNA Double-Strand Breaks in
MCF-10A Cells. Int J Mol Sci. 2015 Jun 24;16(7):14353-68.
doi:10.3390/ijms160714353.

Kihampa HH. Pesticide residues in four rivers running through an
intensive agricultural area, Kilimanjaro, Tanzania. J Appl Sci Env
Manage. 2011;15(2):307-316. doi:10.4314/jasem.v15i2.

Loosli R. Epidemiology of atrazine. Rev Environ Contam Toxicol.
1995;143:47-57. doi:10.1007/978-1-4612-2542-3.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

32.

33.

34.

35.

Arabi S, Heidari-Beni M, Poursafa P, Roshanaei M, Kelishadi R. A
review of the potential adverse health impacts of atrazine in
humans. Reviews on environmental health,. Vol. 40.
2025;40(2):347-59. 10.1515/reveh-2024-0094.

Harper AP, Finger BJ, Green MP. Chronic Atrazine Exposure
Beginning Prenatally Impacts Liver Function and Sperm
Concentration With Multi-Generational Consequences in Mice.
Front Endocrinol. 2020 Nov 26;11:580124.
doi:10.3389/fend0.2020.580124.

Qin L, Jian PA, Yi BJ, Ma XY, Lu WH, Li XN, et al. Effect of
atrazine on testicular toxicity involves accommodative disorder of
xenobiotic metabolizing enzymes system and testosterone synthesis
in European quail (Coturnix coturnix). Ecotoxicol Environ Saf.
2023 Dec;268:115716. doi:10.1016/j.ecoenv.2023.115716.
Martins-Santos E, Oliveira CA. A Review on the Effects of
Atrazine on Male Rat Reproductive System Cytoarchitecture,
Steroidogenesis and Oxidative Pathway. J Mol Histol. 2026
Feb;57(1):45. doi:10.1007/s10735-025-10671-5.

Kucka M, Pogrmic-Majkic K, Fa S, Stojilkovic SS, Kovacevic R.
Atrazine acts as an endocrine disrupter by inhibiting cAMP-specific
phosphodiesterase-4.  Toxicol ~ Appl  Pharmacol. 2012
Nov;265(1):19-26. doi:10.1016/j.taap.2012.09.019.

Zhao H, Qian H, Cui J, Ge Z, Shi J, Huo Y, Zhang Y, Ye L.
Endocrine toxicity of atrazine and its underlying mechanisms.
Toxicology. 2024;505:153846. doi:10.1016/j.tox.2024.153846.
Materu AE, Mkhandi JW. Ectoparasites of free ranging local
chickens in urban and peri-urban areas of Morogoro Municipality,
Tanzania. Int J Vet Sci Anim Husb. 2022;7(6):11-15.
doi:10.22271/veterinary.2022.v7.i6a.447.

Bequer L, Gomez T, Molina JL, Alvarez A, Chaviano C, Clapés S.
Experimental diabetes impairs maternal reproductive performance
in pregnant Wistar rats and their offspring. Syst Biol Reprod Med.
2018 Jan 2;64(1):60-70. doi:10.1080/19396368.2017.1395928.
Koneval Z, Knox KM, White HS, Barker-Haliski M. Lamotrigine-
resistant corneal-kindled mice: A model of pharmacoresistant
partial epilepsy for moderate-throughput drug discovery. Epilepsia.
2018 Jun;59(6):1245-56. doi:10.1111/epi.14190.

Mahugija JAM, Henkelmann B, Schramm KW. Levels and patterns
of organochlorine pesticides and their degradation products in
rainwater in Kibaha Coast Region, Tanzania. Chemosphere.
2015;118:12-19. doi:10.1016/j.chemosphere.2014.05.051.
Mwangengwa LM, Bakari GG, Kanuya NL, Max RA. Effect of A.
nilotica pods and A. lebbeck stem bark extracts on the reproductive
system of male Mastomysnatalensis: Anti-fertility studies. Afr J
Biol Sci. 2022 May 4;4(2):106-19.
doi:10.33472/AFJBS.4.2.2022.106-119.

Lucio RA, Tlachi-Lépez JL, Eguibar JR, Agmo A. Sperm count and
sperm motility decrease in old rats. Physiol Behav. 2013 Feb;110—
111:73-9. doi:10.1016/j.physbeh.2012.12.015.

Ekhoye EI, Nwangwa EK, Aloamaka CP. Changes in some
testicular biometric parameters and testicular function in cadmium
chloride administered Wistar rats. Br J Med Med Res.
2013;3(4):2031-2041. doi:10.9734/BJMMR/2013/2821.
Alturkistani HA, Tashkandi FM, Mohammedsaleh ZM.
Histological Stains: A Literature Review and Case Study. Glob J
Health Sci. 2015 Jun 25;8(3):72. doi:10.5539/gjhs.v8n3p72.
Rotimi DE, Ojo OA, Adeyemi OS. Atrazine exposure caused
oxidative stress in male rats and inhibited brain-pituitary-testicular
functions. J Biochem Mol Toxicol. 2024;38:¢23579.
doi:10.1002/jbt.23579.

Cook LE, Finger BJ, Green MP, Pask AJ. Exposure to atrazine
during puberty reduces sperm viability, increases weight gain and
alters the expression of key metabolic genes in the liver of male
mice. Reprod Fertii Dev. 2019 Apr 16;31(5):920-31.
doi:10.1071/RD18505.



