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Globally glyphosate is the most widely used broad-spectrum herbicide due to its efficacy and
low cost but, with such wide spread use on crops it has contaminated our freshwater systems
and represents a substantial threat to aquatic life due to adverse glyphosate exposure. Fish are
very susceptible to glyphosate exposure through agricultural runoff into water bodies as well as
from contaminated water. It's worth noting, that bony fish, such as Clarias gariepinus, have
shown great susceptibility to glyphosate exposure. The gastrointestinal tract, being involved in
digestion/microbiota- host interactions, nutrient absorption, and immune function, is of special
concern regarding glyphosate-induced effects in fish. Numerous studies have shown that
glyphosate produces histopathological changes, oxidative stress, digestive enzyme inhibition,
and microbiota dysbiosis under aerobic and anaerobic conditions, in fish and other vertebrates.
The purpose of this review is to examine the impact of glyphosate on bony fish (teleosts) gut
health, emphasising histopathological damage, enzyme disruption, oxidative stress
mechanisms, and microbiota alteration(s). These data will be invaluable for assessing
ecological risks and promote sustainability within aquaculture practices.
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Glyphosate (also known as N-(phosphonomethyl)
glycine) was introduced to the market as a herbicide back
in 1972, but it is now one of the most widely used
herbicides globally (Kaliannan et al., 2002). Glyphosate
has been advertised as having a wide variety of uses
based on its affordability along with its combination of
broad-spectrum abuse with respect to the various types of
weeds being controlled. Glyphosate may be used in a
variety of different commercial formulations, with one such
formulation being Roundup®; these formulations can be
used for various purposes including agricultural,
horticultural and municipal use. The widespread use of
glyphosate has resulted in it becoming one of the most
widely used herbicides globally, and because of this, many
environmental concerns have arose. These concerns have
primarily been focused on the persistence of glyphosate in
the environment and its potential to pollute freshwater
ecosystems.

Aquatic organisms such as naturally

occurring marine fish, including some economically
important species such as bony fish (e.g., African catfish),
have a high likelihood of being exposed to glyphosate
through contamination of rivers, ponds and agricultural
runoff (Erhunmwunse et al., 2014; Rad et al., 2022). Bony
fish are adaptable, omnivorous fish species that are native
to Africa's freshwater systems and have become popular
in aquaculture as they can adapt to various environments,
grow quickly and provide a large volume of protein.
Furthermore, due to the fish being physiologically sensitive
to waterborne contaminants, bony fish are commonly used
as experimental animals when conducting ecotoxicology
studies (Sabra and Mehana 2015). Among the many
effects that toxicants can have on physiological systems,
the gastro-intestinal tract is especially sensitive to these
toxicants because the gastro-intestinal tract is the first
point of entry into the animal's body through which
nutrients from food can be absorbed and digested. The
gastro-intestinal tract is also responsible for providing the
animal with an immune response to pathogens and allows
for a symbiotic relationship to develop between the host
organism and its microbes. Exposure of aquatic organisms
to the detoxicant glyphosate can produce many harmful
effects in the gastro-intestinal tract, which can threaten the
well-being of the organisms and their ability to survive.

There are a number of studies showing that glyphosate
exposure has produced many negative effects on the
intestinal morphology, enzyme and intestinal microbes of
various species of aquatic organisms (Cao et al., 2022;
Qiu et al., 2020; Bai et al., 2023). Damage to the intestinal
structure and function due to glyphosate exposure has
also been documented for other species of fish that reside
in fresh water (e.g., Channa punctatus) and damage to
these systems impedes the fish's ability to absorb all of the
nutrients it needs; therefore, these fish will be more
susceptible to disease and will ultimately have impaired
growth, behaviour and reproductive success. Glyphosate
can also change enzyme systems in the intestinal tract,
including glycosidases and peptidases, which are critical
enzymes for digestion (Aminov and Golovanova, 2019;
Kuzmina et al., 2017). In addition, glyphosate exposure is
associated with oxidative stress, inflammation, and
apoptosis, and disrupts the integrity of the intestinal barrier
in a number of different vertebrate model organisms (Tang
et al., 2020; Fadel et al., 2022; Bao et al., 2024).

In addition, glyphosate and its products have been
shown to disturb the gut microbiome causing a microbial
disturbance that can worsen inflammation and decrease
immunity (Mesnage et al., 2022; Krause et al., 2020;
Nielsen et al., 2021). Because fish such as Colossoma
Macropomum and Carassius auratus have shown
microbial and metabolic disturbances (Braz-Mota et al.,
2015; Yan et al., 2022). It is anticipated that there will be
similar disturbances in bony fish, although they have yet to
be well characterised. Additionally, studies of development
that
glyphosate during critical early life stages and/or during

and across generations indicate exposure to
perinatal periods has long-lasting effects on intestines
structure and function (Del Castillo et al., 2022; Panza et
al., 2021; Barnett et al., 2024). These findings emphasize
the need to assess both the acute toxicity of glyphosate
and the chronic and transgenerational exposure of
glyphosate in target aquaculture species such as C.
gariepinus. Although the number of ecotoxicology studies
has increased, no comprehensive reviews evaluating
glyphosate's effects on the intestinal physiology and health
of bony fish exist. Most existing studies have generalized
across species or focused on other organ systems (e.g.,

liver, gills) (Bawa et al., 2017; Dey et al., 2016).
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Given the critical role of the intestine in fish growth,
health and overall aquaculture productivity, understanding
the specific effects of glyphosate on this organ system is

essential.
EFFECT OF GLYPHOSATE ON INTESTINE
OF BONY FISH

The
substantial histopathological changes in the intestinal

Intestine (Primary Target Organ) exhibits

tissues of fish when exposed to glyphosate; these
histopathological changes include epithelial degeneration,
necrosis, hyperplasia, villus damage to the muscularis
atrophy, inflammatory cell infiltration and edema. Other
documented histopathological changes to the intestine
include structural deformities, including the loss of
microvilli and erosion of intestinal mucosa, which also led
to impaired nutrient absorption and intestinal dysfunction
(Erhunmwunseet al., 2014; Senapati et al., 2009; Bai et
al., 2023; Mo et al., 2023; lannetta et al., 2024). In addition
to the effect that glyphosate has on the intestinal structure,
it also alters the digestive physiology by inhibiting
enzymes associated with digestion and metabolism, such
as proteases, amylases and lipases, thereby impairing
digestion and metabolism (Senapati et al., 2009; Aminov
and Golovanova, 2019; Kuzmina et al., 2017; Salbego et
al., 2014). Further,

decreases nutrient assimilation efficiency.

inhibition of intestinal peptidases

Liver. The liver is another organ that is affected by

glyphosate toxicity through biochemical and

histopathological modifications (hepatocyte damage,
oxidative stress, and metabolism disruption). The liver's
biochemistry and histopathology will reflect liver damage if
there is an increase in biomarkers of liver function, and
there is evidence of degenerating liver tissue (Braz-Mota

et al., 2015; Dey et al., 2016, Fadel et al., 2022).

The kidney and various organs. Glyphosate
exposure has been shown to negatively affect normal
kidney function and many other organs in the human body
(systemic toxicity) through the induction of numerous
effects on their normal function (Braz-Mota et al., 2015;
Dey et al., 2016). There is evidence of DNA damage,
inhibition of enzymes, and degeneration of tissues in many
organs, suggesting potential for damage to more than just

the primary target of glyphosate, which is the intestines.

Oxidativestressand cellular/biochemical pathways.
Oxidative stress is the primary mechanism by which
glyphosate exerts its toxic effects in humans. Glyphosate-
induced oxidative stress has been shown to lead to
increased production of ROS, lipid peroxidation, disorders
of mitochondrial function, apoptosis, inflammation and
endoplasmic reticulum stress in many different tissues
throughout the human body (Cao et al., 2022; Qiu et al.,
2020; Bai et al, 2023; Ding et al., 2021; Peillex and
Pelletier, 2020).

Dysfunction of the intestinal barrier. Glyphosate

interferes with integrity of the intestinal barrier by
downregulating expression of the tight junction proteins
Z0O-1 and claudins and promotes increased intestinal
permeability leading to altered gut function (Qiu et al.,

2020; Ding et al., 2021).
GUT MICROBIOTA (DYSBIOSIS)

Glyphosate exposure causes changes in the microbial
communities of the gut and subsequently causes reduced
microbial diversity and dysbiosis. Decreases in microbial
diversity and dysbiosis can negatively impact metabolic
pathways, the immune response, and general health of
the intestines. Probiotic therapy may help restore microbial
diversity and reduce toxicity in the gut (Bao et al., 2024;
Mesnage et al., 2022; Nielsen et al., 2021; Yan et al.,
2022).

ENVIRONMENTAL AND EXPOSURE
FACTORS

Environmental contamination from agricultural runoff is
also an important source of glyphosate in the aquatic
environment. Environmental conditions such as low
oxygen levels, hypoxia, and exposure to other stressors
increase the oxidative stress, inflammation, and tissue
damage associated with glyphosate (Rad et al., 2022;

lannetta et al., 2024).

FUNCTIONAL AND PHYSIOLOGICAL
EFFECTS

Glyphosate alters the motility of the intestines, alters
the immune response of the intestines, and alters the
functions of the intestines.

physiological Glyphosate

exposure persists in altering gut motility, increases the
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number of pro-inflammatory cytokines in the intestines, interaction for long-term health consequences (Chang et

and disrupts the gut microbiome-immune system al., 1999; Peillex & Pelletier 2020).
Table 1: Summarizing the studies
Model Organism Dose Duration Major Inference Reference
Molecular model (in HF/3-21G* - Flexible conformational Kaliannan et al., 2002
silico) basis set landscape; stable gg—
(computational) conformation
Animals (review) - - Endocrine disruption, organ Rao et al., 2023
toxicity, neurotoxicity, cancer
risk
Clarias gariepinus 18-72 mg/L Not specified Dose- and time-dependent Rad et al., 2022
(static renewal) | gastric & intestinal
degeneration
Fish (review — - - Oxidative stress, enzyme Sabra & Mehana, 2015
insecticides) inhibition, histopathology
Cyprinus carpio Not specified Experimental Intestinal inflammation, Cao et al., 2022
ROS, tissue damage
Piglets 0, 10, 20, 40 35 days Oxidative stress, tight Qiu et al., 2020
mg/kg feed junction disruption
Mice (offspring) High-dose GBH | Gestation + ER-stress mediated Bai et al., 2023
lactation intestinal apoptosis
Channa punctatus 4 mg/L 45 days SEM damage in intestine; Senapati et al., 2009
enzyme reduction
Fish (review) - - Enzyme & biochemical Aminov & Golovanova,
alterations species-specific 2019
Fish (in vitro mucosa) | Not specified In vitro Peptidase inhibition in Kuzmina et al., 2017
intestine
Rats 0, 5, 50, 500 35 days Villus damage, inflammation, | Tang et al., 2020
mg/kg/day microbiota shift
Mice 0, 50, 125, 250 | 3 months Multi-organ toxicity including Fadel et al., 2022
mg/kg GIT
Pomacea 6 & 18 mg/L 96 h Gut microbiota loss; Bao et al., 2024
canaliculata metabolic disruption
Rats 0.5, 5,50 Prenatal-adult Microbiome shifts; fungal Mesnage et al., 2022
mg/kg/day diversity reduced
Pig colon microbiota 228 mg In vitro Minor metabolic changes; no | Krause et al., 2020
(in vitro) glyphosate major dysbiosis
eg/day
Rats 5% & 50x ADI 14 days Mild microbiota & Nielsen et al., 2021
metabolomic changes
Colossomamacropo Sublethal 96 h Gill & liver oxidative damage | Braz-Mota et al., 2015
mum Roundup®
Carassius auratus Not specified Experimental Growth reduction; probiotics | Yan et al., 2022
protective
Mice Low dose GBH | Lifelong Tight junction disruption; Del Castilo et al., 2022
dysbiosis
Mice 0.5% GBH Perinatal + 12 Jejunum shortening; ENS Panza et al., 2021
weeks diet alteration
Mice (F1 & F2) 0.01&1.75 Multigeneration | Goblet cell loss; gut—brain Barnett et al., 2024
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mg/kg/day al axis disruption
Cyprinus carpio 0.815 & 1.63 28 days Hepatotoxicity; AST/ALT Bawa et al., 2017
ppm elevation
Freshwater fish (3 1.85 kg/ha 30 days B_|omarker altgratlons; Dey et al., 2016
species) bioaccumulation
Pigs Low & high Experimental ENS neur_opeptlde Bulc et al., 2023
doses upregulation
Humans (50 patients) | Oral ingestion Acute Esophageal& gastric injury Chang et al., 1999
Tight junction loss;
Zebrafish 3.5 mg/L 21 days inflammation; miRNA Ding et al., 2021
change
Chicken embryos 10 mg/kg egg In ovo gmdatl_v e stress; CYP Fathi et al., 2020
isruption
l__ltopenaeusvanname 47.6 mg/L 48 h Severe intestinal & Mo et al., 2023
i (LC50) hepatopancreas damage
Human case Oral ingestion Acute Large intestine rupture Palli et al., 2011
Z/Iiractusmesop otami 3.0-4.5 mg/L 48 h Moderate liver toxicity Shiogiri et al., 2012
Clarias gariepinus Polluted water Chronic Gill histopathology Van Dyk et al., 2009
. Dietary . Von Soosten et al.,
Dairy cows exposure 26 days Mostly excreted in feces 2016
Caco-2 & HT-29 cells | Not specified In vitro Low per meablllty; minimal Vasiluk & Moore, 2005
cytotoxicity
Zebrafish embryos LC50 122.9 96 h _Dose-dep_endent liver & gut lannetta et al., 2024
mg/L inflammation
Piglets ?ngzltk)g 200 9 & 35 days Reduced microbial richness Rani et al., 2023
Leporinusobtusidens | 1 & 5 mg/L 90 days [anc(i:’\?i?;ed digestive enzyme Salbego et al., 2014
Xenopus laevis 1.:10.'000 Short—long term Increased gut microvill Smith, 2024
dilution length
Pheretima elongata Field dose 4 weeks Initial epithelial death; later Morowati et al., 2000
recovery
Mice 250 & 500 68 12 weeks | ~nxiety; microbiota Aitbali et al., 2018
mg/kg/day disruption
IEC-6 & Caco-2 cells | 10 mg/mL Acute TEER reduction; tight Gildea et al., 2023
junction loss
Zebrafish 700 pglL 28 days Sex-specific metabolic Giommi et al., 2022

changes

Health/Immunity
(review)

Immunotoxicity;
inflammation; microbiome
effects

Peillex& Pelletier, 2020

CONCLUSION

In there are potentially significant risks to intestinal

health in fish as a result of exposure to glyphosate,

including those incurred at sub-lethal concentrations.

Observational evidence indicates that chronic or repeated

exposure to glyphosate damages the intestinal lining (e.g.,

broken epithelial layers) and impairs gut function by
disrupting digestive enzyme activity and the ability to
absorb nutrients, in addition to causing oxidative stress
and inflammation. These factors, as well as dysbiosis (i.e.,
microbial imbalance), may compromise both the structural
integrity of the gut and the strength of the immune system,
which are critical for the healthy growth of fish. Therefore,
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any adverse health effects attributable to glyphosate will
have substantial implications for both wild fish populations
and aquaculture. Future research should continue to
explore chronic and developmental effects of exposure,
the microbiota specifically, as well as strategies to prevent
damage caused by glyphosate through diet-related
interventions. Concurrent with these efforts, more stringent
regulation of glyphosate and control of its movement into
aquatic systems via runoff are required to protect our
freshwater ecosystems from contamination by glyphosate.

CONFLICTS OF INTEREST

All authors declare that they have no conflicts of

interest.

REFERENCES

Aitbali, Y., Ba-M’hamed, S., Elhidar, N., Nafis, A., Soraa,
N., & Bennis, M. (2018). Glyphosate-based herbicide
exposure affects gut microbiota, anxiety and

depression-like behaviors in mice. Neurotoxicology

and Teratology, 67, 44—49.

Aminov, A.l., & Golovanova, I.L. (2019). Effect of Roundup
on the activities of glycosidase in the intestines of
typical and facultative ichthyophages as a function of
temperature and pH. Inland Water Biology, 13, 291—
296.

Bai, G., Zou, Y., Zhang, W., Jiang, X., Qin, J., Teng, T., ...
Shi, B. (2023). to high-

concentration glyphosate-based herbicides induces

Perinatal exposure

intestinal apoptosis by activating endoplasmic
reticulum stress in offspring. Science of the Total

Environment, 865, 161223.

Bao, Y., He, X,, Zhai, Y., Shen, W., Jing, M., Liu, Y., Yang,
H.,&Chen, L. (2024). Effects of glyphosate-based
herbicide on gut microbes and hepatopancreatic
metabolism in Pomacea canaliculata. Ecotoxicology
and Environmental Safety, 280, 116549.

Barnett, J. A., Josephson, J. K., Haskey, N. A., Hart, M.
M., Soma, K. K., Bandy, M. L., ... Gibson, D. L.
(2024). Prenatal glyphosate exposure disrupts the
gut-brain axis across several generations in mice.

available on:

https://www.biorxiv.org/content/10.1101/2024.08.27.6
09990v1?med=mas

BioRxiv.

Bawa, V., Kondal, J. K., Hundal, S. S.,&Kaur, H. (2017).
Biochemical and histological effects of glyphosate on
the liver of Cyprinus carpio. American Journal of Life
Sciences, 5(3-1), 71-80.

Braz-Mota, S., Sadauskas-Henrique, H., Duarte, R. M.,
Val, A. L.,&AImeida-Val, V. M. F. (2015). Roundup®
exposure promotes gill and liver impairments, DNA
damage and inhibition of brain cholinergic activity
in Colossoma Macropomum. Chemosphere, 135, 53—
60.

Bulc, M., Calka, J., Jana, B., & Palus, K. (2024). Effect of
different glyphosate doses on the chemical coding of
neurons of the enteric nervous system of the porcine
descending colon. Folia Morphologica, 83(3), 578-
588.

Cao, X., Rao, C., Cui, H., Sun, D., Li, L., Guo, S., ... Chen,
J. (2022). Toxic effects of glyphosate on intestine,
liver and brain of carp and EPC cells. Chemosphere,
302, 134691.

Chang, C.-Y., Peng, Y.-C., Hung, D.-Z., Hu, W.-H., Yang,
D.-Y., & Lin, T.-J. (1999). Clinical impact of upper
gastrointestinal tract injuries in glyphosate-surfactant
oral intoxication. Human & Experimental Toxicology,
18, 475-478.

Del Castillo, I., Neumann, A. S., Lemos, F. S., De Bastiani,
M. A., Oliveira, F. L., Zimmer, E. R., ... Clarke, J. R.
(2022). Lifelong low-dose exposure to glyphosate-
based herbicide causes intestinal damage and gut
dysbiosis in mice. International Journal of Molecular
Sciences, 23(10), 5583.

Dey, S., Samanta, P., Pal, S., Mukherjee, A. K., Kole, D.,
& Ghosh, A. R. (2016). Integrative assessment of
biomarker responses in teleost fishes exposed to
glyphosate-based
Contaminants, 2(4), 191-203.

herbicide. Emerging

Ding, W., Shangguan, Y., Zhu, Y., Sultan, Y., Feng, Y.,
Zhang, B., ... Li, X. (2021). Negative impacts of
microcystin-LR zebrafish

and glyphosate on

intestine. Environmental Pollution, 286, 117685.
Erhunmwunse, N. O., Ewere, E. E., Ainerua, M. O., &

Alohan, F. I. (2014). Alterations in GIT of juvenile

African catfish exposed to glyphosate. International

Journal of Innovative Scientific Research, 4, 1-5.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 22 No. 2 2026



Kolhekar et al. 34

Fadel, H. H., Thabet, O. A., Darwish, A. A., & Gamal, M.
(2022). Multiple organ dysfunction in mice exposed to
glyphosate-based herbicides. Egyptian Journal of
Chemistry, 65, 417-426.

Fathi, M. A., Han, G., Kang, R., Shen, D., Shen, J., & Li,
C. (2020). Disruption of cytochrome P450 enzymes
by glyphosate in chicken embryos. Environmental
Science and Pollution Research, 27, 16865-16875.

Gildea, J. J., Roberts, D. A., & Bush, Z. (2023). Lignite
extract supplement protects intestinal tight junctions
against glyphosate injury. Journal of Nutrition, Diet
and Nutraceuticals, 1(1), 104.

Giommi, C., Ladisa, C., Carnevali, O., Maradonna, F., &
Habibi, H. R. (2022).
effects of glyphosate in zebrafish liver. International
Journal of Molecular Sciences, 23(5), 2724.

Sex-specific metabolomic

lannetta, A., Zugaro, S., Massimini, M., Gentile, W.,
Della Salda, L.
(2024). Combined effects of glyphosate and chemical

Silvestrini, T., Fioravanti, G.,

hypoxia in zebrafish. Chemosphere, 366, 143484.

P., Ali, M. M. N., Seethalakshmi, T., &
Venuvanalingam, P. (2002). Electronic structure of

Kaliannan,

glyphosate: An ab initio study. Journal of Molecular
Structure: THEOCHEM, 618, 117-125.

Krause, J. L., Haange, S. B., Schape, S. S., Engelmann,

B., Rolle-Kampczyk, U., Fritz-Wallace, K., ... von
Bergen, M. (2020). Glyphosate formulation influences
pig gut microbiota metabolome. Science of the Total

Environment, 745, 140932.

Kuz’'minaV., Tarleva, A. F.,&Sheptitskii, V. A. (2017).
Influence of Roundup on intestinal peptidases in
fish. Journal of Ichthyology, 57, 761-767.

Mesnage, R., Panzacchi, S., Bourne, E., Mein, C. A.,
Perry, M. J., Hu, J., ... Antoniou, M. N. (2022).
Glyphosate alters rat caecum microbiome. Frontiers
in Microbiology, 13, 888853.

Mo, B., Li, J., Liao, G., Wang, L., & Fan, L. (2023). Toxic
effects of glyphosate on intestinal microflora of

shrimp. Aquatic Toxicology, 255, 106399.

Morowati, M. (2000). Histopathological study of earthworm
intestine  exposed to

Scientist, 20, 105-111.

glyphosate. Environmental

Nielsen, L. N., Roager, H. M., Casas, M. E., Frandsen, H.

L., Gosewinkel, U. B., Bester, K., ... & Bahl, M. I.
(2021).

microbiota. Danish Environmental Protection Agency.

Effects of glyphosate of the intestinal
Pesticides Research - Report for the Danish EPA No.
194, 26 p.

Palli, E., Makris, D., Diakaki, C., Garoufalis, G., &
Zakynthinos, E. (2011). Rupture of large intestine
caused by glyphosate intoxication. American Journal

of Emergency Medicine, 29(4), 459-460.

Panza, S. B., Vargas, R., Balbo, S. L., Bonfleur, M. L.,
Granzotto, D. C. T., Sant'’Ana, D. M. G., & Nogueira-
Melo, G. A. (2021). Perinatal glyphosate exposure
affects mouse jejunum. Life Sciences, 275, 119350.

Peillex, C., & Pelletier, M. (2020). Toxicity of glyphosate

on health and immunity. Journal of

Immunotoxicology, 17(1), 163-174.
Qiu, S., Fu, H., Zhou, R., Yang, Z., Bai, G., & Shi, B.

(2020). Toxic effects of glyphosate on piglet
intestine. Ecotoxicology and Environmental Safety,
187, 109846.

Rad, S. M., Ray, A. K., & Barghi, S. (2022). Water
pollution
Technologies, 4(4), 1088-1102.

and agricultural pesticides. Clean

Rani, S., Sgrensen, M. T., Estellé, J., Noel, S. J., Ngrskov,
N., Krogh, U., ... Hgjberg, O. (2023). Gastrointestinal
microbial ecology of piglets fed

glyphosate. Microbiology Spectrum, 11(4), e00615-

23.

Rao, A,, Srivastav, S. K., & Upadhyay, R. K. (2023). Toxic
and biological effects of glyphosate in animals. World
Journal of Pharmaceutical Research, 12(19), 396-
412

Sabra, F. S., & Mehana, E. S. E. D. (2015). Pesticide
toxicity in fish. Asian Journal of Agriculture and Food
Sciences, 3(1).

Salbego, J., Pretto, A., Da Silva, V. M. M., Loro, V. L,
Lazzari, R., Gioda, C. R., & Baldisserotto, B. (2014).
Glyphosate effects on
fish. Ciéncia Rural, 44(9), 1603-1607.

digestive enzymes in

Senapati, T., Mukerjee, A. K., & Ghose, A. R. (2009).
Effects of glyphosate on alimentary canal and gill

of Channa punctatus. Journal of Crop and Weed,
5(1), 233-242.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 22 No. 2 2026



35 Effect of Glyphosate on Intestine in Fish...

Shiogiri, N. S., Paulino, M. G., Carraschi, S. P., Baraldi, F.
G., da Cruz, C., & Fernandes, M. N. (2012). Acute
glyphosate

exposure in fish. Environmental

Toxicology and Pharmacology, 34(2), 388—396.
Smith, A. (2024). Effects of glyphosate on African clawed

frog organ structure at metamorphosis of
gastrointestinal and integumantary systems. A Report

of a Senior Study. Maryville College, Spring, 2024
Tang, Q., Tang, J., Ren, X., & Li, C. (2020). Glyphosate-

induced intestinal inflammation and microbiota
changes in rats. Environmental Pollution, 261,
114129.

Van Dyk, J. C., Marchand, M. J., Pieterse, G. M.,
Barnhoorn, |. E., M. S. (2009).

in fish gills from polluted

& Bornman,

Histological changes

systems. African Journal of Aquatic Science, 34(3),
283-291.

Vasiluk, L., Pinto, L. J., & Moore, M. M. (2005). Oral
bioavailability of glyphosate. Environmental

Toxicology and Chemistry, 24(1), 153-160.

Von Soosten, D., Meyer, U., Hither, L., Danicke, S.,
Lahrssen-Wiederholt, M., Schafft, H., & Breves, G.
(2016). Excretion pathways of glyphosate in dairy
cows. Journal of Dairy Science, 99(7), 5318-5324.

Yan, B., Han, J,, Sun, Y., Lei, L., Yuan, J., Qiao, Z,, ...
Zhou, B. (2022).
effects in crucian carp. Science of the Total
Environment, 851, 158260.

Probiotics mitigate glyphosate

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 22 No. 2 2026



