
Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

1/9 

 

 

 

https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://doi.org/10.21070/acopen.10.2025.12775


Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

2/9 

 

 

Table Of Contents 

Journal Cover ............................................................................................. 1 

Author[s] Statement .................................................................................. 3 

Editorial Team ........................................................................................... 4 

Article information ..................................................................................... 5 

Check this article update (crossmark) ....................................................................... 5 

Check this article impact ....................................................................................... 5 

Cite this article ..................................................................................................... 5 

Title page .................................................................................................. 6 

Article Title .......................................................................................................... 6 

Author information ............................................................................................... 6 

Abstract .............................................................................................................. 6 

Article content ........................................................................................... 7 

https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/


Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

3/9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Originality Statement 

The author[s] declare that this article is their own work and to the best of their knowledge 

it contains no materials previously published or written by another person, or substantial 

proportions of material which have been accepted for the published of any other published 

materials, except where due acknowledgement is made in the article. Any contribution 

made to the research by others, with whom author[s] have work, is explicitly acknowledged 

in the article. 

 

 

Conflict of Interest Statement 

The author[s] declare that this article was conducted in the absence of any commercial or 

financial relationships that could be construed as a potential conflict of interest.  

 

 

Copyright Statement 

Copyright © Author(s). This article is published under the Creative Commons Attribution 

(CC BY 4.0) licence. Anyone may reproduce, distribute, translate and create derivative 

works of this article (for both commercial and non-commercial purposes), subject to full 

attribution to the original publication and authors. The full terms of this licence may be 

seen at http://creativecommons.org/licences/by/4.0/legalcode 

https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
http://creativecommons.org/licences/by/4.0/legalcode


Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

4/9 

 

 

EDITORIAL TEAM 

Editor in Chief 

 
Mochammad Tanzil Multazam, Universitas Muhammadiyah Sidoarjo, Indonesia 

 

Managing Editor 

Bobur Sobirov, Samarkand Institute of Economics and Service, Uzbekistan 

 

Editors 

Fika Megawati, Universitas Muhammadiyah Sidoarjo, Indonesia 

 
Mahardika Darmawan Kusuma Wardana, Universitas Muhammadiyah Sidoarjo, Indonesia 

Wiwit Wahyu Wijayanti, Universitas Muhammadiyah Sidoarjo, Indonesia 

Farkhod Abdurakhmonov, Silk Road International Tourism University, Uzbekistan 

Dr. Hindarto, Universitas Muhammadiyah Sidoarjo, Indonesia 

Evi Rinata, Universitas Muhammadiyah Sidoarjo, Indonesia 

 
M Faisal Amir, Universitas Muhammadiyah Sidoarjo, Indonesia 

 
Dr. Hana Catur Wahyuni, Universitas Muhammadiyah Sidoarjo, Indonesia 

 
 

 
Complete list of editorial team (link) 

 
Complete list of indexing services for this journal (link) 

How to submit to this journal (link) 

https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://acopen.umsida.ac.id/index.php/acopen/about/editorialTeam
https://acopen.umsida.ac.id/index.php/acopen/indexingservices
https://acopen.umsida.ac.id/index.php/acopen/about/submissions


Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

5/9 

 

 

Article information 

 

Check this article update (crossmark) 

 

 

 
 

Check this article impact (*) 

 

 

 

 

 
Save this article to Mendeley 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(*) Time for indexing process is various, depends on indexing database platform 

https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://crossmark.crossref.org/dialog/?doi=10.21070/acopen.10.2025.12788&domain=pdf&date_stamp=2025-10-13
https://app.dimensions.ai/discover/publication?search_mode=content&search_text=10.21070/acopen.10.2025.12788&search_type=kws&search_field=doi
https://www.lens.org/lens/search/scholar/list?q=citation_id%3A10.21070/acopen.10.2025.12788&p=0&n=10&s=_score&d=%2B&f=false&e=false&l=en&authorField=author&dateFilterField=publishedYear&orderBy=%2B_score&presentation=false&stemmed=true&useAuthorId=false
https://www.lens.org/lens/search/scholar/list?q=citation_id%3A10.21070/acopen.10.2025.12788&p=0&n=10&s=_score&d=%2B&f=false&e=false&l=en&authorField=author&dateFilterField=publishedYear&orderBy=%2B_score&presentation=false&stemmed=true&useAuthorId=false
https://www.semanticscholar.org/search?q=Normal%20Macroscopic%2C%20Morphological%20and%20Morphometric%20Parameters%20of%20the%20Esophagus%20of%20White-Bred%20Rats&sort=relevance
https://www.scilit.net/articles/search?q=10.21070/acopen.10.2025.12788
https://scite.ai/search?q=%2210.21070/acopen.10.2025.12788%22
https://scholar.google.co.id/scholar?q=10.21070/acopen.10.2025.12788&hl=id
http://www.wizdom.ai/publication/10.21070/acopen.10.2025.12788
https://www.mendeley.com/import/?doi=10.21070/acopen.10.2025.12788


Academia Open 
Vol. 11 No. 1 (2026): June 

DOI: 10.21070/acopen.11.2026.13313 

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). 

6/9 

 

 

Changes in the Activity of Small Intestinal Enzymes under the Influence 

of Organophosphorus Pesticides 

 

 

Askaryants V.P., vera_petrovna_56@mail.ru,(1) 

Department of Pharmacology, Normal and Pathological Physiology, Tashkent State Medical University, 
Uzbekistan 

Yunusov A.A., vera_petrovna_56@mail.ru,(2) 

Department of Pharmacology, Normal and Pathological Physiology, Tashkent State Medical University, 
Uzbekistan 

Babadjanova F.A., babadjanovaf68@gmail.com,(3) 

Department of Pharmacology, Normal and Pathological Physiology, Tashkent State Medical University, 
Uzbekistan 

 

 
 

 

 
(1) Corresponding author 

 

 

Abstract 

 
General Background: Organophosphorus pesticides are widely used agricultural chemicals with known biological 

effects, yet their impact on digestive physiology remains incompletely understood. Specific Background: Previous 

research has demonstrated that chlorophos, an organophosphorus compound, suppresses intestinal enzyme activity in 

experimental animals, with lipase showing particular sensitivity, though comprehensive characterization of 

organophosphorus effects on small intestinal enzyme systems is lacking. Knowledge Gap: The detailed dose-

dependent and time-dependent effects of butiphos, a commonly used organophosphorus pesticide, on the complete 

spectrum of intestinal digestive enzymes and the reversibility of these effects have not been systematically investigated. 

Aims: This study investigated the effects of acute and chronic butiphos exposure at varying doses on key small 

intestinal enzymes including monoglyceride lipase, glycyl-valine dipeptidase, invertase, alkaline phosphatase, and 

amylase in laboratory rats. Results: Monoglyceride lipase activity was consistently and profoundly suppressed (up to 

9-fold reduction) across all exposure regimens, while other enzymes exhibited dose- and time-dependent wave-like 

fluctuations with transient increases or decreases followed by partial recovery; cessation of pesticide administration 

resulted in normalization of enzymatic activity and mucosal mass. Novelty: This research provides the first 

comprehensive characterization of butiphos-induced alterations in intestinal enzyme-forming function, revealing 

selective esterase inhibition and reversible enterocyte dysfunction. Implications: These findings highlight potential 

impairment of digestive efficiency during chronic organophosphorus pesticide exposure and underscore the high 

sensitivity of enterocyte enzymatic systems to these agricultural compounds. 

 

Keywords : Organophosphorus Pesticides, Intestinal Enzymes, Monoglyceride Lipase, Butiphos, 

Digestive Function 

 
 Highlight : 

Monoglyceride lipase activity consistently suppressed regardless of butiphos dose or duration. 

Protein and carbohydrate enzymes showed wave-like fluctuations with partial recovery periods. 

Enzymatic activity and mucosal mass normalized after pesticide administration cessation. 
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Introduction 

In several studies, the effects of organophosphorus pesticides on the hydrolytic function of the small intestine have been investigated. In particular, 

chlorophos, administered intragastrically to dogs at a daily dose of 23 mg/kg (1/15 of LD₅₀) over a period of 45 days, was shown to suppress the 

activity of enzymes present in intestinal juice at the initial stage of the experiment. Among the enzymes studied, lipase activity exhibited the earliest 

and most pronounced decrease [1]. 

Subsequently, enzyme activity increased, although to varying extents: enterokinase activity failed to return to baseline levels, whereas lipase 

activity exceeded its initial values. When chlorophos was administered to rats for three months at a slightly higher dose (1/10 of LD₅₀), a reduction 

in dipeptidase activity and an increase in invertase activity were observed in everted segments of the small intestine [2]. 

Certain alterations in the enzyme-forming function of the small intestine were also noted following exposure to low doses of chlorophos. By the 

end of the second month of administration at a dose of 1/200 of LD₅₀, rats demonstrated a significant decrease in monoglyceride lipase activity 

along the entire length of the small intestine. At the same time, dipeptidase, amylolytic, and invertase activities were suppressed in the distal 

segment of the intestine [3]. 

With prolonged exposure, the activity of intrinsic intestinal enzymes continued to decline, whereas amylolytic activity increased approximately 

twofold across all segments of the small intestine. From the sixth month of chronic exposure to low-dose chlorophos, the activity indices of 

intestinal enzymes showed a tendency toward normalization [4]. 

These limited data indicate a high sensitivity of the enzyme-synthesizing systems of enterocytes to the effects of chlorophos. However, they are 

insufficient to provide a comprehensive characterization of the influence of organophosphorus compounds on the enzyme-forming function of the 

small intestine. In this regard, we conducted a detailed investigation of the effects of butiphos, a widely used organophosphorus pesticide in 

agriculture, on the activity of enteral enzymes [5]. 

Methodology 

The study was performed on adult laboratory rats maintained under standard vivarium conditions with free access to water and a standard diet. 

Animals were kept at a controlled ambient temperature (20–22 °C) with a 12-hour light–dark cycle. All experimental procedures complied with 

accepted principles for the humane treatment of laboratory animals. 

Butiphos, a widely used organophosphorus pesticide, was administered in doses calculated as fractions of the median lethal dose (LD₅₀). The 

compound was prepared immediately before administration to ensure stability and accuracy of dosing. 

Animals were divided into control and experimental groups. 

In acute exposure experiments, butiphos was administered once at a dose of 1/3 LD₅₀. 

In chronic exposure experiments, rats received butiphos at doses of 1/20 LD₅₀ or 1/50 LD₅₀ for periods ranging from 15 days to 10 months. 

Control animals received equivalent volumes of the vehicle solution. 

At designated time points, animals were euthanized, and the entire small intestine was excised. The mucosal layer was collected by gentle scraping, 

and its mass was recorded. Homogenates of the intestinal mucosa were prepared for biochemical analysis. 

The activity of the following enzymes was determined using standard enzymological methods: 

1. monoglyceride lipase, 

2. glycyl-valine dipeptidase, 

3. invertase, 

4. alkaline phosphatase, 

5. amylase. 

Enzyme activity was calculated per 1 g of raw mucosal mass (specific activity) and for the total mass of the mucosa (total activity), allowing 

evaluation of both enzymatic intensity and overall digestive capacity. To assess reversibility of pesticide-induced effects, enzyme activity and 

mucosal mass were measured one month after cessation of butiphos administration in selected experimental groups. 

Results and Discussion 

All results were expressed as mean ± standard error (M ± m). Differences between control and experimental groups were evaluated using standard 

statistical methods. Differences were considered statistically significant at p ≤ 0.05. 

A single administration of butiphos at a dose of 1/3 of LD₅₀ did not affect enterocyte mass. The mass of the mucosal scraping of the small intestine 

in rats receiving the compound was 2.05 ± 0.04 g, compared to 2.13 ± 0.02 g in control animals [6]. 

The activity of monoglyceride lipase exhibited particularly pronounced alterations. In experimental rats, 24 hours after a single administration of 

butiphos at a dose of 1/3 of LD₅₀, the activity of this enzyme was 8.9-fold lower than that observed in control animals. The total monoglyceride 

lipase activity in the mucosal layer of the entire intestine decreased 9.2-fold [7]. 

The activity and total content of the other enzymes investigated in the intestinal mucosa of experimental rats did not undergo significant changes 

under these conditions [8]. 

During prolonged administration of butiphos to rats at a dose of 1/20 of LD₅₀, no marked changes in the mass of the small intestinal mucosa were 

observed. By the end of the first month of the experiment, the mucosal mass slightly increased; by the sixth month, it decreased by 18.6%, and by 

the tenth month, it again showed a slight increase [9]. 
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The most substantial shifts observed following administration of butiphos at a dose of 1/20 of LD₅₀, as anticipated based on the results of the 

previous experimental series, were related to monoglyceride lipase activity. Thus, 15 days after the onset of treatment, the activity of this enzyme 

decreased threefold. A comparable reduction was noted in the total enzyme content throughout the intestinal mucosa, as the slight change in 

mucosal mass had minimal impact on this parameter [10]. After one month, the level of lipolytic activity in experimental animals was 3.7 times 

lower than in controls. By the second month, a maximal decrease in lipolytic activity (4.5-fold) was observed. By the fourth, sixth, and tenth months 

of the experiment, both the specific activity and the total content of monoglyceride lipase in the intestinal mucosa of experimental animals were 

reduced on average by 50–70% [11]. 

Glycyl-valine dipeptidase activity predominantly exhibited a downward trend. One month after the beginning of butiphos administration, 

dipeptidase activity decreased by 17%. Due to a slight increase in the mucosal mass of the intestine in experimental animals, the total enzyme 

content remained unchanged at this stage [12]. By the second and fourth months, dipeptidase activity in experimental animals did not differ from 

that of controls. By the end of the experiment (sixth and tenth months), a pronounced reduction in both specific and total dipeptidase activity was 

observed, averaging approximately 45% [13]. 

One month after the initiation of the experiment, invertase activity decreased by 19%, while its total content in the intestinal mucosa of 

experimental rats remained unchanged due to a slight increase in mucosal mass at that time point. After 2, 4, and 6 months of exposure, invertase 

activity did not differ between experimental and control animals. By the tenth month of butiphos administration, both specific and total invertase 

activities decreased by approximately 40% [14]. 

The activity of alkaline phosphatase during the initial stages of the study (15 and 30 days) tended to increase. Notably, by the end of the first 

month, the total content of this enzyme increased by more than 50%, due to a moderate rise in both specific activity and intestinal mucosal mass. 

An increase in alkaline phosphatase activity by 43% and 30%, respectively, was also observed during the fourth month of exposure. At other time 

points, these parameters in experimental animals showed a tendency toward reduction [15]. 

Amylolytic activity slightly increased 15 days after the onset of butiphos administration at a dose of 1/20 of LD₅₀. By the one-month time point, 

both specific and total amylase activities decreased by an average of 45%. After 2 and 4 months, enzyme activity levels in experimental and control 

animals were nearly identical. By the sixth month of the experiment, a repeated decrease in amylolytic activity of approximately 20% was noted. 

By the tenth month of butiphos administration, as at the beginning of the experiment, amylolytic activity in the intestinal mucosa of experimental 

and control animals was comparable. 

One month after the cessation of butiphos administration at a dose of 1/50 of LD₅₀, the activity of all enzymes and the mass of the small intestinal 

mucosa in experimental rat groups became comparable to those observed in control animals. 

In animals subjected to prolonged administration of butiphos at a dose of 1/50 of LD₅₀, no statistically significant changes in enterocyte mass 

were detected during the first three months of the experiment, although a tendency toward a decrease was observed. By the end of the fourth and 

sixth months of the study, the mass of the intestinal mucosal scraping decreased by 22% and 8%, respectively. Subsequently, by the tenth month, 

the mucosal mass in experimental and control rats became identical. 

The most pronounced effect of this dose of butiphos was observed with respect to monoglyceride lipase activity. Fifteen days after the initiation of 

pesticide administration, enzyme activity decreased 2.6-fold, and by the end of the first month, it decreased 3.3-fold. Thereafter, the difference in 

monoglyceride lipase activity in the homogenates of the small intestinal mucosa between experimental and control animals gradually diminished; 

however, it remained statistically significant until the end of the study. The total content of this enzyme in the intestinal mucosa decreased at all 

time points to approximately the same extent as its specific activity. 

Glycyl-valine dipeptidase activity exhibited wave-like fluctuations, with statistically significant changes observed exclusively in the direction of 

reduction. By the end of the first month of the experiment, butiphos caused a decrease in both specific and total activity by an average of 15%. By 

the second and fourth months, these parameters recovered to control levels, whereas by the sixth and tenth months, they again declined by 

approximately 25%. 

Noticeable changes in invertase activity were observed only at later stages of the experiment. The inducing effect of butiphos became evident after 

four months, when invertase activity increased by 49%. Due to a reduction in the mass of the intestinal mucosa, the total content of this enzyme 

in the mucosa remained unchanged. By the sixth month of the experiment, invertase activity exceeded control levels by 46% (specific activity) and 

34% (total activity). By the tenth month, however, both indices sharply declined and became lower than those of control animals by 20% and 19%, 

respectively. 

During one- and two-month exposure of rats to butiphos, a tendency toward increased alkaline phosphatase activity relative to controls was 

observed. By the end of the fourth month, its activity exceeded control levels by 54%. Subsequently, enzyme activity declined, and by the sixth and 

tenth months, it returned to levels comparable to those in intact rats. 

The amylolytic activity of the small intestinal mucosal homogenate comprising the activity of intrinsic intestinal γ-amylase and pancreatic α-

amylase adsorbed on the surface of enterocytes showed a tendency toward reduction on the 15th day of the experiment. By the one-month time 

point, amylase activity increased by 25%. Since the intestinal mucosal mass of experimental and control animals was identical during this period, 

the increase in the total amylase content was approximately equal to the shift in its activity normalized per unit mucosal mass (27%). By the second 

and fourth months of the experiment, differences in amylolytic activity between control and experimental animals were no longer observed. By 

the sixth month after cessation of pesticide administration, the activity of all enzymes and the mass of the small intestinal mucosa in experimental 

animals did not differ significantly from those of control rats. 

Based on the presented data, it can be concluded that the most characteristic and consistent effect of butiphos is the suppression of intestinal 

monoglyceride lipase activity, since organophosphorus compounds (OPCs) are known to exert an inhibitory influence on esterases, which includes 

the monoglyceride lipase investigated in this study. The activity of the other intestinal enzymes examined during prolonged butiphos 

administration exhibited a wave-like pattern of fluctuations. 

Conclusion 

The present study demonstrates that butiphos, a representative organophosphorus pesticide, induces pronounced and sustained alterations in the 
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enzyme-forming function of the small intestine. The most consistent and characteristic effect of butiphos exposure is the suppression of 

monoglyceride lipase activity, reflecting the known inhibitory action of organophosphorus compounds on esterases. Other intestinal enzymes 

involved in protein and carbohydrate digestion exhibited time-dependent, wave-like changes, including transient activation, suppression, and 

partial recovery during prolonged exposure. Importantly, cessation of pesticide administration led to normalization of both enzymatic activity and 

intestinal mucosal mass, indicating a reversible component of pesticide-induced dysfunction. These findings highlight the high sensitivity of 

enterocyte enzymatic systems to organophosphorus compounds and underscore the potential risk of impaired digestive processes during chronic 

pesticide exposure 
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