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Abstract

Background: The global rise in type 2 diabetes mellitus (T2DM) poses a major healthcare
challenge, driven by chronic inflammation, oxidative stress, and hepatic dysfunction.
Conventional therapies primarily target glycemic control but often fail to address tissue-level
injury. Dietary fatty acids such as oleic acid (OA) and linoleic acid (LA) may offer adjunctive
therapeutic benefits. Methods: Eighty male Wistar rats (150-180g) were induced with T2DM
using 10% fructose supplementation for six weeks followed by a single intraperitoneal injection
of streptozotocin (35 mg/kg). Animals with fasting blood glucose >250 mg/dL were randomized
into eight groups (n = 10): normal control, non-diabetic + OA, non-diabetic + LA, diabetic
control, diabetic + OA, diabetic + LA, diabetic + OA+LA, and diabetic + metformin. Treatments
lasted six weeks. Plasma and pancreatic cytokines, oxidative stress markers, hepatic injury
enzymes, and histological changes in liver and pancreas were assessed. Results: Compared with
diabetic controls, OA and LA significantly reduced pro-inflammatory cytokines (TNF-a, IL-6),
increased anti-inflammatory IL-10, lowered malondialdehyde levels, and enhanced antioxidant
enzyme activities (CAT, SOD) (p < 0.0001). Hepatic injury markers were normalized, and
histological analysis revealed improved hepatic and pancreatic architecture. Combined OA+LA
treatment produced synergistic benefits, including enhanced PDX-1 expression and greater
histological restoration, though effects varied across parameters. Overall, OA and LA
demonstrated efficacy comparable to metformin. Conclusion: Oleic and linoleic acids exert
anti-inflammatory, antioxidant, and hepatoprotective effects in a rat model of T2DM. Their
combined administration showed synergistic benefits, underscoring the translational potential of
dietary fatty acid modulation as an adjunctive strategy for managing T2DM-associated

complications.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder marked by low-grade
inflammation, insulin resistance, and progressive hepatic dysfunction. These changes promote
steatosis and increase the risk of non-alcoholic fatty liver disease (NAFLD) and steatohepatitis.
Persistent inflammatory signaling—driven by cytokine dysregulation, lipid accumulation, and
oxidative stress creating a vicious cycle that amplifies hepatocellular injury and impairs systemic

glucose homeostasis (Erhunmwunse et al., 2025).

Dietary fatty acids play a central role in modulating these pathways. As structural components of
membranes and precursors for bioactive molecules, their biological effects depend on chain
length and degree of unsaturation (Ali et al., 2023). Unsaturated fatty acids, including
monounsaturated (MUFAs) and polyunsaturated fatty acids (PUFAs), influence receptor activity,
intracellular signaling, and lipid raft composition, thereby shaping inflammatory tone and
metabolic outcomes (Ravaut et al., 2020; Calder et al., 2024). Compared to saturated fats,
MUFAs and PUFAs generally reduce lipotoxic stress, enhance insulin signaling, and mitigate
oxidative damage, although their effects vary with dose and dietary balance (Tutunchi et al.,

2020).

Oleic acid (18:1 n-9), the predominant MUFA in many diets, supports membrane fluidity,
promotes lipid droplet formation, activates PPARa/y pathways, and suppresses pro-inflammatory

cascades such as TLR4-NF-kB (Niero et al., 2023). These actions preserve hepatocyte function



and insulin responsiveness under metabolic stress. Linoleic acid (18:2 n-6), the most abundant
dietary PUFA, contributes to membrane structure and serves as a substrate for oxylipins and
eicosanoids (Djuricic et al., 2021). Depending on enzymatic pathways, linoleic acid metabolites
can exert either pro- or anti-inflammatory effects, with balanced metabolism favoring

hepatoprotection and dysregulated conversion promoting inflammation (Du et al., 2024).

This study explores the combined anti-inflammatory and hepatoprotective effects of oleic and
linoleic fatty acids in a Wistar rat model of T2DM. By harnessing their complementary
bioactivities, the intervention reflects dietary patterns associated with improved metabolic health.
The synergistic administration of oleic and linoleic acids produced greater therapeutic benefits
than either fatty acid alone, highlighting this combination as a promising nutritional strategy for

integrated diabetes management.

Materials and Methods

Instruments and Reagents

The study employed an analytical balance, metabolic cages, centrifuge, spectrophotometer, and a
OneTouch glucometer with test strips. ELISA kits (Foortress Diagnostics Limited, United
Kingdom) were used for biochemical assays. Reagents included fructose, D-glucose, oleic acid,
linoleic acid, streptozotocin, metformin (500 mg), citric acid, sodium citrate, phosphate buffer
solution (PBS), NBS, and normal saline. Standard pelleted diets were obtained from ABUAD

Farms.

Animal Grouping and Treatment
Eighty (80) male Wistar rats weighing 150—180 g were housed in plastic cages at the ABUAD

animal facility under controlled environmental conditions (12-h light/dark cycle, 22 +2 °C) and



acclimatized for 14 days with free access to water and a standard pelleted diet. Diabetes was
induced by administering a 10% fructose solution in drinking water for six weeks, followed by a
single intraperitoneal injection of streptozotocin (STZ, 35 mg/kg), as previously described by
Ivanov et al. (2023). Animals with fasting blood glucose levels >250 mg/dL were classified as
diabetic. After confirmation of diabetic status, rats were randomly assigned into eight groups (n
= 10 per group): Normal control (saline only); Non-diabetic + oleic acid (10 mg/kg);
Non-diabetic + linoleic acid (10 mg/kg); Diabetic control (T2DM) (untreated); Diabetic + oleic
acid (10 mg/kg); Diabetic + linoleic acid (10 mg/kg); Diabetic + oleic + linoleic acids (10 mg/kg

each); and Diabetic + metformin (100 mg/kg).

Ethical Approval

All experimental procedures involving animals were conducted in accordance with international
guidelines for the care and use of laboratory animals. The study protocol was reviewed and
approved by the Institutional Animal Care and Use Committee (IACUC) of Afe Babalola
University, Ado-Ekiti (Approval No. ABUADHREC/15/01/2025/732). Efforts were made to

minimize animal suffering and to reduce the number of animals used.

Sample Collection and Tissue Preparation

At the end of treatment, animals were anesthetized intraperitoneally with pentobarbital sodium
(50 mg/kg). Blood samples were obtained via cardiac puncture into heparinized tubes and
centrifuged at 3000 rpm for 15 minutes at room temperature; plasma was aliquoted and stored
for biochemical analysis. The liver and pancreas were excised, rinsed in cold saline, and

preserved for evaluation. Approximately 5 g of liver tissue and 500 mg of pancreatic tissue were



homogenized in PBS, centrifuged at 3000 rpm for 15 minutes, and the supernatants collected for

subsequent assays.

Biochemical Analyses

Inflammatory and Anti-inflammatory Cytokines

Plasma and pancreatic levels of tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), and
interleukin-10 (IL-10) were quantified using rat ELISA kits (Foortress Diagnostics Limited,
United Kingdom), following the manufacturer’s instructions and protocols described by Ezike et

al. (2025).

Liver Function Markers
Gamma-glutamyl transferase (GGT) and aspartate aminotransferase (AST) activities in plasma
and liver tissue were measured using commercial kits (Foortress Diagnostics Limited, United

Kingdom), as outlined by Engin et al. (2024).

Oxidative Stress, Antioxidant Status, and Lipid Peroxidation

Markers of oxidative stress and antioxidant defense—including malondialdehyde (MDA),
catalase (CAT), and superoxide dismutase (SOD)—were assessed in plasma and pancreatic
tissue using rat ELISA kits (Foortress Diagnostics Limited, United Kingdom), in line with

procedures reported by Ezike et al. (2025).

Immunohistochemical Staining Procedure for PDX-1



Immunohistochemical staining for pancreatic PDX-1 protein expression was performed as
previously described by Bocchini et al. (2020), using PDX-1 polyclonal antibody Kkits
(Elabscience Bionovation Inc) according to the manufacturer’s protocol. Briefly,
paraffin-embedded sections were dewaxed, rehydrated, and subjected to antigen retrieval.
Endogenous peroxidase activity was blocked with 3% H:0:, and non-specific binding was
minimized using normal goat blocking buffer. Sections were incubated with primary antibodies
(mouse or rabbit origin) followed by polyperoxidase-conjugated secondary antibodies.
Visualization was achieved with freshly prepared DAB substrate, and positive signals appeared
as brown deposits. Slides were counterstained with hematoxylin, dehydrated, cleared in xylene,

and mounted for microscopic examination.

Histological Staining (Hematoxylin and Eosin, H&E)

Hematoxylin and eosin (H&E) staining was performed on paraffin-embedded liver and
pancreatic tissue sections using standard histological techniques, as previously described by
Ibrahim et al. (2025). Briefly, sections were deparaffinized in xylene, rehydrated through graded
ethanol, and stained with hematoxylin followed by eosin. Slides were then dehydrated, cleared in
xylene, and mounted with coverslips. Photomicrographs were acquired using a high-resolution
digital microscope camera (Moticam X3, 12.0 MP) attached to an OPTO-Edu Industrial Light
Microscope (China). Images were captured under uniform lighting and magnification using

Motic Images Plus software, and quantitative analysis was performed with ImageJ.

Statistics Analysis
All experimental data are presented as mean * standard error of the mean (SEM). Statistical

analyses were performed using GraphPad Prism software (version 8.4, GraphPad Software, San



Diego, CA, USA). Group differences were assessed by one-way analysis of variance (ANOVA),
followed by Tukey’s post hoc test for pairwise comparisons. A p-value of <0.05 was considered

statistically significant

Results

Effects of Oleic and Linoleic Acid Treatment on Plasma and Pancreatic Inflammatory
Markers in Type 2 Diabetic Male Wistar Rats

In the diabetic control group (T2DM), plasma and pancreatic cytokine levels showed marked
elevation of TNF-a (Fig. 1A-B) and IL-6 (Fig. 1C), accompanied by a significant reduction in
IL-10 (Fig. ID-E) (****p<0.0001), consistent with persistent inflammation characteristic of
T2DM pathogenesis. In contrast, treatment with either oleic acid (OA) or linoleic acid (LA)
significantly reduced pro-inflammatory cytokines TNF-a (Fig. 1A-B) and IL-6 (Fig. 1C), while
upregulating the anti-inflammatory cytokine IL-10 (Fig. 1D—E) in both plasma and pancreatic
tissue (****p<(0.0001), indicating a robust immunomodulatory effect. However, the combined
OA+LA treatment did not produce additional reductions beyond those observed with individual

treatments, suggesting no additive or synergistic effect on cytokine modulation

Effects of Oleic and Linoleic Acid Treatment on Oxidative Stress Markers
Plasma and pancreatic levels of the oxidative stress marker malondialdehyde (MDA) (Fig. 2A—
B) were significantly elevated in the T2DM control group (****p<0.0001), indicating

pronounced oxidative stress and tissue damage. In contrast, treatment with either oleic acid (OA)



or linoleic acid (LA) markedly reduced MDA levels (Fig. 2A-B), while simultaneously
upregulating the antioxidant enzymes catalase (CAT) (Fig. 2C-D) and superoxide dismutase
(SOD) (Fig. 2E—F). These changes confirm the antioxidative properties of OA and LA and their

role in restoring redox balance in T2DM (****p<(0.0001).

Effects of Oleic and Linoleic Acids Treatment on Plasma and Hepatic Markers

Plasma and hepatic concentrations of aspartate aminotransferase (AST) (Fig. 3A-B) and
y-glutamyl transferase (GGT) (Fig. 3C-D) were significantly elevated in the T2DM control
group (AST: ***p<0.001; ****p<0.0001; GGT: ****p<0.0001), indicating impaired hepatic
function and hepatocellular injury associated with diabetes. In contrast, treatment with either
oleic acid (OA) or linoleic acid (LA) significantly reduced both plasma and hepatic AST (Fig.
3A-B) and GGT (Fig. 3C-D) levels (***p<0.001; ****p<0.0001), demonstrating a protective
effect against diabetes-induced liver injury. Although the combined OA+LA treatment group
showed a trend toward greater efficacy, the difference was not statistically significant, suggesting
that these fatty acids exert hepatoprotective effects primarily through individual rather than
additive mechanisms.

PDX-1 Expression In The Pancreatic Tissue

Pancreatic tissue from the T2DM control group (G4) exhibited a significant downregulation of
pancreatic and duodenal homeobox 1 (PDX-1) expression (****p < 0.0001), indicating impaired
pancreatic function. In contrast, all treatment groups showed markedly higher PDX-1 expression
levels compared with the diabetic control (Fig. 4), consistent with improved pancreatic activity.

Notably, the combined OA+LA treatment produced the greatest increase in PDX-1 expression,



surpassing the effects of individual fatty acids, thereby highlighting a synergistic role in

promoting pancreatic regeneration.

Effects of Oleic and Linoleic Acids Treatment on Hepatic Steatosis

H&E staining revealed normal hepatic architecture in the positive control groups (G1-G3;
histology score = 0). In contrast, the T2DM control group (G4) showed severe abnormalities,
including microvesicular steatosis, hepatocyte degeneration, vascular congestion, and high
histology scores. Treatment with oleic acid (GS5), linoleic acid (G6), or their combination (G7)
improved hepatic morphology, with reduced fat vacuoles, less congestion, and lower histology
scores. Notably, the OA+LA group (G7) and metformin group (G8) both exhibited mild

histology scores, reflecting comparable restoration of hepatic structure (Fig. 5)

Effects of Oleic and Linoleic Acids Treatment on Pancreatic Steatosis & Degeneration

The H&E staining revealed normal pancreatic architecture in the positive control groups (G1—
G3), with intact endocrine cells and normal islet counts (****p<(0.0001). In contrast, the T2DM
control group (G4) showed severe abnormalities, including endocrine cell degeneration, reduced
islet counts, and lipid vacuoles indicative of steatosis. Treatment with oleic acid (G5), linoleic
acid (G6), or their combination (G7) improved morphology, with reduced degeneration, restored
islet counts, and diminished fat vacuoles (**p<0.01; ***p<0.001). Notably, the combined

OA+LA group (G7) exhibited the most pronounced protective effects (Fig. 6).

Discussion
This study demonstrates that oleic acid (OA) and linoleic acid (LA), administered alone or in

combination, attenuate systemic and pancreatic inflammation, reduce oxidative stress, and



restore hepatic injury markers in a rat model of type 2 diabetes mellitus (T2DM). Compared with
diabetic controls, treated groups showed reduced TNF-a and IL-6, elevated IL-10, lower MDA,
enhanced SOD and CAT activities, and normalized AST and GGT. The combined OA+LA
regimen produced the largest effect size in several endpoints, suggesting complementary
anti-inflammatory and hepatoprotective actions (Sivri et al., 2025; Demirdag et al., 2023).
However, this effect was not consistent across all parameters, as some outcomes showed

comparable improvements with individual treatments.

Because inflammation is a central driver of insulin resistance and B-cell dysfunction, these
systemic changes can be mechanistically linked to the suppression of NF-kB and JNK signaling,
which otherwise impair IRS activity (Shaw et al., 2025; Aranda et al., 2024). The cytokine
profile in diabetic controls matched this pathogenic pattern, while OA and LA reversed these
changes, indicating immune modulation rather than symptomatic suppression. The combined
treatment suggests complementary fatty acid pathways converge to inhibit NF-kB transcription
while promoting anti-inflammatory mediators, potentially via AMPK and PPARo/y activation
(Demirdag et al., 2023). These findings align with prior reports that unsaturated fatty acids
downregulate inflammatory cascades and improve insulin signaling (Miklankova et al., 2022;

Zhu et al., 2020; Basak et al., 2020).

Inflammation and oxidative stress are tightly interconnected in T2DM, as hyperglycemia
enhances ROS generation through glucose autoxidation, polyol flux, AGE formation, and
mitochondrial dysfunction, overwhelming antioxidant defenses (Singh et al., 2022; Jena et al.,
2023). Elevated MDA and reduced antioxidant enzymes in diabetic controls confirmed oxidative

damage. OA and LA reduced MDA and restored SOD and CAT, consistent with enhanced



antioxidant capacity. Mechanistically, these effects may involve upregulation of antioxidant
enzymes, mitochondrial stabilization, inhibition of pro-oxidant systems, and improved
glutathione turnover (Alum et al., 2025). These results corroborate studies on oleic acid’s
mitochondrial and endothelial benefits (Rehman et al., 2020; Munteanu et al., 2025; Wang et al.,

2023; Lattibeaudiere et al., 2024).

The liver, as a metabolic hub, integrates these inflammatory and oxidative signals. Insulin
resistance drives gluconeogenesis, lipogenesis, and lipid accumulation, promoting NAFLD and
hepatocellular injury (Frankowski et al., 2023; Li et al., 2025). Elevated AST and GGT in
diabetic controls reflected hepatic stress. OA and LA normalized these enzymes, with the
combined regimen producing near-complete restoration, comparable to metformin. This suggests
direct hepatoprotective effects mediated by reduced hepatic inflammation, improved
mitochondrial efficiency, and modulation of lipid metabolism. These findings are consistent with

prior nutritional studies (Lattibeaudiere et al., 2024; Pertiwi et al., 2020; Ma et al., 2023).

Pancreatic histology further integrates these systemic improvements. Chronic hyperglycemia and
lipotoxicity impair B-cell survival, leading to islet degeneration and steatosis (Suzuki et al.,
2024). In our study, OA and LA ameliorated these abnormalities, reducing islet degeneration and
fat vacuoles. Importantly, the combined OA+LA group showed more pronounced improvements
than individual treatments, indicating a synergistic interaction that may enhance B-cell survival,

insulin transcription, and glycemic regulation.

Taken together, OA and LA exert complementary actions—immune modulation, redox
restoration, and metabolic reprogramming—via suppression of NF-kB/JNK, enhancement of

IL-10, induction of antioxidant defenses, and activation of AMPK/PPAR pathways (Demirdag et



al., 2023; Alum et al., 2025). The superior efficacy of the combined treatment suggests true

synergy, where each fatty acid targets overlapping but distinct molecular nodes.

Strengths of this study include a comprehensive panel of inflammatory, oxidative, hepatic, and
pancreatic endpoints, as well as direct comparison with metformin. Limitations include reliance
on a single animal model, short treatment duration, absence of molecular readouts (e.g., NF-xB
phosphorylation, AMPK activation), and lack of microbiota profiling (Zhu et al., 2020).
Dose-response and pharmacokinetic studies are warranted, and extrapolation to humans requires

caution due to dietary context and interspecies differences.

Conclusion

Oleic and linoleic acids exert complementary anti-inflammatory, antioxidant, and
hepatoprotective effects in T2DM. Across multiple endpoints, both fatty acids improved
cytokine balance, reduced oxidative stress, normalized hepatic enzymes, and preserved
pancreatic and hepatic histoarchitecture. The combined OA+LA treatment produced more
pronounced benefits in selected outcomes—such as PDX-1 expression and histological
restoration—though not consistently across all parameters. Importantly, its comparable efficacy
to metformin underscores the translational relevance of dietary fatty acid modulation as a
potential adjunctive strategy for managing T2DM complications. Future studies should define
dose-response relationships, clarify molecular mechanisms, and evaluate long-term outcomes to

establish therapeutic potential in clinical settings.

Funding

This study was not supported by any funding.



Conflict of Interest

The authors declare that they have no conflict of interest

Consent for publication

For this type of study consent for publication is not required

Acknowledgements

The authors gratefully acknowledge the technical assistance of the staff at the Department of
Physiology, Afe Babalola University, Ado-Ekiti (ABUAD), particularly technical colleagues.
We also appreciate the support provided by the ABUAD Animal Facility during the

experimental procedures.

References

Ebrahim, N., Shakirova, K., & Dashinimaev, E. (2022). PDX1 is the cornerstone of pancreatic 3-

cell functions and identity. Frontiers in molecular biosciences, 9, 1091757.

Zhang, Y., Fang, X., Wei, J., Miao, R., Wu, H., Ma, K., & Tian, J. (2022). PDX-1: a promising

therapeutic target to reverse diabetes. Biomolecules, 12(12), 1785.



Suzuki, M., Endo, K., Nagata, R., & lida-Tanaka, N. (2024). Oleic acid activates mitochondrial
energy metabolism and reduces oxidative stress resistance in the pancreatic -cell line INS-I.

Biological and Pharmaceutical Bulletin, 47(1), 145-153.

Zeng, X., Zhu, M., Liu, X., Chen, X., Yuan, Y., Li, L., ... & Chen, Y. (2020). Oleic acid
ameliorates palmitic acid induced hepatocellular lipotoxicity by inhibition of ER stress and

pyroptosis. Nutrition & metabolism, 17(1), 11.

Charles-Messance, H., Mitchelson, K. A., Castro, E. D. M., Sheedy, F. J., & Roche, H. M.
(2020). Regulating metabolic inflammation by nutritional modulation. Journal of Allergy and
Clinical Immunology, 146(4), 706-720.

Ali, O., & Szab6, A. (2023). Review of eukaryote cellular membrane lipid composition, with
special attention to the fatty acids. International journal of molecular sciences, 24(21), 15693.

Erhunmwunse, R. U., Ogbodo, E. C., & Muoneke, G. 1. (2025). Complications Associated with
Type 2 Diabetes Mellitus, Pathophysiology, Diagnosis and Management: A Concise Review of
Current Literature. Saudi J Biomed Res, 10(7), 201-244.

Falana, E. P. (2024). Addition of phospholipids to diet to enhance the bioavailability and
incorporation of fish oil-omega-3-fatty acids (Doctoral dissertation, Memorial University of
Newfoundland).

Calder, P. C. (2024). Dietary fatty acids, lipid mediators, immunity, and inflammation. In
Functional Dietary Lipids (pp. 187-214). Woodhead Publishing.

Tutunchi, H., Ostadrahimi, A., & Saghafi-Asl, M. (2020). The effects of diets enriched in
monounsaturated oleic acid on the management and prevention of obesity: a systematic review
of human intervention studies. Advances in nutrition, 11(4), 864-877.

Ravaut, G., Légiot, A., Bergeron, K. F., & Mounier, C. (2020). Monounsaturated fatty acids in
obesity-related inflammation. International journal of molecular sciences, 22(1), 330.

Djuricic, I, & Calder, P. C. (2021). Beneficial outcomes of omega-6 and omega-3
polyunsaturated fatty acids on human health: an update for 2021. Nutrients, 13(7), 2421.

Du, Meijun, Jun Jin, Gangcheng Wu, Qingzhe Jin, and Xingguo Wang. "Metabolic, structure-
activity characteristics of conjugated linolenic acids and their mediated health benefits." Critical
Reviews in Food Science and Nutrition 64, no. 23 (2024): 8203-8217.



Ezike, T., Adams Omoaghe O, Ejieh, N & Samuel Olaniyi K (2025). Long-Term Exposure to
Bitters (A&Y) Exacerbates Inflammation in Wistar Rats: A Study on Male Renal
Function. Journal of Health Science and Medical Research, 20251204.

Engin, A. (2024). Nonalcoholic fatty liver disease and staging of hepatic fibrosis. Obesity and
Lipotoxicity, 539-574.

Aranda, J. F., Ramirez, C. M., & Mittelbrunn, M. (2024). Inflammageing, a targetable pathway
for preventing cardiovascular diseases. Cardiovascular Research, cvae240.

Demirdag, F., Yavuzer, S., Cengiz, M., Yavuzer, H., Kara, Z., Ayvaci, A., ... & Erdincler, D. S.
(2023). The Role of NF-xB, PPAR-a, and PPAR-y in Older Adults with Metabolic Syndrome.
Hormone and Metabolic Research, 55(10), 733-740.

Miklankova, D., Markova, 1., Hiittl, M., Stankova, B., & Malinska, H. (2022). The Different
Insulin-Sensitising and Anti-Inflammatory Effects of Palmitoleic Acid and Oleic Acid in a
Prediabetes Model. Journal of Diabetes Research, 2022(1), 4587907.

Zhu, L., Sha, L., Li, K., Wang, Z., Wang, T., Li, Y., ... & Wang, H. (2020). Dietary flaxseed oil
rich in omega-3 suppresses severity of type 2 diabetes mellitus via anti-inflammation and
modulating gut microbiota in rats. Lipids in health and disease, 19(1), 20.

Basak, S., & Duttaroy, A. K. (2020). Conjugated linoleic acid and its beneficial effects in
obesity, cardiovascular disease, and cancer. Nutrients, 12(7), 1913.

Ivanov, S. V., Ostrovskaya, R. U., Demorzhi, M. S., Alchinova, I. B., & Gudasheva, T. A.
(2023). Effect of a Low-Molecular-Weight NGF Mimetic on a Combined High-Carbohydrate
Diet/Streptozotocin-Induced Model of Type 2 Diabetes. Pharmaceutical Chemistry Journal,
57(8), 1147-1152.

Jena, A. B., Samal, R. R., Bhol, N. K., & Duttaroy, A. K. (2023). Cellular Red-Ox system in
health and disease: The latest update. Biomedicine & Pharmacotherapy, 162, 114606.

Alum, E. U., Uti, D. E., & Offor, C. E. (2025). Redox Signaling Disruption and Antioxidants in
Toxicology: From Precision Therapy to Potential Hazards. Cell Biochemistry and Biophysics, 1-
22.

Lattibeaudiere, K. G., & Alexander-Lindo, R. L. (2024). Oleic acid and succinic acid: a potent
nutritional supplement in improving hepatic glycaemic control in type 2 diabetic Sprague—
Dawley rats. Advances in Pharmacological and Pharmaceutical Sciences, 2024(1), 5556722.

Wang, Q., & Wang, X. (2023). The Effect of Plant-Derived Low-Ratio Linoleic Acid/a-
Linolenic Acid on Markers of Glucose Controls: A Systematic Review and Meta-Analysis.
International Journal of Molecular Sciences, 24(18), 14383.



Frankowski, R., Kobierecki, M., Wittczak, A., Roézycka-Kosmalska, M., Pietras, T., Sipowicz,
K., & Kosmalski, M. (2023). Type 2 diabetes mellitus, non-alcoholic fatty liver disease, and
metabolic repercussions: the vicious cycle and its interplay with inflammation. International
Jjournal of molecular sciences, 24(11), 9677.

Li, S. Q.,, Wu, J. H., Zhou, Y., Wang, C. X., Xie, L., Liu, S. Y., ... & He, Y. H. (2025).
Hepatocyte nuclear factors dynamically regulate triglyceride metabolic reprogramming in

metabolic dysfunction-associated steatotic liver disease: Mechanisms and implications. World
Journal of Hepatology, 17(10), 109898.

Wojtacha, P., Bogdanska-Chomczyk, E., Majewski, M. K., Obremski, K., Majewski, M. S., &
Koztowska, A. (2024). Renal inflammation, oxidative stress, and metabolic abnormalities during
the initial stages of hypertension in spontaneously hypertensive rats. Cells, 13(21), 1771.

Pertiwi, K., Kiipers, L. K., Geleijnse, J. M., Zock, P. L., Wanders, A. J., Kruger, H. S., ... &
Smuts, C. M. (2020). Associations of linoleic acid with markers of glucose metabolism and liver
function in South African adults. Lipids in Health and Disease, 19(1), 138.

Ma, Y., Ding, X., Gu, J., Zhou, S., & Jiang, Y. (2023). Effects of olive oil on hepatic steatosis and liver
enzymes: A systematic review. Journal of Functional Foods, 109, 105815.

Niero, M., Bartoli, G., De Colle, P., Scarcella, M., & Zanetti, M. (2023). Impact of dietary fiber
on inflammation and insulin resistance in older patients: a narrative review. Nutrients, 15(10),
2365.

Ibrahim, I. K., Omoaghe, A. O., Mailabari, Y. H., Ezike, T., Ejieh, N., & Olaniyi, S. K. (2025).
Evaluation of the Hepato-Pancreatic Toxicities of Selected Antibiotics in Male Wistar Rats.
Pharmacology and Toxicology of Natural Medicines (ISSN: 2756-6838), 5(3-4), 40-52.

Bocchini, M., Nicolini, F., Severi, S., Bongiovanni, A., Ibrahim, T., Simonetti, G., ... & Mazza,
M. (2020). Biomarkers for pancreatic neuroendocrine neoplasms (PanNENs) management—an
updated review. Frontiers in oncology, 10, 831.



Results

* e *okkk

[T *x [ —
—asss———1 1.0 | —
10 Rk ok C Skw E KRR
— 18 R ok i -
A s B * P
E = o £os
2 & ns E 10 — B
& — 8
9, g 204
4 @
(= 4 s 2
2 02
L o 0.0
& F IS ST & & TN F TS
«&S«’p &° :\9“ N 0,9‘“ 0@2‘ o
<& ‘\""odﬁ H
D kXK
Rk
1.8 Rk

Figure 1: Effect of oleic acid (OA) and linoleic acid (LA) treatment on plasma and pancreatic
inflammatory markers in type 2 diabetic male Wistar rats. Values are significant (p < 0.05)
compared with control groups (CTR, AO, LA), diabetic control (T2DM), oleic treatment
(T2DM+O0A), linoleic treatment (T2DM+LA), combined OA+LA treatment (T2DM+OA+LA),
and metformin treatment (T2DM+MET).
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Figure 2: Effect of OA & LA treatment on the plasma and pancreatic oxidative and anti-
oxidative stress Markers in Type 2 Diabetic Male Wistar (p < 0.05) significant compared with
control (CTR, AO, LA) and diabetic control (T2DM), and Oleic (T2DM+OA) and linoleic
treatment groups (T2DM+O0OA), oleic and linoleic combined treatment group (T2DM+OA +LA)
and metformin treatment group (T2DM+MET).



Figure 3: Effect of OA & LA treatment on the plasma and liver function Markers in Type 2
Diabetic Male Wistar Rats (p < 0.05) significant compared with control (CTR, AO, LA) and
diabetic control (T2DM), and Oleic (T2DM+O0A) and linoleic treatment groups (T2DM+0OA),
oleic and linoleic combined treatment group (T2DM+OA +LA) and metformin treatment group
(T2DM+MET).



PDX-1 EXPRESSION IN THE PANCREATIC TISSUE
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Figure 4: Photomicrograph showing IHC of PDX-1 protein expression in the pancreatic tissue
among the experimental groups. G1: normal control (CTR), GP2: oleic acid only (OA), G3:
linoleic acid only (LA), G4: diabetic control (T2DM), G5: oleic Group (T2DM+OA~+LA) and
metformin treated group (T2DM+MET) (Mag. x800).



Figure 5: H&E-stained liver section showing hepatic steatosis among the experimental groups.
G1: normal control (CTR), GP2: oleic acid only (OA), G3: linoleic acid only (LA), G4: diabetic
control (T2DM), G5: oleic Group (T2DM+0OA), G6: linoleic acid treatment group (T2DM+LA),
G7: oleic & linoleic acid combined treatment group (T2DM+OA+LA) and G8: metformin
treated group (T2DM-+MET) (Mag. x800).



EFECT OF OA & LA ON PANCREATIC STEATOSIS & DEGENERATION
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Figure 6: H&E-stained pancreas section showing pancreatic degeneration, steatosis among the
experimental groups. G1: normal control (CTR), GP2: oleic acid only (OA), G3: linoleic acid
only (LA), G4: diabetic control (T2DM), G5: oleic Group (T2DM+0A), G6: linoleic acid
treatment group (T2DM+LA), G7: oleic & linoleic acid combined treatment group
(T2DM+0OA+LA) and G8: metformin treated group (T2DM+MET) (Mag. x800).



