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Abstract

Background: After high-intensity exercise (HIE), which is widely used because it can build muscle mass more quickly,
muscles use a lot of energy, leading to significant gluconeogenesis, and an increase in glucose production. Curcumin, the
active compound in turmeric, is well-known as an anti-inflammatory agent that can potentially to regulate blood
glucose. This review aims to determine the impact of curcumin consumption after HIE on glucose levels.

Method: This literature review use searching strategy for articles, journals, and books in research journal database. The
database were taken from Pubmed and MDPI. The keyword were curcumin, HIE, and glucose. This literature review
using 24 scientific articles as online data sources which were then further analyzed.

Results and Discussion: Curcumin may help lower the rise in blood sugar after high-intensity exercise by blocking NF-
kB, which lowers TNF-a levels. However, curcumin did not effectively manage short-term blood sugar changes in
overweight or have prediabetes or metabolic syndrome populations.

Conclusion: Curcumin potentially regulate blood glucose after HIE.
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1. Introduction

Physical exercise has various intensities, one of which is high intensity exercise. According to the American College of
Sports Medicine, high intensity exercise in 2023 is one of the most frequently performed physical exercises. This high
intensity exercise is widely used because it can be done in a relatively short time with results that are no less good than
physical exercise done over a longer time.

During high-intensity exercise, energy use by the muscles increases significantly. This causes the body's need for glucose
to increase drastically [1]. In response to this, the body will increase glucose production through mechanisms such as
gluconeogenesis in the liver.

However, a study shows that high-intensity exercise can affect insulin sensitivity and glucose use by body cells [2].
Decreased insulin sensitivity can interfere with the body's ability to properly regulate glucose levels. This will increase
the risk of developing the condition into insulin resistance, even type 2 diabetes mellitus.

Curcumin, one of the active compounds found in turmeric, has attracted attention as a substance that has anti-
inflammatory and antioxidant properties [3]. Several studies have shown that curcumin has beneficial effects on glucose
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regulation and insulin sensitivity. Therefore, this study aims to better understand whether administration of curcumin
after high-intensity exercise can affect glucose levels.

Apart from that, the public needs to be aware of the potential dangers and risks that arise if understanding of the
potential for increasing glucose due to high-intensity exercise is still low. This makes it possible for someone not to take
the necessary precautions to control the risk. As a result, the prevalence of blood glucose-related diseases, such as type
2 diabetes mellitus, may increase in society.

In this literature review, we conducted a systematic screening and compilation of the effects of curcumin administration
after HIE on blood glucose levels which are closely related to muscle gluconeogenesis. Considering the need for HIE
training for weight management and blood glucose regulation, this literature review has important relevance in
providing information to the public about the potential dangers of increasing glucose after high-intensity exercise and
the importance of using preventive strategies, such as the use of curcumin.

2. Material and Methods

In order to compile a literature review examining the effects of high-intensity exercise (HIE) and curcumin consumption
on glucose levels, a systematic search and organization of relevant articles, journals, and books was conducted. This
process was facilitated through Google Chrome, utilizing databases such as PMC and MDPI. The literature review
focused on specific thematic search terms, including "curcumin,” "HIE," and "glucose." Additionally, a thorough
evaluation was performed regarding the administration of curcumin following high-intensity exercise and its impact on
blood glucose levels, with particular attention paid to the structural and chemical properties of curcumin. The search
encompassed various studies on high-intensity exercise and the associated benefits for blood glucose management. The
results of this literature review yielded a range of findings; some articles included all relevant thematic keywords, while
others were focused specifically on curcumin and blood glucose, exercise and curcumin, or solely on curcumin. Among
the numerous articles found in the search results, the initial screening is conducted by examining the title and abstract
of each article. Ultimately, 24 relevant scientific articles were identified for further analysis. By synthesizing these
pertinent studies, this literature review aims to provide a comprehensive overview of the implications of curcumin
supplementation and exercise on blood glucose levels, thereby highlighting potential management strategies.

3. Results and Discussion

3.1. The potential benefits of exercise

High-intensity exercise can increase skeletal muscle cellular metabolism producing responses in specific muscle fibers,
in this case predominantly type II fibers with a higher recruitment threshold are fully active during high-intensity
exercise. This exercise-induced enhanced mitochondrial biogenesis is mediated by AMPK, PGC-1a, SIRT1 and ROS
pathways as well as by modulation of Ca2+ homeostasis. The adaptive response to high-intensity exercise is achieved
more quickly than the time required for MICT, so high-intensity exercise is preferred [4]. As exercise intensity increases,
so do metabolic demands and the production of reactive oxygen species (ROS) [5,6].

3.2. The potential benefits of curcumin

Curcumin, the primary bioactive compound found in turmeric (Curcuma longa), is responsible for the plant's yellow
pigment [7]. Curcumin is known for several benefits, for example as an anti-inflammatory and antioxidant. To get these
benefits, curcumin needs to be absorbed into cells. Curcumin can be absorbed in cells through passive diffusion and
active transport mechanisms. Curcumin is absorbed by the intestine through the intestinal P-gp transporter protein [8].

Curcumin has anti-inflammatory benefits through several processes. Some of them, namely reducing the activity of
cyclooxygenase-2 (COX-2), lipoxygenase, and the enzyme inducible nitric oxide synthase (NOS), inhibiting the
production of inflammatory cytokines, tumor necrosis factor-alpha (TNF-a), interleukin (IL)-1, -2, -6, -8, and -12,
migration inhibitor proteins, down-regulates mitogen-activated, and monocyte chemoattractant protein (MCP) [9].

3.3. The effect high intensity exercise on blood glucose regulation

Elevated blood glucose levels can result from various factors, including reduced insulin secretion by the pancreas,
impaired glucose uptake, or a combination of both [10]. The blood glucose regulation process is a combination of various
processes, such as gluconeogenesis from the liver, glucose circulation in the bloodstream, glucose uptake by muscles.
When doing physical exercise, the energy source is obtained from the muscle glycolysis process which will be uptaken
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for energy for muscle contractions. Physical exercise can positively influence glucose metabolism by enhancing glucose
transport, which can occur independently of insulin's role in muscle cell biology [11-13]. This physical exercise will
affect glucose metabolism, such as increasing glucose transport, which in this case does not depend on the role of insulin
and affects the biology of insulin in muscle cells [12].

3.4. The effect curcumin on blood glucose regulation

Studies regarding the relationship of curcumin to glucose have often been carried out in vitro, in vivo, and in humans.
In vitro studies carried out on skeletal muscle cells showed positive effects on potential antidiabetic properties.
Curcumin exerts these positive effects through increasing GLUT-4 translocation, increasing AKT phosphorylation, and
decreasing proinflammatory cytokines [14].

The antidiabetic properties of curcumin in in vivo and human studies also show positive results. In vivo studies show
curcumin's ability to regulate glucose and lipid levels, improve insulin sensitivity and pancreatic beta cell function, and
reduce inflammation and oxidative stress. On the other hand, human studies related to curcumin show a decrease in
hepatic glucose production through various pathways, one of which is by suppressing the NF-kB pathway [14].

On the other hand, a meta-analysis found that turmeric and curcumin were ineffective in managing short-term glucose
fluctuations in individuals with subclinical metabolic disturbances, such as those who are overweight, have prediabetes,
or are diagnosed with metabolic syndrome [17].

3.5. The effect of curcumin after high intensity exercise on blood glucose levels

The increase in glucose after physical exercise is due to the body's homeostasis to meet increased energy needs. In
previous research, it was found that glucose levels decreased more during moderate intensity physical exercise than
after high intensity exercise. In addition, various proinflammatory agents will be secreted due to the action of skeletal
muscles. This proinflammatory agent is secreted via TNF-a and regulates blood glucose. Furthermore, there will be
damage to glucose uptake [15]. The increase in blood glucose which is assumed to be one of the effects after high
intensity exercise is believed to be inhibited by curcumin. In this process, curcumin intervenes at the NF-«xB activation
stage. If curcumin inhibits NF-xB activation, TNF-a activation by NF-kB will also decrease. This decrease will also be
followed by glucose levels in the blood which will also decrease [16].

The effectiveness of curcumin in regulating blood glucose levels is influenced by the dosage administered [17-20]. The
recommended effective dose of curcumin for reducing TNF-a levels is 400 mg per day [21]. A study reported that
curcumin, when administered for at least four weeks, can reduce blood glucose levels in mice with type 1 diabetes
mellitus [22]. The prolonged duration of treatment in these studies may enhance the efficacy of combining curcumin
supplementation with physical exercise, making this combination more effective in lowering blood glucose than either
curcumin supplementation or exercise alone [23,24].

4. Conclusion

Based on the literature review on the effect of curcumin consumption after high-intensity exercise on blood glucose
levels, curcumin has the potential to regulate blood glucose after HIE. Blood glucose regulation after high-intensity
exercise with curcumin should be investigate further to assess its effectiveness and to determine the appropriate dosage
required for optimal results.
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