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ZebraX: An Innovative Artificial Intelligence Approach to Analyzing 
Zebrafish Behavioral Indicators for Herbal Diabetes Treatment 

 

Abstract 

 

Danio rerio, commonly known as zebrafish, have been used as model organisms for 

studying various diseases, including diabetes, because of its genetic similarity to humans, 

its fast reproductive capacity, and low-cost maintenance. However, current studies using 

zebrafish are mainly focused on non-metabolic diseases, and most importantly, these 

studies largely depend on manual data collection techniques that are prone to errors, 

time-consuming, and decrease the sample size of fish maintained. To aid the development 

and analysis of treatments for diabetes, this study presents a novel Artificial Intelligence 

(AI) based approach called ZebraX, designed to bridge these gaps by analyzing diabetes 

related behavioral Indicators in zebrafish and evaluating the therapeutic potential of 

herbal remedies. This study successfully induced type 2 diabetes in zebrafish through 

dietary and environmental adjustments, from a baseline of 2.71 mmol/L to 12.73 mmol/L 

(p < 0.001). The ZebraX system was used to detect the behavioral patterns of zebrafish by 

integrating automated tracking and predictive algorithms. Initial results indicated that 

zebrafish movement patterns, average speed, swimming episode duration, and episode 

frequency were all negatively affected by increasing the severity of diabetes. The 

maximum speed during swimming episodes of zebrafish with diabetes was reduced by 

50% and irregular movements increased when compared to healthy control group fish. In 

addition, natural treatments consisting of mulberry leaves, aloe vera, and bitter melon 

extracts were evaluated for therapeutic effects. The most significant effect was in 

lowering blood glucose, which decreased blood glucose by about 52% to 6.08 mmol/L (p 

< 0.001). As the first study of its kind, this novel approach not only establishes zebrafish 

as an expandable model for diabetes-related research but also opens a significant 

possibility of integrating AI technologies with herbal remedies to improve the 
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management of diabetes. It offers a promising direction for future interdisciplinary 

research bridging artificial intelligence and life science. 

 

Keywords: ZebraX, AI, Type 2 Diabetes, Behavioral Indicators, Herbal Treatments, 

Mulberry Leaves, Aloe Vera, Bitter Melon, Blood Glucose Test. 
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ZebraX: An Innovative Artificial Intelligence Approach to Analyzing 
Zebrafish Behavioral Indicators for Herbal Diabetes Treatment 

 

Abstract–Danio rerio, commonly known as zebrafish, 

have been used as model organisms for studying 

various diseases, including diabetes, because of its 

genetic similarity to humans, its fast reproductive 

capacity, and low-cost maintenance. However, 

current studies using zebrafish are mainly focused on 

non-metabolic diseases, and most importantly, these 

studies largely depend on manual data collection 

techniques that are prone to errors, time-consuming, 

and decrease the sample size of fish maintained. To 

aid the development and analysis of treatments for 

diabetes, this study presents a novel Artificial 

Intelligence (AI) based approach called ZebraX, 

designed to bridge these gaps by analyzing diabetes 

related behavioral Indicators in zebrafish and 

evaluating the therapeutic potential of herbal 

remedies. A schematic overview of the ZebraX 

framework is shown in Figure 1. This study 

successfully induced type 2 diabetes in zebrafish 

through dietary and environmental adjustments, 

from a baseline of 2.71 mmol/L to 12.73 mmol/L (p < 

0.001). The ZebraX system was used to detect the 

behavioral patterns of zebrafish by integrating 

automated tracking and predictive algorithms. Initial 

results indicated that zebrafish movement patterns, 

average speed, swimming episode duration, and 

episode frequency were all negatively affected by 

increasing the severity of diabetes. The maximum 

speed during swimming episodes of zebrafish with 

diabetes was reduced by 50% and irregular 

movements increased when compared to healthy 

control group fish. In addition, natural treatments 

consisting of mulberry leaves, aloe vera, and bitter 

melon extracts were evaluated for therapeutic effects. 

The most significant effect was in lowering blood 

glucose, which decreased blood glucose by about 52% 

to 6.08 mmol/L (p < 0.001). As the first study of its 

kind, this novel approach not only establishes 

zebrafish as an expandable model for diabetes-

related research but also opens a significant 

possibility of integrating AI technologies with herbal 

remedies to improve the management of diabetes. It 

offers a promising direction for future 

interdisciplinary research bridging artificial 

intelligence and life science. 

 

      Keywords–ZebraX, AI, Type 2 Diabetes, Behavioral 

Indicators, Herbal Treatments, Mulberry Leaves, Aloe 

Vera, Bitter Melon, Blood Glucose Test. 

 

1. Introduction 

Diabetes is a complex disease that has emerged as one 

of the leading causes of mortality and morbidity across 

the globe. More than 463 million people are affected 

by this disease worldwide, and it is expected that this 

will increase to more than 700 million by the year 2045 

[1]. In the United States, around 37 million have been 

diagnosed with diabetes, now it is prevalent in about 

11% of the population [2].  One of the great concerns 

is the fact that diabetes is now being found at 

increasingly younger ages—evidence of changes 

occurring over generations in lifestyle and eating 
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habits. Diabetes has also become the seventh leading 

cause of death within the United States due to its 

major impact on public health. The economic and 

social burdens related to this disease are enormous, 

involving health care expenditure, lost productivity, 

and reduction in the general quality of life. Traditional 

biological models, particularly mouse models and its  

derivatives, have provided significant contributions 

towards a better understanding of diabetes. However, 

these biological models are often hampered by high 

costs, long experimental times, and obstacles related 

to genetic manipulations. By contrast, zebrafish larvae, 

which are transparent, share 87% genetic similarity to 

humans [3]. Their strong proliferation, low costs, and 

ease of maintenance make them well-suited for high-

throughput drug screening and disease modeling. 

Their accessibility to gene-editing technologies further 

increases their usefulness in biomedical research. 

 

2. Related Work 

Recent developments have highlighted the 

effectiveness of AI in zebrafish research. In a 2021 

study, Barreiros et al. developed an AI-based system 

for real-time monitoring and assessment of zebrafish 

behavior. They studied zebrafish behavior and noticed 

that there was a difference in learning from the red led 

light and stimuli of vibracall [4]. This system helped 

zebrafish research by allowing careful study of their 

behavior when they face outside signals. Zhao et al., in 

2024, offered a more dynamic, real-time approach to 

disease monitoring and prediction. The convergence of 

data integration techniques with AI enhances the 

accuracy of predictions and facilitates a proactive 

response to potential outbreaks [5]. Through their 

study, significant contributions toward improving early 

disease detection with data-driven predictions have 

been made. In a 2021 study, Choi et al. discovered that 

with the aid of CRISPR-based-knockout technology and 

big data from next-generation DNA sequencing, 

functional validation of GWAS candidates in zebrafish 

is greatly enhancing the ability and accuracy of 

identifying causative genes and molecular mechanisms 

underlying the pathogenesis of human genetic 

diseases [6]. This study improved the testing of genetic 

factors that cause disease. In a 2021 study, Konadu et 

al. demonstrated that zebrafish is an excellent system 

to model fetal hyperglycemia by focusing on direct 

glucose exposure of the embryo without altering 

maternal glucose levels [7]. Their study provided a 

foundation for understanding metabolic disorders 

during development. In a 2019 study, Sawaki et al. 

succeeded in utilizing AutoML, a web-based machine 

learning program, to identify the abnormalities in the 

phenotypes of fluorescent zebrafish using their images 

Figure 1: Diagram of the proposed ZebraX AI-Based System for monitoring zebrafish behavior and measuring blood glucose levels. 



 

 
9 

 

[8]. This development increased the efficiency of 

discovering phenotypic abnormalities in zebrafish 

models. Lubin et al., in 2021, developed an easy-to-use, 

customizable automated screening procedure suitable 

for high-throughput phenotype-based screens of live 

zebrafish [9]. Their study has made large-scale studies 

simpler to understand while increasing the efficiency 

of drug screening and phenotype assessment. As 

summarized above, significant progress has been 

made in the following areas: real-time monitoring, 

disease prediction, functional validation of genes, fetal 

hyperglycemia modeling, and more [10]. However, 

there is still a notable lack of studies using AI to 

investigate diabetes-related issues in zebrafish logical 

model. Moreover, more research is needed to apply 

the findings of the zebrafish model into practical 

applications for the prevention, diagnosis, and 

treatment of human diabetes to verify their clinical 

relevance.   

This study is the first to utilize AI to systematically 

monitor zebrafish behavior, identify diabetes-specific 

Indicators, and evaluate the efficacy of natural 

therapeutic interventions. This study focuses on three 

key objectives:  developing the AI-based ZebraX system 

to monitor and analyze changes in zebrafish behavior 

and identify potential behavior Indicators for diabetes, 

establishing a reliable method for inducing type 2 

diabetes in zebrafish, and evaluating the effectiveness 

of natural therapies in treating diabetes for potential 

translation to human treatment.  

 

3. Methodology 

3.1 Zebrafish Cultivation  

Zebrafish were purchased from Carolina Biological 

Supply and were housed in 15-gallon aquariums (30 × 

30 × 60 cm). The aquariums were maintained under 

controlled environmental parameters, such as 

temperature—about 75°F, pH ranging between 7.0 

and 8.0—and a light cycle of 14 hours of lighting 

followed by 10 hours of darkness to simulate the 

natural environmental rhythm. Feeding was carried 

out twice a day at an interval of 12 hours. The fish tank 

was cleaned once a week to maintain a hygienic and 

stable environment for the fish. The conventional diet 

comprised diminutive shrimp flakes. For optimal health, 

zebrafish necessitate a typical blood glucose index (i.e., 

blood glucose concentration) ranging from 2.5 mmol/L 

to 6.1 mmol/L.  

 

3.2 Video Setup for Behavior Monitoring 

To monitor the behavior of zebrafish, a dual-camera 

system was set up with one top-mounted camera for 

an overhead view and a side-mounted camera for 

lateral view. The top camera was fixed using a steel 

frame to ensure the stability as shown in Figure 2. The 

side camera mounted at an optimal angle, recorded 

lateral movements and side activities of zebrafish. This 

dual-camera setup was chosen to track the movements 

of zebrafish more precisely, in two dimensions: up-

Figure 2: Zebrafish movement tracking system setup 
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and-down and side-to-side. These clear images provide 

a powerful dataset for analyzing crucial details about 

the zebrafish's swimming speed, acceleration, and 

movement path. By utilizing two distinct viewpoints, 

the system reduces blind spots and the phenomenon 

of fish overlap, thereby improving the accuracy of 

behavioral analysis. This combined data is crucial for 

observing the link between zebrafish behavior and 

diabetes severity. A visual overview of the zebrafish 

diabetes induction and recovery protocol is provided in 

Figure 3. 

 

3.3  Zebrafish Diabetes Modeling 

To investigate the progression of diabetes and the 

efficacy of herbal treatments, the zebrafish were 

divided into four distinct experimental groups. The 

Control Group was fed a standard diet of shrimp flakes 

only and served as the healthy baseline to establish 

normal physiological and behavioral parameters. To 

ensure a valid starting point for the experiment, 

baseline measurements, referred to as the 

Experimental Group (Normal/Initial Data), were taken 

from all fish prior to any dietary changes to confirm 

they started from a comparable healthy state. 

Subsequently, the Diabetic Group was fed a high-

glucose diet (3% glucose mixed with shrimp flakes) to 

induce a diabetic state[11]. This group's condition was 

monitored over several weeks, allowing for the 

observation of a progression from Moderate Diabetes, 

characterized by intermediate hyperglycemia after 

approximately one week, to Severe Diabetes, which 

presented with significant and sustained 

hyperglycemia after two or more weeks. The final 

group was the Cured Group, which consisted of fish 

that were first made diabetic and then administered a 

therapeutic treatment of mulberry leaf, aloe vera, and 

bitter melon extracts to evaluate the restorative 

effects of the herbal remedies. The experimental 

process lasted 21 days. Each group contained 20 

zebrafish, and the diabetic group was fed at 7:00 am & 

7:00pm each day, 0.5 grams each time. The feeding 

time on Saturday was 7:00am, and 0.25 grams each 

time in the morning. The diabetic zebrafish received 

glucose solution and overfeeding for 21 days. Fresh 

water was changed every five days to make sure 

consistent water quality and minimize environmental 

stress. The high-sugar environment simulated the high 

blood glucose and diet-induced stress in human 

diabetic patients. All cholesterol was maintained under 

the same conditions without supplementation.  The 

allowed researchers to see changes in behavior and 

body functions directly related to high glucose 

levels. All cholesterol was maintained under the same 

conditions without supplementation. 

 

3.4  Blood Collection and Measurement Method 

Figure 3: Diagram of the whole process of zebrafish-induced diabetes and cure 
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Blood collection from zebrafish is very challenging due 

to their small size and fast blood coagulation rate [12]. 

They are relatively weak, and their heart rate is fast. 

Capillary blood can coagulate within 20-30 seconds, 

making blood collection even more difficult. The blood 

measurement method this study presents first takes 

blood from the heart artery to prevent the leakage of 

effective tissue fluid and cause low blood glucose. Then, 

a free-style micro-measurement blood glucose meter 

is used, which only requires 0.3 microliters or more of 

micro-blood to ensure the accuracy of blood glucose 

measurement. 

As shown in Figure 4, first, zebrafish were picked up 

and put in an anesthetic solution of 0.008% Syncaine. 

After more than 30 seconds, the zebrafish will lose 

consciousness and be unable to move. This method did 

not pose any harm to the zebrafish. Following 

anesthesia, excess water was carefully removed with 

absorbent paper, then zebrafish were placed on a glass 

slice. A 40x microscope was used to insert a fine needle 

at a 40-degree angle into the dorsal aorta of the fish. 

The needle was aimed at the point where the visual 

and horizontal midlines of the fish's body meet. Blood 

was collected quickly to stop it from clotting and to 

keep the sample good. A small blood glucose meter, 

needing only 0.3 microliters of blood, measured 

glucose levels very accurately. This method reduced 

stress on the fish and helped get reliable data. 

3.5 Herbal Selection Rationale 

Type 2 diabetes involves several processes at the same 

time: fast rises in blood glucose after meals, reduced 

insulin action, and stress or inflammation in tissues. To 

address more than one process, this study selected 

three botanicals that act in different ways and are 

commonly reported in the literature: mulberry leaf, 

aloe vera, and bitter melon. Each extract was tested 

indvidually and also as a three-herb combination 

because their actions are complementary to each 

other. In the manuscript, the combination produced 

the largest improvement in blood glucose among the 

tested conditions.  

3.5.1  Mulberry Leaf Extract 

Mulberry leaves contain 1-deoxynojirimycin (DNJ) and 

flavonoids. DNJ inhibits α-glucosidase in the intestine, 

which slows the breakdown of carbohydrates and 

helps reduce post-meal glucose spikes. Prior reports in 

animals and humans show better post-prandial glucose 

after Mulberry Leaf Extract intake.  

3.5.2   Aloe Vera Extract 

Aloe vera provides polysaccharides (e.g., acemannan) 

and other small molecules. These compounds have 

been reported to support β cell function, to help 

glucose transport into cells, and to reduce 

inflammation/oxidative stress, which are linked to 

insulin resistance. 

3.5.3   Bitter Melon Extract 

Bitter melon contains charantin, polypeptide-p (an 

insulin-like peptide), and triterpenoids. Studies suggest 

insulin-mimetic effects, better peripheral glucose 

Figure 4: ZebraX’s lab procedures for measuring blood glucose levels. (A) 

Dorsal aorta of zebrafish; (B) The point where the needle is stabbed; (C) 

Materials; (D) Blood glucose levels. 
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uptake, and lower hepatic glucose production. In 

concert, these three extracts form a comprehensive 

therapeutic strategy. Mulberry Leaf Extract mainly 

limits glucose entry from the gut, Bitter Melon Extract 

acts like insulin and improves glucose use in tissues , 

and Aloe Vera Extract supports β-cells and reduces 

inflammation. Using them together targets multiple 

steps of diabetes at once. This is why a three-herb 

group was included in addition to single-herb groups.  

3.6  ZebraX AI Model Development 

The ZebraX system is an integrated platform that first 

employs the IDtracker.ai module to extract high-

precision zebrafish trajectories from raw video data. 

These trajectory files are then analyzed by a built-in 

deep learning classifier to determine the health status 

of each fish. IDtracker is a powerful tool used to track 

complex zebrafish movements, including overlapping 

behaviors when fish interact or cross path. [13]. The AI 

can segment each fish into separate entities, referred 

to as blobs, and resolves overlaps, or “crossings,” by 

referencing preceding and subsequent frames. The AI 

model can fully trace fish trajectory from top-view 

videos. During preprocessing, a convolutional neural 

network (CNN) “crossing detector,” which 

distinguishes between single-animal blobs and 

crossings where two or more fish overlap. In Figure 5-

6: The crossing-detector and identification Protocols 

are used to adapt to higher-difficulty videos. In 

Protocol 1, “image fragments” are intervals where 

crossings are not detected for each individual fish. 

“Global fragments” are the collection of image 

fragments with the same number of image fragments 

as the number of fish to be tracked. Protocol 1 select Figure 6: Schematic of process flow of the IDtracker model used 

for diabetic zebrafish model study. 

Figure 5: Experimental setup and AI crossing and identification models. (A) The video system setup. (B) Examples of grayscale image preprocessing. 

(C) Preprocessing crossings detector. (D) Individual identification model.]. 
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the best global fragment to train the identification 

network. If the amount of remaining high-quality 

fragments is low, Protocol 2 is initiated. Protocol 2 

retrains the network on the high-quality fragments and 

then selects more high-quality fragments. In Protocol 

 3, only the convolution layers are pretrained with 

high-quality fragments, fixing the parameters. Then, it 

trains the classification layers using those parameters. 

These protocols enhance the accuracy of the model. 

Using the AI model results, a trajectory tool can 

generate speed, acceleration, distance from center, 

and other trajectory graphs. The ZebraX system 

deepens and expands the functions of idtracker.ai, 

comprehensively tracking the movement data of 

zebrafish in top and side view videos (such as speed, 

acceleration, distance from the center, curvature, 

burst distance, kinetic energy, trajectory path Figure 8, 

etc.), and can accurately analyze the movement 

behavior of fish and their social interaction 

characteristics, providing key data support for 

behavioral research and potential treatment effect 

evaluation of diabetes models (Figure 9). In the 

preprocessing stage, ZebraX uses a CNN to analyze 

each frame of video. Its "crossing detector" can 

accurately distinguish between image blocks of a single 

fish and overlapping image blocks of multiple fish and 

solve the problem of fish crossing based on the 

information of the previous and next frames to 

generate high-precision movement trajectories. 

ZebraX can obtain the following key movement data: 

Speed - measured in body length per second (BL/s), 

eliminating the influence of body size differences; 

Acceleration - reflects the dynamic ability of speed 

changes during movement; Cumulative Movement - 

measures the overall movement activity of fish; 

Trajectory Path - analyzes the movement distribution 

of individuals in the experimental pool; Social Behavior 

- reveals the interaction pattern and consistency 

between multiple fish. The video is processed to 

Figure 9: A comparison of the speeds of zebrafish with varying 

severities of diabetes over 60 seconds. From the x-axis, the 

maximum speed of more diabetic fish is far less than the 

maximum speed of control fish. Different colors represent the 

speeds of each fish. (A) control group fish (B) moderate diabetic 

fish (C) severe diabetic fish  

Figure 8: The trajectories of zebrafish (A) control group fish (B) slightly 

diabetic fish (C) heavily diabetic fish  

Figure 7: Six behavioral metrics used in ZebraX. Speed, distance, acceleration, curvature, burst distance, and kinetic energy were measured, with burst 

kinetic energy serving as the main indicator of diabetes severity. 



 

 
14 

 

generate trajectory files of the fish, and the unique 

movement patterns of zebrafish are further revealed 

through smoothing and post-processing analysis.  

IDtracker is run on the provided zebrafish video, with a 

GUI for users to set the threshold through a slider, 

 which separates the fish from the background and sets 

the target number of fish n to be identified and tracked. 

Then, IDtracker analyzes each frame of the video, 

performing all the tasks in the IDtracker algorithms, as 

described above. The result of IDtracker include the 

intermediate files such as the identified n number of 

fish, and the results in the form of trajectory files.  

An example of trajectory files is shown in Table 1, 

which lists 10 sets of coordinates of 3 zebrafish with 

their respective trajectories. In the second step, the 

above trajectory files (in .npy format) are fed into 

trajectory analysis tools and processed to generate the 

distance, speed, acceleration, and other trajectory 

graphs. Postprocessing is then performed with 

increasing smoothing factors from σ = 0, 0.5, 1, to 2 in 

order to further reveal the patterns of zebrafish 

despite their fast movement. For example, zebrafish 

typically swim using “beat and glide" locomotion, with 

a quick and powerful swim phase, followed by a long 

gliding phase. These movement patterns turn out to be 

discernably different for zebrafish at different 

severities of diabetes.  

After movement trajectories were generated, the 

ZebraX system extracted six behavioral metrics to 

describe each zebrafish (Figure 7). These included:  

speed (v) - instantaneous velocity (Δd/Δt), normalized 

by body length per second (BL/s), distance (d)- total 

path length over a set time, acceleration (a)- rate of 

velocity change (Δv/Δt),  curvature- degree of turning 

along the swim path, burst distance: cumulative 

distance during high-speed episodes (v > 2 BL/s),kinetic 

energy-composite index from mass, acceleration, and 

distance. Together, these six metrics formed the 

feature vector used by the machine learning classifier. 

Among them, Burst Kinetic Energy was the most 

sensitive indicator which can effectively distinguishing 

Table 1: The list 9 sets of coordinates of 3 zebrafish with their respective 

trajectories in X & Y axis.  

Figure 10: Encoding and classification process flow. Raw trajectory time-series data are encoded, pretrained, and classified into healthy, moderate, or 

severe diabetic states. 
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healthy, moderate, and severely diabetic fish. The 

other metrics added important detail, especially for 

separating moderate from severe cases, resulting in a 

more accurate AI-based diagnosis. At its core, ZebraX 

can automatically classify the health status of zebrafish 

based on different behavioral data (Figure 10). The 

process extracts six kinematic metrics and encodes 

them into a structured format for deep learning 

analysis. An unsupervised Masked Autoencoder is first 

used to pretrain the model by reconstructing missing 

portions of the data. This step helps the system learn 

underlying movement patterns without labels, and 

improves its ability to capture zebrafish behaviors. The 

pretrained features are then passed to a Supervised 

Classifier that is fine-tuned on labeled data to classify 

zebrafish into three health categories: Healthy (0), 

Moderate (2), or Severe (1). This two phase design of 

unsupervised pre-training followed by supervised 

classification ensures robustness and accuracy of 

diagnosis. 

The trajectories of diabetic zebrafish. As the fish 

becomes more diabetic, the movement becomes more 

clustered around the origin. (A) the control group fish, 

(B) slightly diabetic fish, and (C) heavily diabetic fish. 

The speeds of diabetic zebrafish. While the more 

diabetic zebrafish have more frequent episodes of 

 swimming, the speeds during these episodes are much 

higher in control zebrafish. (A) the control group fish, 

(B) slightly diabetic fish, and (C) heavily diabetic fish. 

The video is processed to generate trajectory files of 

the fish, and the unique movement. 

The speeds patterns of zebrafish are further revealed 

through smoothing and post-processing analysis. The 

performance metrics were calculated based on its 

Table 2: ZebraX AI Model Performance Metrics in Detecting 

Health & Diabetic Zebrafish. (Precision, Recall, F1-score) 

Figure 11: ZebraX AI Model Diagnosis. The program processes zebrafish trajectory data with the trained classifier and outputs whether each fish is 

predicted as healthy or diabetic; results are displayed in real time and saved as a CSV file for analysis. 
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ability to classify zebrafish into healthy and diabetic 

categories. As shown in Table 2, the model achieved an 

overall accuracy of 87%. For healthy zebrafish, the 

precision was 97%, recall was 80%, and F1-score was 

88%. For diabetic zebrafish, the precision was 78%, 

recall was 97%, and F1-score was 86%. The macro and 

weighted average F1-scores were both 87%, which also 

shows togetherthat the model maintains balanced and 

consistent performance across both classes. These 

results validate the robustness of ZebraX in accurately 

detecting and analyzing disease-related behavior. To 

benchmark the ZebraX system, we compared its 

performance with several widely used AI-based 

tracking tools, including DeepLabCut and ToxTrac. 

While these tools have proven effective in specific 

experimental setups, they face limitations when 

handling high-density fish populations or overlapping 

behaviors. In multi-fish tracking tasks with 5–7 

zebrafish in a confined space, ZebraX maintained an 

identity consistency rate of 87.0%, surpassing 

DeepLabCut (76.4%), and ToxTrac (67.9%). Additionally, 

ZebraX demonstrated superior resilience in handling 

occlusions and overlapping trajectories due to its 

custom-designed crossing detector and adaptive 

identification protocols. Unlike DeepLabCut, which 

requires manual keypoint labeling, ZebraX operates 

fully automatically, streamlining analysis in high-

throughput studies. These improvements illustrate 

ZebraX’s advantage in real-time, multi-animal behavior 

monitoring for biomedical research. 

 

3.7..The ZebraX AI Diagnostic Tool 

To make the AI models usable in practice, a diagnostic 

software tool with a graphical user interface (GUI) was 

created (Figure 11). This tool represents the final stage 

of the ZebraX pipeline, combining multi-animal 

tracking and behavioral classification into a single 

streamlined workflow. 

As shown in the interface, the user first selects a 

zebrafish video for analysis. The software then 

processes the recording in real time, displaying the 

movements of each fish in the main panel. At the same 

time, the output console on the right logs the process 

and provides a final prediction for each fish. Based on 

quantified behavioral patterns, the program classifies 

each animal as either healthy or diabetic. By turning 

complex analysis into an accessible application, this 

tool enables fast, automated, and objective screening 

of diabetes-related behaviors in zebrafish. 

 

4. Experimental Results  

During the 21-day experiment, the average weight of 

the zebrafish in the diabetic group increased by about 

Figure 12: Zebrafish Body Mass Index in four groups 

Figure 13: Zebrafish Blood Glucose level in four groups 
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15%, while the weight of the control group did not 

change significantly [14]. A visual comparison of body 

mass index (BMI) across all groups is shown in Figure 

12. The blood glucose level of the diabetic group 

increased from 2.71 mmol/L at baseline to 12.73 

mmol/L post-treatment. An unpaired two-tailed t-test 

confirmed that this increase was statistically significant 

(p < 0.01, 95% CI: [3.21, 3.91]), indicating successful 

induction of a diabetic model. Meanwhile, the control 

group remained stable at around 4.6 ± 0.2 mmol/L, 

showing no significant changes. The impact of the 

herbal treatment on blood glucose levels is 

summarized in Figure 13. Following the 21-day 

experiment, the diabetic zebrafish were treated with 

10 mg of mulberry leaf (C6H13NO4), 100 mg of aloe vera 

(C22H21O9) and 1 L of bitter melon extracts (C7H6O) all 

purchased from Sigma-Aldrich where they offer high 

grade products [15] [16] [17]. blood glucose levels in 

the experimental diabetic group decreased 

significantly from 12.73 mmol/L to 6.08 mmol/L. The t-

test yielded p < 0.05 with a 95% confidence interval of 

the mean reduction: [1.38, 1.82 mmol/L], indicating a 

52% decrease. The control group remained statistically 

unchanged at 4.6 ± 0.2 mmol/L. These results indicate 

that mulberry leaf, aloe vera, and bitter melon extracts 

all have significant hypoglycemic effects, especially 

bitter melon extract. This statistical evidence supports 

the efficacy of the treatment and strengthens the 

reproducibility of our results. Moreover, the use of 

confidence intervals alongside p-values enhances 

transparency and reliability in evaluating treatment 

effectiveness. This is consistent with existing studies. 

For example, polyhydroxy alkaloids in mulberry leaves 

(such as 1-deoxynojirimycin) are its main hypoglycemic 

active ingredients, which reduce glucose absorption by 

inhibiting α-glucosidase activity, thereby reducing 

blood glucose levels [18]. In addition, flavonoids and 

polysaccharides in mulberry leaves have also been 

found to have blood glucose regulating effects. These 

findings provide strong support for natural treatments 

for diabetes.  

To give a clear, step-by-step view of the experiment, 

images were used to show both the rise of diabetes 

and the recovery that followed herbal treatment. 

These visuals act as direct confirmation of the 

numerical data (1 mmol/L ≈ 18 mg/dL). 

Phase 1: Diabetes Induction 

 

The development of a diabetic state was tracked across 

three weeks. As shown in the top panel of Figure 14, 

control zebrafish maintained stable blood glucose 

within the normal range (0–100 mg/dL; ~0–5.6 

mmol/L). After about one week on a high-glucose diet 

and immersion protocol, zebrafish showed signs of 

early to moderate diabetes, with blood glucose rising 

to 101–200 mg/dL (~5.6–11.1 mmol/L). Over the next 

two weeks, the condition advanced to severe diabetes, 

with values consistently above 200 mg/dL (>11.1 

mmol/L) and in some cases reaching 600–800 mg/dL 

(~33–44 mmol/L). This stepwise pattern confirms the 

successful creation of a reliable hyperglycemia model. 

Phase 2: Recovery with Herbal Treatment 

The effects of herbal treatment were examined over 

Figure 14: Progression of blood glucose levels measured in zebrafish 

across control, moderate, and severe diabetic models over a two-week 

period. 
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four weeks. The bottom panel of Figure 15 shows 

 severely diabetic zebrafish that began with glucose 

levels in the 300–600 mg/dL (~16.7–33.3 mmol/L) 

range. After four weeks of continuous exposure to the 

herbal extract mixture, blood glucose values dropped 

sharply, returning to the normal or mild range of 50–

200 mg/dL (~2.8–11.1 mmol/L). These results provide 

strong visual evidence that the herbal treatment can 

reverse severe hyperglycemia and restore healthy 

glucose control in the zebrafish model. 

Through the ZebraX model, there were significant 

behavioral differences between normal zebrafish and 

diabetic zebrafish. These results were obtained from 

200 video recordings, generating approximately 1.44 

million frames for analysis, as shown in Figure 16. 

Specifically, the average swimming speed of zebrafish 

in the diabetic group decreased by about 30%, from 

approximate 2.5 cm/s to approximate 1.75 cm/s (p < 

0.05). In addition, diabetic zebrafish showed more 

irregular movement patterns, such as frequent sharp 

turns and pauses, and these abnormal behaviors may 

be related to neuromuscular dysfunction caused by 

high blood glucose. These behavioral characteristics 

can serve as potential behavioral Indicators for 

diabetes and provide references for early diagnosis 

and intervention of the disease. Related studies have 

also shown that zebrafish will experience changes in 

motor function under high sugar conditions, further 

supporting our findings. 

 

5.  Discussion 

Among herbal remedies, bitter melon extract has the 

most significant blood glucose-lowering effect, 

followed by mulberry leaves and aloe vera. The plant 

extract synthesized from the three herbs has the best 

effect. It is the first known study to integrate both into 

a unified AI driven framework for diabetes research. 

This treatment method can also be applied to the 

health treatment of human diabetes, which is very 

valuable. Although our results are encouraging, there 

are still some limitations, mainly including the small 

sample size and short treatment duration. In this study, 

each group contained only 20 zebrafish, which is a 

small number of samples used for the early 

development stage. Later, the sample size will increase 

to conform current findings.  

The integrated ZebraX platform, which combines 

automated AI-based behavioral analysis with the 

zebrafish model, offers applications that reach well 

beyond diabetes research. These can be grouped into 

three major areas: pharmacology, biomedical 

diagnostics, and neuroscience. In pharmacology, 

ZebraX can be used for fast and low-cost screening of 

new drugs and natural products, including herbal 

therapies. By measuring treatment effects in an 

objective way, the system provides a reliable method 

for early-stage drug testing. For biomedical diagnostics, 

the ability to classify health states from subtle behavior 

changes shows promise for reducing human error and 

supporting disease prediction. This approach could be 

extended to complex conditions such as heart disease, 

cancer, and obesity. In neuroscience, multi-fish 

Figure 15: Blood glucose levels of zebrafish before and after four 

weeks of treatment. 
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tracking and social interaction analysis allow detailed 

study of behaviors linked to disorders like anxiety, 

depression, and Alzheimer’s disease, where early  

ymptoms are often behavioral. These applications 

highlight ZebraX as a flexible tool with impact across 

medicine with value far beyond diabetes. 

s                                    6. Conclusion 

ZebraX has been proven as a powerful AI-based 

solution for studying type 2 diabetes. ZebraX has 

successfully identified Glucose levels from Diabetic 

Zebrafish to Healthy Zebrafish. By analyzing zebrafish 

behavioral data with AI algorithms, ZebraX identifies 

specific behavioral Indicators in the diabetic state, such 

as slowed swimming speed and abnormal movement 

trajectory. These behavioral changes provide new 

means for early diagnosis and efficacy evaluation of 

diabetes. The results also indicate that the diabetic fish 

went through treatment and within 28 days, their 

health has drastically improved. Therapeutic validation 

of natural treatments such as mulberry leaves, aloe 

vera, and bitter melon extracts was invented. The most 

significant effect was observed in blood glucose 

reduction, which decreased blood glucose by about 

52% to 6.08 mmol/L (p < 0.001). These findings 

establish zebrafish as a scalable model for diabetes 

research and demonstrate that the combination of 

artificial intelligence and natural therapies is a hope for 

diabetes management and treatment. In summary, 

combining zebrafish models with ZebraX AI analysis 

provides new perspectives and methods for diabetes 

research and herbal treatment evaluation.  

As the first study to present a novel AI-based approach 

to analyzing diabetes-related behavioral Indicators in 

zebrafish and evaluating the therapeutic potential of 

herbal remedies, this study is currently ongoing. Future 

studies are planned to raise the sample size in order to 

strengthen the already obtained results. The work will 

also extend treatment durations to investigate the 

long-term efficacy and safety of herbal extracts. 

Furthermore, advanced artificial intelligence 

methodologies will be employed for unbiased 

detection and quantification of fluorescent signals, and 

assessment of the amount, distribution, and 

morphological changes of β-cells and further unravel 

mechanisms through which insulin acts in metabolic 

diseases. 
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