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Integration of the zebrafish model in undergraduate laboratory teaching:
innovations and implementation—A case study of “anti-fatigue” and “anti-wrinkle”
functional evaluation experiments
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Abstract As a model organism, the zebrafish is widely used in life science research. However, its systematic integration
into undergraduate experimental teaching systems requires further development. Based on the training objectives of
cultivating research orientation, systematic thinking, and innovation ability in undergraduates, this study designed a
comprehensive zebrafish experimental course focused on the functional evaluation of anti-fatigue and anti-wrinkle effects.
The course transformed industry consortium standards (T/ZHCAO014-2022) and established scientific research models into
comprehensive experimental projects suitable for undergraduate education. It effectively fostered scientific thinking and
practical skills by guiding students through the entire process of experimental design, model establishment, data collection
and analysis, and academic report writing. Teaching practice has demonstrated that this experimental teaching model not only
significantly enhanced students’ experimental operational skills, data analysis capabilities, and teamwork, but also achieved
the teaching goals of integrating research into teaching and linking theory with practice. The teaching effectiveness evaluation
demonstrated significant improvements in students' abilities in experimental operations, data analysis, and scientific research
thinking (P<0.05), with course satisfaction exceeding 95%. This model provides a replicable and scalable practical example
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for implementing innovative experimental teaching involving advanced model organisms at the undergraduate level,
representing a valuable exploration for undergraduate teaching quality improvement projects.
Key words  zebrafish; undergraduate education; laboratory teaching reform; functional evaluation; anti-fatigue; anti-wrinkle
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Table 1 Comparison of the pedagogical transformation of experimental procedures
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Professional standard method

Feresug it

Pedagogical redesign

SRR ST

Adaptations and scientific rationale

) 6 LA, Rl 15 B, AR
3mL
Use 6-well plates with 15 fish per
well in 3 mL volume

PE LRy (62120.54)
J/em?
Specifies total irradiation dose of
(6.21+0.54) J/em?

ffF Image J B ir &b 10 4
RS

Analyzes at least 10 valid caudal fin

data points using Image J software

TR0 A 2 d KT 52 R B
Pre-experiment determines the
maximum tolerated concentration

KA 24 Ut BEFL3 B, AR 1 mL
Use 24-well plates with 3 fish per well in 1 mL
volume

IR LR, ALK 2HE (0.54%
0.0135) J/em?
Optimizes irradiation parameters to
(0.54+0.0135) J/cm? based on preliminary
experimental results

TR 5 MEREAE, 2 IR
SHAEITIE
Guides students to measure 5 valid data points,
learning software operation and data analysis
methods

H 4 T ZUOTAR BLTR S Jar i o ) 22 22 L Y
Instructor provides the safe concentration range
determined by pre-experiments

WLV, TR AN S Hid S, R
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Saves experimental reagents, facilitates by students’ detailed
observation and recording of individuals, while ensuring the
consistency within the group
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AR S R DA TT SR RE
Adapts to teaching schedule while ensuring model validity, and
trains students in optimizing protocols according to actual
conditions

IR A R B A R SRR A B R R, iR SRl
JERREEA R
Focuses on teaching the principles of image analysis and data
processing skills, rather than pursuing a large sample size
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Ensures animal welfare and concentrates teaching on efficacy
evaluation and mechanistic exploration
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Figure 1 Swimming path of zebrafish in the anti-fatigue experiment
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Note. A, Image processing interface. B, Scale calibration. C, Tail fin outlining. D, Area data acquisition.

Figure 2 Example of the Image J software interface used for measuring zebrafish tail fin area
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Figure 3 Statistics of the tail fin area in the zebrafish anti-wrinkle experiment
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Figure 4 Swimming distance of zebrafish in the anti-fatigue experiment across different beverage groups
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Figure 5 Teratogenic effects in zebrafish exposed to various branded milk tea
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Figure 6 Mortality rate in zebrafish exposed to various branded beverages
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Table 2 Self-assessment of students’ experimental operation skills and research capabilities (n=6)

Rt JI4ESE BRATF 370 LIRSS eTHH 1 P
Competency dimension Pre-course average Post-course average Improvement t- P-
score score value Value Value
) SIS B A il
WSS ESRE 2.340.5 4.540.5 2.2 8.14  <0.001
Zebrafish experimental operation skills
| =iy = & A
. SR 7 PEH%*% .. 2.8+0.4 4.7+0.5 1.9 7.23 <0.001
Microscope use and image acquisition
lmage] (%7 b7 1.540.5 43£0.5 2.8 105 <0.001

Image] software analysis

Hutf et SRR GIE

A . 2.0+0.6 4.240.4 22 7.85 <0.001
Data statistics and chart creation
FRH i) 50 A5 1 B AR H
Identification of research problems and hypothesis 22404 4.0+0.6 1.8 6 <0.01
formulation
ST S 5
SRS TR 2.540.5 43405 1.8 6 <0.01

Experimental report writing and logical expression
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3 FANBRIEHEEHELER (n=6)
Table 3 Survey results on students' satisfaction with the courses (n=6)

WEBH EHHE i —fi AR EFANHE LS
Survey item Very satisfied Satisfied Neutral Dissatisfied Very dissatisfied Satisfaction rate
N =] I
REPNARE 5 1 0 0 0 100%
Course content design
B S 53R 0
Teacher guidance and support 6 9 0 0 0 100%
SR et A Bk .
Reasonableness of experimental design 4 2 0 0 0 100%
IS gAY TR E
| SRERAES R 3 3 0 0 0 100%
Experimental conditions and resources
g NI
B S esk SR riR ot 5 1 0 0 0 100%
Personal gains and skill improvement
N = MEAS
PR PEN 5 1 0 0 0 100%

Overall course evaluation
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