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Fig. 2 Effect of doxycycline on anxious behavior of zebrafish
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A. Effect of doxycycline on average swimming speed of zebrafish in new tank experiment; B. New tank test bottom residence time; C. the

total swimming distance of the new tank experiment; D. New tank test maximum swimming speed; E. the residence time of Y maze explo-

ration arm; F. the number of times that Y maze exploration arm enters the exploration arm; G. the number of degrees of Y maze exploration

arm; H. the light area residence time of zebrafish in the light and dark experiment; I. the total swimming distance of high-flux zebrafish alter-

nating light and dark (* indicates significant difference, P<0.05; ** means extreme significant difference P<0.01)
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ENVIRONMENTAL DOXYCYCLINE ON ANXIOUS BEHAVIOR, COGNITIVE
MEMORY ABILITY AND INTESTINAL MICROFLORA OF ZEBRAFISH

2

MA Yang-Guang"’, ZHAO Ke-Xin"?, DONG Wu"” and YU Jian-Hua"

(1. School of Animal Science and Technology, Inner Mongolia Minzu University, Tongliao 028000, China; 2. Key Laboratory of
Toxics Monitoring and Toxicology of Inner Mongolia Autonomous Region, Tongliao 028000, China)

Abstract: The use of antibiotic can influence gut microbiota and impair memory function either positively or nega-
tively. In order to investigate the effects of long-term exposure to doxycycline at environmental concentration on anxie-
ty behavior, learning and memory, cognitive flexibility and intestinal flora, we took zebrafish as the animal model, and
used doxycycline at different environmental concentrations (0, 0.01, 0.1 and 1 pg/L) to expose adult zebrafish to water
for 21 days. Behavioral responses and intestinal flora alterations were assessed using the new tank test, Y-maze, light
and dark test and zebrafish behavior high-throughput monitoring system. The results showed as follows: in the new
tank experiment, the average swimming speed of zebrafish in 0.01, 0.1 and 1 pg/L concentration groups decreased
significantly compared with the control group. Additionally, higher doxycycline concentrations correlated with reduced
maximum swimming speed and total swimming distance, with a pronounced difference observed in the 1 pg/L group.
Maze experiments indicated a significant increase in the residence time of zebrafish in the exploration arm at the
0.01 pg/L concentration, contrasting with decreased times in the 0.1 and 1 pg/L groups. The turning angle exhibited a
similar pattern, increasing in the 0.01 pg/L group but decreasing in the higher concentration groups. In the light and
dark test, zebrafish demonstrated an increased residence time in the light zone with rising doxycycline concentration.
Zebrafish behavioral high-throughput monitoring system experiments further confirmed a significant decrease in total
swimming distance with increasing doxycycline concentration, particularly notable in the 1 pg/L group. In terms of
intestinal flora analysis, based on 16S rRNA sequencing technology, 1454814 original valid sequences were obtained
from 12 intestinal samples, and 1314404 high-quality sequences were obtained after screening for subsequent analysis.
At the same time, DADA2 method was used to reduce noise and cluster with 100% similarity. It was found that the
abundance of intestinal flora of zebrafish in each concentration group decreased, and the abundance of bacteria genera
such as Bosteria, Paracococcus and Acinetobacter decreased, while genera like Corynebacterium and Romatococcus
increased. The Shannon index, Simpson index and Chaol index were significantly lower in the exposed group, indicat-
ing decreased diversity. In conclusion, long-term exposure to doxycycline in environmental concentration induced
behavioral changes in zebrafish, resulting in anxiety-like behavior. The 0.01 pg/L concentration improved short-term
learning and memory ability and cognitive flexibility. Furthermore, doxycycline exposure led to changes in the abun-
dance and diversity of zebrafish intestinal flora.

Key words: Environmental concentration; Doxycycline; Anxious behavior; Cognitive memory; Intestinal flora;
Zebrafish
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