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Abstract: To improve the survival rate of aquatic animals during live transport, the feasibility of traditional Chinese medicine borneol as
an anesthetic was explored in this study. The anesthetic effects of borneol and MS-222 (tricaine methanesulfonate or fish diazepam) at different
concentrations on Ctenopharyngodon idellus and the impact of water temperature on its anesthetic effects were studied following administration
of 30 mg/L borneol and 20 mg/L MS-222. Additionally, simulated post-anesthesia transport was conducted at 20 °C after administration of 30
mg/L borneol and 20 mg/L MS-222, followed by comparative analysis of key biochemical indicators. Anesthesia test results showed that rising
anesthetic concentrations shortened the time necessary for C. idellus to reach the same anesthetic depth, prolonged full-recovery time, and A
concentration range between ~20 mg/L and 40 mg/L borneol was suitable for C. idellus anesthesia transport. Additionally, in the presence of
decreasing water temperature, anesthesia time was shortened, but recovery time was increased, and a water temperature between ~20 °C and
25 °C was suitable for C. idellus transport. Simulated anesthesia-transportation test results showed that C. idellus survival rates after 24 h of
transport following borneol or MS-222 administration were 100% and 70%, respectively. Furthermore, recovery time increased as transport
duration increased, and all biochemical indicators associated with transport following borneol administration were better as compared with those
following MS-222 administration. Therefore, the results of this study suggested that the effect of anesthesia-related transport using borneol on
preservation was superior to that using MS-222 at a water temperature between 20 °C and 25 °C.
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Table 1 Anesthesia stages and fish-behavior characteristics
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Table 2 Recovery stages and fish-behavior characteristics
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Table 3 Anesthetic effects of MS-222 at different concentrations on Ctenopharyngodon idellus

HEN TR R ARBRAZ 04 B 18] s

MS-222 R & /(mg/L) B 718 /s 24 h BAERIY%
1 P 3 4 5 6

10 165 475 387 100
20 163 310 791 100
30 105 256 1048 813 100
40 71 183 460 861 100
50 65 136 343 486 629 968 100
60 20 87 207 281 417 - 1812 50
70 10 50 110 153 275 21615 / 0
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Table 4 Anesthetic effects of borneol at different concentrations on Ctenopharyngodon idellus
TR REEF) R/ (mg/L) " 12&)% F;m%ﬁf‘éﬁ HQLT/S p B Rt /s 240 BEHEEIY%
10 209 490 - 287 100
20 188 390 - 480 100
30 169 361 - 650 100
40 142 325 - 780 100
50 130 231 396 520 - - 860 100
60 80 140 209 325 - - 996 100
70 35 90 160 198 - - 1320 100
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Table 5 Anesthetic effects of borneol and MS-222 on Ctenopharyngodon idellus at different water temperatures
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Table 6 Changes in survival rate and recovery time of

Ctenopharyngodon idellus after anesthesia-related transport
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Fig.1 Changes in muscle glycogen and lactic acid content in

Ctenopharyngodon idellus after anesthesia-related transport
E: 40 FERE A £ 5 B (p<0.05).
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Table 7 Serum biochemical changes in Ctenopharyngodon idellus after MS-222-specific anesthesia-related transport

BHAETE/M O RRBE(ngl)  RARBALAE/(U/L)  FE/(mmol/L)  FEAB(mmoL/L)  SLEABLEEE/(U/L)
Hahtn 254+12° 11.0£1.00° 1.05 +0.06° 2.68+0.10° 433.0+32.6°
0 275+26" 12.5+0.95° 1.03+ 0.06° 3.59+0.21¢ 771.0+38.8°
3 280:£10° 12.3+0.70° 1.00+ 0.06° 3.71+0.13¢ 676.8+53.2°
10 273+15° 13.240.79° 1.03+0.07° 478+ 0.17° 670.0+41.5°
17 275+9° 20.1£1.20° 1.33+0.05° 5.62+031° 1000.3+31.2°
24 275+15% 33.6+2.55 1.86+0.14° 6.49+ 0.25" 1262.4+110.2°

A BIFFEMENE LR T ERE A £ 2 3 (p<0.05).
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Table 8 Serum biochemical changes in Ctenopharyngodon idellus after borneol-specific anesthesia-related transport

E 4 jE) /h BB /(ng/l) RARBAELEASB/(U/L)  FZE/(mmol/L)  FEM/(mmoL/L)  FLEABLAME/(U/L)
Hoahin 218+12° 9.0+1.00° 1.02+0.05° 2.55+0.12° 390.0+26.8¢
0 240+26° 10.5+0.95° 1.03+0.06° 3.31+0.19¢ 565.0+29.8°
3 246£10° 10.5+1.00° 0.98+0.08° 3.4240.16 478.84+49.3¢
10 240+15° 12.8+0.88° 1.02+0.05° 4.13+0.18° 460.0+38.9°
17 24349 15.5+1.10° 1.090.04° 4.99+0.27° 497.8433.6°
24 241£15° 18.0+2.55° 1.16+0.05° 6.04£0.27° 727.6+36.5°

E: F3-FHMEE LT ERR A £ 4 2 F(p<0.05).
3 Tig
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