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Tandospirone ameliorates fentanyl-induced respiratory depression
and potentiates analgesic and sedative effects
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Abstract: To evaluate the effect of tandospirone (TS) on fentanyl (FEN)-induced respiratory depression and
its impact on fentanyl's analgesic and sedative effects, a rat model of respiratory depression was established using
FEN. After drug administration, respiratory frequency (F), tidal volume (TV), expiratory volume (EV), and
enhanced pause (PENH) were measured using plethysmography. Blood oxygen saturation (SaO,) was measured
using a non-invasive pulse meter. The acetic acid writhing test, hot-plate test, and spontaneous activity test were
used to evaluate the number of writhes, reaction time, and locomotor activity in mice. The righting reflex test was
used to measure the loss rate and immobility time in rats [this experiment was approved by the Institute of Military
Medicine Experimental Animal Management and Utilization Committee (approval number: IACUC-2023-001C)].
Compared with the respiratory depression model group (FEN 160 pg-kg"), the changes of F, TV, EV, PENH, SaO, in
rats at the same time points after pre-treatment and treatment of different doses of TS were improved. TS (2 mg-kg")
and TS+FEN groups reduced the number of writhing movements, total distance of spontaneous activity and
increased the maximmal possible effect (MPE), indicating that TS has its own analgesic and sedative effect and
enhances the analgesic and sedative effect of FEN. The increase in the median effective concentration (EC,,) of loss
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of the righting reflex (LORR) and the reduction in immobilization time confirm that preconditioning with TS has a

protective effect against FEN poisoning. In conclusion, TS ameliorates FEN-induced respiratory depression, and it

possesses inherent sedative and analgesic effects. When co-administered with FEN, TS can enhance the analgesic

and sedative effects of FEN. TS could serve as a non-opioid medication to improve opioid-induced respiratory

depression and warrants further development and research.
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Figure 1 Pre-treatment with TS attenuates FEN-induced respiratory depression with WBP recordings in rats. A-D: Effect of TS on F/TV/

EV/PENH of FEN-induced respiratory depression. The F/TV/EV/PENH of each rat was measured for 20 minutes as baseline, the rats were

administered intravenous TS (0.5, 1.0, 2.0 or 4.0 mg-kg") and monitored continuously for 60 min after FEN injection (160 pg-kg"). n =5,
¥+s P<0.05 "P<001,""P<0.001 vs FEN group. TS: Tandospirone; FEN: Fentanyl; WBP: Whole-body plethysmographic; F:
Respiratory frequency; TV: Tidal volume; EV: Expired volume; PENH: Enhanced pause
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Figure 2 Treatment with TS attenuates FEN-induced respiratory depression with WBP recordings in rats. A-D: Effect of TS on F/TV/EV/
PENH of FEN-induced respiratory depression. The F/TV/EV/PENH of each rat was measured for 20 minutes as baseline, the rats were
administered intravenous FEN (160 pg-kg") and monitored continuously for 60 min after TS (0.5, 1.0, 2.0 or 4.0 mg-kg'). n=5,% 5. 'P<
0.05, "P<0.01, P <0.001 vs FEN group



TR AR S TR A S5 O T BSR4 B R B4 (T

+ 2241 -

11.05%, EV [ 4 11.26%, PENH B&10E N 23.53%. 4
A A 78 TS ¥R YT, 2.0 mg-kg' TS+FEN 41 F 5 PENH
o0 RO B R 3 F IR A 277.42%, PENH [ 1R N
64.71%; 4.0 mg-kg"' TS+FEN 41 TV 1 EV i 3% %% &
3% TV BIE N 27.40%, EV B8 A 24.87%

BIT A S BAAL, FIGIEE A 3.5:1, TVMEV
AT, HARRE L m 2501 522101,
PENH P08 LA 2.8 11, 387K TS VAT 45 24 7T B 2 X i
W IR BRI ) B 2 H i AR 4K

it T i 2 B S 56 45 AR TS Xf FEN 2t Th g =
A A SCEER .

2 TSiEEX FEN HAFIRHIF] KR Sa0,

2.1 TSTRG4EZ WE3FIR, MG 458 ive T
80 pg-kg"' FEN J&, #5741 (FEN) K ) SaO, H Jit fit &
(94.2 + 0.8)% % & (44.9 + 8.3)%, [&IE 1 52.3%, % B
FEN X K BRI ™ AR S HMIE o Tilse4s T AN 855
& TS 35§ % 0P WA ) OK B SaO, 1 B % : 2.0 mg-kg

—o— FEN —#- 05mgkg' TS+FEN—4— 1.0mgkg' TS+FEN —¥— 2.0mgkg' TS +FEN

* * wkk Rk ok kX
VTS * * % *  x ok

100=

Sa0,/ %

40 1FEN

TS T Ab 3 J5 o 2 2R & B, A1 R B TE) £ Sa0, A
(94.5 + 1.3)%IXFEE (72.3 + 12.6)% (P < 0.01), &R H
23.5%. fRA4 5 2.0 mg-kg' TS i 4 Sa0, i L &
1K2.201, 375 TS TR 45 24 1T B 58 0F 0 I W 4100 o] K B
SaO, M FEAK.

22 TSETTHAZ WHE 4R, ive T 80 ugke!
FEN J&, K& Sa0, M (95.5 = 0.8)%[& % (44.8 £ 14.1)%,
20 min J5 %4 T 2B # R KR IT, AL 4 (FEN) SaO, i
(59.8 + 9.8)% M I & (68.2 + 3.7)%, i IE Jy 14.0%, %
Bl FEN B A 2 2% (s il /E . FEN 4 25 )5
20 min 28 TS ¥4 J7 359 751 5 0 A5t 1 3800 % I 400 o] K B
Sa0, HIBFK. 2.0 mg-kg' TSIHIT RUR & & : Sa0,
(58.4 £ 5.4)% K % (87.1 £ 3.2)%, HFE }49.1% (P <
0.01). S FHLL, ¥697 4170 AH [F] I 8] 55 SaO, B i
T 3 R FEN 2 SaO, BRI K E 2 . 2.0 mgkg™
TS + FEN 4 5 R A 3R L miis 3,501, #1878 T TSR
I 45 24 7] B X RE I A A1 K B SaO, [ B A1

4.0 mg-kg! TS + FEN
% %k Kk
* kKK
EEE T
% %k

Time / min

LI |
0 5 10 15 20 25 30 35 40 45 50 55 60

Figure 3 Pharmacodynamic ability of TS to ameliorate FEN-induced respiratory depression. Pre-treatment with TS attenuated the FEN-

induced reduction of SaO, in rats. A: The rats were administered intravenous TS (0.5, 1.0, 2.0 or 4.0 mg-kg") and monitored continuously

for 60 min at 5-minute intervals after FEN (80 ug-kg'); B: The area under the curve for each experimental group. n = 6, X 5. "P < 0.05,

“P<0.01,""P<0.001, P <0.000 1. SaO,: Oxygen saturation
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Figure 4 Pharmacodynamic ability of TS to ameliorate FEN-induced respiratory depression. Treatment with TS attenuated the FEN-

induced reduction of SaO, in rats. A: The rats were administered intravenous FEN (80 pg-kg™") and monitored continuously for 60 min at

5-minute intervals after TS (0.5, 1.0, 2.0 or 4.0 mg-kg™); B: The area under the curve for each experimental group. n = 6, X £ 5. "P < 0.05,

“P<0.01,""P<0.001, " P <0.000 1
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Figure 5 Comparison of the effects of TS (2.0 mg-kg™) and FEN (5, 10, 15 pug-kg™") on the acetic acid-induced nociceptive responses in
the acetic acid-induced-writhing test as assessed by its extended 15-minute behavioural evaluation. A —C: The data obtained from the
evaluation of the effects of administration on the writhing test following 0.6% acetic acid; D: The inhibition rates for each group. TS

(2.0 mg-kg") and FEN (5, 10, 15 pgkg") each reduced the number of twists. Pre-treatment with TS (2.0 mg-kg") enhanced the FEN-

Ak

induced reduction of the number of twists in mice. n = 10, ¥ + 5. "P < 0.05, "P < 0.01, ""P < 0.000 1
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Figure 7 Comparison of the effects of TS (2.0 mg-kg™) and FEN (5, 10, 15 pg-kg"') on spontaneous activity by its extended 60-minute

behavioural evaluation. A—C: The total distance traveled by mice under different dosing conditions in the spontaneous activity test. P <
0.05, P < 0.01, "™ P < 0.001,”"P < 0.000 1; D: The time-sharing distance of each dose experimental group. "P < 0.05,” P < 0.01,""P <
0.001, ™ P < 0.000 1 vs vehicle group. FEN (10, 15 pg-kg") reduced the total distance (B, C). Pre-treatment with TS (2.0 mg-kg"') enhanced

the FEN-induced reduction of the total distance in mice. n = 10, x +
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Figure 9 Comparison of the effects of TS and FEN on the disappearance rate and immobility time of the LORR. A: The disappearance rate
of FEN group (10.0, 12.5, 15.0, 17.5 and 20.0 pg-kg"); B: The curve of nonlinear fitting for the disappearance rate of the FEN group; C: The
disappearance rate of TS+FEN group (12.5, 15.0, 17.5, 20.0 and 25.0 pg-kg"); D: The curve of nonlinear fitting of FEN dosage after TS
pretreatment; E: The immobility time following the LORR for FEN (80.0 pg-kg') and TS (2.0 mg-kg") + FEN. n = 5, x + 5. "P < 0.05.
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