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Electrophysiological Surveys on the Anesthetic Properties of
2-Amino-4-Phenylthiazole upon Carp
(Cyprinus carpio)

Yasuharu Sekizawa, Takahiko Kikuchi, and Akira Suzuki

Surveys were performed regarding the electrophysiological characteristics of inhalation
anesthesia with 2-amino-4-phenylthiazole upon carp (Cyprinus carpio Linnaeus). Major
centrifugal nerve-muscle sysiems (such as spinal nerve with levator muscle of anal or pectoral
fin and cerebral nerve with mandibular muscle) and major sensory organs with centripetal
nerve systems (such as olfactory organ with its nerve, eye with optic nerve, labyrinth with
the VIII nerve and lateral organs with the X nerve) were observed to be still electrophysio-
logically active under the anesthetized condition. Any detrimental effect upon heart beating
under the anesthetized condition was not observed so far with the electrocardiograms directly
derived from the exposed hearts. Any depressive effect on the action potential of an isolated
preparation of postesophageal ample of the alimentary canal was not observed by the direct
application of the compound in Masugi’s solution. The electroretinogram under the anesthetized
condition was still normal. The electrical response of optic lobe of midbrain was also still
normal under the anesthetized condition when an eye in the opposite side was irradiated by
incandescent lamp. Temporary depressive effects observed in the extent of the present
investigation were summarized as follows: (1) Although the inhibitory effect on the function
of the olfactory system (from olfactory organ to its nerve via olfactory bulb) was not observed,
the electrical response of forebrain seemed to be weakened under anesthetized condition.
This was reinforced by the direct application of the compound into forebrain by fine glass
capillary. The direct application upon the isolated axon of olfactory nerve did not give
the depressive effects. (2) Although the inhibitory effect on the acousticolateral system
was not observed, the induced action potentials around the frontal inside of medulla
oblongata (near pons) seemed to be weakened under the anesthetized condition when spinal
cord was electrically stimulated. The same depressive effect was observed only by the direct
application of the compound into inferior lobe of interbrain with fine glass capillary.
(3) Spontaneous 16-18 Hz wave derived from the center part of cerebellum was rapidly dis-
appeared and reappeared in the anesthesia and its recovering process. This was also reinforced
by the direct application into cerebellum. (4) Under critical condition at inhalation anesthesia
such as in the application of high concentration and/or a long time run, autonomic character-
istic of respiratory center seemed to be disordered, and finally a paralysis in the center caused
death. The direct application of the compound into deep position of pons caused a seizure
type discharge similar to the case of the critical treatment under inhalation anesthesia. Under
the anesthesia in an appropriate grade, the oxygen uptake due to respiration was decreased
to one fourth of that under vigorous swimming condition and was approximately equal to
the oxygen uptake under the stationary condition. The above experimental evidences seemed
to imply that the characteristic of inhalation anesthesia caused by 2-amino-4-phenylthiazole
upon carp should be attributed to its centrally acting mechanism.

(Research Laboratories, Meiji Seika Kaisha, Ltd., Morooka-cho, Kohoku-ku, Yokohama, Japan)
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Fig. 1. Chemical structural formulas of thiazole
derivatives. 1: S5-hydroxyethyl-4-methyl-
thiazole. 11: 5-(2-chloroethyl)-4-methylthia-
zole. 1Il: 2-amino-thiazole. IV: 2-amino-
4-methylthiazole, V: 2-amino-4-phenyl-
thiazole. VI: 2-methyl-4-phenylthiazole.

* Merck Index (1960) p. 540

*k Ibid. p. 243
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Fig. 2. Induced action potentials derived from the
dorsal surface of forebrain when diluted
acetic acid was introduced into the nasal pore.
A: Normal. B: 2-amino-4-phenylthiazole
methanesulfonate (0.0125m/ of 30 mg/m/
aqueous solution) was injected into each
olfactory lobe of forebrain. Electrode: mono-
polar AgCl-Ag wire. Fish bedy was earthed.
Time constant=0.3. Negative deflection up-
ward.
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Fig. 3. Induced action potentials derived from the
frontal inside of medulla oblongata of carp
at normal or the anesthetized condition when
spinal cord was electrically stimulated. 2-
amino-4-phenylthiazole ~methanesulfonate:
40 ppm immersion at 10 min. and 20 min.
A:3M KCl glass capillary electrode. A;: Nor-
mal. Ag: 10 min. Az: 20 min. B: Fine iron
needle electrode. B;: Normal. Bp: 10 min.
Bs: 20 min. Electric stimulation: 2V, width
=0.2msec., operated by manual shock.
Horizontal correction: 2m sec./a square time
scale. Time constant=1.5, Vertical: 1 mV/
a square scale. Negative deflection down-
ward.

mf‘%;‘?‘fﬂ]lﬂﬂéb\:/%ﬁ%@ methanesulfonate ¥ %

B 5 U RO T RIS X 5 e a5 B AL A @il

~.ﬁ%@F@J¢LmL%#JWELt.;:T@
DTHERD S = LiTHFONTEHEREIBA LA(LEIC
AL TAEDZES L TLAEOIMHINEE  Abh
oo, MMTERLEBbh 5 EICER X EAT
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Fig. 4. Induced action potentials derived from the
frontal inside of medulla oblongata of carp
when 2-amino-4-phenylthiazole methane-
sulfonate aqueous solution was injected into
each part of the brain by fine glass capillary
and spinal cord was electrically stimulated.
2-amino-4-phenylthiazole methanesulfonate:
Total 0.025 m/ of 30 mg/m/ aqueous solution
was injected into the each brain part. 1:
Normal. 2: Outside at Mauthner’s cells (2
points injection). 3: Cerebellum (1 point). 4:
Midbrain and optic tectum (3 points). 5:
Forebrain (2 points). 6: Still standing for 50
min. after 2. 7: Normal. 8: Surrounding
part of hypothalamus (4 points). 9: More 5
min. after 8. Electric stimulation: 2 V, width.
=0.2msec.. operated by manua! shock.
Each oscilloscopic observation was done 5
min. after injection. Horizontal correction:
2 msec./a square scale. Time constant = 1.5.
Vertical: 1 mV/a square scale. Negative
deflection downward.

BN X D 18 OIEEE & FEPEREET L 7o DR 2E6At 52
LD T, @4 LR, JHEH 0.3mm o
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Fig. 5. Disappearence and reappearence of EEG
derived from the cerebellum of carp by in-
halation anesthesia and its recovering process.
2-amino-4-phenylthiazole hydrobromide: 40
ppm. 1: Normal. 2: 37 sec. after anesthesia.
3. B85sec. after anesthesia. 4: 10 min. in re-
covering process. 1 sec./a time scale. Nega-
tive deflection upward. Time constant=0.3.
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Fig. 6. EEG (spontaneous medium wave: 16-18
Hz) derived from the central part of the
cerebellum of carp. 1: Normal. 2: 30 sec.
after the injection of 2-amino-4-phenylthia-
zole (0.025 m/ of 30 mg/m/ aqueous solution).
3: 30 min. after the injection. Electrode:
Fine concentric electrode (0.3 mm in outer
diameter) used under differential amplifying
system. Fish body was earthed. Time con-
stant=0.3. 1sec./a time scale. Negative de-
flection upward.
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B LI UGE B OB BIATHLI X 0 © EMG %k
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Fig. 7. Comparison of EEG derived from the

different depths in the cerebellum of carp
(spontaneous 16-18 Hz wave). 1: shallow
position: Near from corpus cerebelli. 2: Me-
dium position: Near from tractus mescence-
phalo-cerebellaris to the 4th ventricle. 3: Deep
position: Near from the 4th ventricle to
crista cerebellaris. Time constant=0.3. 1 sec./
a time scale. Negative deflection upward.

EMG of breathing movement derived near
from dilatator muscle of operculum (left side)
of carp at normal or anesthetized condition
using bipolar hook type electrodes. A:
Normal. B: 2-amino-4-phenylthiazole me-
thanesulfonate: 25 ppm immersion at 8 hours.
Time constant=0.03. 1sec./a time scale.
Negative deflection upward.



BAR - il » 5K : 2-Amino-4-Phenylthiazole o RE/ER OB AR

rhythmic changes To .24 — v EHENEBR D, #b
1Yy ZARDIREE BB ARG R E ) X e
B, ZORETIIZDT EDRRGERIIFRA ETv. &
HcHE VAR AR D, ORI LickEL S
HHE X2 2 EIER A 200 0, 120 H 2 E LE
BT2HELHD0, FLHCEDLLOLHS, KICE
WOV FAFEB NI L A THEKCEA LEE
F TORBL RIS TR Lo Fig. 10 TH 5, #
At 16 BTy o, TABIEBE AR CHNET S, KE
CIRBMAEEL Y X 4{LL, myogenic spikes (2 k B
WHH L, FYCETIE S oMESALL, #Kic 530
MR TEFRCE - 2 — v e oie,

R SRR s X ORI o0 R U T R B B IR

T - - - -

Y T — I"’T\J“—“‘E‘—_\ff -
| NORMAL RUN WITHOUT ANESTHESIA © | sect B B »
EEE : ROCESS |

EET ] = = AT ANESTHETIZING
=

Fig. 9. Time course survey on EMG derived near
from abductor muscle of hyomandible (left
side) along anesthetizing process. 2-amino-
4-phenylthiazole methanesulfonate: 100 ppm
immersion along over all run. Time constant
=0.03. 1sec./a timescale. Negativedeflection
upward,

Fig. 10. Time course survey on EMG derived near
from abductor muscle of hyomandible (left
side) along recovering process. 2-amino-4-
phenylthiazole methanesulfonate: 0 ppm after
critical treatment by 100 ppm immersion.
Time constant = 0.03. 1sec./a time scale.
Negative deflection upward.
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Fig. 11. EEG (spontaneous slow wave: ca. 1-3
Hz) derived from various parts of the brain
of carp under breathing movement. 1: From
the center part of forebrain. 2: From the
inferior lobe of interbrain. 3: From the
center part of cerebellum. 4: From the
center part of vagal lobe of medulla oblon-
gata. 5: From medulla oblongata (near from
motor nucleus of the VII nerve). 6: 2 min.
after the injection of 2-amino-4-phenylthia-
zole methanesulfonate (0.025 m/ of 30 mg/m/
aqueous solution). 7: 3-4 min. after the in-
jection. 8: About 8 min. after the injection.
Electrode: Fine iron needle electrode insulted
except its apex; 0.5mm in length. Fish
body was earthed. Time constant =0.3.
1sec./a time scale. Negative deflection up-
ward.
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Fig. 12. EEG (spontaneous highly rapid wave: ca.
200-220 Hz) derived near from the respiratory
center in medulla oblongata of carp during
breathing movement. 1: At the state 5 in
Fig. 11. 2: At the state 6 in Fig. 11. 3: At
the state 8 in Fig. 11. Electrode: Fine iron
needle electrode insulated except its apex;
0.5mm in length. Fish body was earthed.
Time constant=0.3. Horizontal correction:
220Hz. Vertical: 12.5microV/ascale. Nega-
tive deflection upward.
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Table 1.

Comparison of oxygen uptake due to the respiration by carp under
normal or anesthetized condition.

Experiment 1

Experiment 2

2-amino-4- phenylthlazole

2-amino-4-phenylthiazole:

12.5ppm. Ratio 25 ppm. Ratio
O, uptake ml//kg body O, uptake mi/kg body
weight/hr. weight/hr.
Vigorous swimming 207 1.00 329 1.00
under agitation.
(Control 1)
Stationary condition 49 0.24 73 0.22
without agitation.
(Control 2)
Anesthetized condition 49 0.24 74 0.23

under agitation
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