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Abstract—Fifty-nine pteridine, purine, and pyrimidine derivatives were
tested with schools of the giant danio Danio malabaricus (Jerdon).
The fright reaction was elicited by three pteridine derivatives: 2,6-
diamino-4-oxodihydropteridine, isoxanthopterin, and 6-acetonyliso-
xanthopterin. A minor effect could not be excluded for three purine
derivatives: I-5-MP, IDP, and ITP.
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INTRODUCTION

The fright reaction of the European minnow Phoxinus phoxinus (L.) and
other Cypriniformes is elicited by an alarm substance deriving from the
fish’s skin (von Frisch, 1941; recent reviews: Pfeiffer, 1974, 1977). Experi-
ments with isoxanthopterin had shown that this substance may elicit the
fright reaction in the giant danio Danio malabaricus (Jerdon), although it is
not identical with the genuine alarm substance (Pfeiffer and Lemke, 1973;
Pfeiffer, 1975). During the investigation on the isolation of the alarm sub-
stance from fish skin several heterocyclic compounds were tested with
respect to their biological activity.

METHODS AND MATERIALS

Schools of the giant danio Danio malabaricus (Jerdon) were used, and
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consisted of 6-8 juveniles, each measuring 30-50 mm. The fish were raised
at 24°C and daily fed with dry food (Tetramin, Tetra-Werke, Melle, West
Germany). Light period lasted from 7 AM to 6 PM. The health of the fish
was daily controlled, and only healthy fish were tested. The fish were con-
ditioned to the experimental aquarium prior to testing until they no longer
fled when a person approached the tank but remained near the feeding
corner at the surface in expectation of food. Such conditioning time was
usually about one to two weeks. Since fish may rapidly adapt to substances
that elicit the fright reaction, most schools were tested only once with an
effective substance. If fish were tested repeatedly, a minimum interval of four
weeks elapsed between two successive experiments. The experiments were
performed in 150 aquaria (40 x20x20 cm) containing 20 liters of water.
All aquaria were filtered (Billi-filters, Tetra-Werke), and heated with 25-W
thermostat heaters (Fa. Jiger, West Germany). Each tank contained moss
and rods of Monstera or Syndapsus, plants which eliminated nitrate and
nitrite from the water and also served as hiding places for the fish. After
each test with a fright reaction the aquarium was carefully cleaned and filled
with tap water from Lake Constance. Both the tanks and the substances
tested were selected at random.

The behavior of the fish was observed for 5 min after the substance
under investigation had been introduced into the tank. An active test sub-
stance induced a fright reaction in 5-30 sec. Fish which had assembled at
the feeding corner close to the water surface seemed terrified and fled to-
wards the bottom in confusion; they then retreated. Confidence returned
after intervals ranging from minutes to several hours. The intensity of the
fright reaction varied and three different situations were distinguished. Such
stages were evaluated arbitrarily, and ranged from the most intense reaction
where all fish were suddenly frightened and hastily fled, to a scarcely visible
intimidation.

Positive Reaction. Most intense reaction with sudden fright and rapid
swimming towards the bottom. The fish may rapidly swim around the tank
or stay motionless close to the bottom.

Questionable Reaction. Only slightly frightened or somewhat confused;
swimming to the middle depth of the aquarium where the school may crowd,
but no retreating to the bottom and usually soon quieting down. Sometimes
intimidated and less confident at the feeding corner with some crowding
together, but the reaction soon disappears.

Negative Reaction. No reaction whatever.

One compound was tested simultaneously on many tanks. With each
substance generally 5-12 tests were performed with as many schools. Iso-
xanthopterin, xanthopterin, inosine, and cAMP were tested for 2-4 days in
order to confirm their effects; different schools were used. If the fish did not
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react to a compound, their ability to react was tested the following day
using skin extract from the European minnow, Phoxinus phoxinus (L.).
Schools that did not react to the skin extract were thereby eliminated.
Solutions were prepared from 1 mg substance and 100 ml solvent (0.01 N
HCI or 0.01 N NaOH). Five ml of solution equivalent to 0.05 mg of sub-
stance were introduced into the aquarium within a period of 10-15 sec.
Experiments with the solvent or with extracts from minnow skin were
performed as controls. All the experiments were made by one person only
without prior knowledge of the substance under investigation.

RESULTS

Positive results were obtained by a number of substances. However,
whereas some substances elicited the fright reaction regularly, others induced
it only exceptionally; three groups of compounds were distinguished:

Highly Effective Substances. A compound was considered highly effective
if more than 509 of the tests performed produced a positive reaction, and
less than 209, a negative reaction.

Ineffective Substances. A compound was considered ineffective if less
than 209 of the tests performed produced a positive reaction and more
than 509 a negative reaction.

Possibly Weakly Effective Substances. For one group of compounds
closely related to one another a minor effectiveness could not be excluded
since approx. 25% of the tests produced a positive reaction, and only 30~
509 a negative reaction. A relatively high percentage of the tests with these
substances induced questionable reactions.

Three of the pteridine derivatives tested elicited the fright reaction:
2,6-diamino-4-oxodihydropteridine (58 9 positive, 339, questionable tests),
isoxanthopterin (569, positive, 289, questionable tests), and 6-acetonyl-
isoxanthopterin (1009, positive tests). In contrast, xanthopterin and 7-
acetonylxanthopterin were ineffective, as were the other pteridines tested
(Table 1).

A minor effect of purine derivatives could not be excluded for I-5-MP,
IDP, and ITP: 23-26 %, of the experiments with these substances elicited the
fright reaction, and 21-489, of the tests gave questionable reactions in
addition. The other purine derivatives tested were ineffective, as were all
the pyrimidine derivatives. All ribonucleoside 2’,3'-cyclic phosphates and
3’,5'-cyclic phosphates were ineffective, including A-3,5-MP and 1-3,5-MP
(Table 2).

Some substances elicited the fright reaction in less than 209 of the
tests, and included pterorhodin, ekapterin, C-3,5-MP, hypoxanthine, and
inosine (Tables 1, 2). These compounds were considered ineffective.



PFEIFFER

668

cLiTi/TI pue €4/¢/1 4} 0 0 (u110}dAx01pAY-9) urzidoyiuey
£LI0€/S 01 0 0 PIoR o1jo]
€LIEIT S 0 0 npsydoons |
€L/192/L L 0 0 PIOE JM[AX0QIBO-/ ULl
€LIST/T 9 0 0 uLodAYIRIN-L
€LISTIT S 0 0 uLdiAylowrg-, ‘9
€LIS/T S 0 0 ureIdoaN-a
€L/T1/01 o1 I 0 uuardorg
£L/ElT S 0 0 PIOE 0120B-9-ULISY]
€L19T/L L 0 0 PIo® JMAX0GABO-9-ULIA}]
sLizalt L 0 0 UL dRTON-T
€Lzt 1 v L SUIPLIZICOIPAYIPOXO-H-OUTUWIEI(J-9°Y
£L/9TIL L 0 0 (AuIp1IdAX0IPAY-H-0uTWE-7) UKD
€LILTIL 6 0 0 SWIZBWN[-[AYISWIP-/ ‘9-[ANqry -8
€LILTIL 6 0 0 suIpr10)dojdedIow-z-AX0IpAH-F
£L/LTL 6 0 0 (UIPIIR)dAX0IPAYIP-H°7) SUIZBUWIN]
€LI9TIL L 0 0 surpLs)d[AqIowtp-/ ‘9-KX0IPAH-
€L/12/L 6 0 0 aurp1ra}dAXOIPAH -y
1R LOANESON ,IqrREOTISAND SPATIISOJ 20UBISQNG

STOYINO)) NV STAILVAIMA(] ANIAIEALd HIUIA SISAd], NOILDVIY LIHOMJ JO SIIASTY °] d71dV],



669

HETEROCYCLIC COMPOUNDS AS RELEASERS OF THE FRIGHT REACTION

‘uoNoOBaI 9ANISOd JO BLISILIO JOJ UOID9S SPOLIOUT 99§ ,

€L/Te/1 pue ¢1/g/¢

€L/TT/T
¢LiEl

cLie/n
LIt
TLIVT/L
TLISTIO

€L/TIT/01
gLIs/T
€LISIT
cLisit
cLizelt
£LIST/Y
€LISUT

74

QO T NYWWNnCO

—

VN oot

OO~ - OO

SO~ O —~

011

COO O Om

SHUIXOYJ WOIJ JORIIX UDS
(IDH N 10°0 10 HO®BN N [0°0) 1UsA[0g

SJOIU0D)
uLIR1dOYIUBXOSIJAU0120VY-9

pIo® 0114X0qIe0-9-ULI doyIuexosy
[e101

— ol en <t

(UL dAX0IpAY-/ ) uriadoyiuexosy
UIpOIOIdg

urrdopide

unsidoayldrg

upRdesy
urldoyIUeX[AU0IN0VY-/,
urdosAry)
undoy)uBXAX0IpAYICI-8‘/



PFEIFFER

670

(dIN-$-D) areydsoydouour- g-ourpnid)

eLIvTIS 8 0 0
SLILTIS rd 8 01 (dL1) ereqdsoydii- g-sursouy
sLliels 14 9 9 (day) 2reqdsoydip- g-oursouy
sLiLzls 8 4! L (dIN-§-1) reydsoydouow- g-aursouy
cLlotfs L £ 0 (d1D) sreydsoydin- ¢-sursouens)
£LIVTIS 8 0 0 (d1LV) @reydsoydin- c-sursouspy
ELIVTIS 8 0 0 (dW-5-V) s1eydsoydouow- g-susouapy
ELIYIS L 0 0 SUIPIUAYIAX03(- T
€LIVIS 9 0 0 suIpniy)
€LIVIS 9 0 0 suIplIn)
(44 £ I [L2LA 8
€LITls 91 £ 1 z
ELIVIS 9 0 0 1
sursouy
£LIVIS 9 0 0 suISOUBNL)
£LIVIS or 0 0 SUISOUIPY
SLITYIS €T 6 € aurpyuexodAy
£L/vels 8 0 0 suruEngy
£Llvels 8 0 0 SUIIIPY
o1 LPANBSON ,S[qQrUOnSany) LIATISOJ soumisqng

SHALLVATIA(J INIAINIMAJ ANV ANIINJ HLIM SISH], NOLLOVAY 1HOINJ 40 SLINSHY ‘g 14v],



671

HETEROCYCLIC COMPOUNDS AS RELEASERS OF THE FRIGHT REACTION

‘uonoraz aARISod JO BIIOILID 10J UONIOIS SPOLLU 93 ,

€LITI/ZT
eLITT/TN
gLiTiiTl
cLiziizn
€2/81/01
€L/8T/01
€L/81/01
cLITIT)
€LITT/TI
eL/tLTa
gLITTTT

pLIVCS
IAratka
€L/8T/0T1

¢1/og/s
£L/0¢/S
cLIvTiS

Nelh el ol el =B B = i o)

o

SO MNNOOC OO N —-OOCOCO

o

o<

OO0 OoCOOoCOoO—-OOOoOD OO

© oo

(dIN-€°7-N) 911245 ‘areydsoydounow-, ¢*,z-auIplin)
(dIN-€°T-D) 21194d “proe ouoydsoydouotu- ¢°,z-eulpnid
(dIN-£7-D) o1a4o ‘orpydsoridouotu-, ¢ z-auisoueny
(dN-£T-V) 21240 “proe orroydsoydouour- €€, 7-auIsouapy
(dIN-§°€~Lp) 21940 ‘geydsoydonow- ¢°,€-ouIPIUAYIAX00(-
(dIN-¢“€-N) 9M4d ‘ereydsoydouou- ¢, ¢-ouIpLin
(dIN-§°€-D) oMk “areydsoydouow-,¢°, ¢-aulpns)
(dIN-$°€-X) 01240 ‘sreydsoydouotu- ¢, c-oursoqauey
(dIN-S°€-T) 91940 “proe orioydsoydouow- ¢¢,¢-oursouy
(dIN-S“€-D) 211940 ‘areydsoydouotu- ¢ ¢-aursournd)
(dN-§°€-VP) 21104 “ayeydsoydonotu- ¢¢, ¢-oUISOUapeAX0a(]-, g
[0l

€

[4

I
(dIN~6‘€-V) 011240 ‘proe oLtoydsoydouour-,¢¢,g-ouIsouapy
(dQLp) sreydsoydip-,g-empruudyidxosq-,g
(dIN-S-1p) a1eydsoydouow- G-oUIpIAYIAX0a(d-, ¢
(d1D) eveydsoydrn- g-ourpni)

a}



672 PFEIFFER

In total, 59 pteridine, purine, and pyrimidine derivatives were tested in
some 750 experiments from June 15, 1972 to May 27, 1975 (Tables 1, 2).
None of the heterocyclic compounds tested was as effective as the skin
extract from Phoxinus, with the possible exception of 6-acetonylisoxanthop-
terin. Whereas skin extract was effective in most experiments, the solvent
was always ineffective (Table 1).

DISCUSSION

Whereas isoxanthopterin and especially 6-acetonylisoxanthopterin
elicited the fright reaction in the giant danio (Danio malabaricus), their
isomers xanthopterin and 7-acetonylxanthopterin were ineffective. The
following results are in accord with these observations: (1) 6-Acetonyliso-
xanthopterin in the European minnow (Phoxinus phoxinus) produced
bradycardia in contrast to 7-acetonylxanthopterin and xanthopterin which
did not have this effect (Pfeiffer and Lamour, 1976). (2) Isoxanthopterin and
6-acetonylisoxanthopterin had a strong effect on the central nervous excita-
tion measured quantitatively using the dorsal light response in the unilaterally
illuminated black tetra (Gymmnocorymbus ternetzi). An enhanced optical
alertness shown by an increase of the fishes’ inclination towards the light
was produced with these substances, whereas both xanthopterin and 7-
acetonylxanthopterin were ineffective (Pfeiffer and Riegelbauer, 1978).

Both isoxanthopterin and 6-acctonylisoxanthopterin elicit the fright
reaction, produce bradycardia, and cause a strong change of the central
state in contrast to their biologically ineffective isomers xanthopterin and
7-acetonylxanthopterin.
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