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ABSTRACT: New approaches to wildhfe marking with fluorescent chemicals were ex-
amined usmy the anahviieal techmgues of fluorometn. chromatography, and tissie ex-
amination under ultravioler ichto A nintunized. portable, and ceonomical chromatog-
raphy svstem was utileed Qumacnne Bihsdrochlonde was used as o marke and was
found o be derectable at 20 ppboan bt bleod. Rhodamme Bowas demonstrate o be o
long-lasting marker of covote Cans farranss s and hair when the chemiea was in-
pested orally and ssctenicalls distribated. The use of the analviical methods presented.
in combination woth fluoreseent chemicals, salt provide rescarchers and managers wath
additional wave roomars waldhfe The possibility of the systenne mathing of hair wth g
vartets of chemicads otters an evpanded future for v LT arkaing.

KEY WORDS: fluorescence. marker. blood, claw, hair, baat, quinacnne, rhodamine B,
rat, starhng, covote, vertebrate pest control

The purpose of our research was to examine new ideas in wildlife marking
that could result in development of markers and techniques that would ad-
vance the field of wildlife marking.

Fiuorescent materials have been used as wildlife markers for many vears
[7-3].7 Their uses include bait identification, direet application to the ex-
terior of the animal. and internal marking of the digestive tract and excretory
products. The marking of bones and teeth has been accomplished by inges-
tion of an oral antibiotic or selected fluorescent dves [6-8]. Hair has also
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received considerable attention as 4 deposition site for umerous compounds
and promises to be a significant diageostic tisue {970,

Our research has demonstrated three analvtical procedures foo flucerescent
nmuaarker detection. o addinon, we hase turther developed the use of systemic
distribution of Huorescent chericals as @omeans of wildlife markimg. The
anantical procedures inclinde thooromerry, cnromatography. and direct ob-
setvadon ob sosteantcally marked claves and aair under uliravioler luning-
ton. The Puorometrie sechnigue s vauable for the detection of flnoreseent
ruteriads inovers ot quanties, Paper or thin kiver chromatograpin, even
ihoneh 1o less sensitive than Huorometey, regquires onlyv mespensive vquip-
prent and prosides the avattabding of sdenniication of aomarka compound.
Farthermore, the chronutographie sssiem we developed hos the adsantage

of being mintaterized, The duect obwenvatin of iomicallv o marked claws

ated hair s aovery simple oroccdure Beciine i rcires onlyo loneewae
vltrasiolet Bieht source and a darhened areas One chemiesd that has o pro-
longed atbining for blood and another tna mark s chiens and Bair by disteba-

ton throneh the circulatory svstem were wsed s markers o this experiment.

Procedures

Flicscmerrie and Chliromaiograpine Anabesis op Blood

I search of new wddlite markers, we looked for chemicalds that are persis-
tent and detectanle nosmadl blood saaples and hase an aceeptable satety
marein, Quimacrine dihvdreechlonde, an antmalacid drae used during
Wortd War [1 met these coteren Ty hmans, quimacenine is readily chsorbed
i the dieestive tract and show iy disposed o by the bodys Teis detectable in
e unne Y months atter discontinuance of therapeutie use and i as achigh
i bor feahocvtes moadditien oo being bound o plasma protein [1/].

I Two stock selutions of ditferent concentrations were prepared with
gquimnacrine dibvdrochlonde esigma Chenneal Cooo St Tows, Mol One, 100
pem o 000N hvdrochlone actd (HOD was used o prepare standard v
Mood samples of known giamtitios of the chenneal, and the other, 3000 ppm
in detonized water, was used oo dose the test anmmials by cavage.

2. The T0-ppm auinacrine stock solution was diluted with 0.0 N HCL for
the preparation of albino rat tRarius norvegicns) blood samples with known
quantities of quinacrine. To 0,95 ml of blood. which contained 10 percent
O M sodim onadate to prevent clotting, was added 0.05 mlof the diluted
quinacrine stock sotution, The control blood contained 0.05 mtof 0.1 N HCL
These preparations pesalted in T-ml blood samiples that contained, respee-
tively, 0, 10, and S0 ppb quinacrine.

2. Four albine rats, 325 1o 330 g, maintained on a commercial laboratory
rat food, were dosed with quinacrine dthydrochloride ac 00 0.1, 1, and 10
mg kg body weight. The gavage volume was (.2 mi per 10 ¢, The rats were
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killed with chloroform 3 h after treatment, and blood samples were drawn
from the left renal vein with o accedie and svrinee. The svringe contained (0.2
ml of 0.1 M sodium ovalate to prevent clotima, The total volume of cach
blood sample dravwn plus anteoagulant was 2.0 ml

4. Phree starhnes Wy vidperso, 95 1o 102 o0 were not ted for 2 b and
then dosed by wavage vath gqumacrine dihvdrochlorde we 00 T and 16 mye ke
body weight. A ather procedures and equipment were the same as used for
the albino rars oveept that the bird hlood samples were drawn from e
heaker thot collected Blocdd from the decapitated baed,

SoOne endhlitee of cach Blood sample was processed sarh the procedure
tor the doubic oxtracion of Ggumacrine as desertbed by Brodie coad [22]0 For
Haorometric an dvsis, the ostracts were transterred to 12 by 7S mm cavettes
and read noa Turner stedel PR tluor nerers The primany tiher « Ferner
B 20 sodated the aetivatiie energy at the Voo e and the seeond
arv fiker cLarner 20120 transmitted the Hoorescent hahe ae SH0nme Theal-
lumination source - as an FVLE BE General Blectrie altraviolet mereurny are
famp with maor wavelenvth emission at 300 nm and alb longer mercury emis-
sionn lines.

o, A mintaturized chromatoeraphy svstem was used tor analvsis of the es-
tracts of blood trom dosed rars and starlings, The sestemis o moditication of
the coneepts prosested by Rockland and Trann (150 and Panc 1 Wharnun
Noo b filter paper o Fastnnan silica gel chromaograr thin-Laver sheets were
cut into 10 by 100 ~strips. One ndhiitre of meths ] aleohol was placed in
the bottom of 20 b Iatmm serew top tbes, Fitty microlitres of each blood
sample extract was spotted repeatediy onoa stripe After that the strip was
placed inw tube and the bd serewed on for development. A battery-powered
Tong-wine Conenmy pliravolet hght was used to detect the fluorescent spots

on the (1L‘\L‘li»pcd SIEEps.

Svstenie Marking or Covores wih Orally Dosed Rhodumine 3

G D Landsev hadd noticed that the hade of small rodents oradly dosed with
rhodamime B thereseed i bands that appeared to persist. Personal com-
munication with o ied us to consider dosing covotes (Cands latrans) swith
the dve.

AP covotes used were awdubis mamtained on dey dog food and housed i
outdoor concrete-tloored wire pens. Fable 1 shows the date they were dosed,
the number of covotes dosed, sev distribution, dose, and methods of ad-
ministration. [he rhodamime B owas obtamed from Eastman Kodak Co,
Rochesters NY O A batters - powered long-wave covo-nm) ultrasioler hehe wis
used for fluoreseent detection under o dark cloth or in a dinkened room.

Reference o trade vames decs ot mph endorsement of commerciad producs B the tederal
BOMCTIIICNT o1 any ol iy agengies

Waldnte Brobeeist, US) Fshoasd Witdhfe Sernve. Forestrs Sciences Laboraton, Olvinpag,
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TABLE 1—0Oral dosing of covotes with rhodamine B,

Dose, mg kg

Date Sex body weight  Method of Administration”
28 Aug. 1979 IMLF 30 eelatin capsule®
1M F 0
16 Oct. 1979 I M 1 F N tatlow -mixture’
1M LF s tallow -tablet?
I M LF S horse meat®
I M 1S horse meat
1 F 15 tallow-mixture
1M 0 tallow
8 Jan. 1480 IMOLF 30 lamb meat’
S Feb. 1980 1M 30 horse meat
1 F 15 horse meat

YAl covotes fed tallow or meat haits were prebaited for at least Taay with a similar bait.

FA pelatin capsule containing the dose was administered behind the tongae with a balling
gun.

“A mixture of beel tallow and rhodamine B to form a 13-g bait.

YBeef tallow with thodamine B tablet in the center to form a 13- bait.

*A horse meat and rhodanmme B minture to form a 1.3-g bait.

"Alamb meat and rhodanmine B minture to form a 20 bait (two covotes were used) or g of
lamb meat mived with rhodamme B dissolved ma small amount of water (owo covotes were usedr.

Results and Discussion

Flveometric and Chromarographic Analysis of Blood

The fluorometric examination of the extract of 1 ml of rat blood that con-
tained a known amount of the marker demonstrated that quinacrine
dihvdrochloride was detectadle at a concentration of S0 ppb but not 10 ppb.
Blood from rats dosed at I and 10 mg kg body weight was positive for
quinacrine. However, the (0.1 mg kg blood was negative. The starling blood
was positive at 10 mg kg and negative at I mg kg. Silica gel chromato-
graphic strips gave the best results. Both rat and starling blvod samples from
the 10-mg kg doses provided positive chromatograph readings for quina-
crine with spots having migration distance (Rf) values of (.30 on sifica gel
strips when methanol was the solvent. The blood of animals that received
fower doses was negative.

The use of these two analytical techniques offers the wildlife researcher
methods that are not burdened with rare and costly equipment. Fluorom-
eters are available in manv laboratories, The chromatographic equipment
described is small and portable enough to be taken to the field and operated
by hand without electricity except for that provided by the batteries in the
ultraviolet lamp. The extraction procedure is simple and is done at ambient
temperature by hand shaking the samiples in small disposable tubes. Our re-
search with quinacrine dihyvdrochloride is in the initial phase and we intend
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to develop it as a marker that will be field operational. The analyvtical tech-
nigues that we used with this fluorescent compound should be applicable to
other fluorescent chemicals thae may be useful as wildlife markers.

Svstemic Marking of Covotes with Orally Dosed Rhodamine B

Al observations were made on covotes that were restrained or sedated.
The different sizes and tvpes of bait used had vo apparent effect upon bait
consumption or strecess of marking except in one instance when one of the
two aninls that were offered tallow baits containing tablets of rhodamine B
ate the tallow but left the tabiet on the pen floor. This tvpe of reaction has
been observed in other studies at our covote facility even when the tablet was
a cellulose placebe . Since we saw no rejection of any ather rhodamine B
hai's, we believe that the rejection was caused by tise hardness of the tablet in
the biait. not the chemical.

Figures Tand 2 illustrate the two sissues that pre Wded the best marking of
covates—claws and hairs Al covores dosed at 15 or 30 mg ke body weight
hod marked claws, At these tvo doses, any growing hairs were marked, The
Large vaard haivs were good examples, The S-mg ke dose did not make a vis-
ible mark on claws or hair. The fluorescent bands on the claws varied in
wirdth from T ro 4 mume The growing hair was marked with o band that was a
fraction of amiltimetre wide atits gicatest intensity and then spread in either
direction untid it faded outs Both claws and growing hair were marked 24 h
af er dosime. The mark on o claw could be seen at this time by pushing
back the skin at the base of the claw. To examine the bair at the 24 interval
the har was pulled out and the base examined. As both claws und hair grew,
the band was no Jonger hidden as at the 25h interval and was detectable in
p|;lL‘t: on the covote,

The red-orange fluorescent bands in claws and hair appeared to result
fronme the incorporation of the aircutating rhodamine B.oor its metabolite, into
the tissue structare. Preliminary rescarch had not confirmed that the bands
contaired rhodamine B. he bands were firmly attached o the tissue and the
mark apparenth would Lt as fong as the claw or hair was on the covore, The
clawsand har staved marked for at least 175 davs on o covote with no signs
of deteroration. The necessity for the hair to be growing in order to receive
the marker may appear 1o be o drawback. However, we found than even
though the veneral bady hair of 4 covote stopped growing when the fur be-
came prime, the hair over the toes and claws was sl actively growing and
wias marked when the animal was dosed. It should also be noted that the
covotes might have nonsvstemic markings of various intensities on the hair of
the muvezle, anal, and urinary arcas, However, these did not dast, and the
marking on the muzzle might not have been due to the ingestion of the
marker.

Blood plasmas from the marked covotes were examined fluorometrically,
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FIG. U= Covote chaw with a fluorescent buand S0 days arter an oral dose of 30 mg kg rhoda-
pune Bt The claw length s 19 i

and hair samples from the <amie covotes were extracted in various solvents
and the resultant samples read on the fluorometer. The plasmas provided
positive readings for only a few days after dosing. and the hair extracts, al-
though positive, never provided a degree of sensitivity greater than direct
visual observation of the hair under ultraviolet light.
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FIG. 2= Covore grard hatrs sk a fluorescent band 14 duys atter an oral dose with 30 my kg
rhodumine 8.

Conclusiony

We believe that this work with new marking techniques can be expanded
into useful methods for field application. Both researchers and managers
should consider the use of fluorometry, chromatography, and systemic claw
and hair marking as a means that is available for marking wildlife. The
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systemic marking of hair mav extend bevond the use of fluorescent com-
pounds and devetop into a very useful marking technigue with nonfluores-
cent chemicals, We know that there is the potential for 4 whole host of com-
pounds to be svstemicaily incorporated into hair. Qur laboratory is working
on methods of identifving organic compounds in hair, and we are heneful
that ceonomical techniques will be deveioped to allow detection of very small
quantities of chemicals that have been systemieally incorporated into hair,

Acknowledgment

Ihe authors acknowledge 3.0 DL Roberts for his cooperation in providing
bait formulations, delivery methods for baits, and covote examination assis-
tance.

Portions of this research were conducted with funds provided to the U.S.
Fish and Wildiife Service by the Ageney for International Development
under Contract PASA 1D TAB-473-1-67, “Couiroi of Vertebrate Pests.”

References

(] Bindsey, G DL Heebner, 0 F Anthony, KoM Cand Bvans, S Viereebrate Pest Conerol
and Management Materials, ASTA S TP oG American Societs for Festimg and Materials,
Phitadelphia, 1979 ppo 1S 12

OV Peans, Joand Goffith, ROE L Je doweondd or Wildlire Management, Vol 370 Noo 1, 1973,

pp. 3N

ToGast )AL Pendogy, Vol NG 30 Tand nponl e

A oVrantz, SO C o Jonrnal o Marpalogy o Vol SUUNoC TUINTY ppc 28200

Sdoless BoFoand Thompson, RO D Vvan and Mampratiaon Wildlye Toxicology, ASTM

STP o0 Amenican Socrety for Festing and Matenals, Philadedphia, 1979, pp. SO-8K,

ol Dinhart, SO B and Kennelly 300 Jowrnal o0 Weldine Management, Vol 310 Noo 201967,

pp. MT-320

IV Crer, oK Jowrnad o0 Wildlee Management, Vol 330 Noc 4019700 pps 820 834

[+ Ellenton, J0oA and Johston, D Hm Tramactions vor die Lasperns Covore: Warkshop,
R. F. Chambers, Fdo. Northeast Fishoand Wildhfe Conterence, New Haven, Conn., 1978,
rp o) on",

b Maeh, 1L Je Nerence. Vol 2020 Nod 37 1078 pp 12711278

Frol Baumpartner, A M Jones, POFL Banmueartner, W A D und Blacks Co T Jawrnal of
Nuclear Medicine, Vol 200 M0 701970 pp TS TR

D Goodman, 1S and Gimen, AL e Pharmacaodogcal Bases or Dherapeutios, drd oed.,

Mactmilan, New York, 1963 ppo 1072 1074

2 Brode, BB Udenfriend, S Il W0 and Downma, G Jowrnal o Bindogical

Chemistne, Vol Ten 19487 ppo 3L 3 s,

Rochtand, LB and Dunn, MOS | Scenee Vol T90 1989 ppe 830 S0,

HL Pan, HL P Archves of Biochemasery and Brophysies, Vol odo 103e, ppe 31304




