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SHORT 
COMMUNICATION

Short com m unication articles are short scientific entities often dealing with 
methodological problems or with byproducts o f larger research projects. The 
style is the sam e as in original articles

Effects of flumazenil on fishers Martes pennanti restrained with 
tiletamine-zolazepam

Matthew R. Dzialak & Thomas L. Serfass

D zialak, M.R. & Serfass, T.L. 2003: Effects o f flumazenil on fishers M artes 
pennanti restrained with tiletam ine-zolazepam . - Wildl. Biol. 9: 235-239.

As part o f a project to restore the fisher Martes pennanti in Pennsylvania, USA, 
we evaluated flum azenil (0.02 m g/kg) for partial reversal o f  tiletam ine- 
zolazepam ( 10.0- 11.0 mg/kg; i.e. antagonizing the effects o f zolazepam) by moni­
toring im mobilization intervals and physiologic responses o f fishers (N = 4). 
Flum azenil reduced mean down time and alert time, but did not reduce mean 
recovery time. Trends in respiratory rate, body temperature, pulse rate and arte­
rial oxygen saturation expressed by im m obilized fishers were not altered by 
flumazenil within eight minutes post-injection. Flumazenil did not enhance prac­
tical utility o f tiletam ine-zolazepam  at 10.0- 11.0 mg/kg because fishers that 
received flumazenil exhibited residual tiletamine effects such as prolonged recov­
ery and profound ataxia.
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In  1994, efforts w ere initiated to restore extirpated fish­
e r M artes pen n a n ti populations in P ennsylvania, U SA  
(Serfass, B rooks, T zilkow ski &  M itcheltree, unpubl. 
report). A s part o f  the p roject, fishers underw ent a cap­
tive managem ent program that included chemical restraint 
(M itcheltree, Serfass, W hary, T zilkow ski, B rooks & 
P eper 1997). T he d issociative anesthetic tiletam ine and 
the tranqu ilizer zolazepam , com bined  at a  1 : 1  ratio  by

w eight, has been  used frequently  to  restrain  carnivores 
(e.g. Boever, H olden & K ane 1977, Lariviere &  M essier 
1996), including fishers (Petrini 1992, M itcheltree, Ser­
fass, Tzilkowski, Peper, W hary & Brooks 1999, D zialak 
&  Serfass 2002).

Previous research on restraining fishers with tiletamine- 
zo lazepam  dem onstrated  that at doses o f  <  5 .0  m g/kg, 
im m obiliza tion  typ ica lly  w as shallow , and  recovery
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w as rapid (D zialak & Serfass 2002). However, at a dose 
o f  1 0 .0 - 1 1 . 0  m g/kg, tiletam ine-zolazepam  provided pro­
lo n g ed  recovery  in fishers and  likely  w ou ld  enab le  
invasive p rocedures such as too th  rem oval o r surgical 
repair o f  in jury  (G ray, B ush  & B eck  1974, M itcheltree 
e t al. 1999, D zia lak  &  Serfass 2002). M odera ting  the 
effects o f tiletam ine-zolazepam  at this dose range w ould 
enhance  its utility  in field  settings, w here short recov­
ery typically  is desirable, by reducing prolonged recov­
ery o r m odulating drug-affected physiologic responses. 
H ow ever, efforts to  an tagon ize  tile tam ine-zo lazepam  
(e.g. H atch , C lark , Je rn igan  & T racy 1988) are  rarely  
rep o rted  b ecau se  the  tile tam in e  c o m p o n en t has no 
know n antagonist. N onetheless, flum azenil m ay  m od­
erate tiletam ine-zolazepam  because: 1 ) flum azenil com ­
petitively  excludes the specific  b ind ing  o f  b en zo d i­
azepines (e.g. zolazepam ) at the receptor level (A m rein, 
L eishm an & B en tz inger 1987, L heureux  & A skenasi 
1989); and 2) for several species, plasm a half-life o f  tile­
tam ine is shorter than plasm a half-life o f zolazepam, indi­
cating  that recovery  tim e w ould  be reduced  by an tago­
nizing zo lazepam  (L in, T hurm on, B enson & Tranquilli 
1993). O ur objective w as to  evaluate and describe the 
effectiveness o f  flum azenil fo r reducing  recovery  tim e 
o f  fishers restrained w ith tiletam ine-zolazepam  at 1 0 .0 - 
1 1 . 0  m g/kg, and to characterize  physio log ic  effects o f  
adm inistering flum azenil to fishers restrained w ith tile- 
tam ine-zo lazepam .

Material and methods

Acquisition o f w ild fishers and their m anagem ent in cap­
tivity at F rostburg  S tate U niversity , U SA , during the 
course o f  o u r study, includ ing  housing , d iet and  am bi­
en t conditions, w as as described  by M itcheltree  et al. 
(1997). W e restra ined  fishers (N  = 4) w ith  tiletam ine- 
zo lazepam  (Telazol®, F ort D odge L aboratories, Fort 
D odge, Iow a, U SA ) on tw o separate  events in M arch-­
A pril 1998. W e derived doses by w eighing each fisher 
w hile it w as in a den box o f  know n w eigh t before  drug 
adm inistration . H ow ever, fishers often w ere physically  
active in the den box during w eighing. To determ ine the 
degree to  w hich  th is activ ity  affected  our estim ation  o f 
w eight, w e rew eighed  each  fisher after drugging . We 
present dose ranges for tiletam ine-zolazepam  to account 
fo r p o ten tia l d iffe ren ces in  p re - and  p o st-d ru g g in g  
w eigh t determ ination . W e adm in istered  d rugs in tra ­
muscularly in the fem oral region by the m ethods o f D zia­
lak, Serfass & B lankenship (2001). O n the first restraint 
event, w e adm inistered  tiletam ine-zolazepam  to fishers 
at 10.0-11.0 m g/kg. E igh t days after the first restra in t

event, w e adm in istered  tile tam ine-zo lazepam  to the 
sam e fishers at 1 0 .0 - 1 1 . 0  m g/kg, fo llow ed  in approx i­
mately 40 m inutes w ith an intram uscular injection o f flu­
m azen il (R om azicon® , R oche L abo ra to ries , N utley, 
N ew  Jersey, U SA ) at 0 .02 m g/kg. P rocedures perform ­
ed on im m obilized  fishers during the course o f the rein­
troduction project included veterinary evaluation and treat­
m ent, radio-co llaring , and collection  o f  m orphological 
and  dem ographic  data  (see M itcheltree  et al. 1997 fo r 
an extensive treatm ent o f captive managem ent protocols).

W e m onito red  four im m obilization  intervals fo llow ­
ing in jection  o f  tiletam ine-zo lazepam : induction  tim e, 
dow n tim e, a lert tim e and  recovery  tim e. Induction  
tim e w as the tim e from  injection until fishers no longer 
responded  to  stim uli (a researcher’s voice o r m ove­
m ents). D ow n tim e w as the tim e from  loss o f  respon ­
siveness to stim uli, until fishers regained responsiveness 
to  stim uli. A lert tim e w as the tim e from  in jection  until 
fishers regained responsiveness to stimuli. Recovery tim e 
was the tim e from  injection until fishers regained m obil­
ity and coordination  (B oever et al. 1977, M itcheltree et 
al. 1999). A nesthesia  in tervals w ere obtained  by d irect 
observation  o f  im m ob ilized  fishers and  recorded  in 
m inutes.

W e recorded  physio logic responses o f  fishers given 
tile tam ine-zo lazepam  and  flum azenil to  determ ine if  
flum azen il a t th is  dose  affec ted  phy sio lo g ic  trends 
expressed by fishers during im mobilization. We obtained 
respiration  rate by d irect observation o f  thoracic excur­
sions and  recorded  data  in breaths/m inute. W e used a 
pu lse ox im eter (SD I V et/O x™ , SD I S ensor D evices, 
W aukesha, W isconsin, U SA ) to obtain pulse rate (bpm ) 
and arterial oxygen saturation  (SpO 2, in % ), and a vital 
signs m onitor (D IN A M A P™ , Critikon, Tampa, Florida, 
U SA ) to ob tain  rectal tem peratu re  (°C). The ox im eter 
sensor w as p laced on the tongue. W e recorded  physio ­
logic data  im m ediately  after induction  (i.e. 0  m inutes 
post induction), and every fou r m inutes thereafter fo r 
20  m inu tes . A dd itiona lly , w e reco rd ed  phy sio lo g ic  
data at tw o 4-m inute intervals post flum azenil injection. 
U sing SAS® (SA S Institu te Inc., Cary, N orth  C arolina, 
U SA ), w e perform ed paired-sam ple t-tests to  evaluate 
d rug  effects on anesthesia  in tervals, and to evaluate 
differences in m ean tiletam ine-zolazepam  dose. To char­
acterize physiologic effects o f  flum azenil, w e exam ined 
m ean physio logic values as a function  o f  tim e post in ­
jection, and identified extreme observations (i.e. outlying 
m ean values) using sim ple linear regression. We arcsine 
transform ed percen tage da ta  (SpO 2). W e logarithm ic 
tran sfo rm ed  da ta  on rectal tem pera tu re , re sp ira to ry  
rate, and pulse rate because trends in these physio logic 
param eters generally  w ere cu rv ilinear and exhib ited
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constan t coefficients o f  variation  (N eter &  W asserm an 
1974). U sing  SAS®, w e perfo rm ed  tests fo r regression  
lin ea rity  and  fo r id en tify in g  o u tly in g  o b se rv a tio n s  
(C o o k ’s D ). A t each  tim e in terval at w hich  p h y sio log ­
ic data w ere recorded, C ook’s D  values >2 standard devi­
ations from  m ean  C o o k ’s D values am ong all intervals 
w ere considered  to  be ind ica tive  o f  ex trem e observa­
tions. D ifferences w ere  considered  to  be sign ifican t if  
P ≤  0.05. D ata are presen ted  as ??? ±  SE  unless specified 
o therw ise.

Results

All fishers w ere im m obilized effectively w ith tiletamine- 
zolazepam . A s suspected , p re -d ragg ing  estim ation  o f 
w eigh t d iffered  sligh tly  from  p o st-d rugg ing  w eigh t 
(0 .46  ±  0.19 kg). N onetheless, the dose o f  tile tam ine- 
zolazepam  did not d iffer significantly  betw een  the tw o 
restrain t events (10.2 ±  0.45 m g/kg  and 10.4 ±  0.52 
m g/kg, respectively; t0.05, 3 = 1.31, P =  0.28). A s expect­
ed, induction  tim e did not d iffer betw een the first and 
second restraint events (4.0 ±  0.7 and 5.6 ±  1.3 m inutes, 
respectively ; t0.05, 3 =  -1.58, P  = 0.21). H ow ever, fishers 
given tile tam ine-zo lazepam  and flum azenil exhibited  
shorter dow n tim e (195.9  ±  24.0  m inutes) than  fishers 
given tiletam ine-zolazepam  alone (236.3 ±  24.7 minutes; 
t0.05, 3 = 6.45, P  = 0.01), and shorter alert tim e (201.5 ± 
24.3 m inutes) than  fishers given tile tam ine-zo lazepam  
alone (240.3 ±  25.3 m inutes; tQ0 5  3  =  5 .10, P  = 0.01). 
R ecovery tim e did not differ betw een fishers given tile- 
tam ine-zolazepam  and flumazenil (379.8 ±  13.5 minutes) 
and fishers given only tiletamine-zolazepam (357.8 ±  30.9 
m inutes; t0.05, 3 =  -0 .67 , P  = 0 .55). A dm inistra tion  o f  
flum azenil d id  not alter existing physiologic trends dis- 
cem ib ly  w ith in  eigh t m inutes post in jection  (Table 1). 
U pon transform ation  o f  the dependen t variable (phys­
iologic values), regressions for all physiologic parameters 
w ere linear (F 1, 6 ≥  268.5 , P  <  0 .01). C o o k ’s D values 
that exceeded two standard deviations from  m ean C ook’s 
D  values am ong tim e intervals w ere associated  w ith

m ean pulse rate, respiratory rate, and arterial oxygen satu­
ration at 0  m inutes post induction (see Table 1). M ean ± 
SD  C o o k ’s D am ong tim e intervals, and  C o o k ’s D at 0 
m inutes post induction  fo r m ean pulse  rate, resp ira to ­
ry rate  and  arterial oxygen  saturation  w ere 0 .26  ±  0.38 
and  1.1, 0 .33 ±  0.67 and  1.9, and 0 .34 ±  0 .56 and 1.1, 
respectively. H ow ever, at no o ther tim e in terval did 
C o o k ’s D exceed  tw o standard  dev ia tions from  the 
m ean fo r any physio log ic  param eters evaluated.

Discussion

In ou r study, constrain ts associated  w ith conservation  
objectives o f  fisher restoration com prom ised our in ten­
tion o f  a repeated measures experimental design (Dzialak 
et al. 2001) and resulted in low sam ple size (e.g. Am em o, 
M oe &  Soli 1994, W alzer &  H uber 2002). Consequently, 
analytical and inferential pow er w as low. N onetheless, 
inferences regarding the utility o f  flum azenil for revers­
ing effects o f tiletamine-zolazepam in fishers can be made.

C lin ica l e ffects o f  flum azen il on benzod iazep ine- 
induced  neuroendocrine , cardiovascular, and  behav­
ioural responses have been evaluated extensively using 
laboratory animals (e.g. dogs, cats and rats; Lemke, Tran- 
quilli, T hurm on, B enson & O lsen  1996, Saldivar, G o­
m ez, M artinez &  A rias 2000). H atch  e t al. (1988) and 
B ednarsk i, M u ir &  Tracy (1989) evaluated  flum azenil 
fo r reversing  tile tam ine-zo lazepam  in dogs and  cats. 
However, neither the m etabolic disposition o f tiletamine- 
zolazepam , nor the safety and efficacy o f  flum azenil had 
been  evalua ted  p rev iously  fo r fishers. In o u r study, 
sim ilar induction times betw een restraint events provided 
evidence o f  a generally  uniform  response to tiletam ine- 
zolazepam  am ong fishers before adm in istra tion  o f  flu ­
m azenil. F ishers that received flum azenil becam e alert 
and responsive to stim uli sooner than fishers that did not 
receive flum azenil. H ow ever, an tagonizing  the benzo­
diazepine com ponent enabled expression o f  residual dis­
sociative effects inc lud ing  p ro longed  recovery , p ro ­
found  ataxia, d im in ished  pupillary reflex and repeated.

Table 1. Rectal temperature (in °C), respiratory rate (breaths/minute), pulse rate (bpm), and arterial oxygen saturation (SpO, in %) o f fishers 
(N = 4) that received tiletamine-zolazepam and flumazenil at Frostburg State University, Frostburg, Maryland, USA, in 1998. Data were record­
ed every four minutes upon induction for 20 minutes, as well as four and eight minutes post flumazenil injection.
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unsuccessful efforts to  regain m obility  (B ednarski et al. 
1989, N ielsen  1999). W e observed  no resedation  fo l­
low ing flum azenil, and efforts to  regain  m obility  per­
s isted  th roughout recovery  until fishers w ere am bula­
tory. W hereas fishers that d id  not receive flum azenil 
exh ib ited  ca lm  recovery  from  tile tam ine-zo lazepam  
im mobilization, the alert condition in fishers that received 
flum azenil w as a potentially  injurious situation because 
in a ttem pting to  regain coord inated  m obility, alert fish­
ers fo rc ib ly  struck  in terio rs o f  recovery  cages. T his 
condition also w ould be unsafe in field settings because 
an uncoordinated, partially m obile fisher may attract and 
be suscep tib le  to  p redators, o r be unable to  therm oreg- 
u late  efficiently . In con trast to  o u r resu lts , W alzer & 
H uber (2002) reported  that in cheetahs A cinonyx  ju b a -  
tu s  im m o b iliz ed  w ith  tile ta m in e -z o la z e p a m  at 4 .2  
m g/kg, flum azenil at approx im ately  0.03 m g/kg short­
ened the recovery tim e considerably. Similarly, Spelman, 
S u m m er, K aresh  &  S to sk o p f (1 9 9 7 ) a d m in is te re d  
flum azenil at 0.08 m g/kg to N orth A m erican river otters 
Lontra canadensis immobilized with tiletamine-zolazepam 
at 4 .0  m g/kg  and reported  that flum azenil effectively 
reduced  the recovery  tim e. B oth studies reported  that 
flum azenil reduced atax ia  during recovery (Spelm an et 
al. 1997, W alzer &  H uber 2002). D isparate  results be­
tw een our study and the studies o f  Spelm an et al. (1997) 
and W alzer &  H uber (2002) provide ev idence o f  con ­
siderable in terspecific variation  in responses to  tileta- 
m ine-zo lazepam  and flum azenil am ong carnivores. In 
ou r study, residual tiletam ine effects expressed by fish­
ers suggest that p lasm a half-life  o f  tile tam ine is sim i­
lar to, o r longer than plasm a half-life o f  zolazepam . This 
is the case in dogs w here p lasm a half-life  o f  tiletam ine 
and zo lazepam  are 1.2 and 1.0 hours, respectively  (Lin 
et al. 1993). H ow ever, in cats, and possib ly  o ther felids 
(W alzer &  H uber 2002), p lasm a half-life  o f  tiletam ine 
and  zo lazepam  are 2.5 and 4.5 hours, respectively (Lin 
et al. 1993). A n alternate consideration in the differences 
observed  am ong these resu lts m ay be associated  w ith 
fishers in o u r study having received  a  m uch greater 
dose o f  tile tam ine-zo lazepam  than cheetahs and otters 
restra ined  by W alzer &  H uber (2002) and  Spelm an et 
al. (1997), respectively. T his w ould  im ply  that in ca r­
n ivores, tile tam ine at h igh  doses cou ld  act to  im pair its 
m etabolism , thereby extending its plasm a half-life. How ­
ever, this im plication  is no t supported  by the literature, 
no r is there  evidence o f  m etabolic inhib ition  in studies 
reporting  use o f  o ther cyclohexam ines (e.g. ketam ine) 
fo r im m obilization  o f  w ildlife. N onetheless, fu rther re­
search exam ining m ultiple dose regim ens o f  tiletam ine- 
zolazepam  and flum azenil in fishers m ay be appropriate.

O ur analysis o f  physio log ic  response trends and ou t­

lying observations suggested  that the transient, heigh t­
ened  card iopulm onary  responses exhibited  by fishers 
shortly  a fter induction  cou ld  be  considered  extrem e 
com pared  to physio log ic  responses at subsequent tim e 
intervals during im mobilization. Initial cardiopulm onary 
responses likely reflected  physical exertion  by fishers 
during drugging (M itcheltree et al. 1997, D zialak  et al. 
2001), so these observations have im plications m ainly 
fo r p re -d rugg ing  p ro toco ls in stead  o f  the effects o f 
flum azenil. H ow ever, hypoxem ia am ong fishers (i.e. 
SpO 2 values <  80.0% ; Spelm an et al. 1997, T rem per & 
B arker 1989) for ≥ 8 m inutes post induction is cause for 
concern  and deserves com m ent. In previous research  
ch em ica lly  re s tra in in g  fishers  using  the sam e d rug  
administration protocols, no instances o f hypoxemia were 
observed  (D zialak  et al. 2001, D zialak, Serfass, Shum - 
way, H egde & B lankenship  2002). Persistent low  SpO 2 
values observed in our study suggest that researchers con­
sidering  restrain ing  fishers w ith tile tam ine-zo lazepam  
(o r any chem ical restrain t w ith know n respiratory  de­
pressive actions) should m in im ize pre-drugging  phys­
ical exertion  by fishers and be p repared  to  m on ito r the 
SpO 2 closely. G enerally , body tem perature, pulse rate 
and  resp irato ry  rate o f  fishers du ring  the 20-m inute  
period  before adm in istra tion  o f  flum azenil w ere con ­
sisten t w ith  know n pharm aco log ic  effects o f  tile ta ­
m ine-zo lazepam  (B oever et al. 1977). O ur analysis 
suggested that during eigh t m inutes post flum azenil in ­
jec tio n , dev iations from  ex is ting  physio log ic  trends 
were negligible, thus, flumazenil at this dose did not modu­
late physiologic response o f  fishers restrained w ith tilet- 
amine-zolazepam. Similarly, Hatch et al. (1988) and Bed­
narsk i e t al. (1989) rep o rted  tha t ad m in is tra tio n  o f 
flum azenil to  chem ically  restrained dogs and cats did 
no t a lter physio log ic  response trends o r induce unde­
sirable side effects. Unfortunately, Spelm an et al. (1997) 
and W alzer &  H uber (2002) did not report on the phys­
iologic effects o f  flum azenil. G iven the variability in re­
sponses to tiletam ine-zolazepam  am ong species, future 
research  on  b en zo d iazep in e  an tag o n ism  in w ild life  
should  include physio log ic  evaluation.
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