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Usage of Analgesic in a Murine Model Infected Latently with Pseudorabies Virus 
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ABSTRACT. Butorphanol tartrate (BT) was injected into mice before injection with acetylcholine in a murine model infected latently with
pseudorabies virus.  The analgesic effect and its influence on virus reactivation were observed.  Mice preinjected with BT showed sup-
pression of screaming, moving and excitation and the same level of movement after excitation as mice injected with PBS.  In the group
injected with BT i.p., one mouse died and another developed diarrhea with increased virus excretion.  These results showed that BT has
analgesic effects by both injection routes, s.c. and i.p.; however, BT induced death as a side effect, especially with i.p. injection.  The
injection route for BT should therefore be investigated further.
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The establishment of latent infections is an extremely
interesting feature of all Herpes viruses.  The viruses of
alphaherpesvirinae, one of the 3 subfamilies of herpesviri-
dae, persist in an inactive state, primarily in neural tissues
and mainly within the neurons of ganglia, for varying dura-
tions [1, 24] and avoid the host's immune responses.  Such
latent viruses are often reactivated by stress [14, 15, 23].
Herpes virus infection thus results in a long-term course of
recurrent disease.  Animal models provide experimental
systems for elucidating the molecular mechanisms of latent
viral reactivation.

Pseudorabies virus (PrV), a member of the alphaherpes-
virindae subfamily, causes Aujezskey’s disease (AD).  Pig-
lets infected with PrV die of acute symptoms within a few
days.  In contrast, the clinical signs in adults include cough-
ing, sneezing, lethargy, nervousness, uncoordinated move-
ments and abortion of infected pregnant sows.  The virus
becomes localized in the trigeminal ganglia of infected pigs
and establishes a latent infection there [2, 3, 18, 20].
Latently infecting viruses may be reactivated by stress, such
as transportation, change of food and/or several diseases
[29, 32].  Complete clearance of AD is difficult once it
invades a farm, since it is almost impossible to distinguish
latently infected pigs based on uninfected pigs from their
outward appearance.

We previously reported that latent PrV infection in swine
could be reactivated by treatment with acetylcholine both in
vivo and in vitro [25].  We have also established a PrV latent
infection model in mice with the wild PrV YS-81 strain
[26].  The mice were pretreated with anti-PrV swine serum
and then challenged with YS-81 based on a procedure
reported by Osorio and Rock [16].  Almost all the mice sur-
vived, and PrV was detected and reactivated in the trigemi-
nal ganglia (TGs) of the mice.  PrV was reactivated in
latently infected mice in vivo by stimulation with acetylcho-

line or dexamethasone [27].  Thus, we established a proce-
dure for reactivating latent PrV with acetylcholine.

Injection of acetylcholine to reactivate a latent virus
causes transient stress to mice, which can reactivate the
latent virus; however, this means the mice are able to avoid
stress using this system.  If we can achieve comparable
results by decreasing the load on mice, this will improve the
experiment and animal welfare.

When considering animal welfare in experiments, anes-
thesia, sedation and analgesia are important factors.
Recently, anesthesia and sedation have been utilized in
many kinds of animal experiments [5]; however, analgesia
is rarely discussed in this field, especially for small animals
such as rodents.

In this research, butorphanol tartrate (BT), an analgesic
for dogs and cats [17, 31], was injected into mice before
latent virus reactivation by acetylcholine injection, and the
analgesic effect and influence on virus reactivation were
observed.

BALB/c mice were purchased from Charles River Laora-
tory Japan, Inc. and used for latent infection.  The animal
experiments were approved by the Committee on Animal
Experiments of Oita University and undertaken in accor-
dance with the Guidelines for Animal Experimentation, Oita
University.  Acetylcholine chloride (ACH) was purchased
from Wako Pure Chemical Industries, Ltd.  BT was pur-
chased from Meiji, Japan.  PrV wild strain YS-81 was
grown in porcine kidney cells (PK-15), and the virus titer
was assayed in cloned PK cells (CPK) [7].  Cells were
grown in Eagle's minimum essential medium (MEM) con-
taining 5% fetal bovine serum, 1.5% NaHCO3 and 0.1%
each of penicillin G potassium, streptomycin sulphate and
kanamycin sulphate.

Five-week-old mice were passively immunized by intra-
peritoneal (i.p.) inoculation of 0.25 ml anti-PrV swine
serum.  The final neutralization titer of this serum was
1:128.  Thirty minutes later, preimmunized animals were
infected with 100 lethal dose 50s (LD50) of YS-81 i.p.  Mice
that survived the challenge were kept for 2 months and used
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as latently infected (LI) mice.  The presence of latent PrV
DNA was assessed in the TGs of these LI mice by poly-
merase chain reaction (PCR) amplification of a 531-bp tar-
get sequence contained in the gene encoding PrV gG,
according to the method described in our previous report
[26], after the mice had been euthanized.  LI mice were
inoculated i.p. or subcutaneous (s.c.) with 0.2, 0.4 or 0.8 mg/
kg of BT.  For the control group, phosphate-buffered saline
(PBS) was inoculated i.p.  One hour later, the latent virus
was stimulated by inoculation with 2.73 mg/mouse ACH
i.p. dissolved in 0.5 ml PBS.  At inoculation, screaming,
twisting of the body, excitability and depression after excit-
ability were observed when evaluating the analgesic effect
of BT.  Only screaming time was recorded because it was
facilely counted.  Nasal swab specimens were taken daily
for detection of virus excretion.  Under anesthesia, 100 µl
MEM was injected into one of the nasal cavities of each LI
mouse.  The wash was taken from the other cavity and the
mouth with a swab (men-tip, J.C.B Industry Limited,
Tokyo, Japan) as a nasal swab sample.  The swab specimen
was immersed in 300 µl MEM and stored at –80C until the
virus isolation test.  The presence of latent PrV DNA was
assessed in nasal swab specimens by PCR amplification of a
531-bp target sequence contained in the gene encoding PrV
gG, following the method described in our previous report
[28].  DNA was extracted from the swab specimens with
ISOGEN-LS (Wako Pure Chemical, Osaka, Japan).  The

TGs or brain was minced with a cell strainer (Falcon, BD,
Franklin Lakes, NJ, U.S.A.), and the DNA was extracted
with ISOGEN (Wako Pure Chemical Industries, Ltd.).  The
DNA samples and oligonucleotide primers were initially
heated at 94C for 2 min, denatured at 94C for 1 min,
annealed at 56C for 1 min and extended at 72C for 2 min.
The samples were then subjected to 30 cycles of amplifica-
tion and maintained at 72C for 7 min.  The sequence of the
forward primer was AGCGGTAGGACACACACACC, and
that of the reverse primer was AGACGAGCACGACGAT-
GTAC.  Amplification products were analyzed by electro-
phoresis on 1.0% agarose gels.  The statistical analysis of
the data was performed by Student’s t-test for screaming
time, and the chi-square test was used for other data.

Thirty-six LI mice were analyzed.  Some regions of TGs
were harvested separately, and DNA was purified for detec-
tion of PrV by PCR.  PrV DNA was detected, and latent
infection was confirmed in all mice (data not shown).

To investigate the analgesic effects of BT, LI mice were
inoculated i.p. or s.c. with several concentrations of BT
prior to ACH stimulation.  As shown in Table 1, mice
injected with BT showed decreased screaming, twisting of
the body and excitability when stimulated with ACH com-
pared with the PBS control group; in particular, s.c. injec-
tion showed a higher analgesic effect than i.p., although
there was little difference in the effect on depression after
excitability by both routes.  In the i.p. injection group, one

Table 2. Virus reactivation at ACH stimulation of LI mice pretreated with
BT

Injection route BT Mice Day 0 Day 1 Day 2 Day 3

0.8 mg/kg 5 0 2 3 3
I.p. 0.4 mg/kg 5 0 3 3 2

0.2 mg/kg 5 0 3 4 2

0.8 mg/kg 5 0 1 0 0*
S.c. 0.4 mg/kg 5 0 3 1 0

0.2 mg/kg 5 0 0 2 3

Control 6 0 1 3 1

Swab samples were taken after stimulation with ACH from LI mice pretreated
with BT. The data represent the number of LI mice showing a positive
reactivation for PrV by PCR. Significance compared with the control group is
indicated by an asterisk (*: p<10%).

Table 1. Analgesic effect of BT in ACH stimulation

Injection route BT conc. Mice Screaming Twisting of the body Excitability Depression Notes

Times Mice % Mice % Mice %

0.8 mg/kg 5 1.2 3 * 60 3 60 0 *** 0 5 1 diarrhea
I.p. 0.4 mg/kg 5 1.2 3 * 60 4 80 0 *** 0 5 1 died on day 1

0.2 mg/kg 5 3.2 4 80 3 60 3 * 60 5 1 diarrhea

0.8 mg/kg 5 0 ** 0 *** 0 0 *** 0 0 *** 0 5
S.c. 0.4 mg/kg 5 0 ** 0 *** 0 0 *** 0 0 *** 0 5

0.2 mg/kg 5 0 ** 0 *** 0 2 40 0 *** 0 5

Control 6 2.8 6 100 5 83 6 100 6 1 died on day 3

LI mice were inoculated with BT intraperitoneally or subcutaneously. One hour later, mice were stimulated with intraperitoneal injection of
ACH, and the levels of screaming, twisting of the body, excitability and depression were observed. Data are shown as the number of mice
showing each reaction and the percentage (%). The average screaming time is also shown. The significance compared with the control
group is indicated as follows: *, p<10%; **, p<5%; ***, p<1%.
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mouse in each group injected with serially diluted BT devel-
oped diarrhea, and one mouse died during the test period.
None of the other groups showed any side effects.

To verify whether BT influences virus reactivation with
ACH, virus excretion was analyzed, and the results are
shown in Table 2.  Virus excretion in nasal swabs was con-
firmed in all groups, and excretion in the group injected i.p.
with BT was higher than in the s.c. injection group and PBS
control group.

Maintenance of satisfactory animal welfare is mandatory,
and narcotic drugs are generally utilized in animal experi-
ments [5].  As a further step, analgesia is also starting to be
utilized; however, it is currently limited to mid-sized ani-
mals, such as dogs and cats [11], and there is little usage in
experiments utilizing small animals, such as rodents.

The analgesic effect of BT has been reported in dogs [4,
21], cats [10, 12], ponies [13] and ferrets [22].  In small ani-
mals, rabbits [30], rats [8] and mice [6, 8, 9], BT has suffi-
cient  analgesic  effects .   Today,  BT is avai lable
commercially as an analgesic for dogs and cats; however, its
use is not permitted in rodents.  In our experimental murine
model, BT had a sufficient analgesic effect, especially when
inoculated s.c.  Our results support the increased range of
BT usage.

We utilized i.p. inoculation to administer BT because
other chemicals are practically inoculated i.p. in our infec-
tion experimental model system.  When constructing an
experimental model, it is advisable to simplify the protocol.
However, some mice inoculated with BT i.p. showed intra-
gastric problems.  Roebel et al. reported that intravenous
injection of BT had little or no effect on the biliary or gas-
trointestinal system in dogs [19].  It is important to consider
side effects in different species or inoculation routes when
using BT as an analgesic.

BT showed analgesic effects in the murine latent infec-
tion model of PrV, especially by s.c. injection.  Because BT
infection by both routes did not decrease virus reactivation,
BT is useful as analgesic in this model.  It is possible that
injection of BT i.p. increases the reactivation of latent PrV.
Injection i.p. had excessive side effects, whereas injection
s.c. showed comparable virus excretion to the previous
method without any side effects.  These side effects may
have a synergistic effect with ACH and increase reactivation
of a latent virus.

In conclusion, it was shown that BT has analgesic effects
by both the s.c. and i.p. injection routes; however, BT
induced death as a side effect, especially with i.p. injection.
The injection route of BT should therefore be investigated
further.
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