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Introduction 
Prior to 1985, it was widely thought that neonatal 
rodents were unable to experience pain because of 
an underdeveloped nervous system and analgesia 
was not routinely provided during neonatal sur-
gical procedures (McLaughlin and Dewey 1994). 
It is now widely recognized that neonatal rodents 
are reactive to a painful stimulus and that uncon-
trolled pain experienced by neonates leads to long-
term behavioral changes (Van Sluyters and Oberni-
er 2004; Barr et al. 1992; Blass et al. 1993; Fanselow 
and Cramer 1988; Liu et al. 1997; Anand et al. 1999). 
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Summary
There is limited information on safe and effective neonatal rodent analgesia. The aim of this 
study was to evaluate the efficacy and duration of analgesia provided by buprenorphine (Bup) 
and lidocaine (Lid) in an incisional pain model. Male and female postnatal day three Sprague 
Dawley rat pups (n=40) were randomly assigned to one of five treatment groups: 1) Saline - 0.1 
ml subcutaneous (SC)/0.01 ml saline incisional infiltration; 2) BupL - 0.025 mg/kg Bup, SC/0.01 
ml saline infiltration; 3) BupH - 0.05 mg/kg Bup, SC/0.01 ml saline infiltration; 4) LidL - 2 mg/
kg lidocaine infiltration/0.1 ml saline SC; and 5) LidH - LDC 4 mg/kg lidocaine infiltration/0.1 
ml saline SC. Rat pups were anesthetized with sevoflurane by mask, and a 1-cm full thickness 
skin incision was made over the left lateral thigh. Infiltration of lidocaine or saline occurred 
prior to wound closure with surgical glue. Baseline thermal latency was measured 24 hr prior 
to surgery, and subsequently 1, 2, 4, 8, 24, and 48-hrs post-operatively using an infrared diode 
laser. Thermal latency in the Saline group was significantly reduced compared to baseline up 
to the 4 hr timepoint. Both BupL and BupH attenuated thermal hypersensitivity for at least 4 
hours in this model. LidL attenuated thermal hypersensitivity for 1 hr and LidH failed to atten-
uate thermal hypersensitivity. No abnormal clinical signs were noted for all treatment groups 
throughout the study. In summary, a single pre-operative dose of buprenorphine 0.025 to 0.05 
mg/kg (SC) effectively attenuated postoperative thermal hypersensitivity in 3-day old neonatal 
rat incisional pain model for 4 hours.

Providing analgesia to neonates is difficult because 
of their physiological differences from adults which 
affect drug absorption, distribution, metabolism and 
elimination (Van Sluyters and Obernier 2004; Ku 
and Smith 2015). Although it was previously shown 
that opioids such as fentanyl may provide effective 
analgesia in neonates, they have a short duration 
of action (under 30 min for fentanyl), necessitating 
frequent administration and stress related handling 
(Flecknell 2016). Buprenorphine, when used in adult 
rats provides a duration of action of 8-12 hrs, and 
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if buprenorphine can also be safely and effectively 
used in neonatal rats it would reduce the need for 
frequent administration of other analgesics such as 
fentanyl for neonates (Pacharinsak and Smith 2017). 
Because of these challenges, limited information on 
analgesic techniques for neonatal rodents is available 
despite the fact they are used for stereotaxic (Cetin 
et al. 2006; Chambers et al. 1996; Cunningham and 
McKay 1993; Davidson et al. 2010), spinal (Hu et al. 
1997), cardiovascular (Porrello et al. 2011; Porrello 
et al. 2013), thoracic (Frimpong-Boateng and Surh 
2013), laparoscopic (Hary et al. 1986), reproduc-
tive (Hary et al. 1986) and dermal (Boon et al. 1992) 
surgical procedures. Rodent neonatal analgesia has 
been an area of increased consideration in laboratory 
animal medicine. Providing neonates with perioper-
ative analgesics is crucial for animal welfare and con-
sistent experimental outcomes (Turner et al. 2016).

Opioids are a mainstay analgesic with buprenor-
phine being most commonly used for rodent models 
(Christoph et al. 2005; Guarnieri et al. 2012). Opi-
oids, such as buprenorphine and morphine, have 
abundant receptors throughout the body which can 
lead to numerous side effects including sedation, res-
piratory depression, bradycardia, emesis, constipa-
tion, and urinary retention (Benyamin et al. 2008). 
Although physiological side effects are not the focus 
of this current study, there is increased concern with 
the use of opioids in neonates because of their known 
respiratory sensitivity and immature central nerv-
ous system (Schlossmann 1937; Kupferberg and Way 
1963; Way et al. 1965; Marsh et al. 1997). Previous 
research in neonatal dogs confirmed sensitivity to 
the sedative and respiratory effects of opioids (Luks 
et al. 1998). Another study in 3-day rat pups indicat-
ed that while morphine, meperidine, fentanyl and 
buprenorphine were effective antinociceptive agents, 
cardiovascular sensitivity was seen with buprenor-
phine (McLaughlin and Dewey 1994). Although 
buprenorphine is commonly used in adult rats, little 
is known about recommended dosage, safety and 
effectiveness when used in neonatal rodents for sur-
gical procedures.

Other commonly used rodent analgesics are 
local anesthetics and non-steroidal anti-inflamma-
tory drugs (NSAIDs). Although NSAIDs can pro-
vide good analgesia, they are not recommended in 
neonates with immature hepatorenal systems (Kohn 
1997). Local anesthetics, such as lidocaine, are useful 
for managing acute pain providing a 1-hour dura-
tion of action (Khan et al. 2002). Lidocaine hydro-
chloride is used in human neonates for acute pain 
(Lehr and Taddio 2007). Unlike opioids, lidocaine 

is not a controlled substance and has the advantage 
of providing local anesthesia while causing fewer 
systemic side effects (Lehr and Taddio 2007). Lido-
caine has also been used in veterinary medicine for 
some neonatal species including pigs, dogs and cats 
(Lomax et al. 2017), however published use in neona-
tal rodents is limited. As lidocaine is considered safe 
and easy to use, (Golzari et al. 2014; Essink-Tjebbes 
et al. 1999) we sought to also evaluate its potential as 
an analgesic for surgical procedures in neonatal rats. 
Because of the longer duration of action provided by 
buprenorphine and the ease of use of lidocaine, the 
current study investigated the effectiveness of these 
two analgesics at attenuating post-operative hyper-
sensitivity in neonatal rat pups.

In this study, we examined the analgesic effect 
of buprenorphine and lidocaine on post-operative 
thermal hypersensitivity in a minor pain procedure 
lasting 4 hours. The aim was to investigate whether 
a single dose of buprenorphine (low or high dose) or 
a single dose of lidocaine (low or high dose) would 
effectively attenuate post-operative thermal hyper-
sensitivity in an incisional pain procedure in 3-day 
old rat pups.

Materials and Methods
Animals and housing conditions. Postnatal day 
three (P3) Sprague Dawley rats [(Crl: CD (SD) IGS), 
(n=40, 20 male, 20 female), Charles River Labo-
ratories, Hollister, CA] were used. Pups arrived at 
the facility on P1. They were housed in litters of 10 
pups per dam in static microisolator cages (Allen-
town, Inc., Allentown, NJ) on ALPHA-dri paper 
bedding (Shepherd Specialty Papers, Milford, NJ). 
Rooms were maintained on a 12:12 h light:dark 
cycle, between 70 to 74°F (21 to 23°C), and 30 to 70% 
relative humidity. Rat dams were fed a commercial 
diet (Teklad Global 18% Protein Rodent Diet 2018, 
Harlan Laboratories, Madison, WI) and were pro-
vided bottles of reverse osmosis filtered water ad 
libitum. Rats were free of rat coronavirus, rat Theiler 
virus, Kilham rat virus, rat parvovirus, Toolan H1 
virus, rat minute virus, lymphocytic choriomeningi-
tis virus, murine adenovirus types 1 and 2, reovirus 
type 3, Sendai virus, pneumonia virus of mice, Myco-
plasma pulmonis, mites, lice and pinworms. Neona-
tal rats were assessed daily for weight gain, nursing, 
and inclusion in the maternal nest. All experiments 
were approved by the Stanford Administration Panel 
for Laboratory Animal Care.   All rats were treated 
in accordance with the Guide for the Care and Use 
of Laboratory Animals in a facility accredited by the 
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ID).  The surgery lasted up to five minutes. Sevoflu-
rane was stopped and pups were supplied with 100% 
oxygen for 1-minute before being further recovered 
in an un-bedded recovery cage over a warm water 
circulating blanket. Once fully recovered, pups were 
returned to the dam.

Thermal hypersensitivity. Baseline measurements 
were performed 24 h prior to surgery (P2) and then 
1, 2, 4, 8, 24, and 48-h postoperatively (post-sur-
gery). Thermal hypersensitivity was evaluated using 
an infrared diode laser stimulator (LASS-10 M, 
LASMED, Mountain View, CA).  The laser diode was 
set at 480 mA and held 7 cm from the skin to focus 
the beam to a 5-mm diameter circular focus point 
aimed directly on the thigh skin incision. Before test-
ing, skin temperature of the thigh was assessed using 
an infrared thermometer (Kintrex Infrared Ther-
mometer IRT0421, Kintrex, Vienna, VA) prior to all 
measurements. Thermal hypersensitivity was meas-
ured as thermal latency, i.e. the time (seconds) to 
withdraw the hind limb during laser stimulation.  A 
maximum thermal exposure of 19 seconds was used 
to prevent tissue injury. Two measurements were 
recorded at a minimum of 2 min apart, for the ipsi-
lateral and contralateral thighs. During testing, ther-
mal support was provided by a warm water circulat-
ing blanket. Thermal hypersensitivity was defined as 
a significant (P < 0.05) decrease in thermal latency.

Statistical analysis. Body weight, ipsilateral and con-
tralateral skin temperature and thermal latency were 
analyzed using ANOVA with repeated measures fol-
lowed by Bonferroni for multiple comparisons (SPSS, 
IBM, Somers, NY).   Data are expressed as mean ± 
SEM.  Data were tested for normality. A p-value of 
less than 0.05 was considered as significant.

Results
Body weight. There were no differences between sexes; 
therefore, data were combined (Figure 1). Baseline (day 
-1) body weights of rat pups in the Saline (9.9 ± 0.4 
g), BupL (9 ± 0.3 g), BupH (10.5 ± 0.3 g), LidL (9.4 ± 
0.4 g), and LidH (10.3 ± 0.4 g) groups were not sig-
nificantly different from each other (Figure 1). The 
body weights of rat pups on the last day of the exper-
iment (day 2) in Saline (15.1 ± 0.5 g; p<0.001), BupL 
(14.3 ± 0.3 g; p<0.001), BupH (15.5 ± 0.3 g; p<0.001), 
LidL (14.6 ± 0.4 g; p<0.001) and LidH (15.9 ± 0.4 g; 
p<0.001) groups were significantly higher than those 
on the first day of the experiment (day -1).  

Association for the Assessment and Accreditation of 
Laboratory Animal Care, International.

Study design. The researchers were blinded to the 
experimental groups. Two pups per litter (4 litters) 
were randomly assigned to one of five treatment 
groups (n=10 equal male and female pups per group): 
1) Saline, 0.1 ml, subcutaneous route (SC) (0.9% 
NaCl, Hospira, Lake Forest, IL) + 0.01 ml incision-
al infiltration; 2) low dose buprenorphine – BupL, 
0.025 mg/kg, SC (buprenorphine HCl, 0.3 mg/ml, 
Par Pharmaceutical, Chestnut Ridge, NY) + 0.01 ml 
saline incisional infiltration; 3) high dose buprenor-
phine – BupH, 0.05 mg/kg, SC + 0.01 ml saline 
incisional infiltration; 4) low dose lidocaine – LidL, 
2 mg/kg, incisional infiltration (2% lidocaine HCl, 
VetOne, MWI Animal Health, Boise, ID) + 0.1 ml 
saline, SC; 5) high dose lidocaine – LidH, 4 mg/kg, 
incisional infiltration + 0.1 ml saline, SC. All doses 
of buprenorphine and saline were administered sub-
cutaneously in the intrascapular region using 1 ml 
25 g 5/8” tuberculin syringes (Monoject, Covidien, 
Dublin, Ireland). Incisional infiltration of lidocaine 
and saline were topically splashed on the edges of the 
incisions prior to closure.

Anesthesia  and surgical model. All surgical proce-
dures were performed between 0900 and 1000. Gen-
eral anesthesia was induced in P3 rats using sevoflu-
rane (Sevothesia, Henry Schein, Dublin, OH) with 
100% oxygen in an induction chamber (2L/min of 
100% O2 with 8% sevoflurane). Anesthesia was main-
tained with a modified nose cone by applying a glove 
and cutting a circular hole for the nose (500 mL/min 
of 100% O2 with sevoflurane 4-8%). Anesthetic depth 
was monitored via respiratory rate, mucous mem-
brane color, and hindlimb paw withdrawal. Thermal 
support was provided via circulating warm-water 
blanket set to 38°C (Stryker T/Pump, Portage, Mich-
igan). Upon induction, subcutaneous experimental 
agents were administered in the intrascapular region 
consistent with the respective treatment group. The 
neonate was placed in right lateral recumbency and 
the left thigh was aseptically prepared with three 
alternating scrubs of betadine (10% povidone-io-
dine, Purdue Products L.P., Stamford, CT) and 70% 
Isopropyl Alcohol USP (Henry Schein, Melville, NY).  
A 1-cm full thickness skin incision was made over 
the left lateral thigh (No. 15 blade, Swann-Morton, 
Sheffield, England). Local infiltration into the inci-
sion site with the experimental treatment group was 
then performed. The incision was approximated and 
closed with surgical adhesive (VetOne, MWI, Boise, 
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Thermal latency. There were no differences seen 
between sexes; therefore, data was again combined.  
Thermal latency did not differ at -24 hr (before sur-
gery) between groups [Saline (15.5 ± 1.3 s), BupL 
(15.9 ± 1.0 s), BupH (14.6 ± 1.3 s), LidL (13.8 ± 1.6 
s), and LidH (13.9 ± 1.5 s) (Figure 2A). In the ipsi-
lateral thigh, thermal latency of rat pups in the 
Saline group significantly decreased at 1 [4.9 ± 0.9 s; 
p<0.001], 2 [4.6 ± 1.0 s; p<0.001], and 4 [4.8 ± 1.4 
s; p<0.001] hr after surgery compared with base-
line values (-24 hours before surgery). Compared 
to -24 hr values, thermal latency of rat pups in the 
BupL group only significantly decreased at 8 [10.9 ± 
0.9 s; p<0.001] hr while thermal latency of rat pups 
in the BupH group did not differ at any time points. 
Compared to baseline values, thermal latency of rat 
pups in the LidL group significantly decreased at 2 
[5.7 ± 0.9 s; p=0.003] and 4 [4.2 ± 0.8 s; p<0.001] hr 
while thermal latency of rat pups in the LidH group 
significantly decreased at 1 [4.4 ± 1.0 s; p<0.001], 2 
[4.5 ± 1.8 s; p=0.003],  and 8 [5.8 ± 1.7 s; p=0.003] hr. 
Compared to the Saline group, the thermal latency of 
rat pups in the BupL and BupH group significantly 
increased at 1 hr [10.49± 1.68 s, p=0.030, and 17.15± 
1.17 s, p<0.001), respectively] and 2 hrs [11.46± 1.65 
s, p=0.020, and 13.88± 1.70 s, p<0.001, respective-
ly] but not at later time points. Thermal latency on 
the contralateral thigh (see Figure 2B) did not differ 
at any time points in any of the groups from their 
baseline measurement [there was no overall effect of 
treatment on the contralateral thigh; (p=0.159)].

Skin temperature. There were no differences seen 
between sexes; therefore, data was again combined.  
In the ipsilateral thigh, skin temperature did not 
differ at baseline (-24 hrs before surgery) between 
all groups [Saline (27.4 ± 0.8 °C), BupL (27.8 ± 1.2 
°C), BupH (30 ± 0.9 °C), LidL (27.1 ± 1.4 °C), and 
LidH (28.9 ± 0.6 °C)] (Figure 3A). In Saline group, 
skin temperature was significantly higher at 2 [30.2 ± 
0.4 °C; p=0.003] hr compared to baseline values (-24 
hours before surgery). In other groups, skin temper-
ature did not differ at any time points. In the con-
tralateral thigh, skin temperature did not differ at -24 
hr (before surgery) for all groups [Saline (29.1 ± 1.0 
°C), BupL (28.4 ± 1.0 °C), BupH (30.6 ± 0.5 °C), LidL 
(26.5 ± 1.1 °C), and LidH (29.7 ± 0.4 °C)] (Figure 
3B). In LidL group, skin temperature was significant-
ly higher at 2 [30.4 ± 0.7 °C; p=0.002] and 4 [31.6 ± 
0.7 °C; p<0.001] hr compared to baseline values (-24 
hrs before surgery). In other groups, skin tempera-
ture did not differ at any time point.

Discussion
This study demonstrates that a single dose of 
buprenorphine, BupL (0.025 mg/kg, SC) or BupH 
(0.05 mg/kg, SC), effectively attenuates post-oper-
ative thermal hypersensitivity with an onset within 
1 hr of administration and a duration of at least 4 
hr.  While LidL effectively attenuated post-opera-
tive thermal hypersensitivity for 1 hr, LidH did not 
attenuate thermal hypersensitivity during the first 2 
hr post-surgery. Weights of rat pups in all treatment 
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Figure 1. Baseline body weights (day -1) of neonatal rats, on day of surgery (day 0), day after surgery (day 1) and 2 
days following surgery (day 2). Arrow indicates time of surgery. *, Value is significantly (P < 0.05) different from -24 hr 
(baseline) for all treatment groups after analyses using repeated measure with Bonferroni for multiple comparisons.
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Ipsilateral Thigh

Figure 2A. Thermal hypersensitivity (measured as thermal latency [s] to withdrawal; mean ± SEM) of the ipsilateral 
thigh [treatment, F(4, 35)=4.20, p=0.007; time, F(4.7, 164.1)=32.75, p<0.001; interaction between the 2 factors, F(18.8, 
164.1)=4.69, p<0.001]. Arrow indicates time of surgery. *Values significantly (P < 0.05) different from the -24 hr (baseline) 
value for the same treatment group.  #Values significantly (P < 0.05) different from the saline group after analyses using 
ANOVA with repeated measures followed by Bonferroni for multiple comparisons.

 

Figure 2B. Thermal sensitivity (measured as thermal latency [s] to withdrawal; mean ± SEM) of the contralateral thigh 
[treatment, F(4, 35)=1.76, p=0.159; time, F(4.2, 146.4)=3.19, p=0.014; interaction between the 2 factors, F(16.7, 146.4)=1.89, 
p=0.024].. Arrow indicates time of surgery. *Values significantly (P < 0.05) different from the -24 hr (baseline) value for the 
same treatment group after analyses using repeated measure with Bonferroni for multiple comparisons.

Contralateral Thigh
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Ipsilateral Thigh

 
Figure 3A. Skin temperature of the ipsilateral thigh measured in degrees Celsius (°C; mean ± SEM) [treatment, F(4, 
35)=4.89, p=0.005; time, F(4.2, 145.3)=6.48, p<0.001; interaction between the 2 factors, F(16.6, 145.3)=0.83, p=0.651]. 
Arrow indicates time of surgery. *Values significant (P < 0.05) different from the -24 hr (baseline) value for the same 
treatment group after analyses using repeated measure with Bonferroni for multiple comparisons.

Contralateral Thigh

 
Figure 3B. Skin temperature of the contralateral thigh measured in degrees Celsius (°C; mean ± SEM) [treatment, F(4, 
35)=6.05, p<0.001; time, F(6, 210)=6.06, p<0.001; interaction between the 2 factors, F(24, 210)=1.46, p=0.085]. Arrow 
indicates time of surgery. *Values significant (P < 0.05) different from the -24 hr (baseline) value for the same treatment 
group after analyses using repeated measure with Bonferroni for multiple comparisons.
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groups increased gradually and the weights on the 
last day of the experiment (day 2) were significantly 
higher than those on the baseline day (-24 hrs). To 
our knowledge, this is the first study demonstrating 
that buprenorphine effectively attenuates thermal 
hypersensitivity using a laser diode in rat pups.

Our lab has extensive experience with an inci-
sional pain model using the plantar surface of a hind 
paw to imitate minor pain in rats (McKeon et al. 
2011; Seymour et al. 2016; Kang et al. 2017; Chum 
et al. 2014; Zude et al. 2020). For this study we were 
using neonatal rats with much smaller hind paws 
than adults, thus a modified model involving skin 
incision of the thigh was chosen to increase the sur-
gical area and assist with post-operative hypersen-
sitivity testing. This approach was previously used 
by our lab to evaluate anesthetic depth in neonatal 
rat pups and adult rats (Huss et al. 2016; Heng et al. 
2020). The contralateral thigh was also tested to serve 
as an un-injured control during testing. Previous 
work indicated that a diode laser provides sufficient 
stimuli to elicit a withdrawal reflex to test thermal 
hypersensitivity in adult rats (Tzabazis et al. 2005). 
In this study, we used a laser diode positioned 7 cm 
from the skin in order to get a beam focused on the 
surgical site of 5 mm.  We determined our setting and 
maximum cut off time based on previous experience 
with adult rats and mice and other neonatal studies 
(Johnson et al. 1992; Cuellar et al. 2010). Using this 
technique, we found thermal hypersensitivity within 
1 hr of surgery that lasted for 4 hrs in the Saline 
group indicating that the thigh incisional pain model 
produced a thermal hypersensitivity for at least 4 hrs 
in rat pups.

Skin temperature can affect thermal hypersen-
sitivity measurement (Pertovaara et al. 1996), there-
fore, prior to testing at each time point we measured 
the skin temperatures of ipsilateral and contralateral 
thighs. We found that the skin temperatures within 
all groups was approximately 30°C throughout test-
ing. Almost all skin temperatures were consistent 
with baseline temperature (-24 hr) aside from meas-
urements in the Saline group at 2 hr on the ipsilateral 
thigh and LidL group at 2 and 4 hr on the contralater-
al thigh. The increase in skin temperature seen in the 
LidL group is unlikely to be attributed to the effect of 
lidocaine because it was seen on contralateral thighs. 
One potential explanation for the higher skin tem-
perature could be situational from the uneven envi-
ronmental warming. Although rat pups were placed 
sternally in a testing cage, they sometimes would 
move into a lateral recumbency which may cause the 
skin temperature to be higher on the recumbent legs. 

Additionally, throughout testing, pups were chosen 
randomly from their home cage and some pups were 
nested in the bedding or underneath the dam which 
could lead to uneven skin temperature distribu-
tion on the thigh. We were not able to acclimate rat 
pups to the cage because we were concerned about 
the rapid heat loss from being out of the nest and 
away from the dam. Therefore, once rat pups were 
placed in the testing cage, their skin temperatures 
were measured immediately. These could be poten-
tial explanations for variations in skin temperature 
during testing.

We expected that lidocaine would attenuate ther-
mal hypersensitivity for the first 1-2 hrs as the report-
ed duration of action ranges from 1 to 3 hr in veteri-
nary species (Foley 2017; Garcia 2015; Perkowski and 
Wetmore 2006). A previous study in adult male rats 
undergoing a tail nerve block with 0.4 cc of 1% lido-
caine, indicated that thermal and mechanical noci-
ception was attenuated for 150±18 min and 115±10 
min, respectively (Li et al. 2013). Our results indicat-
ed that for the thigh incisional pain model in neo-
natal rats, LidL attenuated thermal hypersensitivity 
for 1 hr and LidH failed to attenuate thermal hyper-
sensitivity. Previous research using 0.5% bupivacaine 
doses scaled to body weight for sciatic nerve block-
ade, found that the duration of effectiveness was 
almost half as short in infant rats compared to adult 
rats (Hu et al. 1997). The recommended lidocaine 
dose for rodents is variable and the dose chosen for 
this study was based on doses (1-4 mg/kg) used in 
adult rats (Mert and Gunes 2012, Mert et al. 2013). 
To our knowledge, no studies have evaluated the 
effect of age on the duration of action of lidocaine. 
Possible explanations for the lack of attenuation seen 
include that the doses used were too low for the rat 
pups or because the duration of action was less than 
1 hr. Although epinephrine is known to potentiate 
analgesic effects of lidocaine (Swain et al. 2017), we 
chose not to use lidocaine with epinephrine because 
of the neonates’ sensitivity to adverse effects. In future 
studies, additional earlier timepoints should be eval-
uated to determine lidocaine’s duration of action in 
neonates. The method of administration should also 
be considered as in this current study, a splash block 
technique was used to administer lidocaine before 
wound closure. Although the authors performed 
the splash block carefully, some drug solution might 
have leaked out of a surgical area leading to a lack 
of thermal hypersensitivity attenuation. While more 
challenging for neonates, future studies could also 
consider performing an incisional line block.
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Opioids are commonly used to provide anal-
gesia to human neonates (Hall and Shbarou 2009). 
Because buprenorphine is considered the gold stand-
ard in laboratory animals especially rodents, the 
authors decided to also evaluate the effectiveness of 
buprenorphine. In neonates, opioid doses are typ-
ically decreased by half of an adult dose in order 
to reduce negative side effects (Luks et al. 1998). 
Buprenorphine was previously reported to provide a 
dose-dependent antinociceptive effect during forma-
lin and tail-flick test in 3-day old rat pups (Kitchen 
and Crowder 1985). With this in mind, the authors 
chose to evaluate two doses of buprenorphine, low 
(BupL, 0.025 mg/kg) and high (BupH, 0.05 mg/kg). 
Our results indicated that both BupL and BupH 
effectively attenuated thermal hypersensitivity for at 
least 4 hr in this model. We did not find alterations 
of thermal sensitivity thresholds in the contralat-
eral side when buprenorphine was administered. A 
chronic or longer pain model is necessary to deter-
mine appropriate dosage intervals in rat pups. The 
authors believe that if a longer duration of pain model 
is used, buprenorphine may show longer attenuation 
of hypersensitivity. Because of the known side effects 
that buprenorphine causes in adult rats, clinical signs 
including respiratory depression and sedation, pruri-
tus, weight loss, and maternal acceptance were moni-
tored throughout the study. No adverse clinical signs 
were noted throughout the study following adminis-
tration of either BupL or BupH.

In general, pre-operative analgesia (so called 
preventive analgesia) is always encouraged whenever 
possible during surgical procedures (Dahl and Kehlet 
2011). Providing pre- and/or peri-operative analgesia 
not only prevents persistent post-operative pain, but 
also reduces the anesthetic requirements and leads to 
a smoother recovery. Providing preventive analgesia 
in neonates is also encouraged for the same reasons. 
Although we were not able to evaluate ultrason-
ic vocalizations we did evaluate the overall welfare 
and general appearance of the pups post-procedure 
which are more consistent indicators of overall pain 
in rodents (Williams et al. 2008; Turner et al. 2019). 
Pain level assessments of the pups post-surgery 
included assessing maternal acceptance (key for the 
pups survival), nursing, weight gain and the appear-
ance of pain behaviors such as guarding, ambulation, 
and weight shifting (Turner et al. 2019). All pups 
were accepted by the dam, had consistent weight gain 
and no evidence of pain behaviors. 

A limitation of this study was that we evaluat-
ed only thermal and not mechanical hypersensitivity 

as we found it very difficult to consistently measure 
a mechanical response in the neonates. Although 
both mechanical and thermal nociception are pres-
ent in P1 rats, the sensitivity to the pain stimulus 
differs with age. Evaluation of thermal hypersensi-
tivity using hot plate in P5 rats found that rat pups 
exhibited increased thermal but not mechanical 
hypersensitivity compared to adults (Hu et al. 1997). 
Mechanical hypersensitivity testing (von Frey mono-
filament) was not performed because during a pilot 
study von Frey monofilament testing was imprac-
tical and inconsistent. A hot water tail withdrawal 
assay showed that the thermal nociceptive threshold 
in neonatal rats is significantly lower than that of the 
adult rat until P12 and increased thermal hypersensi-
tivity is observed up to P15 (Falcon et al. 1996). We 
also were not able to evaluate the pharmacokinetics 
of the plasma concentration of buprenorphine or 
lidocaine in the pups. Another limitation is that in 
this study, we did not combine both buprenorphine 
and lidocaine or administer lidocaine before making 
the incision to evaluate multimodal and pre-emptive 
analgesia which could also provide a longer duration 
and more complete analgesic regime for neonates. 
We did not evaluate fentanyl as a control group as 
we were seeking to evaluate a long-acting analgesic 
option for rodent neonates. Buprenorphine is a mod-
erate opioid analgesic which may not fully attenu-
ate thermal nociception in more invasive surgical 
models that involve more extensive tissue manip-
ulation or visceral pain when compared to full m 
opioid agonists such as morphine (Gades et al. 2000; 
Bethesda 2012). A study of multimodal analgesics in 
neonatal rat pups is still needed. An additional limi-
tation of the study was that long-term welfare assess-
ments were not performed post-surgery to evaluate 
the long-term effects of providing a lack of analgesia.

In summary, we found that a single dose of 
either BupL (0.025 mg/kg, SC) or BupH (0.05 mg/
kg, SC) was effective at attenuating post-operative 
thermal hypersensitivity in 3-day old rat pups for 4 
hours. LidL (2 mg/kg) effectively attenuated ther-
mal hypersensitivity for 1 hr in 3-day old rat pups. 
When choosing an analgesic for surgical procedures 
in neonatal rodents, factors to consider include the 
duration and severity of pain that is expected.  Future 
studies should continue to evaluate the effectiveness 
of analgesics, including multimodal analgesics, in 
neonatal rodents using a model which causes sus-
tained thermal hypersensitivity.
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