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Black-tailed prairie dogs (Cynomys ludovicianus) are a non-
hibernating burrowing member species of the order Rodentia 
and family Sciuridae.16 They are a keystone species in the 
grasslands of North America and the most common prairie 
dog species in zoologic collections, in research facilities, and 
as privately owned pets.16 Due to their propensity for hepa-
tobiliary diseases and various biliary similarities to humans, 
black-tailed prairie dogs are often used as models for related 
research.2,15,18 Chemical immobilization is frequently required 
for examination and diagnostic testing of prairie dogs, with 
inhalant anesthetic agents commonly used for anesthesia.7,11 
Isoflurane is a gas anesthetic commonly used in many rodent 
procedures and has generally been recommended for use in 
prairie dogs.7,11 However, a comparative report showed that 
rodents and other small mammals had a significantly (10% 
to 22%) higher anesthesia-related mortality rate than other 
anesthetized species.4 Changes in T4 concentration (and other 
thyroid hormones) can lead to unstable anesthesia and increase 
the associated risks.3,5,12,19,23,24,26,27 To our knowledge, the po-
tential effect of anesthesia on thyroid function has not been 
explored in prairie dogs.

Thyroxine (T4) is one of several hormones produced by the 
thyroid gland. It is the major precursor of other iodine-contain-
ing thyroid hormones that control the rate of cell metabolism 
and other physiologic processes, such as urinary water absorp-
tion.1,28 Estimation of the total T4 concentration is considered a 
sensitive screening test to assess thyroid function but can have 
low specificity due to influence by other factors.14,20 Anesthesia 

and surgery, in general, can affect measured thyroid mark-
ers.3,5,12,19,23,24,26 In dogs, halothane has been suggested to reduce 
serum concentrations of T4, triiodothyronine (T3), and reverse 
triiodothyronine, and isoflurane reportedly decreases serum 
T4 and T3 concentrations.9,27 In rats, ether increased measured 
serum T4 concentrations.22 However, a more recent study in 
rats showed that ether, CO2/O2, methoxyflurane, and isoflurane 
decreased serum T4 and T3 concentrations.6 In that study, a 
comparison between conscious and isoflurane-anesthetized rats 
showed a lower mean T4 of 24% in males and 27% in females.6

The goal of the current study was to assess the effect of iso-
flurane anesthesia on plasma T4 concentrations in black-tailed 
prairie dogs. We hypothesized that isoflurane would signifi-
cantly decrease measured T4 plasma concentrations.

Materials and Methods
Animals. Clinically healthy zoo-raised, intact, male black-

tailed prairie dogs (Cynomys ludovicianus; n = 12; age, 6 mo; 
weight [mean ± 1 SD], 651 ± 85 g) were included in this study. 
The animals were a new group kept in quarantine before place-
ment in a zoologic collection. They were group-housed in a 
concrete-lined room bedded with hay and were maintained at 
a constant temperature range (21 to 23 °C). Water and grass hay 
were offered freely, and the rest of the provided diet consisted 
of a mix of vegetables and commercial rodent blocks (Rodent 
Breeder 6F, Mazuri Exotic Pet Food, Richmond, IN). Several 
plastic dog kennels (40 in. × 27 in. × 30 in.) and PVC tubing 
were provided for enrichment and hiding. The prairie dogs 
were acclimated to the new environment for 3 wk before the 
beginning of the study. This study was approved by the IACUC 
of Kansas State University (protocol no. 3792.2) and the Ethics 
Committee of the participating zoo.
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One week before the study, the prairie dogs underwent health 
evaluation under isoflurane (IsoFlo, Abbott Laboratories, North 
Chicago, IL) anesthesia, including a complete physical exami-
nation, accurate body weight, identification by microchipping, 
CBC analysis, and plasma biochemistry. All prairie dogs were 
determined to be healthy prior to the start of the study.

Experimental design and sample collection. Anesthesia in each 
prairie dog was chamber-induced by using 5% isoflurane gas in 
2 L/min O2. After induction, each prairie dog was maintained 
under general anesthesia for 60 min by using a tight-fitting, 
small face mask and nonrebreathing circuit, with 2.0% isoflu-
rane delivered in O2 at 1.5 L/min. The animals were allowed to 
breathe spontaneously. Body temperature (approximately 37 °C) 
was monitored rectally by using a handheld digital thermometer 
and maintained by using a warm-water blanket. Vital signs 
were monitored by using a stethoscope, Doppler ultrasonic flow 
detector (model 811B, Parks Doppler System, Parks Medical 
Electronics, Aloha, OR), and a pulse oximeter (model N20PA, 
Nellcor Handheld Pulse Oximeter, Covidien, Dublin, Ireland). 
Lactated Ringer solution (30 mL) was administered subcutane-
ously before discontinuing anesthetic delivery. Venous blood 
samples (0.5 mL) were collected from either the jugular vein or 
cranial vena cava by using a 1.0-mL syringe (Kendall Monoject 
1-mL syringe, Tyco Healthcare Group, Mansfield, MA) and 
25-gauge, 16-mm needle (Hypodermic needle, Exelint, Los 
Angeles, CA). Samples were placed into lithium heparin-coated 
blood collection tubes (0.5-mL BD Microtainer, Becton Dickin-
son, Franklin Lakes, NJ). Blood samples were collected at 3 time 
points for each animal: immediately after anesthesia induction 
(baseline, 0 min) and at 30 and 60 min thereafter.

T4 analysis. Immediately after collection, 100 µL of blood was 
removed from each collection tube by using the standard Abaxis 
pipette and placed into a total T4 rotor (T4 and Cholesterol 
Panel, Abaxis, Union City, CA). This test is available for use in 
small mammals and is operated by a veterinary bench-top bio-
chemistry analyzer (Vetscan VS2, Abaxis). Reference intervals 
obtained by using this assay were previously reported for this 
species,8 and a full precision and validation study performed 
on guinea pigs produced excellent results (ri = 0.95; mean coef-
ficient of variation, 4.2% [range for T4 in Guinea pigs, 0 to 15.7], 
n = 90).10 In the current study, each T4 rotor was used within 
15 min of removal from the refrigerator and immediately after 
opening its protective pouch. Tests were analyzed immediately 
after rotor filling and according to the manufacturer directions. 
Prior to this study, the analyzer was functioning appropriately 
on a routine basis, and its software was regularly updated as 
provided by the manufacturer. All samples were run by the 
same operator (DE).

Statistical analysis. A linear mixed model was used to analyze 
the data, with T4 values as the outcome variable, time as a fixed 
variable, and individual prairie dog as a random variable. As-
sumptions of the model (normality and homoscedasticity of 
the residuals and linearity) were checked on the residual plot 
as well as a quantile plot. An α value of 0.05 was used for sta-
tistical significance. R statistical programs (R core team, Vienna, 
Austria) were used for analysis.

Results
Isoflurane anesthesia was induced within less than 5 min for 

each prairie dog. All animals performed well under the 60-min 
of isoflurane anesthesia, with no significant changes in vital 
parameters and body temperature throughout the procedure. 
Recovery was fast (less than 10 min) and uneventful in all of 
the animals.

Plasma T4 concentrations (mean ± 1 SD) at 30 min (3.24 ± 
0.52 µg/dL) and 60 min (3.27 ± 0.65 µg/dL) were significantly 
lower than baseline levels (decreased from the baseline (3.49 
± 0.52 µg/dL; P = 0.008 and P = 0.016, respectively; Figure 1). 
Marked intrasubject variability (Figure 2) accounted for 86% of 
the overall variability that was detected in this study. The overall 
measurements for all animals at all time points (minimum to 
maximum, 2.4 to 4.4 µg/dL) were within the reported reference 
interval (0.6 to 8.0µg/dL) for this species, for which animals also 
were sampled under isoflurane anestehsia.8

Discussion
We investigated the effect of isoflurane on plasma T4 concen-

tration in black-tailed prairie dogs during 60 min of isoflurane 
anesthesia. The data indicate that isoflurane significantly but 
inconsistently decreased T4 levels in this species. These changes 
likely have little clinical importance, given that all T4 measure-
ments at all time points were within the reported reference 
interval for this species.

In this study, plasma T4 concentrations were measured by 
using an enzyme immunoassay in a veterinary bench-top 
biochemistry analyzer. We chose to use this analyzer because 
it provides immediate patient-side results and requires only 
a small volume of blood.10 This analyzer has been used be-
fore in research in black-tailed prairie dogs both in field29 
and laboratory settings.7,8,13,18 In addition to enzyme im-
munoassays, thyroid hormones can be measured by using 
radioimmunoassays, fluorescence immunoassays, time-re-
solved fluorescence immunoassays, and chemiluminescent 
immunoassay.20,21,28 Radioimmunoassays are considered 
the reference standard, but results obtained by using ra-
dioimmunoassays can vary due to differences in reagents, 
machinery, and handling techniques.20 In people, the accuracy 
and precision of enzyme immunoassays were equivalent to 
radioimmunoassays.17

Comparing the findings from the current study with other 
studies might be challenging due to differences in the use of 
anesthetic protocols and surgery. In veterinary medicine, the 
only 2 species previously tested are dogs and laboratory rats, 
and in both, the measured thyroid hormones serum concen-
tration was decreased after isoflurane anesthesia.6,27 The rats 
under brief anesthesia were compared with control animals,6 
and the dogs were tested over multiple time points until 
338 h after procedures.27 The prairie dogs in our study were 
tested at 3 time points during brief (60 min) isoflurane-only 
anesthesia, to assess the effect on the thyroid as a potential 
risk factor for this type of anesthesia. Future studies should 
include a prolonged testing period and unanesthetized 
control animals.

Although a significant decrease in plasma T4 concentrations 
was detected in this study, this response was inconsistent 
between and within the prairie dogs, as has also been noted 
in humans, dogs, and rats. This inconsistency of results from 
multiple species suggests that thyroid function in black-tailed 
prairie dogs might not be as sensitive to the influence of isoflu-
rane as the study results imply. Potential causes for a decrease 
in measured blood concentrations of thyroid hormones include 
altered protein binding, increased metabolism of T4, increased 
intracellular T4 transport, and decreased thyroid hormone 
secretion.14,27 Although evaluating T4 levels is considered a 
good basic screening test for thyroid function, a panel of thyroid 
hormones (for example, T4, T3, free T4, thyroid stimulating 
hormone) needs to be tested to fully assess the effect of an 
anesthetic on thyroid function.20
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The limitations of the current study include a small sample 
size. Although we tested only 12 prairie dogs, this number 
seems appropriate number when compared with the numbers 
of animals used in similar studies.6,27 In addition, we tested 
only juvenile intact males. In rats, males showed a stronger de-
crease in T4 and T3 measurements under inhalation anesthesia 
compared with female rats.6 Future studies should evaluate the 
effect of sex and age on T4 measurements of black-tailed prairie 
dogs under isoflurane anesthesia.

In conclusion, the data from this study suggest that 60 min 
of isoflurane anesthesia does not have clinically important or 
consistent effects on measured plasma T4 concentrations in 
black-tailed prairie dogs and thus is not likely a risk factor 
in this species. Because alternative immobilization protocols 
for prairie dogs include other gas and injectable anesthetic 
drugs,25 separate studies need to be performed to evaluate 
the potential effect of each of these drugs on thyroid function 
in this species.
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