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Summary

Objectives: This study aimed to evalu-
ate the physiological and behavioral
responses of pigs administered sodium
nitrite, determine an ideal dosing rate
by oral drenching of sodium nitrite for
depopulation events, and evaluate the
nitrite residue present in the ocular fluid
and skeletal muscle after sodium nitrite
administration.

Materials and methods: Four groups of
10 market weight pigs (40 market weight
pigs total) and 1 group of 10 sows were
used. Each group of market weight ani-
mals received a different oral drench
dose of sodium nitrite solution (1x [400-
441 mg/kg], 2% [800-882 mg/kg], 2.5%

[1000-1102 mg/kg], and 3x [1200-1323 mg/kg])
and was observed for distress behaviors.
Two market weight animals in each treat-
ment group were implanted with a moni-
tor to measure body temperature, heart
rate, and activity levels. The dosing rate
with apparent best behavioral and physi-
ological response was applied to the 10
sows and the same behaviors monitored.
After death was confirmed, ocular fluid
and skeletal muscle samples were col-
lected from the sows.

Results: An increased dosage of sodium
nitrite greatly reduced the time to dis-
tress with a significant linear relation-
ship. A higher frequency of vocalizations
and the most frequent spikes in activity

levels were observed in the lowest dos-
ing group. No correlation was found
between ocular fluid nitrite and skeletal
muscle sodium nitrite concentrations.

Implications: Oral drenching of sodium
nitrite is a viable method for swine
depopulation events. Higher doses of
sodium nitrite have better welfare asso-
ciations. Ocular fluid nitrite anion con-
centrations do not correlate with sodium
nitrite skeletal muscle concentrations.
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Resumen - Respuesta fisiologica y de
comportamiento de los cerdos al au-
mento de la administracion oral de
nitrito de sodio y los residuos tisulares
consiguientes

Objetivos: Este estudio tuvo como obje-
tivo evaluar las respuestas fisioldgicas

y de comportamiento de los cerdos a los
que se les administro nitrito de sodio,
determinar una dosis ideal oral de ni-
trito de sodio en programas de despo-
blacién y evaluar el residuo de nitrito
presente en el liquido ocular y en el mus-
culo esquelético después de la adminis-
tracién de nitrito de sodio.

Materiales y métodos: Se utilizaron cu-
atro grupos de 10 cerdos con peso de ven-
ta (40 cerdos en total, con peso de venta) y
1 grupo de 10 cerdas adultas. Cada grupo
de animales con peso de venta recibi6
una dosis diferente de una solucién de
nitrito de sodio (1x [400-441 mg/kg],

2x [800-882 mg/kg], 2.5% [1000-1102 mg/kg],
y 3% [1200-1323 mg/kg]) y se monitored
sus conductas de ansiedad. En cada
grupo, dos animales con peso de venta
de cada grupo de tratamiento se les im-
planté un monitor para medir la temper-
atura corporal, la frecuencia cardiacay
los niveles de actividad. La dosis con la
mejor respuesta fisioldgica aparente y de
comportamiento se utilizé en las 10 cer-
dasy se monitorearon los mismos com-
portamientos. Después de que se con-
firmé la muerte, se tomaron muestras de
liquido ocular y musculo esquelético de
las cerdas.

Resultados: Una dosis aumentada de
nitrito de sodio redujo en gran medida

el tiempo de ansiedad con una relacién
lineal significativa. En el grupo con la
dosis mas baja, se observé una mayor
frecuencia de vocalizaciones y picos mas
frecuentes en los niveles de actividad.
No se encontr6 correlacién entre las

concentraciones de nitrito en el liquido
ocular y de nitrito de sodio en el mus-
culo esquelético.

Implicaciones: La ingesta oral de nitrito
de sodio es un método viable para pro-
gramas de despoblacién porcina. Las
dosis mas altas de nitrito de sodio tienen
una mejor asociacion al bienestar. Las
concentraciones de aniones de nitrito en
el fluido ocular no se correlacionan con
las concentraciones de nitrito de sodio
en el musculo esquelético.

Résumé - Réponse comportemen-
tale et physiologique du porc a
I'administration orale de doses crois-
santes de nitrite de sodium et résidus
tissulaires résultants

Objectifs: Cette étude visait a évaluer
les réponses physiologiques et com-
portementales des porcs auxquels du
nitrite de sodium a été administré, a

Pipestone Veterinary Services, Pipestone, Minnesota.

Corresponding author: Dr Brent J. Pepin, 1300 South Highway 75, Pipestone, MN 56164; Tel: 320-333-1401; Email: brentpepin@gmail.com.

This article is available online at http://www.aasv.org/shap.html.

Pepin BJ, Odland C, Spronk T, Edler R, Williams T. Swine behavioral and physiological response to increasing sodium nitrite oral drench
administration and resulting tissue residues. J Swine Health Prod. 2021;29(6):310-318.

310

Journal of Swine Health and Production — November and December 2021



déterminer un taux de dosage idéal
par administration orale de nitrite
de sodium pour les procédures de dé-
peuplement et a évaluer le résidu de
nitrite présent dans le liquide ocu-
laire et le muscle squelettique apres
l'administration de nitrite de sodium.

Matériels et méthodes: Quatre groupes
de 10 porcs de poids de marché (40 porcs
de poids de marché au total) et un groupe
de 10 truies ont été utilisés. Chaque
groupe d’animaux de poids commercial
aregu une dose différente de solution de
nitrite de sodium (1x [400-441 mg/kg], 2x
[800-882 mg/kg], 2.5% [1000-1102 mg/kg],
et 3x [1200-1323 mg/kg]) et a été observé
pour les comportements de détresse.
Deux animaux de poids commercial dans
chaque groupe de traitement ont été im-
plantés avec un moniteur pour mesurer la
température corporelle, la fréquence car-
diaque et les niveaux d’activité. Le taux
de dosage avec la meilleure réponse com-
portementale et physiologique apparente
a été appliqué aux 10 truies et les mémes
comportements ont été surveillés. Une
fois la mort confirmée, des échantillons
de liquide oculaire et de muscle squelet-
tique ont été prélevés sur les truies.

Résultats: Une dose accrue de nitrite
de sodium a considérablement réduit

le temps de détresse avec une relation
linéaire significative. Une fréquence
plus élevée de vocalisations et les pics
d’activité les plus fréquents ont été ob-
servés dans le groupe recevant la dose
la plus faible. Aucune corrélation n’a
été trouvée entre les concentrations de
nitrite dans le liquide oculaire et les con-
centrations de nitrite de sodium dans le
muscle squelettique.

Implications: Ladministration orale de
nitrite de sodium est une méthode viable
pour les procédures de dépeuplement
porcin. Des doses plus élevées de nitrite
de sodium ont de meilleures associations
avec le bien-étre. Les concentrations
d’anions de nitrite dans le liquide ocu-
laire ne sont pas corrélées avec les con-
centrations de nitrite de sodium dans les
muscles squelettiques.

foreign animal disease (FAD)
Adiagnosis like African swine fe-

ver or foot-and-mouth disease
in the United States will likely evoke a
“stamping-out policy,” implementing
depopulation of all confirmed positive
and exposed swine."2 Depopulation is
the first line of defense in eradicating
an FAD to prevent further spread to at-
risk animals.? For the most flexibility
to fit different farm designs and prac-
tices, different depopulation options

will be required. Research in depopula-
tion methods is needed to develop these
options.

Sodium nitrite (NaNO,) has been re-
searched in the United States and uti-
lized by other countries to control feral
swine (Sus scrofa) and other pest spe-
cies.>® Sodium nitrite ingestion causes
alethal rise in methemoglobin from the
iron oxidation inside the oxygen-carrying
red blood cells.%” This oxidation prevents
the release of oxygen into the animal’s tis-
sues leading to death at toxic levels.%’ The
reported lethal oral dose of sodium nitrite
is 400 mg/kg (181 mg/1b of body weight)
for feral hog bait consumption. The lethal
dose to kill 50% of the test population
(LDsg) in the literature varies from 80 to
132.9 mg/kg, while the lethal dose for 95%
is estimated to be 145 mg/kg.>*° Under
trial conditions, hogs have been reported
to die anywhere from 39 minutes to over
3 hours after oral consumption of a lethal
dose of sodium nitrite.®%8 The time-lapse
between dosing and death is a potential
advantage for depopulation events for
allowing time to walk animals out of the
barn before death occurs. However, get-
ting animals to consume the product is
problematic due to taste aversion to its
bitter and salty properties.° This taste
aversion is why bait is commonly used to
mask the taste and encourage consump-
tion.3° To convince animals to drink ni-
trite solution freely, withholding water
may be required. Withholding water can
create welfare concerns and inefficien-
cies in time-sensitive events.

The knowledge for the potential use of
sodium nitrite in domestic swine for
depopulation events (eg, FAD outbreak)
is limited.® Oral dosing through con-
sumption and oral gavage (passing a
tube down the throat to the stomach)

of sodium nitrite has been explored in
the literature, but not oral drenching

of the product in solution. Oral drench
provides a method for administration
that does not depend on free choice con-
sumption or passing of an oral tube for
gavage. Convulsions, vomiting, gasping,
and loss of coordination have all been re-
ported as clinical signs of sodium nitrite
intoxication in swine but not evaluated
as a sign of distress under a predefined
ethogram.® Sodium nitrite administra-
tion needs re-evaluation under specific
ethogram definitions used in previous
swine euthanasia studies to assess its
impact on animal welfare.10-12

This study assesses the novel approach
of oral drenching sodium nitrite to
market weight animals (mean =131 kg)

at 4 different dosing rates. The start-

ing dosing rate is based on the targeted
oral dose for feral hog bait consumption
from the literature (400 mg/kg).* This
study is the first to measure behavioral
responses of swine to sodium nitrite
administration using a predefined etho-
gram. The first objective of this project
was to establish the best dosing rate of
sodium nitrite for animal welfare by ob-
serving market weight animals using the
predefined ethogram. The best dose rate
to achieve the shortest time to death was
applied to adult swine (136-181 kg) for
evaluation using the same ethogram. To
assess the potential nitrite residue of the
best dosing rate, ocular fluid and skeletal
muscle samples were collected from the
adult swine after death.

Animal care and use

Animal use was conducted under the
guidance and approval of the Pipestone
Research Institutional Animal Care and
Use Committee (IACUC) protocol ID No.
2020-008.

Materials and Methods

Animals

Forty market weight pigs (mean weight =
131 kg) and 10 sows (mean weight = 174 kg)
were used in this study. Of the 40 mar-
ket weight pigs, 10 were assigned to each
treatment group. The market animals
selected were allocated conveniently by
gate cut from healthy animals with no ob-
servable health issues or defects from a
commercial finisher barn. The sows were
cull sows from commercial facilities with
no observable health or body condition
issues. This sample size is similar to the
number of animals used per treatment in
previous swine euthanasia and behavior
studies.!%12 The study was conducted in
the summer months at commercial barn
locations in northwest Iowa. Animals
were housed indoors until moved outside
after each treatment was administered
for observation.

Sodium nitrite solution

Granular, free-flowing 99% food grade
sodium nitrite (Chemtrade Logistics
Inc) was used for the solution prepara-
tion. Solutions were prepared by pre-
weighing milligrams of sodium nitrite
combined with 3.79 L of water using the
assumed solubility of approximately 70
to 85 g/100 mL with 20°C to 25°C water.!3
For every 3.79 L of solution prepared for
dosing, 2649.5 g of sodium nitrite powder
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was added, providing a final sodium
nitrite concentration of 0.7g/mL of solu-
tion. The solution was made fresh im-
mediately before each treatment group
dosing procedure began.

Sodium nitrite dosing

A starting dosing range of 400 to

441 mg/kg of body weight was targeted
to provide 400 mg/kg of sodium nitrite
solution to a market weight pig. This
extended range tries to account for the
volume of solution that the pig may not
swallow during dosing. The treatment
groups of 1x (400-441 mg/kg), 2x (800-
882 mg/kg), 2.5x (1000-1102 mg/kg), and
3x (1200-1323 mg/kg) were used in this
study. The 1x group received 80 mL of so-
dium nitrite solution by oral drench, the
2x group received 150 mL, the 2.5% group
received 200 mL, and the 3x group re-
ceived 238 mL of sodium nitrite solution.

Five animals from each treatment group
(n=20) were withheld from feed for

24 hours with ad libitum access to wa-
ter. The other 5 animals in each treat-
ment group were allowed ad libitum
feed and water until the sodium nitrite
administration.

The dosing level used for the sows was
determined by observations of the mar-
ket weight animals. The dosing level se-
lected for use provided market animals
the shortest time to death while still al-
lowing adequate time to walk them out
of a building. The same solution and dos-
ing method were used for administration
to both sows and market weight animals.
Sows were dosed at 1200 to 1323 mg/kg
based on their individual weight (range,
141-202 kg), and therefore received a dose
ranging from 250 mL to 350 mL.

An air-compressor powered hooked
drench gun designed for liquid dewormer
administration to cattle was used (Val-
bazen; Zoetis) to administer the oral
drench. Pigs were restrained individually
in the corner of a pen using a hinged sort
panel. Each animal had the drench hook
placed in its mouth and was administered
their calculated dose. Immediately after
administration, pigs were numbered on
their backs with livestock marker spray
(Prima Tech Prima Glo Fluorescent Mark-
ing Spray) and walked into a corralled
outdoor area for monitoring.

Behavior observations and death
confirmation

The behavioral response of each animal
after sodium nitrite administration was
recorded according to the ethogram in

Table 1. Each behavior was selected as
an indicator of distress in swine based
on previous studies except for the defini-
tion of retching, which was derived from
the vomiting description for the condi-
tions of this study.!%12 Prior to the start
of the study, a team of 5 individuals were
familiarized with the ethogram. Each
group of 10 pigs had 1 person recording
and a minimum of 2 people always pro-
viding continuous observations. The ob-
servers would call out the pig’s number
visible on their back and the behavior
being expressed. The recorder would
then write the time observed, the pig
number, and the behavior expressed. As
confirmation, the recorder would repeat
the pig number and observed behav-

ior back to the observer. The time oral
drench was administered was also re-
corded in the same manner, with the per-
son administering the sodium nitrite call-
ing out the pig’s given number. Behaviors
were recorded until the time of death of
the individual animal was confirmed. For
this study, death was equated with the ob-
servation of respiratory arrest as defined
in the ethogram. Death was confirmed
by the absence of a corneal reflex when
touching the pig’s eye immediately after
observing respiratory arrest.

Any pig alive 2 hours after sodium nitrite
dosing was euthanized via a penetrative
captive bolt. The 2-hour timepoint was
selected to prevent unnecessary and pro-
longed stress due to pigs being confined
outdoors in warm summer weather dur-
ing the observation period.

Heart rate, activity, and body
temperature monitoring
Forty-eight hours before sodium nitrite
administration, one fasted pig and one ad
libitum fed pig in each dosing category

(n = 8) were sedated for installation of an
internal implant monitor (DST centri-
HRT ACT; Star-Oddi) to record the ani-
mal’s heart rate (beats per minute [bpm]
derived from ECG), activity (measured as
external acceleration > 1 standard grav-
ity), and body temperature. Activity was
measured with the implant by calculating
the external acceleration of the g-force
above the standard gravity from a 3-axis
accelerometer. The implant was installed
subcutaneously over the xiphoid process
of the sternum. Implant readings were
taken once every 30 minutes until the day
of sodium nitrite administration, when
readings were taken every 13 seconds.

Ocular fluid and skeletal muscle
residues

Residue testing only occurred in the 10
sows. After death was confirmed in the
sows, ocular fluid and skeletal muscle
samples were collected from each ani-
mal. The ocular fluid was collected by
inserting an 18-gauge needle into the eye
with vacuum pressure from the attached
syringe. Ocular fluids were kept cold
until testing. Ocular fluid nitrite anion
concentrations were measured under
standard diagnostic laboratory proce-
dures at Iowa State University Veterinary
Diagnostic Laboratory by high pressure
liquid chromatography. Skeletal muscle
was collected by dissection of the ani-
mal’s ham to attain a 10.16 cm % 10.16 cm
x 2.54 cm section of skeletal muscle.
Skeletal muscle samples were kept fro-
zen until testing. Sodium nitrite skel-
etal muscle concentrations were tested
at Eurofins Microbiology Laboratory
under standard diagnostic laboratory
procedures for sodium nitrite concentra-
tion by ion-exchange chromatographic
analysis.

Statistical analysis

Behavior observations were analyzed
using a generalized linear model where
dose, feed, and dose x feed interaction
were held as fixed effects. Polynomial
contrasts were used to determine lin-
ear and quadratic effects on increasing
sodium nitrite dosage. A student ¢ test
was used to look for differences in re-
sponse between the market weight pigs
and sows to sodium nitrite administra-
tion. Nitrite anion concentration (ppm)
between ocular fluid and sodium nitrite
level in skeletal muscle were compared
using Pearson’s correlation analysis.

Results

Death rate by dosage

Table 2 shows the death rate and mean
time to death after sodium nitrite ad-
ministration by dosage rate. Not all the
animals died from sodium nitrite ad-
ministration under the confines of this
study and 7 had to be euthanized by cap-
tive bolt. The animals in this study that
were euthanized by captive bolt did not
express any distress behaviors within
10 minutes of the end of the 2-hour ob-
servation period and were of normal
mentation and activity at the time of
euthanasia.
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Table 1: Ethogram of pig behaviors indicating distress recorded after sodium nitrite administration

Behavior Definition

Variables recorded

Convulsions

Low frequency, very deep breathing through the
Gasping wide-open mouth with large abdominal movements

and stretching of the neck

Involuntary contraction of skeletal muscles
(tonic, clonic, or both) and paddling*

Vigorous, rapid, and purposeful movements
Head shaking of the head from side to side (at least two

consecutive movements)

Loss of balance, stumbling, or

Loss of coordination diminished muscle control

Animal collapses into recumbent position with no
Loss of posture evidence of posture control and does not regain
posture or show further evidence of awareness

Respiratory arrest (death™)

Vocalization Pig emits an audible bout of a squeal or grunt*

Vomiting through the mouth

Making the sounds and movements of

Ejection of gastrointestinal contents

Permanent cessation of respiratory movements
(minimum of 60 seconds without a breath)

Retching vomiting but not ejecting gastrointestinal

contents from the mouth$

Latency to onset and frequency

Latency to onset

Frequency

Latency to onset

Latency to onset

Latency to onset

Frequency of bouts

Latency to onset and frequency

Frequency

of the bout.

§  Definition for the purposes of our study was derived from the description of vomiting.

Tonic defined as prolonged generalized contraction. Clonic defined as alternating contraction/relaxation in quick succession.
Paddling defined as involuntary walking/running/galloping motion of the limbs.

T Following respiratory arrest, death was confirmed by verifying the absence of a corneal reflex.
A bout is defined as a single discreet event or a period of a continuous event with a < 1-second pause. A pause > 1-second is the end

Table 2: Percent death rate and time to death after sodium nitrite administration

Group Dose rate, mg/kg Death rate, No. (%) Time to death, mean, min  Time to death, range, min
1x dose 400-441 6 (60) 83 52-101
2x dose 800-882 10 (100) 47 24-92
2.5x dose 1000-1102 9 (90) 42 24-100
3x dose 1200-1323 9 (90) 34 17-58
Sows* 1200-1323 9 (90) 31 23-49

*Sows were administered the 3x dose rate
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Repeated behavior results
Repeated behaviors can occur more than
once in an individual animal and fre-
quency was recorded. Table 3 shows the
number of pigs in each treatment group
that expressed repeated distress behav-
iors after sodium nitrite administra-
tion. Convulsions were observed in most
pigs across the treatments, while head
shaking was expressed the least. The
sows showed the largest number of pigs
vomiting compared to the market weight
treatment groups. As shown in Table 4,
the total frequency of vomiting events in
sows was 17 as compared to the next high-
est of 6 events in the 2.5 group. The total
frequency of vocalizations was highest in
the 1x group with 50 vocalizations, and
the next closest group being 2.5% with

16 vocalizations. The frequency and num-
ber of animals expressing convulsions,
head shaking, and retching were compa-
rable among all treatment groups.

Time to behavior onset results
Table 5 presents the linear relationship
between the dosing rate and the time to
onset of distress behaviors in the market

weight pigs. All times are given as least
squares means that reflect the best fit
for the data points in the model rather
than the observed values, which are
presented in Table 2. Time to onset of
convulsions, gasping, loss of coordina-
tion, loss of posture, respiratory arrest,
and vocalization were all found to have a
linear relationship. Thus, as the sodium
nitrite dose increased, the time to onset
of that behavior parameter decreased.
Head shaking and retching did not have
enough frequency among the pigs to
statistically model a response. Vomiting
was not found to have a linear relation-
ship with the sodium nitrite dosing rate
(P=.38).

Market weight pigs withheld from feed
for 24 hours before sodium nitrite ad-
ministration expressed convulsions
(P=.01), loss of posture (P =.049), respi-
ratory arrest (P =.02), and vocalization
(P=.02) sooner than the non-fasted pigs.
Fasting did not appear to affect time

to onset of gasping, loss of coordina-
tion, or vomiting. First sign of distress
to death is defined as the length of time
in minutes from the first expression of

any distress behaviors defined in Table 1
to respiratory arrest. A linear relation-
ship of shorter time to death as the dose
increased was found (P < .001). Animals
fasted for 24 hours also displayed a de-
creased time to death after the first sign
of distress compared to non-fasted ani-
mals (P=.005).

A comparison of the 3x market weight
group to the adult sow group dosed at the
same rate (Table 6) revealed a difference
in time to onset of vomiting (P =.004)
and the first sign of distress to death
(P=.02). Sows experienced a longer time
from the first sign of distress to death
than the 3x market group.

Physiological measures

Body temperature increased after sodium
nitrite administration and plateaued be-
tween 40.0°C and 41.0°C. Figure 1 shows
the activity level and heart rate (bpm) by
dosage group over time. In the 1x group,
one of the implanted pigs did not die from
sodium nitrite so was euthanized by pen-
etrative captive bolt and, therefore, not
included in Figure 1. The more frequent
and highest spikes of activity were seen

Table 3: Number of pigs that expressed repeated distress behaviors following sodium nitrite administration

Treatment group, No. of pigs (%)

Behavior

parameter 1x dose* 2x dose* 2.5x dose* 3x dose* Sows’ Total (N = 50)
Convulsions 7 (70) 10 (100) 9 (90) 9 (90) 8(80) 43 (86)
Head shaking 2 (20) 0(0) 0 (0) 0(0) 1(10) 3(6)
Retching 1(10) 1(10) 0 (0) 2(20) 3(30) 7 (14)
Vocalization 9 (90) 5 (50) 5(50) 6 (60) 4 (40) 29 (58)
Vomiting 1(10) 2 (20) 4 (40) 4 (40) 8 (80) 19 (38)

* The dosages of sodium nitrite were: 1x = 400-441 mg/kg; 2x = 800-882 mg/kg; 2.5x = 1000-1102 mg/kg; and 3x = 1200-1323 mg/kg.

T Sows were administered the 3x dose of 1200-1323 mg/kg.

Table 4: Frequency of repeated distress behaviors expressed following sodium nitrite administration

Event frequency, No.

Behavior

parameter 1~ dose* 2x dose* 2.5x dose* 3x dose* Sows'
Convulsions 19 21 25 24 19
Head shaking 3 0 0 0 1
Retching 1 2 0 2 5
Vocalization 50 8 16 8 5
Vomiting 1 4 6 4 17

* The dosages of sodium nitrite by body weight were: 1x = 400-441 mg/kg; 2x = 800-882 mg/kg; 2.5x = 1000-1102 mg/kg; and 3x = 1200-
1323 mg/kg.

T Sows were administered the 3x dose of 1200-1323 mg/kg of body weight.
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Table 5: Least squares means for time to onset of observed behavior by dose rate and feed-fasting status in market

weight pigs

Time to onset, min

1x 2x 2.5x 3x On off
Behavior parameter dose* dose* dose* dose* P* feed’ feed’ P
Convulsions 80.2 44.6 38.03 29.88 <.001 57.49 38.86 .01
Gasping 89.5 34.38 39.38 34.5 <.001 56.38 42.5 .19
Head shaking Not enough frequency to calculate
Loss of coordination 75.17 40.67 35.83 26 .005 52.29 36.54 A1
Loss of posture 83.96 34.75 46.5 23 <.001 55.44 38.67 .049
(Rdeeszii;?tory (25 83.12 47.3 41.08 3578  <.001 61.44 43.58 .02
Retching Not enough frequency to calculate
Vocalization 76.48 49 43.5 31.67 .002 62.05 38.27 .02
Vomiting 33.9 47.9 34.04 27.2 .38 39.69 31.85 .36
First sign distress to 53.88 25.2 16.88 1198  <.001 3539 1858 .05

death$

* The dosages of sodium nitrite by body weight were: 1x = 400-441 mg/kg; 2x = 800-882 mg/kg; 2.5x = 1000-1102 mg/kg; and 3x = 1200-

1323 mg/kg.

T No interaction found between sodium nitrite dosage and the 24-hour fasting status before sodium nitrite administration. The
fasting status P value compares on and off feed effects from the generalized linear model. Values are considered significant when

P<.05

effect of dosage. Values were considered significant when P < .05.
8 First sign of distress to death defined as the length of time from the first expression of any distress behaviors defined in Table 1to

respiratory arrest.

Generalized linear model with fixed effects for dosage and feed status, where the P value represents a linear response for the main

Table 6: Least squares means for time to onset of observed behaviors of market weight pigs vs sows* after sodium nitrite
administration at 1200-1323 mg/kg of body weight

Time to onset, min

Behavior parameter Market weight pigs Sows Pt
Convulsions 29.10 29.00 .98
Gasping 36.33 39.00 .86
Head shaking Not enough frequency to calculate

Loss of coordination 26.00 18.17 .23
Loss of posture 28.40 24.20 43
Respiratory arrest (death) 34.87 31.22 .50
Retching 16.00 12.67 .64
Vocalization 31.67 27.50 .64
Vomiting 25.25 12.38 .004
First sign distress to death* 11.56 22.22 .02

respiratory arrest.

Market pigs (n = 10) averaged 131 kg in body weight. Sows (n = 10) averaged 174 kg in body weight.
Student t test for differences between groups. Values are considered significant when P < .05.
First sign of distress to death is defined as the length of time from the first expression of any distress behaviors defined in Table 1 to
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in the 1x dose group. Heart rates over
250 bpm were observed most frequently
in the 2.5x and 3% dosage groups.

Nitrite ocular fluid anion
and sodium nitrite tissue
concentrations

Table 7 shows the nitrite anion concen-
trations present in the ocular fluid and
the sodium nitrite concentration in the
skeletal muscle after death. The mean
(SD) ocular fluid anion and skeletal mus-
cle sodium nitrite concentrations were
5.68 (2.88) and 25.95 (4.40), respectively.
Pearson’s correlation coefficient be-
tween the two concentrations revealed
no correlation (r=.331; P=.35).

Discussion

Sodium nitrite is “Permitted in Con-
strained Circumstances” by the Ameri-
can Veterinary Medical Association
(AVMA).? The most significant limita-
tions to the effectiveness of its use in
depopulation events are the lack of
research in commercial pigs and the
taste aversion of the product for quick
ingestion.>® The novel method of oral
drenching explored in this study pro-
vides a way to ensure appropriate dosage
ingestion in domestic pigs. As seen in
Table 2, all dose rates used in this study
provided enough time for animals to be
walked outside the barn after dosing be-
fore death. Sodium nitrite toxicity also
provides no observed blood loss, unlike
other depopulation methods like pene-
trative captive bolt or gunshot. No blood
loss is a considerable benefit as diseases
like African swine fever can spread
readily by blood contact.™

The literature suggests the sodium ni-
trite LDsg be 80 to 132.9 mg/kg for oral
consumption.®* The results of this
study suggest an LDs for oral drench

to be closer to the 400 mg/kg dose rate
(Table 2). This may be partly due to the
solution not swallowed in the adminis-
tration process. Under the confines of
the study, the pigs were only observed
up to 2 hours before being humanely
euthanized. It is possible that more pigs
would have died from sodium nitrite un-
der an extended observation period as
documented in the literature, with some
deaths taking over 3 hours post admin-
istration.®® Sodium nitrite is also docu-
mented as unstable in water solutions,
requiring fresh preparation or being
kept on ice before use.!® The instability
of sodium nitrite in solution is greatly
influenced by the acidity of the water,

where higher acidity increases the rate
of breakdown.!® Although the current
study solution was prepared immediate-
ly before administration, this instability
may have affected the observed death
rate. Water used was from the barn on-
site, and the water’s pH was not mea-
sured before the solution was prepared.

The current study suggests an improve-
ment in animal welfare as the dose in-
creased. Table 3 reveals that more pigs
expressed vocalization in the 1x group
compared to all other treatments. The
dose effect is further supported by the
pigs in 1x treatment having 50 recorded
vocalization events compared with the
next closest of 16 vocalization events in
the 2.5% treatment group (Table 4). As
seen in Table 5, the time between the
first sign of distress (expression of any
behavior from the ethogram) and death
decreased as the dose increased. The
time from administration to death also
significantly decreased as the dose rate
increased (Table 5). This quicker time in-
terval may be more beneficial to the pig
as the higher rate shortens the time the
animal experienced discomfort. Despite
the dosage rate applied, the body tem-
perature of pigs all increased until the
time of death. Pigs fasted for 24 hours
also had a quicker death after adminis-
tration (Table 5). When able, the fasting
of pigs before sodium nitrite administra-
tion may also improve animal welfare by
quickening sodium nitrite absorption. It
is also important to note that even if an
animal did not die from sodium nitrite
administration, all animals except one
in the 2.5x treatment group expressed

at least one behavior indicating distress
during the observation period.

As the time to death post administration
decreased with the increased dose rate,
the time to onset of distress behaviors
also decreased except for vomiting, head
shaking, and retching. Head shaking
and retching in this study did not ap-
pear to be common observable distress
behaviors with sodium nitrite adminis-
tration. The number of animals express-
ing vomiting behavior was numerically
similar among the market weight dos-
ing groups (Table 3). The frequency of
vomiting events was numerically lowest
in the 1x dosing group among the mar-
ket weight animals (Table 4). The low
frequency in the 1x group implies that
increased sodium nitrite dose may in-
fluence observed vomiting frequency,
but a larger study would be needed to
confirm. However, vomiting occurred
in greater frequency in sows with 17

individual events from 8 of the 10 sows
compared to only 4 individual vomiting
events in 4 of the 10 market weight pigs
at the same dosing rate (Tables 3 and 4).
This difference in vomiting frequency is
further supported by the significant dif-
ference between market weight pigs and
sows in time to onset (Table 6). The oth-
er significant difference between market
weight animals and sows administered
the same dose rate was the first sign of
distress to death, which was longer in
sows. However, the time to respiratory
arrest and the confirmation of death after
dosing was not statistically different. The
observed difference between sows and
market pigs suggests age or animal size
may affect the response to sodium nitrite
toxicity. These differences in response
may reveal different welfare outcomes as
the size and age of the animal changes
even when the dosing rate by weight re-
mains the same. A weakness of the cur-
rent study is that sex of the market weight
pigs selected were not recorded; there-
fore, potential differences between bar-
rows and gilts could not be examined.

The concern of secondary toxicity from
sodium nitrite may limit how the car-
casses can be disposed of after admin-
istration.” The literature documents no
risk of secondary toxicity in pigs dosed
at the oral dosing rate in bait stations.
However, this study favored using a
higher dosing rate than most bait sta-
tions target.!” Table 7 shows sodium ni-
trite presence in the skeletal muscle af-
ter 3x oral dose administration to range
from 18.4 to 29.9 ppm. Previous research
in swine consuming the 1x dose rate
revealed only 2 to 3 ppm in the skeletal
muscle.” Sodium nitrite is a common
food additive in cured meats due to its
ability to prevent the growth and toxin
formation of Clostridium botulinum.8
During the curing process, the United
States Department of Agriculture limits
ingoing sodium nitrite to 200 ppm for
immersion and massaged curing meth-
ods, 156 ppm for comminuted methods,
625 ppm for dry cured, and only 120 ppm
specifically for bacon.” The detected so-
dium nitrite in the current study is well
below the ingoing allowed amounts. The
current study also revealed that ocular
fluid nitrite anion concentration does
not predict skeletal muscle concentra-
tion. The lack of prediction prevents the
easy to collect ocular fluid nitrite anion
testing from being used to estimate skel-
etal muscle nitrite concentrations. Fur-
ther research on the residue of sodium
nitrite at different dose rates in different
tissues is needed.
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Figure 1: Pig heart rate and activity by sodium nitrite dosing group over time of administration to death. The red lines in

each graph represent heart rate and black lines represent activity measurement. Implants recorded measurements every
13 seconds. One of the two implanted pigs in the 1x group was euthanized by a captive bolt and not included in the figure. All
other dose groups display two pigs, where the solid line and dotted line represent different animals. The dosages of sodium

nitrite by body weight were: 1x = 400-441 mg/kg; 2x = 800-882 mg/kg; 2.5x = 1000-1102 mg/kg; and 3x = 1200-1323 mg/kg.

Activity was a measured value of external acceleration > 1 standard gravity.
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Table 7: Nitrite anion in ocular fluid and sodium nitrite concentration in skeletal muscle after death by sodium nitrite

intoxication*

Individual Animal Ocular fluid nitrite anion, ppm Skeletal muscle sodium nitrite, ppm
Sow 1 4.1 22.0
Sow 2 3.3 28.1
Sow 3 5.6 33.5
Sow 4 5.7 18.4
Sow 5 13.5 29.9
Sow 6 3.4 27.0
Sow 7 5.6 28.6
Sow 8 7.3 26.1
Sow 9 3.5 20.0
Sow 10 4.8 25.9

*  Oral drench of sodium nitrite at 1200-1323 mg/kg of body weight.
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Based on the current study results, so-
dium nitrite by oral drench is a viable
option for the depopulation of swine.
However, the signs of distress experi-
enced by swine administered sodium
nitrite, including those who did not die
from the administration, support the
AVMA’s current classification of “Permit-
ted in Constrained Circumstances” for
depopulation events.? Further research
with sodium nitrite is needed on differ-
ent application methods, how different
sexes, ages, and sizes of pigs may be af-
fected, and dosages beyond those looked
at in the current study.

Implications
Under the conditions of this study:

® Sodium nitrite is a viable depopu-
lation method for constrained
circumstances.

® Higher sodium nitrite dose im-
proved pig welfare.

* Swine age and size may affect reac-
tion to sodium nitrite.
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