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Introduction. The efficacy of hydroxocobalamin for acute cya-
nide poisoning was compared with that of saline vehicle in dogs.
Methods. Anesthetized adult beagle dogs were administered
potassium cyanide (0.4 mg/kg/min, V) until 3 min after the onset
of apnea. Hydroxocobalamin (75 mg/kg [n = 19] or 150 mg/kg
[n=18], IV) or saline vehicle [n = 17] was then infused over 7.5
min while animals were ventilated with 100% oxygen, which was
stopped after 15 min.  Results. In vehicle-treated animals cyanide
produced deterioration that culminated in a moribund state
requiring euthanasiawithin 4 hin 10 of 17 animalsand in neurolog-
ical deficits necessitating euthanasia within 24 d in an additional 4
animals (mortality rate 82%). Survival through 14 d was observed in
15 of 19 animals administered hydroxocobalamin 75 mg/kg (mortal-
ity rate 21%), and 18 of 18 administered hydroxocobalamin 150 mg/
kg (mortality rate 0%). Concluson. Hydroxocobalamin reversed
cyanidetoxicity and reduced mortality in a canine model.

Keywords Hydroxocobaamin; Cyanides; Antidotes

INTRODUCTION

The cyanide antidote hydroxocobalamin, the natural form of
vitamin B,,,, is being investigated for possible introduction in
the United States (1-3). Hydroxocobalamin was first licensed
for the treatment of cyanide poisoning in 1996 in France,
where it is used in both prehospital and hospital settings.
Hydroxocobalamin detoxifies cyanide by forming cyanocobal -
amin, which is excreted in urine. Unlike the currently available
Cyanide Antidote Kit (comprising amyl nitrite, sodium nitrite,
and sodium thiosulfate), hydroxocobalamin does not compro-
mise the oxygen-carrying capacity of the blood (via the induc-
tion of methemoglobinemia) or cause hypotension (due to
vasodilatation) (4,5).
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Successful prehospital and hospital use of hydroxocobal-
amin for cyanide poisoning from ingestion, smoke inhalation,
and occupational exposure has been documented in case
reports and series and in a prospective study of fire victims
(5-10). However, the antidotal efficacy of hydroxocobalamin
for cyanide poisoning cannot be evaluated in a placebo-con-
trolled clinica trial for obvious ethical reasons. In cases in
which well-controlled studies in humans cannot be conducted,
appropriate studies in animals constitute a vital source of infor-
mation about effectiveness (11). This article reports the results
of astudy conducted to compare the efficacy of hydroxocobal-
amin with that of saline vehicle for the treatment of acute cya-
nide poisoning in adult beagle dogs.

Cyanide poisoning has been studied in many speciesincluding
mice, rats, guinea pigs, rabbits, dogs, and primates. The selection
of the canine model over other anima models for this study was
based on severa considerations. The relatively large size of the
dog enhances the comparability of modeled cyanide toxicity to
cyanide toxicity in humans. Smaller animals metabolize xenobi-
otics more rapidly than larger animals (allometry) (12), and the
window of time between the onset of severe intoxication and
death or recovery is narrow (13,14). Therefore, in small species,
the ability to administer an antidote after intoxication to model
the clinical situation in humans is limited. The large size of the
dog also alowed for an indwelling probe for measurement of
hemodynamic parameters and sampling over time of an amount
of blood sufficient to evaluate pharmacokinetics, which were key
secondary study endpoints. Moreover, the pharmacokinetics and
pharmacodynamics of hydroxocobalamin in dogs have been thor-
oughly elucidated, and the canine model is considered predictive
of antidotal effectsin humans (15,16).

Human exposure to cyanide can occur via various routes
including inhaation, ingestion, and dermal exposure. In this study,
intravenous infusion was chosen over other means of administer-
ing cyanidefor severd reasons: 1) the ahility totitrate the doseto a
specific effect; 2) the ability to avoid incomplete absorption of the
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toxicant; and 3) the comparability among the various exposure
routes of signs, symptoms, and tissue concentrations of cyanide.

MATERIALS AND METHODS

The study was a parallel-group, randomized assessment of the
antidotal efficacy of hydroxocobalamin versus sdine vehicle
administered by intravenous infusion to adult beagle dogs poi-
soned with an intravenous dose of potassium cyanide. The proto-
col was approved by the Ingtitutional Anima Care and Use
Committee at Battelle Memoria Ingtitute (Columbus, Ohio). The
study was conducted in compliance with Food and Drug Adminis-
tration (FDA) Good Laboratory Practice Regulations for nonclini-
cal studies (21 CFR Part 58), guidelines published in the Guide for
the Care and Use of Laboratory Animals (17), and the US Depart-
ment of Agriculture Animal Welfare Act (Public Law 99-198).

Animals

Healthy, experimentally naive, male and female beagle dogs
from Covance Research Products, Inc, Denver, Pennsylvania,
USA, were individually housed before and during the study in

stainless-stedl cagesin aroomwith alight/dark cycle of 12 h/12 h,
temperature between 64° and 84°F, and relative humidity between
30% and 70%. Food (Certified Canine Diet® 2025C, Harlan
Teklad global diet) was provided daily and was withheld over-
night before the day of antidote or vehicle administration (Day 1).
Water was provided ad libitum in a stainless sted bowl. Animals
were identified with cage cards labeled with animas’ tattoo num-
bers and study-specific animal identification numbers assigned by
the Xybion PATH/TOX System (Version 4.2.2). These animal
identification numbers, used for recording of raw data, provided
no information about antidote dose. Mean (SD) body weights of
the animals on the day of experimentation are shown in Table 1.
The numbers of animals treated with hydroxocobalamin 75 mg/
kg, 150 mg/kg, and saline were 19, 18, and 17, respectively. Ran-
domization to treatment groups was done using atable of random
numbers with assignment by the study director.

Procedures
The procedures and parameters for this canine model
were arrived at through a series of pilot studies, some of

TABLE 1
Animals, cyanide treatment, and outcomes

Hydroxocobalamin Hydroxocobalamin

Vehicle 75 mg/kg 150 mg/kg
Animals
N 17 19 18
Sex, n
Male 8 10 9
Femae 9 9 9
Mean (SD) weight on Day 1, kg
All animals 8.9(1.9) 9.2 (1.4 9.0(1.4)
Males 10.3(2.1) 10.0(1.3) 9.9(1.5)
Females 7.6 (0.3) 8.2 (1.0) 8.1(0.6)
Cyanidetreatment
Mean (SD) total dose of potassium cyanide, mg/kg
All animals 2.3(0.2) 24(0.2) 22(0.2
Males 2.3(0.1) 2.4(0.2) 22(0.2
Females 2.3(0.2) 2.3(0.2) 2.3(0.2
Mean (SD) time to apnea, min
All animals 2.8(0.4) 2.9(0.5) 2.6 (0.5)
Males 2.8(0.3) 2.9(0.6) 2.4(0.4)
Females 2.8(0.5) 29(0.9) 2.8(0.5)
Outcomes
Died, n
No recovery from poisoning’ 10 1 0
Euthanized after Day 1 4 3 0
Survived to Day 15 3 15 18

TEuthani zed because of persistent signs of poisoning at 4 h post-infusion of cyanide.
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which are described elsewhere (18). Animals were fasted
overnight before Day 1. On Day 1, animals were preanesthe-
tized with ketamine (10 mg/kg, 1V) and diazepam (0.5 mg/
kg, V). Animals were endotracheally intubated and main-
tained under isoflurane (1.3% to 2%, inhalation) on sponta-
neous ventilation with medical-grade air at a surgical stage
Il level distinguished by lack of sensory reflexes or gross
motor movement and steady cardiac and respiratory rates.
Isoflurane delivery was monitored by an anesthetic gas mon-
itor (Puritan Bennet).

After a15-min baseline period during which respiratory and
cardiac data were obtained, dogs were intravenously adminis-
tered potassium cyanide (Sigma-Aldrich, 1 mg/mL in 0.9%
NaCl vehicle) at arate of 0.4 mg/kg/min until 3 min after the
onset of apnea (Fig. 1). Immediately upon the conclusion of the
potassium cyanide infusion, hydroxocobalamin (Cyanokit®,
Merck Santé, Lyon, France; either 75 mg/kg at an infusion vol-
ume of 3 mL/kg or 150 mg/kg at an infusion volume of 6 mL/
kg) or saline vehicle (Baxter and Hospira, 0.9% Sodium Chlo-
ride for Injection, USP at an infusion volume of 6 mL/kg) was
administered by intravenous infusion in a peripheral vein over
7.5 min while applying supplemental 100% oxygen and
mechanical ventilation (10-15 breaths/min at atidal volume of
~15 mL/kg; actua values set to approximate baseline minute-
volume values for each dog) (Fig. 1). The target number of ani-
mals for each dosing group (hydroxocobalamin 75 mg/kg,
hydroxocobalamin 150 mg/kg, vehicle) was 18 (9 males and
9 females). Because 1 animal was inadvertently dosed with 75
mg/kg instead of vehicle, the numbers of animals in the
hydroxocobalamin 75 mg/kg group and the vehicle group were
19 and 17, respectively.

Hydroxocobalamin (Batch No. 2081, Merck Santé, France)
was supplied as alyophilized powder, which was reconstituted
by adding 100 mL of vehicle to a 2.5-g bottle. Hydroxo-
cobalamin doses were chosen to produce exposure in dogs
comparable to that in humans given an antidotal dose. Hydroxo-
cobalamin 75 mg/kg and 150 mg/kg administered to dogs are
comparable on a dose-to-body-mass basis (assuming an average
70-kg human) to hydroxocobalamin 5 g and 10 g, respectively,
doses typicaly administered to humans in France. Hydroxoco-
balamin was administered by intravenous infusion. Mechanical
ventilation and supplemental oxygen were administered to

Start of
mechanical
ventilation

mimic the supportive care given to human victims of acute
cyanide poisoning.

Mechanical ventilation was stopped after 15 min, and ani-
mals were supplied medical-grade air via the endotracheal
tube. Repeated brief cycles of assisted ventilation were
applied as necessary to support resumption of spontaneous
breathing in surviving animals. This method is often required
to wean dogs after a period of assisted ventilation even in the
absence of poisoning. If apnea persisted for 45 s after
mechanical ventilation was stopped, ventilation was rein-
stated for 15 s and then stopped. Assisted ventilation was
repeated up to 6 times. Failure to resume ventilation after
6 cycles of assistance was considered consistent with irre-
versible apnea. Once animals were weaned from the ventila-
tor, they were supplied medical-grade air by endotracheal
tube for 2 h. Animals surviving 2 h after infusion of antidote
or vehicle were weaned from anesthesia, had catheters and
monitoring equipment removed, and were returned to home
cages where they were maintained for an additional 14 d.
Animals that did not recover consciousness within 2 h after
cessation of anesthesia were euthanized.

Assessments

Efficacy was evaluated on the basis of surviva during a
14-day follow-up period as well as cardiovascular, respiratory,
neurologic, and hematologic effects. Animals were assessed
for changes in clinical observations by observers not informed
of treatment assignments nor the purpose of the study at least
twice on Day 1 (predose and at least once after the 2-h post-
dose data collection) and at |east once daily on subsequent days
unless recovery did not occur.

Cardiovascular and respiratory data were collected on Day
1 with an automated physiologic data-collection system (Noto-
cord, Version 4.1). Cardiovascular parameters (mean arterial,
systalic, and diastolic blood pressures and heart rate) were
continuously monitored with a Millar catheter placed via the
femoral artery into the abdominal aorta and attached to atrans-
ducer. Electrocardiogram (ECG) electrodes were attached for
collection of a minimum of a Lead Il waveform, which was
saved digitally throughout the monitoring period. Respiratory
parameters (respiratory rate, tidal volume, minute volume)

End of
mechanical

15 minutes ventilation

Start of saline or
hydroxocobalamin
infusion

7.5 minutes

End of saline or
hydroxocobalamin
infusion

Until 3 minutes after

. onset of apnea .

Start of potassium End of potassium
cyanide infusion cyanide infusion

FIG. 1. Study procedures.
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were measured with a pneumotach attached to the endotracheal
tube. Animals were assessed for neurological injury by aclini-
cal veterinarian not informed of treatment assignments nor the
purpose of the study before Day 1 and on Days 2, 8, and 15in
surviving animals. Neurological injury was scored with respect
to the level of consciousness (scale: 0—100), the respiratory
pattern (scale: 0-100), sensory reflexes (scale: 0-5), motor
reflexes (scale: 0-25), and behavior (scale: 0-30) (19).

Arterial lactate, pH, and blood gases (PO,, PCO,) were
determined from samples collected before initiation of cyanide
infusion; at the end of cyanide infusion; and 4, 7.5, 11, 15, 20,
30, 60, and 120 min after the start of hydroxocobalamin or
vehicleinfusion. Samples were analyzed immediately or main-
tained on ice until analysis with a point-of-care blood gas ana-
lyzer (I-STAT®, Abbott Point of Care, East Windsor, New
Jersey, USA) not more than 20 min after they were obtained.
Clinical chemistry and hematology tests were performed on
blood samples obtained before Day 1 and on Days 2 and 15in
surviving animals.

Data Analysis

The primary efficacy endpoint was 14-day mortdity rate.
Mortality rate was compared among the treatment groups with
the Fisher exact test 1 h, 4 h, 7 d, and 14 d after the start of
hydroxocobalamin or vehicle infusion. A Bonferroni adjustment
was made to maintain the overall Type | error rate at < 0.05 for
the pairwise comparisons of each active treatment group with
the vehicle group. The probability of survival over time in the
study was estimated with Kaplan-Meier methodol ogy.

Cardiovascular, respiratory, and blood gas parameters were
compared among treatment groups with repeated measures
analyses of variance (ANOVA) with treatment group, time
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point, and their interaction as effects; animal as a random
effect; and predose value as a covariate. The Benjamini and
Hochberg approach (20) was used to control the false discov-
ery rate to <0.05 for al time points ssmultaneously. For time
points with a significant difference among treatment groups,
pairwise comparisons between each of the hydroxocobalamin
groups and the vehicle group were done with t-tests. A Bonfer-
roni adjustment was made to maintain the overall Type | error
rate at < 0.05 for the pairwise comparisons of each active treat-
ment group with the vehicle group. Clinical chemistry and
hematology data were compared between each active treatment
group and the vehicle group with the Cochran and Cox 2-sample
t-test.

RESULTS

Animals

The numbers of animals in the groups receiving vehicle
hydroxocobalamin 75 mg/kg, and hydroxocobalamin 150 mg/kg
were 17, 19, and 18, respectively. Mean total dose of potas-
sium cyanide ranged from 2.2 mg/kg to 2.4 mg/kg across
groups (Table 1). Mean time between start of potassium cya-
nide infusion and onset of apnea ranged from 2.4 to 2.9 min
across groups. All animals were dosed with potassium cyanide
until 3 min after the onset of apnea.

Mortality

Mortality rate was significantly lower in both hydroxoco-
balamin groups compared with the vehicle group 4 h, 7 d, and
14 d after initiation of hydroxocobalamin or vehicle infusion
(P < 0.05 each hydroxocobalamin group versus vehicle at each
time point; Fig. 2). Mortality rate on Day 15 was 82% in the

Hydroxocobalamin 150 mg/kg (n=18)

Placebo (n=17)

0 1h 4h 7d

14d

FIG. 2. Probability of survival in beagle dogs treated with hydroxocobalamin 75 mg/kg or 150 mg/kg or saline vehicle for acute cyanide poisoning.
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group treated with vehicle compared with 21% in the group
treated with hydroxocobalamin 75 mg/kg and 0% in the group
treated with hydroxocobalamin 150 mg/kg (P < 0.05 each
hydroxocobalamin group versus vehicle).

Among the 17 animalsin the vehicle-treated group, 10 were
euthanized by a veterinarian 4 h after the start of antidotal
treatment to avoid suffering with termination of anesthesia
because of persistent signs and symptoms of severe poisoning;
4 were euthanized for severe neurological signs after Day 1
(2on Day 2, 1 on Day 3, and 1 on Day 4), and 3 survived
through Day 15 (Table 1). Among the 19 animals in the group
treated with hydroxocobalamin 75 mg/kg, 1 was euthanized at
4 h because of sighs and symptoms of severe poisoning; 3 were
euthanized for severe neurological signs (1 on Day 3 and 2 on
Day 4); and 15 survived through Day 15 with no neurological
sequelae. All of the 18 animals in the group treated with
hydroxocobalamin 150 mg/kg survived through Day 15 with
no neurological sequelae.

Neurological Exams

Neurological exam scores before Day 1 were normal for all
animalsin al groups. Neurological exam scores on Days 2, 8,
and 15 in surviving animals were normal in all animals except

3 animals in the vehicle group and 2 animals in the group
treated with hydroxocobalamin 75 mg/kg. All 5 of these ani-
mals had abnormal neurological exam scores on Day 2 and
were subsequently euthanized (as described above) because of
the severity of neurological impairment. No neurological exam
score beyond the pre-Day 1 score was recorded for the sixth
animal (in the hydroxocobalamin 75-mg/kg group) that was
euthanized because of neurological impairment.

Hemodynamic Data

Hemodynamic parameters were comparable among treatment
groups from baseline through the end of apnea. Potassium cya
nide poisoning was characterized by hypotension with decreases
in mean arterial blood pressure to approximately 50% to 80% of
baseline at the end of apnea and through the ventilation period in
vehicle-treated animals (Fig. 3). Hydroxocobalamin infusion
was associated with rapid, dose-related cardiovascular recovery.
Mean arteria blood pressure increased beginning within 1 to
3 min of initiation of hydroxocobalamin infusion, peaked at the
end of infusion at values 150% to 180% of baseline, was main-
tained at significantly grester levels than in vehicle-treated ani-
mals during the ventilation period, and declined to vaues
comparable to basdline through the post-ventilation period (Fig. 3).

End apnea; End End
Start vehicle/antidote  ventilation
vehicle/antidote  infusion
and ventilation
200 - !
Start—-¥
apnea
175 '
150 - _
;ca’ 3 @ Vehicle
= | O Hydroxocobalamin 75 mg/kg
E 125 ? O Hydroxocobalamin 150 mg/kg
(4 1
=1 : ;
(7] ' % S
A 100 i
5 ?
B
E 75 .
c
]
D
=
50
25 1
0 ! :
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

BL -6 —4 -2 0 2 4 8 8 10 12 15 20 25 30 35 40 4 5O 55 80 65 70 75 80 8 90 95 100 105 110 15 120

Time From End of Apnea (Minutes)

FIG. 3. Mean (SE) arterial pressure as a function of time from the end of apnea in beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline
vehicle for acute cyanide poisoning. BL = baseline.
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End apnea; End End
Start vehicle/anfidote  ventlation
vehiclefantdote  infusion
and ventlation

250 -
Start—-¥

apnea
225

200

175 1

150 1

126 4

Heart Rate (BPM)

100 4

75

50

25

T T T T 1 T T T T T T t T T T

@ Vehicle
O Hydroxocobalamin 75 mg/kg
O Hydroxocobalamin 150 mg/kg

BL -8 -4 -2 0 2 4 8 8

T T T T T T T T T T T T T T T T T T

10 12 18 20 25 30 35 40 4 56B0O S5 60 65 70 75 80 8 90 O5 100 106 110 M5 120

Time From End of Apnea (Minutes)

FIG. 4. Mean (SE) heart rate as a function of time from the end of apneain beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline vehicle

for acute cyanide poisoning. BL = baseline.

Heart rate changes were comparable among hydroxocobal-
amin-treated groups throughout the monitoring period (Fig. 4).
Heart rate was dightly lower in the hydroxocoba amin-treated
groups than the vehicle group, a finding likely attributable to
the higher arterial pressures in the hydroxocobalamin-treated
groups.

Respiratory Data

Respiratory parameters were comparable among treatment
groups from baseline through the end of apnea. Potassium cya-
nide poisoning was characterized by initial increasesin respira
tory rate, tidal volume, and minute volume followed by
declines to zero through the apnea period (Fig. 5 for minute
volume). Respiratory rate, tidal volume, and minute volume
were comparable among treatment groups from the start of
potassium cyanide infusion to the end of ventilation (Fig. 5 for
minute volume). Cessation of potassium cyanide infusion and
initiation of mechanical ventilation were associated with par-
tial recovery of respiratory parametersin al treatment groups.
During the post-ventilation period, vehicle-treated dogs had
increased tidal volume for up to 60 min and slower compensa-
tory recovery of respiratory rate and minute volume compared
with hydroxocobal amin-treated dogs.

Lactate, pH, and Arterial Blood Gases

In hydroxocobal amin-treated animals compared with vehicle-
treated animals, lactate concentrationsin arterial blood were sta-
tistically significantly lower beginning approximately 7.5 min
through 60 min from the end of apnea, and arterial pH was statis-
tically significantly higher, beginning approximately 7.5 min
through 30 min from the end of apnea (Fig. 6 and 7). Arterial
PO, and PCO, were comparable among treatment groups at all
time points with the exception of isolated differences thought to
be attributed to random variation (Fig. 8 and 9).

Hematology and Clinical Chemistry

No statisticaly significant differences among treatment
groups were observed for hematology or clinica chemistry
values obtained on Days 2 and 15 except potassium on Day 15
(Table 2). The between-group differences in potassium were
not deemed medically relevant. No statistically significant dif-
ferences among treatment groups in hematocrit were observed.

DISCUSSION
The cyanide antidote hydroxocobalamin was efficacious
compared with sdine vehicle in reducing mortality from potassum
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FIG. 5. Mean (SE) minute volume as a function of time from the end of apnea in beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline
vehicle for acute cyanide poisoning. BL = baseline.
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FIG. 7. Mean (SE) arterial pH as a function of time from the end of apnea in beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline
vehicle for acute cyanide poisoning. AO = onset of apnea.
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FIG. 8. Mean (SE) arterid PCO, as a function of time from the end of apnea in beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline
vehicle for acute cyanide poisoning. AO = onset of apnea.
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FIG. 9. Mean (SE) arteria PO, as a function of time from the end of apnea in beagle dogs treated with hydroxocobalamin 75 mg/kg, 150 mg/kg, or saline

vehicle for acute cyanide poisoning. AO = onset of apnea.

cyanide poisoning in this animal model. In vehicle-treated ani-
mals, potassium cyanide infusion was associated with severe
cardiovascular and respiratory deterioration that culminated in
requirement for euthanasia within 4 h of poisoning in 10 of 17
animals and in severe neurological deficits necessitating
euthanasia within 2 to 4 d in an additional 4 animals. In con-
trast, 15 of 19 animals treated with hydroxocobalamin 75 mg/
kg and 18 of 18 animals treated with hydroxocobalamin 150
mg/kg survived through 14 d after the poisoning with no clini-
cally observed neurologic or other sequelae and no significant
effects on clinical chemistry or hematology tests or untoward
events attributed to antidotal administration. Furthermore,
hydroxocobalamin treatment resulted in rapid and complete
resolution of lactic acidemia induced by cyanide and more
rapid improvement in acid-base status. These results were
obtained under conditions designed to model treatment of
human cyanide poisoning in that animals were 1) given
mechanical ventilation with 100% oxygen consistent with that
given in human cyanide poisoning; 2) treated with the form of
hydroxocobalamin that is commercialy available in France
and that is being investigated in the United States for antidotal
use in humans; 3) given hydroxocobal amin by the intravenous
route to mimic the route of administration in humans; and 4)
administered hydroxocobalamin doses that produce exposure

comparable to that in humans given antidotal doses of
hydroxocobalamin. These experimental conditions and the
choice of animal species for this study were guided by the goal
of maximizing the ability to extrapolate the results to humans.
The canine model is considered predictive of antidotal effects
of hydroxocobalamin in humans based on well-characterized
pharmacokinetics and pharmacodynamics of hydroxocobal-
amin in dogs (15,16).

The results of this study, which included a vehicle control
group, supplement data from human studies. In the only pro-
spective study to date of antidotal use of hydroxocobalamin in
humans, hydroxocobalamin administered in the prehospital
setting in France was associated with survival among 67%
(28 of 42) of patients who were confirmed a posteriori on the
basis of blood cyanide concentrations to have had cyanide poi-
soning (7). Theinclusion of a contemporaneous vehicle control
group in the current study allows attribution of the improved
survival rate to hydroxocobalamin in this sample of animals.

In the dogs in this study, as in humans, acute cyanide poi-
soning was associ ated with severe cardiovascul ar deterioration.
Administration of hydroxocobalamin in this animal model was
associated with cardiovascular recovery characterized by
increases in blood pressure that began 1 to 3 min after initiation
of infusion. Thisresult is consistent with previous observations
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in humans (7,8). In 2 retrospective studies in smoke-inhalation
victims treated with hydroxocobalamin for suspected cyanide
poisoning, infusion of hydroxocobalamin was associated with
an increase in blood pressure and improvement of cardiovascu-
lar status—effects often observed even among patients who
were found in cardiorespiratory arrest or who were otherwise
hemodynamically unstable (7,8). The ability of hydroxocobal-
amin to scavenge nitric oxide might contribute to its transient
effect on blood pressure (21,22). The latter mechanism is con-
sistent with the previous finding of transient, self-limiting
increases in systolic and diastolic blood pressure after adminis-
tration of hydroxocobalamin 5 g to heathy volunteers who
were heavy smokers (23).

It was determined a priori that animals with severe neuro-
logical signs would not be permitted to survive, thus requiring
euthanasia of animals that appeared to be persistently poisoned
at the end of anesthesia. The decision to euthanize animals
after the day of dosing was made by a veterinarian who was not
informed of treatment assignments nor the intent of the study.
Because of the red color of hydroxocobalamin and its ater-
ation of skin color, complete blinding was impossible. How-
ever, the decision to euthanize was based solely on the
neurological status of the anima and the inability of the
affected animal to eat and drink on its own.

In summary, in this animal model, hydroxocobalamin
75 mg/kg and 150 mg/kg reduced mortality from potassium
cyanide poisoning that was lethal in the majority of animals
treated with saline vehicle. Hydroxocobalamin compared with
saline vehicle was associated with improvement in hemody-
namic stability beginning 1 to 3 min after the onset of infusion.
Hydroxocobalamin-treated animals that survived cyanide poi-
soning exhibited no neurologic or other sequelae, and no unto-
ward effects of hydroxocobalamin were observed. These data
are supportive of the reported findings in humans (5-10).
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