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Abstract

Background: Cardiovascular drug poisoning remains a leading
cause of fatality. Within this class, calcium channel blockers
(CCBs) account for the majority of deaths. CCBs are typically
categorized as dihydropyridines (i.e. amlodipine or nifedipine)
versus the non-dihydropyridine (i.e. verapamil and diltiazem) which
are the most potent and once considered the CCB type responsible
for all CCB-related deaths. Most recently, dihydropyridine
deaths have increased. While there are established models of
nondihydropyridine poisoning there currently are no established
experimental models of dihydropyridine poisoning.

Methods: Electrocardiogram electrodes and intravenous lines
were placed in anesthetized Spraque-Dawley rats. Various doses
of amlodipine were administrated as a constant infusion to mimic
continued gastrointestinal absorption. Intravenous amlodipine
dosing was determined by the Dixon “up-and-down” method.
Animals were observed for a total of two hours and death or
survival was recorded.

Results: Various solvents were used such as tween and ethanol.
Amlodipine was successfully dissolvedin 20% DMSO. The maximum
likelihood estimate for LD50 was 8.65 mg/kg (SE, +/- 2.67 mg/kg).
Conclusions: A reliable experimental model of dihydropyridine
poisoning using intravenous amlodipine is presented which will
allow future studies concerning pathophysiology of shock from
dihydropyridine poisoning and treatment.
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Background

Cardiovascular drug poisoning remains a leading cause of
fatality with Calcium Channel Blockers (CCBs) making up the
vast majority [1]. CCB toxicity is typically due to the combination
of negative inotropy and loss of vasomotor tone. CCBs are often
categorized as dihydropyridines (i.e. amlodipine and nifedipine)
versus the non-dihydropyridines (i.e. verapamil and diltiazem).
The non-dihydropyridines are the most potent and were once
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considered the CCB type responsible for all CCB-related deaths [2,3].
Dihydropyridines such as amlodipine exert their primary action on
calcium channels located in vascular smooth muscles demonstrating
less toxicity on cardiac tissue than do verapamil and diltiazem and
often used as peripheral vasodilators [4]. Many view dihydropyridines
as significantlyless toxic when compared to the non-dihydropyridines.
However, severe dihydropyridine toxicity often mimics distributive
shock similar to sepsis and anaphylaxis with significant toxicity and
reported deaths despite maximal supportive care [5-11].

At this time there are no established experimental models
of intravenous dihydropyridine poisoning. We designed a novel
experiment to establish a first approximation for the dose required to
kill 50% of the animals (LD,;) with intravenous amlodipine using the
Dixon up-and-down method.

Methods
Experimental model

We performed this study using Sprague-Dawley rats. The rat
model was chosen because it has previously been used to study calcium
channel blocker toxicity with various experimental treatments such as
high dose insulin-euglycemic therapy and intravenous fat emulsion
therapy. The animal care and use committee of the institution
approved this protocol, and the care and handling of the animals
are in accordance with National Institutes of Health guidelines. All
rats are cared for and handled according to the National Institute of
Health guidelines.

Healthy Sprague Dawley rats weighting between 300-600 grams
were anesthetized in an induction chamber with 5% isoflurane. A
tracheostomy was also performed using a 14-gauge catheter under
anesthesia with oxygen provided through a nose cone until the
tracheostomy was performed and rat was attached to an Ohio V5A
anesthesia ventilator and Ohio Modulus anesthesia machine (Ohmeda
Corp., Helsinki, Finland). The neck was dissected and a catheter
(22-gauge) was placed into the right carotid artery under direct
visualization. This catheter was used for continuous blood pressure
monitoring. A femoral venous catheter (24-gauge) was performed
under direct visualization using a cut-down technique. The femoral
vein was used for the amlodipine infusion using McGaw infusion
pumps (Model 360 infuser, B. Braun Medical Inc., Bethlehem, PA).
A three-lead ECG and arterial blood pressure tracings was recorded
using a Power Lab 4/20 ML840 (ADI Instruments, Houston, TX).
Prior to the start of the dosing portion of the study, various solvents
were used to dissolve amlodipine (amlodipine besylate, 99.9% purity).
Normal saline, tween, and DMSO solvents were used to attempt
to dissolve amlodipine. DMSO was successfully used to dissolve
amlodipine at 20% concentration.

Fifteen minutes after achieving venous access, rats were
administrated intravenous amlodipine in the dosing regimen
described below. The end-point for this study was either death or until
the end of the 2-hour protocol where surviving rats was euthanized
with Euthasol.
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Dixon’s up-and-down method of estimating LD,

LD, was estimated using the up-and-down method as described
by Dixon, which uses an iterative dose-selection algorithm. Starting
with an initial exposure of 25 mg/kg, each subsequent dosage was
raised or lowered based on the survival of the preceding animal. The
maximum likelihood estimate for LD, with SE was established using
the following equation:

LD,, = average (Xi) + d / N x (A + C), where average (Xi) is the
average test level (in mg/kg) for the last # trials, N is the nominal
number of samples or total number of samples, minus 1 less than the
number of identical samples at the beginning of the trial, A and C
values are acquired from Dixon’s tables after the series of experiments
are performed, and d is the distance between data points [11-14].

Results

Various vehicles were tested to dissolve amlodipine which
was ethanol, tween, normal saline and DMSO. We were able to
successfully dissolved amlodipine in 20% DMSO. Prior to the start of
out experiment we tested various concentrations of DMSO ranging
from 10% to 60% for the duration of our two hour protocol and found
no changes in hemodynamics.

LD

50

The Dixon up-and-down method for N > 6 gave a maximum
likelihood estimate for the LD, of 8.65 mg/kg (SE, +/- 2.67 mg/kg).
The distance, d, between data points was 5 mg/kg. The total number
of samples was 10. The nominal number of samples, N, is the total
number of samples, minus 1 less than the number of identical samples
at the beginning of the trial.

Discussion

The usual method to obtain a LD,  is to perform a bio-assay
experiment where a prescribed number of animals are tested at each
of several fixed doses. This typically results in the use of a large amount
of subjects which may be both time consuming and cost-prohibtive
when a LD, is not known. The up-and-down method described by
Dixon, dose levels are determined in a sequential manner and in
many cases reduces the amount of subjects needed as well as time to
obtain an accurate LD, .

At this time there are many experimental models of non-
dihydropyridine poisoning used in various animals such as canine
and rats. Our findings represent one of the first experimental models
of dihydropyridine poisoning using intravenous amlodipine. There
are currently no reliable experimental models of dihydropyridine
poisoning. The applications are wide and can be used to study various
treatment options such as high-insulin-euglyemic therapy.
Acknowledgements

This study was supported by American Academy of Clinical Toxicology
Junior Investigator Grant and partly by grant SUL1RR029893 from the National
Center for Research Resources, National Institutes of Health.

References
1. Bronstein AC, Spyker DA, Cantilena LR Jr, Green JL, Rumack BH, et al.
(2010) 2009 Annual Report of the American Association of Poison Control

Centers’ National Poison Data System (NPDS): 27th Annual Report. Clin
Toxicol (Phila) 48: 979-1178.

doi:http://dx.doi.org/10.4172/2324-8602.1000121

2. Katz AM (1986) Pharmacology and mechanisms of action of calcium-channel
blockers. J Clin Hypertens 2: 28S-37S.

3. Katz AM (1985) Basic cellular mechanisms of action of the calcium-channel
blockers. Am J Cardiol 55: 2B-9B.

4. Clavijo GA, de Clavijo IV, Weart CW (1995) Amlodipine: a new calcium
antagonist. Am J Hosp Pharm 51: 59-68.

5. Johansen SS, Genner J (2003) A fatal case of amlodipine poisoning. J Clin
Forsenic Med 10: 169-172.

6. Sklerov JH, Levine B, Ingwersen KM, Aronica-Pollack PA, Fowler D (2006)
Two cases of fatal amlodipine overdose. J Anal Toxicol 30: 346-350.

7. Cosbey SH, Carson DJ (1997) A fatal case of amlodipine poisoning. J Anal
Toxicol 21: 221-222.

8. Koch AR, Vogelaers DP, Decruyenaere JM, Callens B, Verstraete A, et al.
(1995) Fatal intoxication with amlodipine. J Toxicol Clin Toxicol 33: 253-256.

9. Harris NS (2006) Case records of the Massachusetts General Hospital.
Case 24-2006. A 40-year-old woman with hypotension after an overdose of
amlodipine. N Engl J Med 355: 602-611.

10. Smith SW, Ferguson KL, Hoffman RS, Nelson LS, Greller HA (2008)
Prolonged severe hypotension following combined amlodipine and valsartan
ingestion. Clin Toxicol (Phila) 46: 470-474.

11. Adams BD, Browne WT (1998) Amlodipine overdose causes prolonged
calcium channel blocker toxicity. Am J Emerg Med 16: 527-528.

12. Perez E, Bania TC, Medlej K, Chu J (2008) Determining the optimal dose of
intravenous fat emulsion for the treatment of severe verapamil toxicity in a
rodent model. Acad Emerg Med 15: 1284-1289.

13. Bania TC, Chu J, Perez E, Su M, Hahn IH (2007) Hemodynamic effects of
intravenous fat emulsion in an animal model of severe verapamil toxicity
resuscitated with atropine, calcium, and saline. Acad Emerg Med 14: 105-
111.

14. Bania TC, Chu J, Almond G, Perez E (2004) Dose-dependent hemodynamic
effect of digoxin therapy in severe verapamil toxicity. Acad Emerg Med 11:
221-227.

Author Affiliations

"New York University School of Medicine, USA

2Department of Emergency Medicine St. Luke’s-Roosevelt Hospital Center,
USA

*Department of Emergency Medicine New York University School of Medicine
Bellevue Hospital Center New York, New York, USA

Top

( )
Submit your next manuscript and get advantages of SciTechnol
submissions

50 Journals

o

&

21 Day rapid review process
1000 Editorial team

o

2 Million readers

More than 5000

Publication immediately after acceptance

&

o

Quality and quick editorial, review processing

Submit your next manuscript at e www.scitechnal.com/submission

e Page20f2 e


http://www.ncbi.nlm.nih.gov/pubmed/21192756
http://www.ncbi.nlm.nih.gov/pubmed/21192756
http://www.ncbi.nlm.nih.gov/pubmed/21192756
http://www.ncbi.nlm.nih.gov/pubmed/21192756
http://www.ncbi.nlm.nih.gov/pubmed/3540226
http://www.ncbi.nlm.nih.gov/pubmed/3540226
http://www.ncbi.nlm.nih.gov/pubmed/2578725
http://www.ncbi.nlm.nih.gov/pubmed/2578725
http://www.ncbi.nlm.nih.gov/pubmed/8135260
http://www.ncbi.nlm.nih.gov/pubmed/8135260
http://www.ncbi.nlm.nih.gov/pubmed/15275013
http://www.ncbi.nlm.nih.gov/pubmed/15275013
http://www.ncbi.nlm.nih.gov/pubmed/16839474
http://www.ncbi.nlm.nih.gov/pubmed/16839474
http://www.ncbi.nlm.nih.gov/pubmed/9171207
http://www.ncbi.nlm.nih.gov/pubmed/9171207
http://www.ncbi.nlm.nih.gov/pubmed/7760451
http://www.ncbi.nlm.nih.gov/pubmed/7760451
http://www.ncbi.nlm.nih.gov/pubmed/16899781
http://www.ncbi.nlm.nih.gov/pubmed/16899781
http://www.ncbi.nlm.nih.gov/pubmed/16899781
http://www.ncbi.nlm.nih.gov/pubmed/18568804
http://www.ncbi.nlm.nih.gov/pubmed/18568804
http://www.ncbi.nlm.nih.gov/pubmed/18568804
http://www.ncbi.nlm.nih.gov/pubmed/9725975
http://www.ncbi.nlm.nih.gov/pubmed/9725975
http://www.ncbi.nlm.nih.gov/pubmed/18976343
http://www.ncbi.nlm.nih.gov/pubmed/18976343
http://www.ncbi.nlm.nih.gov/pubmed/18976343
http://www.ncbi.nlm.nih.gov/pubmed/17267527
http://www.ncbi.nlm.nih.gov/pubmed/17267527
http://www.ncbi.nlm.nih.gov/pubmed/17267527
http://www.ncbi.nlm.nih.gov/pubmed/17267527
http://www.ncbi.nlm.nih.gov/pubmed/15001400
http://www.ncbi.nlm.nih.gov/pubmed/15001400
http://www.ncbi.nlm.nih.gov/pubmed/15001400

	Title
	Corresponding author
	Abstract 
	Keywords
	Background
	Methods
	Experimental model
	Dixon’s up-and-down method of estimating LD50 

	Results
	LD50

	Discussion
	References

