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ABSTRACT 

A new method for the quantitation of acute phlebitis in 

superficial veins is investigated. This method capitalizes 

on local temperature elevations which result from the 

inflammatory process. The thermally based detection method 

is more objective than traditional procedures which utilize 

simple visual evaluations of symptoms. 

Several irritating parenteral drugs and their vehicles 

as well as many commonly used cosol vents were tested for 

their potential to produce phlebitis. The water soluble 

compounds and the cosolvents produced little if any 

irritation. In cases where significant phlebitis was 

produced, it was the drug and not the vehicle which was 

found to be responsible. This method shows promise as a 

tool for screening compounds and vehicles for their potential 

to produce local venous side-effects. 

The hemolytic method for assessing the venous 

compatibility of parenterals was compared with the thermal 

method. It was found that hemolysis testing can give false 

positive suggestions of phlebitis, which could result in the 

elimination of promising new formulations. 

The effect of injection rate on the severity of 

phlebitis is investigated using parenteral amiodarone Hel. 

As the injection rate is increased the severity of phlebitis 

also increases to a limiting value. At rates above this 
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value there is less phlebitis produced. The reason for this 

behavior is explained below. Amiodarone was found to 

precipitate upon dilution with physiological fluids. 

Incomplete dilution of the formulation in the blood results 

in a physically stable "plug" within the vein. Where there 

is plug flow, and the drug is soluble in the plug, there is 

no precipitation. It was shown in vitro that plug flow of the 

partially diluted formulation correlates with the decrease in 

phlebitis observed in vivo at rapid injection rates. 

The immediate precipitation of amiodarone Hel upon 

dilution is pH dependent. Amiodarone is reformulated in a 

buffered version of the original vehicle in an attempt to 

reduce this precipitation. Buffering the amiodarone 

formulation significantly improved the precipitation problem 

of this drug. By characterizing the variables which 

influence the physical stability of amiodarone we were able 

to produce a new formulation which is resistant to 

dilution-induced precipitation. 



CHAPTER 1 

INTRODUCTION 
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It is estimated that 25% of all drugs administered in 

clinical situations are given in the form of an injection 

(1). Parenteral dosage forms generally produce rapid effects 

and are highly (if not completely) bioavailable. There are, 

however, certain drawbacks to their use. Parenteral 

formulations have lower patient acceptability than other 

types of delivery systems, due presumably to a general fear 

of needles. Another disadvantage of parenteral drug 

delivery is the risk of infection accompanying the 

venipuncture. In addition (with certain exceptions) 

injections must be performed by trained medical staff. While 

the use of proper sterile technique has done much toward 

eliminating microorganisms and pyrogens introduced by 

intravenous injections, pain and injection- induced phlebitis 

(2-4) continue to be frequently reported complications 

associated w'i th these dosage forms. 

Injection-related phlebitis (sometimes referred to as 

thrombophlebitis) is an inflammatory condition of the venous 

endothelium which results from the introduction of an 

irritating parenteral formulation. Although phlebitis is 

influenced by a number of factors the physical causes, 

specifically dilution-induced precipitation upon injection, 

are the focus of this dissertation. 
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CordaroneR Injectable Preparation (amiodarone HCl) is 

used as a model formulation, however, the techniques and 

principles developed in the following chapters are 

applicable to most parenterals and not limited to this 

particular drug. 

Chapter 2 examines the current knowledge regarding the 

many causes and effects of injection-related phlebitis. 

Methods for measuring phlebitis are discussed and a new 

temperature-based methodology for detection and quantitation 

is introduced. A thermographic camera is used to investigate 

a number of irritating parenteral formulations as well as 

many commonly used pharmaceutical solvents. A relationship 

between drug solubility and phlebitis is found. Chapter 3 

introduces refinements to the thermal method of quantitating 

phlebitis. The improved method is used to study CordaroneR 

Injectable Preparation. The drug and not the vehicle is 

found to be responsible for the vascular irritation produced 

by this formulation. 

Chapter 4 investigates the injection rate dependency of 

phlebitis utilizing the techniques described in Chapters 2 

and 3. Phlebitis is observed to increase with inj ection rate 

to a limiting value. Above this value the phlebitis is much 

less severe. A correlation between traditional visual 

evaluations of phlebitis with the thermal method is made. 

Chapter 5 reviews current in situ methods of testing 

compounds for their hemolytic potential. Hemolysis data 



14 

obtained from injections delivered into a simulated venous 

system are re-evaluated. 

the interpretation of 

An equation is given which aids in 

the results of the study. The 

importance a drug's effecti ve concentration in the test 

mixture is discussed. 

Chapter 6 investigates the applicability of an in situ 

hemolysis test as a model for phlebitis. In vivo phlebitis 

and in situ hemolysis produced by amiodarone HCl and its 

vehicle are compared at several doses. It is shown that 

results of hemolysis tests can give false positive 

suggestions of phlebitis. 

Chapter 7 focuses on determining the cause of 

amiodarone-induced phlebitis. Both static and dynamic in 

vitro studies are performed and compared with in vivo data 

from Chapter 4. A strong relationship between the 

precipitation of amiodarone upon dilution in both plasma and 

a physiological buffer solution and in vivo phlebitis is 

found. An explanation for anomalous fast injection rate 

data from the earlier study is given. 

Chapter 8 presents a physicochemical explanation for 

the precipitation resulting from dilutions of the amiodarone 

formulation. A new amiodarone formulation is prepared which 

is much less susceptible to precipitation upon dilution. 

Chapter 9 summarizes the key points of the dissertation. 

These findings are integrated in order to provide a clear 

picture of the significance of this research and to 
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demonstrate its contribution to the field of formulation 

technology. 



CHAPi'ER 2 

DEi'ECi'ION AND gUANTITATION OF 

PHLEBITIS USING A THERMOGRAPHIC CAMERA 

INTRODUCi'ION 

Background 

16 

Infusion-related phlebitis (or thrombophlebitis) is a 

complication resulting from the intravenous administration of 

many parenteral formulations. This condition may lead to 

thrombus formation and/or venous tissue destruction (1,2). 

Although its reported incidence and duration varies widely 

(1,2,3), phlebitis is a significant side effect of 

intravenous therapy. 

The incidence and duration of phlebitis appear to be 

dependent upon a variety of factors. Chemical factors such as 

low pH (2,4,5), hypertonicity (6), and the inherent nature 

of the drug (1,2) have been shown to influence the production 

of phlebitis. Physical factors such as the presence of 

particulates (7,8) and precipitation of the drug out of 

solution upon dilution are also known to influence this 

condition (9,10). Clinical factors involving injection 

technique (i.e., extravasation, type of needle, duration of 

infusion, etc.) can also contribute to the occurrence of 

phlebitis (1,2,11). Infusion-related phlebitis is 

characterized by pain, tenderness, erythema, induration, 

edema, thrombus formation and a local temperature increase 
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(1,2). In some instances phlebitis may become suppurative 

and lead to sepsis (12). This condition may persist for 

weeks or in some cases months (1,2,13). 

Phlebitis is known to occur with the administration of 

infusions as well as from a single injection (1). Local 

reactions following injection of benzodiazepines have been 

observed by several investigators (14,15). Boon (16), et 

al., in a study involving 16 drugs commonly used in 

anesthetic practice, reported an incidence of injection 

related phlebitis of 36%. 

Presently, the diagnosis of phlebitis is contingent upon 

manifestation of pain or visual symptoms. Therefore, 

detection requires a SUbjective evaluation of the injection 

site. This is usually accomplished by visualizing the above 

mentioned symptoms and characterizing them on some numerical 

scale as to their severity (1,17,18). It is known that 

following venous insult, the main phase of the inflammatory 

response can take up to 24 hours to begin (19). If the 

symptoms of phlebitis are not immediately apparent, and 

therapy with an irritating drug is continued, considerable 

damage to the vascular tissues may occur. Treatments 

initiated after significant vascular damage may be of limited 

success. 

In order to detect or predict phlebitis, accurate 

measurements of the symptoms are necessary. Many of these 
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symptoms such as erythema, induration and edema may be 

quantitated with a visual evaluation. The local temperature 

elevation present in this condition (resulting from 

chemically mediated, increased vascular permeability) may be 

more objectively measured with the aid of thermography 

(20,21). Thermographic evaluations are noninvasive and have 

been used in the past with success in the detection of deep 

vein thromboses (23), as well as for the assessment of blood 

flow in the dermis (20,21). 

At the present time there is no objective quantitative 

method for detecting phlebitis. Focusing on injection 

related phlebitis and using a rabbit ear model, a 

noninvasive method for the detection of acute injection 

related phlebitis involving the use of a thermographic 

camera will be introduced. This model capitalizes on the 

local temperature elevation that is associated with the 

onset of the inflammatory response. 

MATERIALS 

The compounds used in this study were 0.9% sodium 

chloride injection, USP (Abbott Laboratories, North chicago, 

IL), amiodarone HCI (Cordarone, Labaz Laboratories, Ambares, 

France), phenytoin sodium (Dilantin, Parke-Davis, Morris 

Plains, NJ), diazepam (Valium, Roche Laboratories, Nutley, 

NJ), cephalothin sodium (Keflin, Eli Lilly and Company, 

Indianapolis, IN), and mechlorethamine (Mustargen, Merck 
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Sharp & Oohme, West Point, PA). In addition, several 

commonly used cosolvents such as dimethyl acetamide (OMA) , 

dimethyl sulfoxide (OMSO) , ethanol (ETOH) , dimethyl 

isosorJ:lide (OMI) , polyethylene glycol 400 (PEG 400), and 

propylene glycol (PG) were examined. All of the above 

mentioned cosolvents were purchased from either Aldrich or 

Sigma Chemical Company, Inc. 

The injection rate was controlled with a syringe pump 

(Sage Instrumen'cs, model # 355) • A Spectrotherm 

thermographic camera, model # 800, equipped with a Polaroid 

200 camera was used for data collection. 

EXPERIMENTAL METHODS 

Parenterals 

Several commercially available drugs that are )cnown to 

cause phlebitis when injected intravenously are 

investigated along with their respective vehicles. 

vehicles are of the same composition and pH as 

commercial formulations reported in the Physicians' 

Reference. 

The 

the 

Oesk 

The vehicle compositions are as follows: amiodarone 

hydrochloride (10% polysorbate 80, 2% benzyl alcohol) ; 

phenytoin sodium (propylene glycol:ethanol:water - 40:10:50); 

diazepam (propylene glycol:ethanol:sodium benzoate/benzoic 

acid buffer - 40:10:50); mechlorethamine hydrochloride and 

cephalothin sodium (0.9% sodium chloride solution). In 



addi tion to the above, several commonly 

cosolvents are included in the study. 

Thermal Imaging Camera 
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used organic 

The thermal imaging camera consists of an infrared 

radiation detector (cooled with liquid nitrogen for optimal 

sensitivity in the infrared spectral band, 2-5.6 ~m ), an 

optical scanning system and a syncronized display unit. A 

signal is produced by the detector then amplified and 

conveyed to the display unit where it controls the electron 

beam of the monitor. The monitor operates syncronously with 

the scanning camera resulting in a high degree of spatial and 

thermal resolution. The temperature sensitivity of the 

thermal imager is ± 0.1 DC. Manual calibration was not 

necessary since this was an internal function. 

Technigue 

Two New Zealand white rabbits of approximately equal 

weight (2-3 kg) were randomly assigned to each treatment 

group. The rabbits were anesthetized intramuscularly with 

0.4 ml/kg of a solution containing 100 mg/ml ketamine HCL 

and 3 mg/ml acepromazine. The rabbit ears were then shaved 

and one ear assigned to the treatment group and the other ear 

a reference. A syringe pump was used to inject the lateral 

aspect of the marginal vein of the rabbit ear at a constant 

rate of 0.2 ml/min. A 27 gauge, 3/8 inch butterfly catheter 

attached to a 3 ml syringe was used for the injection. The 

doses and volume injected for each drug are given in Table 
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2.1. The duration of the injection varied with the volume 

administered. Baseline temperatures were then established 

for the artery and the marginal vein of each rabbit ear using 

the thermographic camera. Following the intravenous 

injection of the treatment ear, temperature readings of the 

artery and vein of both ears were taken at 0.0, 0.25, 0.50, 

0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0 and 24 hours. 

since the baseline temperature of each rabbit ear in 

the study was different, the temperatures were normalized by 

subtracting the vein-artery difference of the non- injected 

ear from that of the injected ear. This made it possible to 

determine the relative temperature change of the injected 

ear vein to that of the reference ear. 

A qualitative comparison of the temperature change 

between the control group, which received no injection, and 

the normal saline treatment group was then made. The normal 

saline treatment group was then compared with the remaining 

treatment groups and the commercial drugs were also compared 

against their vehicles. 

The treatment groups were monitored visually for the 

presence of phlebitis around the injection site. The 

criteria for a positive phlebitis score was the presence of 

erythema or edema in a region not less than 5 mm in 

diameter. Any involved area of the ear smaller than this 

was deemed a negative response. The presence or absence of 

phlebitis was recorded 24 hours following the injection. 
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RESULTS 

Figure 2.1 is a typical recording from the thermal 

imaging camera. The upper portions of the recordings show 

the thermal profile of the rabbit ears. The line passing 

through the ears corresponds to the the point of thermal 

measurement. The lower portions of the thermograms is where 

the data are displayed. 

The baseline in these two cases is at 34.0 °C and each 

line above it represent a 0.5 °C increase in temperature. 

Four peaks are present in each thermogram; the smaller, outer 

peaks are the venous temperatures and the larger, 

peaks are the arterial temperatures. 

inner 

Recording A is of a subject just prior to injection. 

Recording B is of the same rabbit, 10 minutes after an 

amiodarone injection into the right lateral vein. Note the 

1.5 °C increase in temperature shown by the elevated right 

outer peak. 

Each data point (in all of the graphs) represent the 

mean of two sUbjects. Figure 2.2 is a plot of the mean 

temperature change between the experimental and reference 

ears versus time for the untreated rabbits and those treated 

with normal saline. From this graph, it can be seen that 

there is no increase in temperature for the normal saline 

treatment group. The control group data shows some small 

temperature fluctuations indicating that some deviation about 

the mean of zero can occur. However, the control group is 
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very similar to that of the rabbits receiving normal saline 

and there is no apparent difference between them. The local 

visual tissue response for both treatment groups was negative 

for the presence of phlebitis. 

The data presented in Figure 2.3 represent the 

amiodarone and phenytoin treatment groups as well as their 

respective vehicles. It can be seen that for the amiodarone 

treatment group there is a significant temperature increase 

wi thin 15 minutes of the inj ection. This elevation in 

temperature peaks at a value of 1.6°e and remains elevated at 

l°e for 24 hours. positive signs of phlebitis were present 

locally at 24 hours. 

The amiodarone vehicle exhibits no such temperature 

elevation or local tissue response (paralleling the untreated 

and normal saline treatment groups) for any of the recorded 

time points. Although not as large, the phenytoin treatment 

group shows significant temperature changes 

treatment groups of Figure 2.2. In this 

relative to the 

instance, the 

temperature peaks at 1.3°e and averages l.ooe for the 

duration of the study and, as in the case of amiodarone, 

there is a local inflammatory response at 24 hours. As in 

the previous case the vehicle produces no significant 

temperature increase or tissue reaction. 

The data recorded for the diazepam, cephalothin, and 

mechlorethamine treatment groups, as well as their 

respective vehicles, are illustrated in Figure 2.4. Rabbits 
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from both diazepam and cephalothin treatment groups show a 

slight early thermal response that diminishes after about an 

hour. However, this rise appears to be insignificant. No 

temperature changes are seen for either of the vehicles. 

Near-baseline readings were observed for both mechlorethamine 

and its vehicle for the duration of the study. Nei ther 

diazepam, cephalothin, nor mechlorethamine produced phlebitis 

locally at the 24 hour time point. 

The results from the various cosolvents studied are shown 

in Figures 2.5 and 2.6. Of the six cosolvents tested none 

produced a significant thermal or visual deviation from the 

untreated control group. 

DISCUSSION 

Drugs that are poorly soluble in water when formulated 

with cosolvents can precipitate when injected (9). This can 

cause acute phlebitis. Drugs that have higher aqueous 

solubility may tend to cause phlebitis only on prolonged or 

chronic administration. Phenytoin, amiodarone and to some 

extent diazepam are known to cause acute phlebitis when 

administered intravenously. These drugs are poorly soluble 

(see Table 1.1). 

In the case of amiodarone and phenytoin our data 

confirm an acute response. cephalothin and mechlorethamine 



25 

usually cause phlebitis when administered for extended 

periods of time. They are both freely soluble and therefore, 

chemical irritation rather than precipitation is more likely 

the cause of phlebitis. The purpose of their inclusion in 

this study of acute phlebitis was that of a negative control. 

since only a single injection was given one would not expect 

to see temperature increases nor phlebitis, as was the case. 

In viewing the data in Figure 2.3 it can be seen that 

only amiodarone hydrochloride and phenytoin sodium show a 

sustained increase in temperature exceeding 0.5°C. In 

several of the cosolvents early temperature increases were 

noted. These increases fell off to near baseline levels 

after 1 to 1.5 hours. 

Since no visual response was seen in any of these cases 

it is likely that these small, early thermal responses may 

be due to the local trauma of the venipuncture. Of the 

cosol vents tested, none gave an appreciable sustained 

thermal response. Visual examination of the rabbits in the 

cosolvent treatment groups revealed the absence of symptoms 

of phlebitis. A suwnary of the thermal and visual data is 

provided in Table 2.2. 

Thermography has been used very successfully in the 

past for the detection of deep vein thromboses (22). Skin 

temperatures measured by thermography have been shown to be 

a direct measure of tissue blood perfusion (20). It appears 
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that thermography may also be useful in detecting superficial 

venous phlebitis caused by the injection/infusion of many 

parenteral formulations as well as their vehicles. This 

project has demonstrated good agreement between the venous 

temperature increase detect(~d by thermography and the visual 

signs of phlebitis observed in the rabbit. This model could 

prove to be extremely useful in preformulation studies 

allowing early changes in the formulation so that expensive 

delays could be avoided. 
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Figure 2.1 - Copy of a typical thermographic output. The 
venous and arterial temperatures are read directly from the 
thermogram which is a plot of the temperatures along the 
scanning line. Each horizontal line in the thermal profile 
represents 0.5 °C. Inner peaks are the arterial 
temperatures, outer peaks are the venous temperatures. (A) 
Subject prior to injection. (B) Same subject 10 minutes 
after receiving an injection of amiodarone HCl in the right 
lateral vein. 
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Figure 2.3 - Temperature elevation produced by amiodarone 
Hel ("), the amiodarone vehicle (6), phenytoin sodium 
( • ), and the phenytoin vehicle (0). 
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TABLE 2.1 

DOSES AND VOLUMES ADMINISTERED 

DRUG DOSE CONC. 
(mg/kg) (mg/ml) 

Amiodarone 10 50 

Diazepam 0.3 5 

Phenytoin 3.3 50 

Cephalothin 6.6 100 

Mechlorethamine 0.1 1 

All cosolvents 
and vehicles 

VOL. 
(ml) 

0.6 

0.2 

0.2 

0.2 

0.3 

0.4 

w 
w 



TABLE 2.2 

THERMAL AND VISUAL RESPONSE DATA OF SYSTEHS STUDIED 

DRUG OR THERMAL VISUAL SOLUBILITY 
COSOLVENT RESPONSE RESPONSE (H2O) 

Normal Saline none none miscible 

Phenytoin positive positive not miscible 

Phenytoin vehicle none none miscible 

Diazepam none none not miscible 

Diazepam vehicle none none miscible 

Amiodarone positive positive not miscible 

Amiodarone vehicle none none miscible 

cephalothin none none miscible 

Mechlorethamine none none miscible 

50% Ethanol none none miscible 

50% DMI none none miscible 

70% DMSO none none miscible 

70% DMA none none miscible 

50% PEG 400 none none miscible 

40% PG none none miscible II w 
~ 
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CHAPTER 3 

EARLY DETECTION OF AMIODARONE-INDUCED 

PHLEBITIS IN A RABBIT MODEL 

INTRODUCTION 

Infusion thrombophlebitis (ITP) is well recognized as 

a significant complication of intravenous therapy (1). The 

symptoms vary and include pain, erythema, induration, edema 

and thrombus formation. The exact etiology of ITP differs 

among formulations but the pathophysiological events 

following the injection of an irritating parenteral are 

similar to that of any inflammatory response. The main 

phase of this inflammatory response usually doesn't begin 

until several hours following venous insult and the visual 

symptoms may not be apparent for several hours to days (2). 

The increased blood flow from the early as well as the late 

stages of inflammation cause a local rise in temperature 

(3,4) which was found (5) to be detectable well before the 

appearance of the visual symptoms accompanying venous tissue 

destruction. 

In Chapter 2, 

detection of ITP 

thermographic camera. 

we introduced a new method for the 

using a rabbit ear model and a 

This method of detection utilized the 

local temperature elevation associated with the inflammatory 

process as a quantitative marker for detecting phlebitis. 

It is the purpose of this study to refine and extend 
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our previous model towards the goal of early detection and 

prediction of severity. In these experiments the 

thermographic camera has been replaced with a simple, 

inexpensive thermocouple monitoring system. The model drug 

used in this study was amiodarone HC1. Amiodarone is an 

antiarrhythmic drug commonly administered as a bolus 

injection followed by a short term infusion. In addition, a 

more objective method for visually quantitating the extent of 

phlebitis produced by a single amiodarone injection will be 

introduced. 

MATERIALS AND METHODS 

Twenty four New Zealand strain white rabbits of 

approximately equal weight (3.0 kg) were divided into three 

treatment groups. Each treatment group received a different 

parenteral. The three treatments used were as follows : 1) 

a placebo injection of 0.9% normal saline (Abbott 

Laboratories, Chicago, Il); 2) amiodarone vehicle of 10% 

polysorbate 80 with 2% benzyl alcohol (Sigma, st.Louis, Mo. 

and Aldrich, Milwaukee, Wis., respectively); 3) and 

amiodarone HC1, 50 mg/ml, (Labaz Laboratories, Ambare's, 

France). The amiodarone vehicle was prepared in a laminar 

flow hood, passed through 0.22 micron filters into sterile, 

pyrogen free vials and then autoclaved. 

In preparation for IV injection, the rabbits were 

mildly sedated with 0.3 ml/kg of a solution containing 250 
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mg/ml ketamine HCI, 10 mg/ml acepromazine and 50 mg/ml 

xylazine by intramuscular injection. Both ears were then 

shaved to facilitate injection as well as visualization of 

veins and symptoms. One of the ears was assigned as a 

reference while the other received the injection in the 

lateral vein at the midpoint of the ear. The injections were 

given via a 27 gauge, 3/8 inch, butterfly catheter (Abbott 

Hospitals, Inc., Chicago, II) attached to a 1 ml syringe. 

A syringe pump (Sage Instruments, Model 355, Cambridge, 

Mass) was used to control the rate to a uniform value of 1 

ml/min. The dose was determined by individual rabbit weight 

and scaled to the standard human quantity of 10 mg/kg 

(usually resulting in a volume near 0.6 ml). 

Immediately following the injection, one type T 

thermocouple (Sensortek, Model 2102, Clifton, NJ) interfaced 

with a digital thermometer (Cole and Palmer, Model 8500-40, 

chicago, II) was secured at a point directly over the vein 

and 2 cm proximal (downstream) to the injection site. A 

second thermocouple was attached to the corresponding point 

on the reference ear. The temperature difference between the 

experimental and reference ears was then recorded at the 

following time intervals: every 10 minutes for the first two 

hours after the injection; every 30 minutes for the next four 

hours; and at 24, 48 and 72 hours. 

Visual data were collected by actual physical 

measurement of the length of the region of inflammation and 



38 

erythema along the injected vein. These measurements were 

recorded in centimeters and collected at the same time 

points. statistical evaluation of the thermal data was 

accomplished through the use of a repeated measures ANOVA for 

calculation of the mean square error terms. These values 

were used for a Fischer Protected LSD test at the 0.05 level. 

RESULTS 

The recorded temperature differences between the 

experimental and reference ears for all three treatment 

groups are plotted against time in Figure 3.1. Each data 

point, up to 24 hours, represents the mean of not less than 

six rabbits. The 48 and 72 hour time points have fewer 

rabbits due to histological studies having been performed at 

24 hours. Contrasts for significant differences between the 

three treatment groups for each time point yielded the 

following results: 

1} Significant difference between Amiodarone and normal 

saline from one hour up to and including 24 hours. 

2} Significant difference between Amiodarone and the 

vehicle from one hour up to and including 24 hours. 

3} No significant difference between the vehicle and 

normal saline for any of the measured time points. 

Figure 3.1A is a representation of the normal saline 

treatment group data plotted as the means and standard 
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errors versus time. It can be seen from thie graph that, 

following the first hour, the averaged thermal readings are 

consistently near zero and the error terms small. At no time 

after the first hour is there any deviation from the zero 

line larger than 0.4 DC. 

The data from the polysorbate treatment group (Fig. 

3.1B) is quite similar to that of the normal saline treatment 

group. For the first hour there is some erratic thermal 

behavior followed by near-zero averaged temperature 

differences for the remainder of the study. Here the largest 

deviation from the zero line is approximately 0.2 DC. The 

small standard errors associated with each time point 

indicate good agreement "Ii thin the treatment group. 

Figure 3.1C contains the data from the amiodarone 

treatment group. It can be seen from the graph that after 

the injection there is an initial drop below the point of 

zero temperature difference, however this is not significant 

(the early erratic thermal behavior may be due to the effect 

of the trauma that is caused by the injection procedure 

itself since it is seen in all three treatment groups). The 

initial drop is followed by a steady temperature increase. 

This increase in temperature difference between the 

experimental and reference ears peaks with a value of 2.03 

°c at 1 hour 40 minutes and reaches a relatively constant 

value of about 1.7 °c up to the 6 hour time point. At 24, 48 

and 72 hours the temperature differences begin to diminish, 
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experimental ears are still nearly a full 

degree warmer than the reference ears after 3 days. 

The length of erythema and swelling surrounding the 

vein is assumed to be representative of the severity of 

phlebitis. Figure 3.2 shows the relationship between the 

length of inflammation (at 24 hours) and the temperature 

difference between the experimental and reference ears early 

in the study (1 to 2 hours post injection). Each data point 

represents one rabbit. There is a correlation (r = 0.75) 

between large temperature differences at early measurements 

and the severity of the phlebitis manifested at later times. 

Visual and physical examination of the rabbits in the 

amiodarone treatment group at the 24 hour time point 

revealed symptoms of phlebitis in all rabbits. However, 

measurements of phlebitis taken at the three hour time point 

for this same treatment group showed the presence of this 

condition in only one of ten sUbjects. Virtually every 

rabbi t in this study had a measurable amount of erythema. In 

the vehicle and saline treatment groups, however, these 

regions were quite small (generally circular in shape and 

less than 1 rom in diameter) and attributed to the local 

trauma of the venipuncture. Furthermore, the severity of 

these reddened areas decreased with time after three hours 

whereas the condition worsened for the amiodarone treatment 

group. 
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DISCUSSION 

Infusion or injection-related phlebitis is similar to 

any inflammatory process in that it generates heat at the 

site of inflammation. We have demonstrated that a simple 

thermocouple system can be used as a convenient , noninvasive 

means of quantitating the early temperature changes 

accompanying the onset of venous inflammation and phlebitis. 

The rabbit model for examining phlebitis has been used by 

several investigators (6-8); however, not until now has a 

predictive model been introduced. As shown in Figure 3.1C 

large temperature differences are detected well in advance 

(several hours) of visual symptoms. Not only is early 

detection of phlebitis possible, but it appears (see Fig. 

3.2) that it is also possible to predict the severity of the 

condi tion since large temperature differences have been 

shown to correspond to large degrees of venous involvement. 

Using this model it was shown that amiodarone itself, and not 

its polysorbate 80 vehicle, is responsible for the phlebitis 

that often accompanies its administration. The rabbi t 

ear /thermocouple model may be useful for identifying the 

specific agent that is responsible for producing phlebitis. 

The potential of a drug to induce ITP must be a concern 

for those involved in parenteral formulation, therefore 

industrial applications of this technique should be 

significant. By using this model one may know in as little 

as 1 to 2 hours of the potential of a parenteral to produce 
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This may prove to be a fast, inexpensive and 

accurate method for preformulation screening of parenteral 

medications as well as their potential vehicles. 

It is also hoped that clinical applications of this 

technique may lead to more effective treatment. By knowing 

in advance that phlebitis is imminent, the reduction of the 

severity and duration of this condition may be possible by 

early intervention. 
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CHAPTER .. 

INJECTION RATE AND AMIODARONE-INDUCED PHLEBITIS 

INTRODUCTION 

Injection phlebitis is a significant side-effect of IV 

therapy. A number of marketed parenteral formulations are 

known to induce this vascular inflammatory response (1). In 

order to minimize the likelihood of developing an irritating 

formulation, a clear understanding of the conditions which 

lead to phlebitis is necessary. 

A number of factors are believed to cause phlebitis 

(1,2). These include chemical irritation of the drug, 

injection technique, pH, tonicity, particulate matter and 

precipitation of the drug upon dilution in the bloodstream. 

Whatever the cause(s) the following symptoms are present: 

pain, erythema, edema and local temperature elevation. 

It is generally believed that rapid injections can cause 

vascular irritation for certain parenteral drugs. 

Consequently many parenteral drug manufacturers recommend 

slow injection of their more irritating formulations (3). 

In contrast, Ross (4) found that slow infusions are more 

likely to cause venous damage while Evans et al (5) found no 

relationship between injection rate and phlebitis. The 

purpose of this report is to help clarify the present 

situation by studying the effect of various injection rates 

on phlebitis for the model drug amiodarone HCL (currently an 
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investigational parenteral drug in the united states) and its 

vehicle. The most common method for quantitating phlebitis 

is a subjective, visual evaluation of the injection site. In 

Chapters 2 and 3 we introduced a new objective method for 

measuring phlebitis which capitalizes on characteristic local 

temperature elevations. In this study we will utilize both 

visual observations and thermal measurements as alternate 

means of phlebitis assessment. 

MATERIALS AND METHODS 

Amiodarone HCI (Cordarone, Labaz Laboratories, Ambares, 

France) was used as received. The 10% polysorbate 80, 2% 

benzyl alcohol vehicle was prepared in this laboratory using 

sterile Water for Injection (Abbott Laboratories, chicago, 

IL) and passed through 0.22 ~m filters into sterile, pyrogen 

free vials. Polysorbate 80 and benzyl alcohol were 

purchased from Aldrich (Milwaukee, WI). 

Amiodarone HCI and its vehicle were used as challenge 

formulations. Amiodarone was administered at the following 

injection rates (times): 0.02 (35 min), 0.05, 0.1, 0.5, 1.0, 

1.25, 2.0 and 3.0 mllmin (14 sec), using a syringe pump 

(Model 355, Sage Instruments, Cambridge, MA) to accurately 

control the delivery rate. The vehicle was injected at 0.1, 

1.0 and 3.0 ml/min. All injections consisted of the same 0.7 

ml volume of formulation delivered over different times for 

each respective injection rate (which delivers 35 mg of 
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amiodarone HCl). This value was calculated on a mg/kg basis 

from the recommended human dose. 

New Zealand white rabbits (weighing approximately 3.0 

kg) were used to study each injection rate. Treatment groups 

consisted of not less than three rabbits each. All rabbits 

were sedated thirty minutes prior to injection using 0.3 

ml/kg of a solution containing 250 mg/ml ketamine HCl 

(Vetalar, Aveco Co., Inc., Fort Dodge, Iowa), 50 mg/ml 

xylazine (Anased, Lloyd Laboratories, Shenandoah, Iowa) and 

acepromazine maleate 10 mg/ml (PronlAce, Aveco Co., Inc., Fort 

Dodge, Iowa). Both ears were shaved and one lateral ear vein 

of each rabbit was injected at a point three to four 

centimeters proximal to the ear tip. The corresponding 

non-injected ear vein was used as a control. 

Visual Evaluation of Inflammatory Response 

The rabbit ears were evaluated for the degree of 

inflammatory response using a modification of the numerical 

scale of Levy et al (6). The ears were inspected for signs 

of erythema and edema and assigned an integer ranging from 0 

to 5 according to the criteria described in Table 4.1. The 

visual evaluations were made immediately before the injection 

and at 1, 3, 6 and 24 hours. Thermal 

Evaluation of Inflammatory Response 

Following the injection the surface temperature of each 

rabbit ear vein was measured relative to the non- injected 

reference ear vein. The thermal measurements were taken on 
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vein 

approximately one centimeter distal to the base of the ear, 

in a manner consistent with a previously described method 

(7). The temperature was measured with a type T thermocouple 

(Sensortek, Model 2102, Clifton, NJ) connected to a digital 

thermometer (Cole and Palmer, Model 8500-40, Chicago, IL). 

Temperature differences between the two ear veins were 

monitored over a 24 hour period. 

RESULTS 

Visual Evaluations 

The visual evaluations of inflammatory response versus 

time as a function of injection rate for both amiodarone HCl 

and its vehicle are given in Table 4.2. Each data point 

represents the average of at least three rabbits. Note that 

the data from one to six hours is fairly constant. 

Therefore the 1-6 hour mean is used as an overall evaluation 

of the inflammatory response. 

Figure 4.1 shows that for amiodarone HCl the 1-6 hour 

mean of the visual evaluation of inflammatory response 

increases with injection rate up to 1. 25 ml/min. A decrease 

in the severity of phlebitis is seen for treatment groups 

recei ving inj ections at faster rates. In contrast, the 

polysorbate 80/benzyl alcohol vehicle of amiodarone. produced 

no significant symptoms of phlebitis for any of the injection 

rates studied. 
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Thermal Measurements 

The temperature difference between the injected and 

reference ears (for each injection rate) versus time as a 

function of injection rate is shown in Table 4.3. Note that 

the data are again fairly constant over the 1-6 hour range. 

Therefore the 1-6 hour time average is used for the overall 

average temperature difference. For amiodarone Hel the 1-6 

hour mean temperature difference shown in Figure 4.2 

increases with injection rate much as the visually evaluated 

inflammatory response discussed above. These results are 

consistent with the findings of Kerin et al (8) which show 

that amiodarone is less irritating at low concentrations and 

slow infusion rates. The results also agree with 

recommendations that amiodarone be administered via a central 

line (9,10,11), which amounts to a similar situation as a 

slow injection. 

There is an apparent maxima in the degree of 

temperature elevation for the 1.0 and 1.25 ml/min injection 

rates. Delivery rates faster than these values produce a 

decreased thermal response similar to the decrease seen for 

visually evaluated phlebitis in Figure 4.1. This unusual 

dependency of phlebitis upon injection rate has not been 

previously reported in the literature. 

The temperature difference for the vehicle remains at 

near baseline values for all time points measured. These 

results are similar to those obtained in a previous study 
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(1). No injection rate dependency on thermal measurements is 

seen for the vehicle. 

DISCUSSION 

Amiodarone HCl is known to cause phlebitis clinically 

(8-11). The fact that the severe phlebitis associated with 

injections of amiodarone can be ameliorated by dilution and 

slow infusion (9) is confirmed in this study. The visual and 

thermal data illustrated in Figures 4.1 and 4.2, 

respectively, show that very slow injections of this 

formulation are non-irritating. 

A decrease in symptoms is seen for injection rates above 

1.0-1.25 ml/min by both methods of evaluation. The trend of 

reduced effect for the fastest rates is seen for amiodarone 

but not the vehicle. Since the decrease in phlebitis at 

very fast injection rates is observed using two distinctly 

different methods, it is not likely to be an artifact. The 

reason for this particular dependency of phlebi tis upon 

injection rate will be explored in Chapter 5. The use of 

the thermal method has advantages over traditional visual 

and/or histological evaluations in that it requires neither 

a trained eye for grading responses nor any complicated 

invasive procedures. When used in conjunction with 

traditional techniques, the thermal method gives objective 

support. 

Figure 4.3 shows a comparison of the two different 
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methods of phlebitis quantitation used in this study for 

both amiodarone HCl and its vehicle. The temperature 

differences for all rabbits receiving the same visual 

evaluation are averaged and plotted against that particular 

visual evaluation. The number of data points used to 

generate these averages is shown within the squares. It is 

clear from the graph that there is very good agreement 

between the two distinctly different methods of assessment. 

Note the small standard deviations associated with thermal 

averages. This data provides strong evidence in favor of the 

thermal method for quantitating amiodarone-induced phlebitis. 
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I Rating I 
I 0 II 
I 1 II 
I 2 II 
I 3 ~ 
I 4 II 
I 5 II 

TABLE 4.1 

SCALE FOR VISUAL EVALUATION 
OF INFLAMMATORY RESPONSE 

Vein Color . Region of 
Change Erythema or. 

Edema 

no none II 
yes none 

1\ 

yes 1-3 mm I 
yes 4-8 mm 

yes ~ 9 mm * I 
yes II diffuse II 

* - localized to the region surrounding the vein. 

Inflammation Over 
Entire Ear 

no 

no 

no 

no 

no 

yes 

I 
I 
I 
I 
I 
I 

, 

U'I 
U'I 
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Sampling 
Time (Hrs) 

, 
1.0 
3.0 
6.0 

*24.0 
Mean 

1.0 
3.0 
6.0 

*24.0 
Mean 

TABLE 4.2 

VI!UAL EVALUATION OF IHFLAMHATORY 
RESPONSE FOR AMIODARONE BCl AND ITS VEHICLE 

Injection Rate (ml/min) 
0.02 0.05 0.10 0.50 1.00 1.25 

Amiodarone Hel 
0.00 1.25 1.33 0.67 2.00 2.33 
0.67 0.88 1.33 1.00 3.00 3.00 
0.67 0.25 0.67 ·1.6.7 3.00 3.33 
0.33 0.25 0.67 1.33 2.67 4.00 
0.42 0.66 1.00 1.17 2.67 2.89 

Amiodarone Vehicle 
-- -- 0.00 -- 0.00 ---- -- 0.00 -- 0.00 ---- -- 0.33 -- 0.00 --
-- -- 0.33 -- 0.00 ---- -- 0.17 -- 0.00 --

2.00 3.00 

1.00 1.00 
0.67 1.00 
1.00 0.33 
0.67 0.67 
0.84 0.75 

-- 0.00 
-- 0.00 
-- 0.00 
-- 0.00 
-- 0.00 

1 - Each data point in the table represents the average of 
measurements taken from not less than three rabbits. 

* - Indicates time points not used in computing the 1-6 hour mean 
values for Figure 1. 
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Sampling 
Time (Hrs) 

*0.0 
*0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 

*24.0 
Mean 

*0.0 
*0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 

*24.0 
Mean 

TABLB 4.3 

TBHPBRATURE D:In'BRBRCE1 

FOR AHIODAROHB BCL MiD ITS VEHICLE 

---- ------ -_._.- - -- - --- -

Injection Rate (ml/min) 
0.02 0.05 0.10 0.50 1.00 1.25 

AlniodaJ::one Hel 
0.03 0.03 0.00 0.00 -0.03 0.07 

-0.03 -0.03 0.20 0.37 0.63 0.50 
0.20 0.23 0.43 0.33 0.80 0.80 
0.17 0.38 0.40 0.40 0.87 1.10 
0.07 0.45 . 0.43 0.50 1.03 0.87 
0.07 0.33 0.20 0.50 1.03 1.03 
0.10 0.15 0.37 0.50 1.13 0.87 
0.03 0.23 0.37 0.43 1.13 0.90 

-0.03 0.23 0.33 0.50 0.97 1.03 
0.03 0.15 0.33 0.53 1.07 1.07 
0.09 0.28 0.36 0.45 0.99 0.94 

AmiodaJ::one Vebi~le -- -- 0.03 -- -0.42 ---- -- 0.00 -- -0.45 ---- -- 0.03 -- -0.07 ---- -- 0.10 -- -0.07 ---- -- 0.03 -- 0.13 ---- -- -0.07 -- -0.12 ---- -- 0.07 -- 0.08 ---- -- 0.07 -- 0.03 ---- -- 0.00 -- 0.02 ---- -- 0.17 -- -0.03 ---- -- 0.04 -- -0.08 --

2.00 3.00 

0.07 -0.03 
0.30 0.57 
0.47 0.60 
0.40 0.63 
0.43 0.63 
0.53 0.60 
0.47 0.47 
0.47 0.43 
0.47 0.40 
0.30 0.43 
0.46 0.54 

-0.10 --
0.10 --
0.05 --

-0.05 --
0.10 --

-0.05 --
0.00 --

-0.05 --
0.00 --
0.01 --
0.00 --

1 - Each data point in the table represents the average of 
measurements taken from not less than three rabbits. 
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* - Indicates time points not used in computing the 1-6 hour mean 
values for Figure 2. 
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CHAPTER 5 

THE ROLE OF THE EFFECTIVE CONCENTRATION 

IN INTERPRETING HEMOLYSIS DATA 

INTRODUCTION 

58 

Husa's in vitro assay (1,2) for evaluating the 

hemolytic potential of a solution has been a standard 

parenteral screening method for many years. Unfortunately, 

there are several shortcomings inherent in the procedure. 

These include: 1) shifts in the absorbance spectrum of 

hemoglobin due to the presence of nonaqueous sol vents or 

metal ions; 2) inappropriately high parenteral test solution 

to blood volume ratios; and 3) the use of a static model with 

long incubation times to simulate the rapid, dynamic 

situation within the vessels and tissues. 

Reed and Yalkowsky (3) addressed the issue of 

alterations in the absorbance spectrum of hemoglobin caused 

by high concentrations of cosolvents present in the 

parenterals being studied. Hemolysis was quantitated by 

means of a back titration following several washing steps to 

remove residual cosolvent. This allowed all spectral 

analyses of hemoglobin to be performed in a pure aqueous 

medium. 

A number of volume ratios were also studied simulating 

conditions for both IM and IV injections. The parenteral test 

solution to blood ratio of 50: 1 used by Husa (1,2) is 
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unrealistic with respect to physiological systems. A vein 

with a flow of approximately 50 ml/min would require an 

injection rate of 2500 ml/min to produce the above in vitro 

ratio. A dilution ratio such as this results in a situation 

where red blood cells are surrounded largely by test 

solution. 

For most small volume IV injections the blood flow rate 

is many times greater than the injection rate. This results 

in a low dilution ratio or a low "effective concentration" 

of the component of interest in the blood. Small ratios 

such as these give mixtures where RBC' s are suspended mainly 

in plasma. Thus, smaller ratios more accurately mimic in 

vivo conditions and are therefore more appropriate for 

screening IV compounds for hemolysis. 

Obeng and Cadwallader (4) designed a dynamic method for 

quantitating hemolysis. They avoided hemoglobin spectral 

problems by quenching the sample in a large reservoir of 

saline. The main advantages of this system are: (1) a more 

realistic model of blood circulation and mixing at the 

injection site is achieved; and (2) contact time between the 

red blood cells and the injected solution is short as is 

generally the case for small volume injections. Using this 

method several factors implicated in hemolysis (e.g. tubing 

diameter, blood flow rate, injection volume, concentration 

and injection time) were studied. 
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The purpose of this report is to show that there is a 

single parameter, the effective concentration (EC), that is 

the main determinant of hemolysis and that this single 

parameter can be used to generate dose-response curves for 

hemolysis. 

EXPERIMENTAL 

Table 5.1 lists the data obtained by Obeng and 

Cadwallader (4) for propylene glycol-induced hemolysis. Data 

from 10% and 50% concentrations of the cosolvent at various 

blood flow rates, injection times and injection volumes are 

used. The tubing was 0.5 m in length with a diameter of 3.2 

nun. The RBC suspension used was prepared to yield a 

hematocrit of 40%. The effective concentration of propylene 

glycol upon injection was calculated from these data as 

follows: 

SolutionVolume 

PG Concentration * 
Injection Time 

EC = ---------------------------------------- (1) 

Blood Flow Rate 

The EC is by definition the concentration (in percent) of 

propylene glycol in the final mixture of aqueous cosolvent 

solution and blood. 
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RESULTS 

Figure 5.1 shows the logarithm of the effective 

concentration upon injection versus the percent hemolysis 

induced. The data for the conditions descr .ibed in Table 5. 1 

fallon a single sigmoidal-shaped curve which is similar to 

a previously reported propylene glycol dose-response curve 

(3). The threshold value for measurable hemolysis (from 

Figure 5.1) is approximately 2%. This is similar to the 

iso-osmotic value reported by Cadwallader (5) using a static 

method. It is interesting to note that the LD50 of 4.2 

volume percent is in good agreement with the value of 5.7 

reported by Reed and Yalkowsky, despite the differences in 

methodology. 

DISCUSSION 

Obeng and Cadwallader considered several factors which 

are believed to effect hemolysis. However, they examined 

these factors indi vidually rather than in combination. 

Using equation 1 and the data previously described we have 

condensed several variables into the single variable, 

effective concentration. This study shows a definite 

relationship between the EC and the hemolytic potential of 

one commonly used cosolvent. The method used in generating 

the data has hydrodynamics which are similar to those of an 

in vivo system. In addition, Obeng's method has modeled 

effective concentrations in a range that closely simulates 
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in Vivo conditions. 

Obeng and Cadwallader also studied the effect of several 

tubing sizes, injection volumes and rates (both injection 

and flow) on water-induced hemolysis. It is interesting to 

note that when the water data are plotted as an effective 

concentration no systematic differences between the various 

tubing diameters is found. 

The use of a proper parenteral test solution to blood 

ratio is a very important factor to consider when producing 

relevant hemolysis data (especially for IV simulations). A 

1.0 ml inj ection is commonly administered over about 5 

seconds giving an injection rate of about 12 ml/min. 

Assuming a blood flow rate of about 50 mllmin for the 

injected vein, the result is an in vivo dilution ratio of 

0.24 (this corresponds to an EC of 12.0 for a 50% solution). 

This ratio is considerably smaller when the injection time 

is increased as is recommended for certain parenterals 

(e.g., Valium, Fungizone and Dilantin) (6). In traditional 

hemolysis investigations the ratio of test solution to blood 

is typically high (50:1) with some investigators (7) using 

even higher ratios. These ratios may be appropriate for use 

in studying compounds intended for intramuscular or 

subcutaneous use but are inappropriate for IV studies. For 

modeling small volume parenteral injections, ratios on the 

order of 0.1: 1 or less, more adequately simulate in vivo 

condi tions. It should be noted at this point that the 
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calculation given assumes that the test solution does not 

bind to other components present in the blood. Under in vivo 

conditions the EC of test solution in contact with the RBC's 

could be altered by the presence of plasma proteins. The 

data analyzed in this study was generated using RBC's 

suspended in buffer, therefore the equation is appropriate. 

The significance of the effective concentration of 

cosolvent and its relationship to hemolysis has been 

demonstrated. A sigmoidal dose-response curve was shown for 

propylene glycol. It could prove useful in predicting 

hemolysis in aqueous solutions of propylene glycol at 

delivery conditions not described in the literature. 
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TABLE 5.1 

INPUT PARAMETERS 

PG INJ.VOLUME INJ.TIME FLOW RATE 
(%) (ml) (minutes) (ml/min) 

10 1.0 0.5 12 
10 , 1.0 1.0 12 
10 5.0 0.5 12 
10 5.0 1.0 12 
10 1.0 0.5 48 
10 1.0 1.0 48 
10 5.0 0.5 48 
10 5.0 1.0 48 
50 1.0 0.5 12 
50 1.0 1.0 12 
50 5.0 0.5 12 
50 5.0 1.0 12 
50 1.0 0.5 48 
50 1.0 1.0 48 
50 5.0 0.5 48 
50 5.0 1.0 48 

EFFECTIVE 
CONC. (%) 

1.67 
0.83 
8.33 
4.17 
0.42 
0.21 
2.08 
1.04 
8.33 
4.17 

41.67 
20.83 
2.08 
1.04 

10.42 
5.21 

PERCENT 
HEMOLYSIS 

5 
3 

48 
10 

0 
0 
1 
0 

42 
25 
78 
61 

3 
3 

31 
13 

0'\ 
U'I 
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CHAPTER 6 

HEMOLYSIS AS A HODEL FOR PHLEBITIS 

INTRODUCTION 

Several modifications (1-3) of Husa's original in vitro 

hemolysis test (4) are presently used to test the 

compatibility of various compounds with blood and tissues. 

Many of these methods utilize large ratios of test solution 

to blood as well as long incubation times. Since 

intramuscular injections place large quantities of 

formulation in contact with small amounts of muscle tissue 

for extended periods of time, these methods are adequate for 

modeling IM injections. 

However, the applicability of these in vitro methods to 

intravenous injections, is questionable. One concern 

involves the practice of using long incubation times for the 

test solution/blood mixture. An equally important concern 

is the appropriateness of hemolysis as a model for vascular 

irritation or phlebitis. A subsequent report will address 

the issue of incubation time while this paper will 

investigate the relationship between venous irritation and 

red blood cell destruction using amiodarone He1, its vehicle 

and sterile water for injection as model formulations. 

MATERIALS 

Fresh blood was obtained from New Zealand white rabbits 
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by exsanguination. The blood was collected into 6.0 ml test 

tubes each containing 100 units of Sodium Heparin 

(Elkins-Sinn, Inc.; Cherry Hill, NJ) and used immediately. 

Amiodarone HCI, 50 mg/ml, (Cordarone; Labaz Laboratories, 

Ambares, France) was used as received. Polysorbate 80 and 

benzyl alcohol were purchased from sigma Chemical Company 

(st. Louis, Mo.) and also used as received. sterile water 

for Injection, USP and 0.9% Sodium Chloride Injection, USP 

were obtained from Travenol Laboratories, Inc. (Deerfield, 

IL). 

METHODS 

Hemolysis Procedure for Amiodarone and its Vehicle 

A slightly modified version of the hemolysis test 

described by Reed and Yalkowsky (5) is used in this study. 

One half of one milliliter of blood was added to either the 

amiodarone formulation (pH 3.5) or its 10% polysorbate 80, 2% 

benzyl alcohol vehicle (pH 6.4) in the following quantities: 

0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 3.0 mI. All samples 

were tested in triplicate. The mixtures were gently agitated 

for 2-3 seconds and incubated at 25°C for 2 minutes. At this 

point the hemolysis caused by the test solutions was 

quenched by the addition of 5 ml of 0.9% sodium chloride 

solution (normal saline) to each sample. This was followed 

by another 2-3 second period of agitation. The samples were 

then centrifuged for 5 minutes at 3000 rpm to separate the 
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The supernatant (containing the 

plasma and test solutions) was withdrawn and discarded. An 

additional 5 ml of normal saline was added to each sample, 

followed by agitation, centrifugation and supernatant 

withdrawal. This procedure was repeated one additional time. 

Following the removal of the supernatant from the final 

washing step, 5 ml of sterile water for injection (SWFI) was 

added to lyse the remaining RBC IS. This mixture was 

vigorously agitated then centrifuged for 5 minutes at 3000 

rpm. The supernatant was withdrawn from each sample, diluted 

appropriately and read at 540 nm for the absorbance of 

hemoglobin. 

Normal saline standard solutions were subjected to the 

above procedure and used to normalize the data. The 

absorbance of each test sample was divided by the absorbance 

of the saline samples to obtain the fraction of healthy 

(unlysed) cells. This value was subtracted from unity and 

multiplied by 100 to give the percentage of hemolyzed cells. 

Hemolysis Procedure for Water 

The destructive action of sterile Water for Injection, 

USP (SWFI) on RBC's was studied using a single ratio of 

water to blood. One half a ml of blood was mixed with 5 ml 

of SWFI. This particular ratio of blood to water was chosen 

to correspond with the dilution ratio produced by the 

injection of 5 ml of water into a rabbit ear vein with a 
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blood flow rate of approximately 0.5 ml/min as described 

below. The amount of lysis caused by the SWFI was determined 

in triplicate. The rest of the procedure is the same as 

described above for amiodarone. 

Phlebitis Procedure 

The determination of the phlebitis potential of SWFI 

was made using a previously described method (6). Two New 

Zealand whi te rabbi ts , with indi vidual weights of 

approximately 3 kg, were each injected in the marginal ear 

vein at a rate of 5 ml/min with 5 ml of sterile Water for 

Injection. These injection conditions were chosen to 

maximize the likelihood of inducing a venous response, and 

result in continuous contact of the vein wall endothelial 

cells with water for a period of one minute. Signs of 

phlebi tis ,.,ere monitored relative to the noninj ected ear 

vein over a period of 24 hours. 

RESULTS 

Hemolysis (In vitro) 

Figure 1 shows the hemolysis data for amiodarone Hel and 

its vehicle. The percent hemolysis is plotted as a function 

of the volume fraction of formulation eml formulation/(ml 

formulation + ml blood» for both the amiodarone formulation 

and the vehicle. From this figure it can be seen that 

nearly all concentrations of the amiodarone formulation are 

more hemolytic than the vehicle. Note that, for 0.5 volume 
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fraction, the amiodarone formulation causes complete 

hemolysis while the vehicle produces no effect. 

The average amount of RBC destruction caused by the 

5:0.5, water:blood mixture is 99.3% (± 0.5%), relative to 

the 0.9% NaCI standard solution. 

Phlebitis (In Vivo) 

Figure 2 shows the average temperature difference (with 

standard deviations) between the injected and reference ear 

veins as a function of time for the two rabbits receiving 

SWFI. No significant temperature differences are noted for 

any of the times measured. In addition, no visual symptoms 

of phlebitis (erythema, edema, induration, etc.) were seen 

for either of the rabbits for times up to and including 24 

hours. 

DISCUSSION 

Amiodarone and its Vehicle 

It has been shown in Chapter 3 (6) that amiodarone

induced phlebitis can be quantitated in a rabbit ear model 

by measuring the temperature difference between an injected 

and a reference ear vein. This method of phlebitis 

assessment has been shown to correlate well with more 

traditional visual evaluations of symptoms and has the 

advantage of being more accurate and objective. 

Figure 3 is taken from (7) and modified to facilitate 

comparison with the hemolysis data. using a marginal ear 
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vein flow rate of 0.5 ml/min (8) the injection rates studied 

in the rabbit ear model of (7) are converted to in vivo 

volume fractions similar to the volume fractions of this in 

vitro study. For example, an injection of any volume at a 

rate of 1 ml/min into a vein with a flow of 0.5 ml/min would 

produce a formulation volume fraction of 0.67. The 

compositions and pH values for the amiodarone formulation 

(and vehicle) are identical in both the in vivo and hemolysis 

studies. Figure 3 shows the severity of phlebitis measured 

by thermal methods as a function of the volume fraction of 

formulation for both amiodarone and its vehicle. The 

temperature differences are averaged from one to six hours 

post-injection with each data point representing the mean of 

not less than three rabbits. ~an 

be seen that increasing the volume fraction of amiodarone 

causes an increase in the thermal response. This trend 

continues to a maximum occurring at 0.67. Although this 

data point might at first appear to be an artifact, it is 

confirmed to be real by the results of chapter 3 (6) with 

ten rabbits. No phlebitis is seen for the amiodarone 

vehicle at any of the volume fractions studied. 

For volume fractions of amiodarone larger than 0.67 the 

severity of phlebitis measured by temperature difference (as 

well as visual evaluation) is observed to decrease. This 

decrease in symptoms at higher volume fractions is likely due 

to an alteration in the blood flow caused by an injection 
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rate which is much larger than the blood flow rate. If this 

is the case, a largely undiluted "plug" of amiodarone would 

displace the blood from the vein. In this situation the 

resulting phlebitis occurs to a much smaller degree than if 

there were complete mixing. This topic will be explained 

further in Chapter 7. 

The hemolysis for amiodarone shown in Fig. 1 appears to 

correspond to the phlebitis seen in Fig. 3 for all points up 

to the 0.67 volume fraction. However, above this value, 

where a decrease in phlebitis is seen, there is 100% 

hemolysis. Thus, fast injection rates (producing large 

volume fractions of amiodarone formulation) give complete 

hemolysis but minimal phlebitis. This may be an effect of 

the incomplete mixing described above. The data from the 

polysorbate SO/benzyl alcohol vehicle of amiodarone gives 

even more conclusive results. This formulation produced no 

phlebitis at any volume fraction but nearly complete 

hemolysis at high vehicle to blood ratios. From these data 

it is clear that hemolysis tests for modeling venous 

irritability can give misleading indications. 

Water 

From Figure 2 it is apparent that a large injection of 

distilled water (producing a 0.91 volume fraction of water 

assuming that the injection conditions do not change the 

blood flow) causes no adverse venous effects. On the other 

hand, the same in vitro water to blood ratio produced a 
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significant amount (99.3%) of RBC destruction. Once again 

the use of this hemolytic procedure as a model for venous 

irritability yields a false positive result. 

CONCLUSIONS 

In this study we have shown that for amiodarone HCI (an 

extremely irritating parenteral) in vitro hemolysis results 

do not correspond with vascular irritation seen in vivo at 

high formulation to blood ratios. In addition the 

polysorbate SO/benzyl alcohol vehicle, which produced 

hemolysis at high concentrations, produced no phlebitis. 

Furthermore, sterile water for injection produced nearly 

complete hemolysis but practically no measurable phlebitis. 

The results of this study clearly show that the use of 

a typical hemolysis model can give false positive 

suggestions of phlebitis. Thus, while these methods may be 

appropriate for modeling intramuscular injections, they are 

definitely not appropriate for predicting phlebitis. 
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CHAPTER 7 

DILUTION-INDUCED PRECIPITATION OF AMIODARONE BCL 

INTRODUCTION 

In the process of developing a parenteral drug it is 

important to consider the physical stability of the 

formulation following its injection. Formulations which are 

physically unstable upon dilution in the blood can cause 

significant physiological problems. Several marketed 

parenteral products are known to cause post-injection side 

effects such as pain and phlebitis (1). Assessing the 

potential of a parenteral formulation to cause vascular or 

muscular irritation may be helpful in minimizing these 

complications. 

Amiodarone HCl in a polysorbate aO/benzyl alcohol 

vehicle is currently under clinical investigation in the 

United States and commercially available in Europe and South 

America (CordaroneR Injectable Preparation, Labaz 

Laboratories). Several investigators have found amiodarone 

to produce irritating local effects (2-4), especiallY when 

administered as a bolus injection (5). 

In Chapter 4 (6) it was shown that there is a definite 

relationship between injection rate and amiodarone-induced 

phlebi tis. More specifically, the severity of phlebitis 

increases with injection rate up to a limiting value. Very 

rapid injections were found to actually produce less vascular 
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irritation. In this chapter, the cause of this behavior will 

be explored and the conditions which minimize 

amiodarone-induced phlebitis will be determined. 

THEORY 

Phlebitis and Precipitation 

There are many factors which can contribute to 

phlebitis (7-9). Post-injection precipitation in the 

bloodstream can be an important cause (10) especially for 

poorly water-soluble drugs formulated by pH adjustment or 

with water miscible coso1vents and surfactants. Rapidly 

formed crystals are often needle-shaped and can cause local 

trauma to the vascular endothelium. These crystals can also 

adhere to the intima of the vein, become sorbed on to small 

regions of vascular tissue, and deliver a concentrated dose 

to these cells. 

In vivo precipitation is difficult to quantitate and 

rarely reported, however, instances of in vitro 

precipi tation are more easily observed and thus are more 

commonly reported. The sodium salts of diphenylhydantoin 

and phenobarbital (11) are examples of compounds which 

precipitate when mixed with certain IV fluids. It is well 

known that diazepam solutions can precipitate when diluted 

with an aqueous medium (12). The extent of the precipitation 

problem is such that numerous compatibility guides (11) are 

required to insure the adequate preparation of admixtures. 
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Many sparingly soluble compounds can be effectively 

solubilized by micelles of nonionic surfactants. When a 

drug formulated in a surfactant based vehicle is diluted in 

the bloodstream two physical changes occur: (1) the pH and 

tonicity of the formulation approaches that of the blood and, 

(2) the concent~ations of surfactant and drug are decreased 

proportionately to each other. In both instances the 

original composition of the formulation is changed and a 

physically unstable solution may result. Specifically, if 

the drug in this diluted composition is present at a 

concentration which is greater than its solubility, a 

supersaturated solution with the potential to precipitate is 

produced. 

One of the factors which determines whether or not a 

drug precipitates is the degree of supersaturation. The key 

to understanding and ultimately controlling supersaturation 

involves knowledge of the solubility behavior of the drug in 

the local composition of the formulation/blood mixture. Data 

describing the solubility behavior can be easily obtained 

from equilibrium experiments. The formulation/blood 

composition is governed by the injection rate and can be 

determined with knowledge of the blood flow rate (assuming it 

is relatively constant) in a given vein. 

MATERIALS 
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Amiodarone HCl was donated by Wyeth-Ayerst Research and 

used as received. All other chemicals were reagent grade 

and purchased from either Sigma Chemical Company (st. Louis, 

MO) or Aldrich Chemical Company, Inc. (Milwaukee, WI). The 

mobile phase components for both the in vitro precipitation 

and chromatograhic experiments were distilled then passed 

through 0.45 ~m filters (Type HA, Millipore Corp., Bedford, 

MA) prior to use. Fresh whole blood was obtained from a male 

human volunteer; the plasma fraction was separated after 

centrifugation and used immediately. 

A peristaltic pump (Model 7520-00, Cole-Parmer 

Instrument Co., Chicago, IL), a syringe pump (Model 2400-

006, Harvard Apparatus, South Natick, MA), a 

spectrophotometer (Model DU-8, Beckmann, Fullerton, CAl, a 

flow cell (Model 170, Hellma Cells Inc., Jamaica, NY) and 

1/8" ID amber latex tubing (VWR Scientific, Cerritos, CA) 

were used for the dynamic precipitation studies. 

Chromatography was performed with a Beckmann, Model 332 HPLC 

on a 250 mm Econosphere C18, 5~m column (Alltech Associates 

Inc., Deerfield, IL). 

METHODS 

In vitro Precipitation (Static Modell 

Sample Preparation 

The amiodarone formulation was prepared at a 

concentration of 50 mglml in a 10% polysorbate 80, 2% benzyl 
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alcohol vehicle. The solution was passed through a 0.45 ~m 

filter. Serial dilutions of this stock solution were made 

with isotonic Sorensen's phosphate buffer and fresh human 

plasma. The presence or absence of a precipitate upon 

initial mixing was determined with a Tyndall beam. 

Following the initial precipitation observations the 

formulation/buffer mixtures were vigorously agitated for 1 

minute and placed on an end-over-end test tube rotator for 

two weeks. After equilibration the samples were centrifuged 

for 30 minutes at 3000 rpm and the supernatant decanted. 

All supernatant concentrations were determined by HPLC in 

triplicate. 

HPLC Assay 

The concentration of amiodarone HCl was quantitated 

with a high performance liquid chromatography assay. 

Absorbance was measured with a UV detector at 254 nm with a 

sensitivity of 0.01 AUFS. A standard C-18 column was used 

for the stationary phase. The mobile phase consisted of 

60:20:20, acetonitrile: tetrahydrofuran:5% aqueous acetic 

acid solution. The final pH of the mobile phase was adjusted 

to 6.0 with concentrated ammonium hydroxide. The flow rate 

of the mobile phase was 2.0 ml/min and the injection volume 

was controlled with a 100 t£l loop. All samples were 

analyzed in triplicate at ambient temperature. 

In vitro Precipitation (Dynamic Model) 

In this study the method described by Yalkowsky et ale 
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(10) is used to measure precipitation upon injection under 

dynamic conditions. It is performed by pumping a mobile 

phase (pH 7.4, isotonic Sorensen's phosphate buffer, flow 

rate = 3.0 m1/min ) through a length of tubing into a flow 

cell mounted in a spectrophotometer. Test solution 

injections are made into the tubing upstream of the cell at 

controlled rates which ranged from 0.12 to 18.0 m1/min. 

Precipi tation is measured as turbidity, \'lhich produces a 

decrease in the transmittance of light through the flow 

cell. All studies were performed in triplicate at room 

temperature (~25°C). 

RESULTS/DISCUSSION 

The concentration of amiodarone is given as a function 

of the volume fraction of formulation in Figure 7.1. The 

volume fraction is defined as: 

Volume m1 formulation 

Fraction = 

m1 formulation + m1 isotonic Sorensen's buffer 

The dashed line is the dilution curve and represents the 

hypothetical concentration of amiodarone (if there were no 

precipitation) resulting from serial dilutions. The solid 

line is the equilibrium solubility of amiodarone in the 

formulation/buffer mixtures. 

As the pure formulation is diluted from a volume 

fraction of 1. 0 to 0.9 the equilibrium curve follows the 
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dilution curve. At lower volume fractions the curves begin 

to diverge as the solubility of amiodarone decreases with 

increasing buffer concentration. After reaching a maximum 

difference at a volume fraction of 0.5 the two curves begin 

to approach each other and merge at the solubility of 

amiodarone in the mixture (~ 0.0025 mg/ml). Below this value 

the quantity of amiodarone present is less than its 

solubili ty and thus the concentration curve follows the 

dilution curve. 

When the amiodarone formulation is mixed with isotonic 

Sorensen's phosphate buffer the drug may precipitate 

immediately or upon standing. The shaded circles in Figure 

7.1 depict samples which showed immediate precipitation; the 

un shaded circles represent samples in which no precipitation 

was observed immediately after mixing. The total amount of 

precipitate formed at each dilution was calculated from the 

difference between the two curves in Figure 7.1 and is 

plotted in Figure 7.2A. This curve emphasizes the fact that 

there is little or no precipitation at very small or very 

large dilutions, but significant precipitation of amiodarone 

is observed at intermediate volume fractions (~ 0.5). Volume 

fractions between 0.5 and 0.0004 precipitate to nearly the 

total quantity of drug present. However, the number of 

milligrams of precipitated amiodarone decreases with volume 

fraction since the original concentration is also decreasing. 

Very small volume fractions show no precipitation because the 
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concentration of amiodarone is below its solubility in these 

formulation/buffer mixtures. 

In Chapter 4 (6) the injection rate dependency of 

phlebitis was explored using a rabbit ear model. Figures 

7.2B and 7.2C show the amiodarone-induced phlebitis of that 

study as a function of volume fraction. The volume fraction 

here is defined as above, except that rates are used in place 

of volumes, i.e., 

Volume Formulation Injection Rate 

Fraction = -------------------------------------------------
Formulation Injection Rate + Blood Flow Rate 

where the blood flow is that of the margin ear vein. This 

value was found to be approximately 0.5 ml/min. These 

graphs have been replotted from the original report to 

facilitate comparison with the in vitro data (figure 2A) of 

this study. 

Figure 7. 2B shows phlebitis as measured by a standard visual 

evaluation of its symptoms (erythema, eden\a, etc. ) . A 

second method for demonstrating phlebitis is shown in Figure 

7.2C. This is a plot of the average temperature difference 

between the inj ected and noninj ected ear veins. This 

thermally based method takes advantage of early temperature 

elevations associated with the inflammatory response and has 

been shown to objectively quantitate phlebitis (13). 

It is clear from both curves that very small volume 

fractions are associated with little or no amiodarone-
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induced phlebitis. As the volume fraction of amiodarone is 

increased the severity of phlebitis increases reaching a peak 

value near 0.6. The amiodarone vehicle caused no phlebitis 

at any of the volume fractions studied. 

These trends are observed with both methods. Note the 

similarity between the in vivo phlebitis curves for 

amiodarone and the in vitro precipitation curve. The amount 

of precipitation closely parallels the severity of phlebitis. 

In vitro the amiodarone formulation is stable to only very 

small or very large additions of buffer. These conditions 

produce little if any precipitation. These same conditions 

in vivo produce minimal phlebitis. 

In addi tion the amiodarone vehicle, which can not 

precipitate, caused no phlebitis. These data suggest that 

dilution-induced precipitation is responsible for the 

phlebitis associated with bolus amiodarone Hel injections. 

Very fast injection rates (which produce large volume 

fractions of formulation) result in less phlebitis than 

intermediate rates. This somewhat unexpected reduction in 

vivo was also observed for the in vitro precipitation 

experiment and is discussed belowo 

Injection rates faster than 1.0 mljmin were observed to 

displace the blood from the vein during the injection. This 

could be easily seen since the shaved rabbit ears are 

relatively transparent. In fact, at extremely rapid 

injection rates the formulation travels retrograde a short 
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Rapid 

injections produce a largely undiluted formulation "plug" 

wi thin the ear vein. The concentration of the amiodarone 

formulation in the plug corresponds to the region between 0.9 

and 1.0 volume fraction of the curves of figures 7.1 and 

7.2A. In the case of retrograde flow the plug consists of 

pure formulation and mixing occurs only at the leading and 

trailing edges. 

The effect of plug flow on precipitation for large 

volume fractions of formulation was studied using an 

experimental system which simulates the dynamic conditions 

of an IV injection (10). It ,.,as difficult to obtain 

quant.itative injection rate-precipitation results as with 

the static experiment, but the dynamic experiment 

effectively demonstrated in vitro plug flow. 

Figure 7.3A is the opacity versus time, observed with 

the dynamic method, from a 3 ml/min injection rate. At 

this rate there is intermediate dilution and good mixing of 

the formulation with the buffer. The single peak corresponds 

to the passage of the diluted formulation, containing 

significantly precipitated amiodarone, through the flow 

cell. Part B is the opacity of an injection performed at 18 

ml/min, a rate of six times the flow rate which produces 

plug flow. Two distinct peaks separated by a baseline 

region are observed. The first peak is produced from the 

precipitation at the leading edge of the plug. This region 
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has mixed and is sufficiently diluted to precipitate. As the 

initial precipitate travels out of the flow cell it is 

followed by the relatively unmixed formulation plug. This 

plug has not mixed with the buffer sufficiently to 

precipitate and the opacity returns to a baseline value. 

When the central portion of the plug has passed through the 

flow cell, the trailing edge, diluted to the point of 

precipitation, enters and produces the second peak. 

Although the same volume of formulation (1.0 ml) was used in 

each case, the peak height (a semi-quantitative measure of 

the amount of precipitation) for the 18 ml/min injection is 

much less than that observed for the 3.0 ml/min injection. 

The relationship between injection rate and precipitation is 

illustrated in figure 7.4. The upper part of this figure 

diagrams a longitudinal cut through a section of tubing and 

shows the result of an injection rate corresponding to volume 

fraction less than or equal to 0.5, immediately after its 

administration. This results in a dilution of the formulation 

which produces immediate and extensive precipitation (shaded 

circles). The lower diagram shm'ls the result of a very fast 

injection in which the formulation enters the tubing faster 

than the flow of the buffer producing plug flow. Note that 

the formulation is largely undiluted and that the mixing (and 

precipitation) occurs only at the edges of the plug. Note 

also that the total amount of precipitated drug is much 
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smaller under plug flow conditions than at dilutions which 

produce complete mixing. 

If amiodarone-induced phlebitis were due to chemical 

irritation of the drug, low pH, improper tonicity or 

particulate matter one would expect to see an increase in 

symptoms at very fast injection rates since, under these 

conditions, the formulation has more contact with the venous 

tissue. However, a decrease in the severity of phlebitis is 

actually observed. Precipitation and plug flow provide a 

sensible explanation for the decrease in 

high volume fractions of formulation. 

phlebitis noted at 

Since plug flow 

produces less precipitation it is reasonable to expect it to 

produce less phlebitis. 

The information obtained from these experiments can 

give some indication of the physical stability of the 

amiodarone formulation to the dilution resulting from an IV 

injection. Dilution ratios which precipitate rapidly and to 

a great extent in vitro are likely to do so in vivo as well. 

There are, however, other factors which could affect 

the in vitro/in vivo correlation. It is well known that 

amiodarone is highly protein bound (14) and it is possible 

that this binding might decrease precipitation by ing the 

drug. However, this is not the case. The region between the 

dashed verticle lines of figure 7.2A represent the volume 

fractions where immediate precipitation of the drug was 
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observed upon mixing with plasma. Precipitation occurs at an 

even higher volume fraction (lower dilution factor) in human 

plasma than in isotonic Sorensen's phosphate buffer (see 

figure 7.2A). 

CONCLUSIONS 

Amiodarone Hel can precipitate from its polysorbate 

80/benzyl alcohol vehicle when diluted in certain proportions 

wi th pH 7.4 isotonic Sorensen's phosphate buffer or from 

plasma. Very small volume fractions of amiodarone are 

physically stable producing little if any precipitation and 

phlebitis. Intermediate volume fractions show significant 

precipitation and phlebitis. Large volume fractions 

resulting from low dilution do not precipitate at all. In 

all instances the severity of phlebitis parallels the 

precipitation behavior of amiodarone. The information 

obtained from the static and dynamic precipitation 

experiments, when compared with the in vivo data, provide 

strong evidence in favor of precipitation as a cause of 

amiodarone-induced phlebitis. 

The phlebitis produced by the amiodarone formulation, 

much like that produced by diazepam solutions, can be 

controlled by very slow administration or injections made 

into large veins (2). In addition, as has been previously 

suggested (3,4), diluting amiodarone to low concentrations 

can reduce the phlebitis associated with this drug. All of 
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these measures serve to keep the concentration of amiodarone 

below saturation levels and thus minimize precipitation. 
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Fiqure 7.2 - The top figure (A) is the amount of amiodarone 
which precipitated following dilution with buffer in vitro 
as a function of the volume fraction of formulation. The 
vertical dashed lines represent the range in which 
immediate precipitation was observed following dilution 
with plasma. In vivo phlebitis is shown in (B) and (e) 
measured by a visual evaluation of symptoms and a thermal 
method, respectively, also as a function of volume 
fraction. The open circles are for the amiodarone 
formulation and the filled circles are for the polysorbate 
aD/benzyl alcohol vehicle. 
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Figure 7.3 - Opaci ty tracings from the dynamic in vitro 
precipitation experiment. A 3.0 ml/min injection of the 
amiodarone formulation (A) mixes well with the buffer, 
causes significant precipitation, which in turn produces a 
single peak. The same volume injected at 18.0 ml/min (B) 
gives less complete mixing (plug flow) and results in two 
peaks. These peaks correspond to the precipitation 
occurring at the edges of the plug. 
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CHAPTER 8 

A STUDY OF THE MECHANISM OF PRECIPITATION OF AMIODARONE HCL 

INTRODUCTION 

In Chapter 7 (l) the parenteral form of amiodarone HCl 

(CordaroneR Injectable Preparation) was shown to precipitate 

from solution when diluted with either isotonic phosphate 

buffer or plasma. The degree to which amiodarone 

precipitates depends strongly on the degree of dilution of 

the formulation. In addition, the precipitation observed in 

vitro was shown to correlate well with in vivo 

amiodarone-induced phlebitis. 

The aim of this chapter is to explore the cause of the 

precipitation of CordaroneR and to develop a new amiodarone 

formulation which is more resistant to precipitation upon 

dilution than the marketed product. 

THEORY 

It is well known that increases in aqueous solubility 

can be achieved for ionizable compounds by appropriate 

adjustment of pH. Water miscible cosol vents and surfactants 

can also be used to increase the solubility of a drug. 

However, compounds formulated using any of these approaches 

toward solubilization may be susceptible to 

when diluted, either as an admixture 

administration. 

precipitation 

or during 



96 

Other factors can also cause precipitation. Frequently 

a weakly acidic or basic drug is formulated as a salt. The 

counterions which are used are (in most cases), constituents 

of blood and extracellular fluid. Thus, there is the 

potential for precipitation by a common ion effect. In 

addition the very polar character of blood could cause the 

salting out of a nonpolar drug. 

There are significant physiological consequences 

associated with in vivo precipitation of drugs. For oral 

and intramuscular dosage forms precipitation can result in 

delayed onset of action and/or incomplete bio-availability. 

Some IV drugs, which are slow to redissolve, can become 

trapped in the vasculature of the heart and lungs resulting 

in emboli formation (2). For other formulations additional 

undesired effects of precipitation are pain and phlebitis at 

the injection site (3,4). 

MATERIALS 

0.9% Sodium Chloride Injection, USP, and Sterile Water 

for Injection, USP, were obtained from Travenol Laboratories, 

Inc. (Deerfield, IL). All of the other chemicals used were 

reagent grade and purchased from either Sigma Chemical 

Company (st. Louis, MO) or Aldrich Chemical Company, Inc. 

(MilwaUkee, WI), with the exception of amiodarone HCI, which 

was donated by Wyeth-Ayerst Research and used as received. 
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METHODS 

~recipitation studies (Labaz Formulation) 

Parenteral amiodarone was prepared in our laboratory 

according to the CordaroneR formula (Labaz Laboratories, 

Brussels, Belgium) with an amiodarone concentration of 50 

mg/ml in a 10% polysorbate 80, 2% benzyl alcohol vehicle. 

The resulting solution was filtered (0.45 J,£m) into clean 

glass vials. 

sSerial dilutions of formulation over five orders of 

magnitude were made with the following diluents: (1) 

isotonic Sorensen's phosphate buffer, pH 7.4 (ISPB), (2) 

0.9% Sodium chloride Injection, USP (NS) , and (3) Sterile 

Water for Injection, USP (SWFI). These mixtures were 

observed for signs of immediate precipitation upon mixing 

using a Tyndall beam. 

After these initial observations the samples were 

vigorously agitated for 1 minute and placed on an end

over-end test tube rotator and allowed to equilibrate for 

two weeks. The formulation/diluent mixtures were then 

centrifuged for 30 minutes at 3000 rpm and the supernatant 

decanted. All supernatant concentrations were determined in 

triplicate by HPLC. 

Reformulation of Amiodarone HCl 

pH 4.0, acetate buffer solutions were prepared at 

concentrations ranging from 0.01 to 1.0 molar. Ten percent 
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polysorbate 80, 2.0% benzyl alcohol solutions were made using 

these buffers. The high buffer capacity solutions were 

turbid. After subjecting these formulations to extremes in 

temperature we determined that the turbidity was due to a 

lowering of the cloud point of the surfactant by the high 

concentration of buffer salts. To clarify these dispersions 

various concentrations of organic solvents such as glycerin 

and ethanol were added. Amiodarone Hel was then added to 

each of the vehicles at a concentration of 50 mg/ml. 

The new amiodarone formulations were serially diluted 

with isotonic Sorensen's phosphate buffer, pH 7.4. These 

mixtures were then treated in the same manner as described 

above for the standard formulation. 

RESULTS/DISCUSSION 

Mechanism of Precipitation 

The concentration of amiodarone as a function of the 

volume fraction of the formulation present in the 

formulation/ SWFI mixtures is given in Figure 8.1. The 

dashed line is the dilution line and represents the 

amiodarone concentration as it is diluted assuming no 

precipi tat ion of the drug. The open circles are the measured 

solubilities of amiodarone in the various mixtures. with the 

exception of some scatter at low concentrations, the 

solubility of amiodarone in the formulation/SWFI mixtures 

follows the dilution line. No precipitation was observed for 
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these mixtures, either initially or upon standing. 

The fact that amiodarone is stable to dilution with 

SWFI is not unexpected. It has been suggested (5,6) that in 

order to insure physical stability amiodarone should be 

diluted only with aqueous, electrolyte-free solutions. 

The pH values of the samples from Figure 8.1 are listed 

in Table B.1. Note that the pH of these mixtures does not 

change appreciably until the formulation is a very small 

fraction of the total composition. 

Figure 8.2 shows the effect of diluting the amiodarone 

formulation with normal saline. The dilution line (dashed) 

is shown with the equilibrium solubility values of amiodarone 

in various formulation/NS mixtures. These lines are 

virtually superimposable just as in the case of the SWFI 

dilutions. No precipitate was observed in any of the 

formulation/NS mixtures. 

The apparent stability of amiodarone in its polysorbate 

80 vehicle to dilution with NS is in accordance with findings 

of Ravin et al (7). Those investigators reported that the 

solubility of amiodarone decreases in the presence of high 

concentrations of sodium chloride, unless polysorbate 80 is 

also present, whereupon the solubility then increases. Once 

again, the pH of these mixtures does not change significantly 

until the volume of diluent is much larger than the volume of 

formulation (Table 8.1). 
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Figure 8.3 shows the results of the isotonic Sorensen's 

phosphate buffer (ISPB) dilutions. Filled symbols represent 

samples which precipitated immediately upon mixing. After 

the first dilution, 0.9 volume fraction (reading the graph 

from right to left), amiodarone begins to precipitate from 

solution and the solubility curve deviates from the dilution 

line. The difference at a given volume fraction between any 

two points on these lines is equivalent to the quantity of 

precipitated drug. The solubility curve approaches the 

dilution line at high dilution and intersects when the 

concentration of amiodarone equals its solubility in the 

mixture (0.0024 mg/ml). Further dilutions (smaller volume 

fractions) where amiodarone is below its solubility, result 

in the solubility curve (the concentration of amiodarone in 

solution) following the dilution line. Unlike the other 

diluents used in this study, the pH values of the 

formulation/ISPB mixtures increase rapidly as the volume 

fraction of formulation decreases. 

If dilution of the solubilizing surfactant vehicle 

alone caused amiodarone to precipitate one would expect to 

see precipitation as the formulation is diluted with SWFI. 

No precipitation was seen in spite of the fact that the 

formulation is diluted below the CMC of the solubilizing 

agent (Polysorbate 80 has a CMC of 0.02%). If either a 

common ion effect or a salting out effect causes 

precipitation of amiodarone, solubility decreases should be 
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apparent with the NS dilutions. However, no precipitation 

was observed either initially or upon standing. 

The pH of the medium influences both the solubility and 

the initial precipitation of amiodarone as seen in the ISPB 

dilutions of Figure 8.3 and in Table 8.1. Amiodarone Hel 

has a free base solubility (determined in this laboratory) 

of 0.0014 mg/ml and several reported p~ values (8) which 

range from 5.6 to 9.12. Dilutions of the formulation with 

ISPB, pH 7.4, which result in significant pH changes (near to 

or above the pKa of the drug), give rise to precipitation of 

amiodarone in situations where it is present at concentration 

greater than the solubility of the unionized form. 

Reformulation of Amiodarone Hel 

Buffered versions of the original amiodarone formulation 

were prepared at various concentrations in an effort to 

minimize the pH change and concomitant precipitation 

resulting from dilution with ISPB. These solutions were 

physically stable prior to dilution, despite the findings of 

Ravin et ale (7), which suggest that the presence of sodium 

acetate decreases the solubility of amiodarone. 

As expected the formulations containing low 

concentrations of buffer were not as effective in maintaining 

the original formulation pH as those with higher 

concentrations. The solutions tested in this study 

precipitated over a wide pH range (5.6-6.8). The 

formulations in which organic solvents were added (in order 
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to raise the cloud point) tended to precipitate at higher pH 

values. One formulation containing 2% ethanol and the other 

10% glycerin, each of which was 1.0 molar in acetate buffer, 

were effective at maintaining pH and reducing precipitation 

upon dilution. The volume fraction of these formulations, 

and that of the unbuffered amiodarone formulation, is 

plotted against pH in Figure 8.4. The open symbols are for 

mixtures in which no immediate precipitate was observed; the 

filled symbols represent the mixtures which produced a 

precipitate upon initial mixing. The figure shm'is that 

buffering the amiodarone formulation has a dramatic effect 

upon its resistance to pH change as a function of dilution. 

The data from the buffered formulations are nearly 

superimposable, indicating that these organic additives have 

little effect on pH and dilution. 

We have ascertained that when CordaroneR Injectable (pH 

4.0) is mixed with a physiological buffer (similar to blood 

in pH and tonicity) that the formulation pH is rapidly raised 

to that of the diluent. This increase in pH results in 

precipitation of the drug. We have also shown that buffering 

the formulation can minimize the pH increase and reduce 

precipitation. 

In this study two measurements of precipitation were 

made; one initially at mixing and one at equilibrium. The 

equilibrium physical stability of a solution is important 

from a thermodynamic perspective. However it is during the 
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initial mixing of the formulation with the blood that the 

precipitating crystals have the greatest potential to cause 

venous irritation. Therefore we feel that the initial 

precipitation behavior is the most relevant measurement with 

respect to the modeling of a physiological system. 

CONCLUSIONS 

A pH dependency for the precipitation of amiodarone HCl 

upon dilution was determined in vitro. An attempt to 

physically stabilize the formulation with the addition of 

buffers was made. The 1.0 M buffered formulations were found 

to be much more stable to dilution with isotonic sorensen's 

phosphate buffer (pH 7.4) than the unbuffered CordaroneR 

formulation. 

In an earlier study the precipitation of amiodarone in 

vitro was found to correlate with in vivo phlebitis (9). At 

this time it remains to be determined whether or not the 

buffered amiodarone solutions will afford adequate stability 

against precipitation when injected in vivo and thus produce 

less irritating effects than unbuffered CordaroneR Injectable 

formulation. 
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TABLE 8.1 

pH VALUES OF FORMULATION/DILUENT MIXTURES 

pH OF MIXTURE 
AMIODARONE 
CONCENTRATION SWFI NS ISPB 
(mq/ml) 

45.0 4.1 4.2 5.2 
37.5 4.2 4.2 5.5 
30.0 4.1 4.4 5.9 
20.0 4 •. 0 4.4 6.1 
10.0 3.9 4.5 6.8 
05.0 3.9 4.7 7.0 
01.25 4.3 4.3 7.3 
0.1563 4.6 3.8 7.3 
0.0195 5.0 3.8 7.4 
0.0097 5.2 4.0 7.4 
0.0024 6.2 4.2 7.4 
0.0012 7.0 6.3 7.4 
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A new method for the quantitation of acute phlebitis in 

superficial veins was investigated. This method capitalizes 

on local temperature elevations which result from the 

inflammatory process. Initially an infrared thermographic 

camera was used for the quantitation of temperature changes 

in a rabbit ear model. This was subsequently replaced with 

a thermocouple digital thermometer (which proved to give 

similar accuracy). The thermally based detection method is 

more objective than traditional procedures which utilize a 

simple visual evaluation of symptoms. 

Several irritating parenteral drugs and their vehicles 

as well as many commonly used cosol vents were tested for 

their potential to produce vascular irritation using the 

refined thermal method. The more water-soluble compounds 

and the cosolvents produced little if any irritation. In 

cases where significant phlebitis was induced, it was the 

drug and not the vehicle which was found to be responsible. 

This method shows promise as a tool for screening compounds 

and vehicles for their potential to produce local venous 

side-effects early in the development of the formulation. 

The hemolytic method for assessing the venous 

compatibility of parenterals was compared with the thermal 

method. Interestingly, sterile water for Injection, USP, 



caused complete hemolysis but produced 

Therefore, hemolysis testing can give 

suggestions of phlebitis, which could 

elimination of promising new formulations. 
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no phlebitis. 

false positive 

result in the 

The effect of injection rate on the severity of 

phlebitis was investigated using parenteral amiodarone HCl 

as a model compound. As the injection rate (which controls 

the dilution ratio of the formulation in the blood) is 

increased the severity of phlebitis also increases to a 

limiting value. At rates above this value there is less 

phlebi tis produced. This unusual behavior is explained with 

the concept of "plug flow" • Amiodarone was found to 

precipitate upon dilution with physiological fluids. 

Incomplete dilution of the formulation in the blood results 

in a physically stable "plug" within the vein. Where there 

is plug flow, and the drug is soluble in the plug, there is 

little if any precipitation. It was shown in vitro that plug 

flow of the partially diluted formulation correlates with the 

decrease in phlebitis observed in vivo for rapid injection 

rates. 

The immediate precipitation of amiodarone HCl upon 

dilution was found to be dependent on pH. Amiodarone was 

reformulated in a buffered version of the original vehicle 

in an attempt to reduce this precipitation. Buffer capacity 

influences the on/diluent ratio at which precipitation is 

observed upon mixing since high buffer concentrations in the 
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formulation resist pH changes to a greater extent than lower 

concentrations. Buffering the amiodarone formulation 

significantly improves the precipitation problem of this 

drug. All of the formulations which we investigated 

(buffered and unbuffered) precipitated within a pH range of 

5.6 to 6.8. Although the equilibrium physical stability of 

a solution is important in terms of shelf life, ultimately 

the formulation will be injected and the stability of a 

compound to precipitation upon dilution becomes an important 

factor. By characterizing the variables which influence 

the physical stability of amiodarone we were able to produce 

a new formulation which is more resistant to dilution-induced 

precipitation. 
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