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ABSTRACT 

The Phlebitis producing potential of five drugs, 

phenytoin sodium, diazepam, amiodarone hydrochloride, 

cephalothin sodium, mechlorethamine hydrochloride and their 

vehicles along with the cosolvents, dimethy1 acetamide, 

dimethylsulfoxide, dimethy1iso sorbide, propylene glycol, 

ethanol, and polyethylene glycol 400 was evaluated. 

A thermographic imaging camera was used to detect 

phlebitis in the rabbit ear vein. A visual evaluation of the 

onset of phlebitis was also conducted and a good correlation 

between the two techniques was seen. 

Amiodarone hydrochloride and phenytoin sodium 

produced marked phlebitis within fifteen minutes of 

injection. Whereas Valium, cephalothin sodium, and 

mechlorethamine hydrochloride showed negligible incidence of 

phlebitis, both visually and with the thermographic camera. 

Indicating different mechanisms for the induction of 

phlebitis. 

All the cosolvents with the exception of propylene 

glycol:ethanol:water, 40:10:50 vehicle and 70? 

dimethy1sulfoxide showed a negligible role in producing 

phlebitis. 

Vii 



CHAPTER 1 

INTRODUCTION 

Infusion related phlebitis is an important concern 

in parental formulations. The incidence of its occurance is 

common in intravenous therapy with upto 70$ of infusions 

resulting in thrombophlebitis, (Thomas, Evers and Racz, 

1970). It is characterised by painful tenderness, redness 

of the vein progressing to edema and stiffness. It may last 

for a week or in some cases for m ont h s , (Sal v a t o r e, 1 97^)-

Even minor cases may result in fever, predisposition to 

sepsis, patient discomfort and increased hospital stay. 

The overall reported incidence of infusion 

thrombophlebitis (ITP) in the literature is quite varied. 

Page, Raine and Jones ( 1 952) stated a figure of 65$, Skajaa 

(1961) reported 71$, MRC (1957) reported 56$ whereas Brown 

(1970) found 27$ after ^8 hours of infusion. 

One of the reasons for the wide variance in the 

reporting of ITP is the lack of a uniform clinical 

definition of phlebitis. The other reason is the lack of 

close monitoring of the duration of phlebitic signs. 

Various attempts have been made to standardize the 

clinical definition of ITP, but all the methods currently 

available are subjective in nature and can only be noticed 

1 
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after significant damage has already occured. Medical 

Research council (1957) defined the clinical manifestations 

as "redness, tenderness and edema of the vein". Hastabacka, 

Elfving and Tiitenen (1965) indicated "tenderness and/or 

erythema along the vein occured upto fourteen days after the 

infusion". Dinley (1976) graded the criteria of phlebitic 

response from 0 to 5 reflecting a range of no phlebitic 

reaction to the formation of pus around the site of 

infusion. 

The duration of ITP may vary one week (49?) to six 

months (1?) as reported by Gjares (1957). Hastabaka et al. 

(1965) reported an average duration of 28 days, with a 

maximum of 7 months and 15$ less than 2 weeks. Skaaja et al 

(1961) reported duration of many weeks. Eerole (1964) that 

of about 53 days on the average. These discrepancies reflect 

a lack of close monitoring of the patients, thereby leading 

to a subjective impression of the incidence, severity and 

duration of ITP. 

An objective method for detecting and Djonitoring 

phlebitis is badly needed. The sooner the diagnosis of 

phlebitis is made the better. Prophylactic measures can be 

taken to minimize patient morbidity and discomfort. 

Thermography can aid in both these aspects by making it 

possible to diagnose ITP as soon as possible so that 

prophylactic measures can be taken. In addition it is non

invasive and relatively simple to use. 
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Some drugs formulated with cosolvents have the 

potential to cause phlebitis due to the precipitation of 

drugs upon dilution (Yalkowsky and Roseman, 1983). This can 

occur either in the blood stream, in vitro into intravenous 

infusions or at the site of intramuscular injections. 

Cosolvents are widely used in liquid formulations due to 

their ability in increasing the solubility of poorly soluble 

drugs. The increase in solubility by cosolvents can be as 

much as several orders of magnitude. It is generally safe 

as lower quantities are used. The most commonly used 

cosolvents are propylene glycol, ethanol and polyethylene 

glycol. 

The use of cosolvents is one of the oldest 

techniques employed in solubilizing drugs. It involves the 

combination of water miscible solvents or cosolvents with 

water to enhance the solubility of poorly soluble drugs. 

This technique is not only generally safe and simple but it 

also has a large potential for solubilization. It is 

therefore considered before other methods of solubility 

enhancement, such as the use of surface active agents, 

complexation, solid state manipulation, alteration of pH and 

formation of prodrugs. 

It is currently unknown whether the onset of 

phlebitis is due to the drug itself or due to the cosolvent 

in which it is formulated . 



CHAPTER 2 

FACTORS INVOLVED IN PHLEBITIC RESPONSE 

Infusion thrombophlebitis (ITP) is a common 

complication of i.v. infusions. Numerous factors are 

involved in its aetiology. Duration and rate of infusion 

are the most important. 

DURATION: Duration of infusion has been known to be an 

important factor. A number of studies claim that longer 

duration of infusion results in higher incidence of 

phlebitis. Chaney et al. (1964) showed that the incidence of 

ITP varied from 9$ when the catheter was in place for twenty 

four hours to 58$ when infusion lasted longer than twenty 

four hours. Bogen (1960) showed rates from 0.9$ for less 

than twelve hours to 37$ over a twenty four hour period, in 

addition to 50$ with cannulization upto seventy two hours. 

Bolton and Carter (1951) found that by limiting the duration 

of infusion under eight hours, the incidence of ITP was 

reduced from 52$ to 5$. Brown (1970) showed that the largest 

rise in cases of ITP occurs during the twenty four to forty 

eight hour period. He therefore recommended that the site of 

infusion be changed at twenty four hour intervals. 

4 
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SITE OF INFUSION: Data on the incidence of ITP related to 

the site of infusion is not consistent and there is no clear 

evidence that any particular commonly used site is more 

likely to develop ITP. Sketch et al (1972) and Eremin and 

Marshall (1977) agree that larger veins such as the ante 

cubital fossa are less prone to phlebitis than smaller veins 

such as those on the dorsum of the hand. But the 

disadvantage of using the antecubital fossa is that it is 

more restrictive than the wrist or hand veins to the 

patients movements, therefore the latter is prefered by most 

patients. 

pH: The low pH of i.v. solutions has been implicated in the 

onset of ITP. Several authors like Elfving and Saikku 

(1966) Tse and Lee (1971) demonstrated that a higher 

incidence of damage to all the layers of the vein wall 

resulted from using acid solutions in dogs. Eremin and 

Marshall (1977) found that the vascular endothelium is 

particularly sensitive to pH in animal experiments, 

resulting in platelet adherence to the damaged surface with 

leucocyte infiltration and edema. 

A number of reports have associated the acidity of 

dextrose solutions with ITP. Vere (1960) studied the cold 

sterilized and heat sterilized dextrose solutions and found 

that the autoclave solutions are more acidic and are 

associated with a significantly higher incidence of ITP 



6 

(75$) than are solutions sterilized by filtration whose pH 

is near neutrality (36$). 

The USP range for pH of dextrose injection is 3.5 to 

6.5 which is necessary to insure stability during 

steriliztion and storage. Autoclaving causes a reduction in 

pH (3.5-5.5) due to heat produced breakdown products which 

are acidic, such as glucoronic acid and 5-hydroxymethyl 

furaldehyde. Page et al. (1952) reported a definite decrease 

in ITP after buffering the dextrose solution, unlike Bolton-

Carter (1952) who reported negative results with the 

buffering of i.v. dextrose. Mostert (1971) mixed various 

acidic drugs with blood and showed that the drugs have no 

effect on the highly buffered blood, he therefore concluded 

that osmolality rather than pH is more important. 

PARTICULATE MATTER: Lawson and Henry (1977) ascertain that 

the possible circulatory problems associated with 

particulate matter in injectables is frequently overlooked. 

Visible clarity of solution does not guarantee its safety as 

particles must be greater than 50 microns in diameter to be 

visible. Invisible particles as small as 12 microns in 

diameter will not pass through the smallest capillaries and 

can be trapped in the pulmonary vascular system. The 

particulate content of commercial i.v. fluids is made up of 

rubber, chemicals, glass, cellulose fibers and fungi, 

(Garvan and Gunner, 1963). 
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Ryan, Eapp and De Luca ( 1 973) found that by using a 0.45 um 

filter reduction in the incidence of phlebitis was achieved 

in general surgery and postoperative patients for at least 

72 hours .On the other hand some authors like Collin et al. 

(1973) and Chamberland, Lyons and Brock (1977) have 

demonstrated that in line filtrations are not effective in 

reducing ITP, in addition to being associated with impeded 

flow of infusate. This leads to unnecessary expense in 

changing filters, therefore it is not commonly used in 

hospitals. 

EQUIPMENT USED: Cannula material was shown to be related to 

ITP by Dinley (1976). He used four different types of 

material and found that fluroethylene propylene Teflon 

cannulae caused less irritation than tetraf1uoroethy1ene 

Teflon. Polyvinyl chloride and polyethylene cannulae were 

more irritating than the Teflon types. 

Hecker (1980) compared seven types of cannulae made 

of polyethylene, polypropylene and different types of Teflon 

and concluded that the size as well as the material of the 

device is related to thrombus formation. Teflon devices were 

twofold lower in forming the thrombii. Moreover smaller 

cannulae resulted in less buildup of thrombii thereby 

reducing the likelihood of vein occlusion. However even 

partial occlusion may impede blood flow causing a 

deleterious effect on the endothelium via the undiluted 

infusate. 
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Hollow steel needles do not stay in place as well as 

catheters but Thomas et al (1970) found that the overall 

venous complications were two and half times more common 

with plastic cannulae than with steel needles. 

CHEMICAL IRRITATION FROM DRUGS : Many drugs have been 

associated with ITP due to an irritant effect on the vein. 

Benzodiazepines, barbiturates, antibiotics and potassium 

chloride are a few examples. 

Local reactions after i.v. injection of 

benzodiazepines are well known, however the frequency of 

reactions differs from one study to another. Hegarty and 

Dundee (1977) showed that diazepam caused a greater 

frequency of reactions than flunitrazepam or lorazepam. 

Mikkelsen et al (1980) however did not find significant 

difference between diazepam and flunitrazepam in causing 

thrombophlebitis. Langdon, Harlan and Bailey (1973) noted a 

frequency of only 3-5? of venous sequelae after i.v. 

diazepam administration. Siebke, Ellerton and Lind (1976) 

noted a time related increase in frequency of ITP incidence. 

These differences were attributed to different injection 

rates, sizes of veins used, solvents, observation times and 

criteria for defining reactions. Matilla, Rossi and Ruoppi 

(1981) showed a reduction of venous sequalae of i.v. 

diazepam when a fat emulsion was used as a solvent. The 

differences in the frequency of thrombophlebitis between 

formulations of flunitrazepam (incidence=5?), lorazepam 
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(15$) and diazepam (39?) by Hegarty and Dundee (1977) 

clearly shows that the primary cause of ITP is precipitation 

and not the solvent used (propylene glycol). Patients often 

complain of pain and a burning sensation along the injected 

vein. The pain is often associated with the poor water 

solubility of diazepam. Jusko, Gretch and Gassett (1973) 

related the thrombophlebitic reaction to the irritation of 

the vein endothelium, caused by precipitation of diazepam in 

propylene glycol when diluted with plasma. 

Barbiturates have been implicated as etiological 

agents by Kivalo and Tammisto (1959), Eerola and Pontina 

(1961), Hastabacka et al. ( 1 975), and Carson et al. ( 1 972). 

Boon et al. (1981) reported an incidence of 36? in a study 

of 16 drugs commonly used in anaesthetic practice. 

Stephen et al . ( 1 976 ) associated antibiotics with ITP. 

Siebertet al. (1976) studied the incidence and severity of 

ITP with cefamandole, cephapirin and cephalothin. The 

incidence was found to be similar for each drug but 

cephalothin was significantly more severe than others. Other 

drugs like phenytoin sodium (Greenblatt and Shader, 1976) 

and amiodarone (Aravanis, 1983) have also been implicated in 

causing ITP. 

FLOW RATE: Hessov and Bo jsen-Mo 11er ( 1 976 ) suggested that 

the rate of infusion is important, with it being 

advantageous to give irritant solutions quickly and over a 

shorter period of time. On the other hand Yalkowsky and 
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Valvani (1977) have shown that a fast rate of infusion means 

slow dilution with blood, which in the case of poorly 

soluble drugs could lead to precipitation, and thereby to 

ITP. 

Hessov and Holler infused 60 ml of 5% glucose and 

water (which had been further acidified to a pH of 2.6 with 

0.1N HCL) into the veins of rabbit ears. They compared three 

rates of infusion: a) continous over five hours, b) 

continous over one hour and c) discontinous with two 30-

minute periods of infusion separated by four hours. They 

reported less iriflamation of vein when the specified volume 

was given for a short period of time, also the discontinous 

infusion caused markedly less inflamation than the slow 

continous inifusion. 

Evans, Barker and Simone (1976) found no correlation between 

flow rate and the incidence of ITP. 



CHAPTER 3 

BIOLOGICAL MECHANISMS 

There is no clear demarcation between 

phi eb o t hro mbosis and thrombophlebitis. The former is 

caused by thrombus formation due to slowing of blood flow 

and due to the increased coagulability of blood. Whereas 

thrombophlebitis results from inflamation of the venous 

wall and is accompanied by formation of a thrombus within 

the lumen of the vein . Thrombus is a clot resulting from 

activator substances both from the traumatized vascular wall 

and from platelets and blood proteins adhering to the 

collagen of the traumatized vascular wall. 

The mechanism of clot formation is affected by over 

30 different substances present in the blood and tissues, 

some promoting coagulation, called procoagulants and others 

inhibiting coagulation, called anticoagulants. Whether or 

not a clot forms depends upon the degree of balance between 

the two groups. When a vein is traumatized a substance 

called prothrombin activator is formed, secondly the 

prothrombin activator catalyzes the conversion of 

prothrombin into thrombin, which in turn acts as an enzyme 

to convert fibrinogen into fibrin threads that enmesh red 

blood cells and plasma to form the clot. The two most 

1 1 



12 

important factors for preventing clotting in the normal 

vascular system are: 1) smoothness of the endothelial 

surface, which prevents contact activation of the intrinsic 

clotting system. 2) a monomolecular layer of negatively 

charged protein adsorbed to the inner surface of the 

endothelium that repels the clotting factors and platelets, 

thereby preventing activation of clotting. 

When the endothelium wall is damaged its smoothness and its 

negative electric charge are both diminished, which is 

believed to help activate factor xii (Hageman factor) to 

initiate the intrinsic pathway of clotting. 

The histological changes that occur as a response to 

ITP have been studied in humans to a limited extent. 

Ghildyal, Pande and Misra (1975) removed a small portion of 

vein from 50 patients with ITP and catagorized the 

histological changes as mild (23 specimens), moderate (18) 

or severe (9), representing swelling of the endothelial 

cells and PMN leucocyte infiltration into the tinica media, 

for mild cases. The moderate cases displayed cellular 

destruction and breakdown of the endothelium. The tunica 

media showed infiltration of PMN leucocytes into the 

pyknotic nuclei accompanied by oedema. The severe cases in 

addition to the above symptoms showed haemorrhage and 

necrosis of the vein wall. 

A bacteriological study of the tips of catheters, 

needles and other infusion devices showed little or no 
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correlation between the bacterial cultures and phlebitis. 

Therefore it was concluded that the ITP is due to physical 

and chemical stimuli resulting in acute sterile inflamation 

in the absence of any bacterial infection. 

Woodhouse (1980) essentially agreed with Gildyhal et 

al. regarding the early histogical changes occuring at the 

onset of phlebitis. He induced ITP in dogs by i.v. infusion 

of dextrose saline to which repeated doses of naftidrofuryl 

had been added. Horwitcz, Sachar and Elman (19^3) studied 

the veins of 11 dogs after infusing 5% and 10$ glucose 

solutions and found vacuolution of endothelial cells 

followed by cellular breakdown and eventually death of the 

cells accompanied by fibrin and thrombus deposition. 

The pathalogical response in thrombus formation 

might result from: a) changes in blood b) changes in the 

characteristics of blood flow c) changes in vessel wall. 

(Lowenthal and Mansfield, 197^). 

Chemical irritation may be responsible for much of 

the inflamation in ITP. Inflamation is a complex of 

sequential changes in the tissues in response to injury. 

Histamine is liberated by the damaged tissue into the 

surrounding fluids. This induces an increased blood flow 

locally along with increased permeability of the 

capillaries, allowing large quantities of fluid and protein 

(fibrinogen) to leak into the surrounding tissues. 

Histamine or histamine like substances may stimulate the 
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formation of prostaglandin (Chahl and Chahl, 1976). After 

the vein wall is injured, platelet phospholipase A2 is 

stimulated to form biologically active compounds PGE2 and 

PGD2 which in turn release hydroxy-eicosatetraenoic acid 

(HETE) and thromboxane B2 (TXB2). The latter two act as 

chemotactic agents for PMN leucocytes (Moncada and Vane, 

1978). 

The early histological changes such as swelling of 

endothelial cells and PMN leucocyte infiltration into the 

vein wall is said to be initiated by metabolites of 

arachidonic acid called leukotrienes. These metabolites were 

produced by Samuelsson (1980) by incubating arachidonic acid 

with PMN leucocytes. Leukotrienes possess potent 

pharmacological actions on smooth muscle and could affect 

venous tone and flow rates of infusion.Denis et al.(1982) 

found that leukotrienes increase vascular permeability in 

the skin of guinea pigs.This may be important as ITP is 

characterized by the edema of tissue. 

It has been suggested by Moncada and Vane (1977) 

that when a vessel is injured, endothelial damage could 

reduce prostacyclin synthesis, resulting in local 

vasocontriction. The potent vasocontrictor thromboxane A2 is 

then produced by the aggregating platelets at the damaged 

site. Prostacyclins, which are known to relax smooth muscle 

cells in vein walls, may be produced by surrounding 

undamaged endothelial cells. The maintenance of effective 



prostacyclin concentration in veins where infusions are to 

be sited could prevent ITP by preventing platelet 

aggregation. 



CHAPTER H 

THERMOGRAPHY 

Thermography is used as an objective and non

invasive method of evaluating diseases which are affected by 

temperature. The overall effect of inflamation caused by 

various factors results in an increase in temperature. Since 

thermography can detect a temperature difference of 0.2 

degrees centigrade, this increase in temperature can be 

measured, particularly in the extremities by thermography. 

The temperature measurement studies are particularly 

applicable to diseases with inflamatory response such as 

phlebitis, (Cooke and Pilcher, 1 97^)-

Love, (1980) indicated that the increase in blood 

perfusion associated with the increased metabolic activity 

present in trauma, infection or malignant growth causes the 

altered skin temperature patterns that have been observed in 

these conditions. Thus there is a sound basis for 

thermographic evaluation in medicine. Skin temperatures 

result primarily from blood perfusion to the tissues and the 

blood flow in the superficial veins, therefore relative 

estimates of regional blood flow compared with contralateral 

regions can be made directly from absolute temperature 

measurements. 

16 
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The thermal state of a being is a dynamic situation, 

which is being altered constantly to meet the demands of the 

body's changing environment. In spite of this fact normal 

patterns can be identified on most body surfaces by 

controlling the environmental conditions. Once the normal 

temperature range is established, any abnormal temperature 

due to the presence of certain diseases can be identified by 

using thermography, (Ring, 1982). As the skin is the 

radiating source of the body, any drug or compound that will 

interfere with the temperature will alter the thermogram. 

Thermography has recently been shown to be a simple, 

accurate and non-invasive technique for detecting deep 

venous thrombosis and following its course in the lower 

extremity. An involved limb has an increased temperature, 

with delayed cooling on exposure, possibly as a result of 

local vasodilator substances (histamine) released because of 

thrombotic process, ( Krupp and Chatton, 1979 )• 

Cetas (1978) described the use of thermographic 

measurements which are being used more and more for 

observing temperature changes over a surface. A typical 

thermal imaging camera consists of an infrared radiation 

detector made of indium antimonide or mercury telluride, 

which is kept cold by liquid nitrogen to attain high 

sensitivity in the infrared spectral band (2-5.6 u), an 

optical scanning system and a syncronized display unit. A 

video signal is produced, amplified and conveyed to the 
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display unit where it controls the electron beam of a 

television monitor tube. The tube scans the screen of the 

monitor syncronously with the camera scanning the object, 

thereby resulting in a high degree of spatial and thermal 

resolution. 

The mathamatics of a thermographic camera can be 

represented by the following equations : 

.A MUX 

i  (T) = ( p(A ,  T) r (A )  dX  (1 )  
'ArliN 

Where I is the response to incident radiation P(A,T) is a 

function describing the spectral radiation characteristics 

of the source. 

r (A) characterizes the spectral response of the instrument 

including the detector characteristics, attenuation by 

optical elements and electronic gain factors. 

X = wavelength in meters 

T = absolute temperature 

The total camera response i^ to a specific subject at a 

temperature T^ is the sum of the radiation emitted, 

reflected and transmitted by the subject. 

i1 = E1 I (Tn ) + P.,1 (Ta) + t1 I(Tb) (2) 

where E, P and t are the emittance, reflectance and 

transmittance characteristics of the subject respectively 
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and Ta and Tb are the subject, ambient and background 

temperatures. 

Similarly a second object S2 will have a response 

of: 

i2 = E2I(T2) + P2 I (Ta)+ t2I (Tb) (3) 

The camera is most frequently and accurately used to 

determine the difference in temperature between two sources 

or to measure temperature gradients on a single object. 

Therefore: 

/\i12 = i.,-i2= E1I(T1 )-E2I(T2) + (P1-P2)I(Ta) 

+ (t1-t2)I(Tb) (4) 

If the objects are opaque, t^=t2=0 and P=1-E, therefore: 

^\i12=E1I(T1)-E2I(T2)-(E1-E2)I(Ta) (5) 

Equation 5 may be rewritten as: 

^i12=E1[(IT1)-I(Ta)]+(E1-E2)[I(T2)-I(Ta)] (6) 

If the temperature difference between different portions of 

the same object is desired then = E2 = E and equation 6 

can be written as follows: 

l\ i12 = E [(ITi) - I(T2)] (7) 
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Usually the thermographic camera is calibrated 

internally, therefore the function I(T) or its derivative 

dl/dT is known and T^-Tg can be determined. Special care 

m u s t  b e  t a k e n  w h e n  m a k i n g  t e m p e r a t u r e  

measurements with a thermographic camera. Localized heat 

sources such as incandescent lights and electronic 

instruments must be avoided. The subject observed must 

receive only uniform, isotropic background radiation. 

Convective currents such as drafts from heating or cooling 

ducts must be avoided. Veiwing of surfaces at angles 

differing significantly from the normal position will result 

in lower apparent temperatures. 



CHAPTER 5 

EXPERIMENTAL METHODS 

Several commercially available drugs that are known 

to cause problems when injected intravenously were 

chosen, along with their respective vehicles. The drugs 

used were amiodarone, dipheny1hydantoin sodium, diazepam, 

cephalothin sodium, and mechlorethamine. 

In addition several commonly used cosolvents such as 

dimethyl acetamide (DMA), dimethyl sulfoxide (DMSO), ethanol 

(ETOH), dimethyl isosorbide (DMI), polyethylene glycol 400 

(PEG 400), propylene glycol (PG) were used at 5 0% v/v 

aqueous mixture. DMSO and DMA were also used at 70? v/v 

aqueous mixtures. 

The rabbit ear model was used to assess phlebitis. 

This model has been used by Dorris, Rapp and De Luca et al. 

(1977) who determined the venous endothelial response by 

injecting 1 ml dose of cephalothin or 5% dextrose into the 

marginal ear vein of rabbits. Garvan and Gunner (1963) 

reported arterial and capillary granulomas in a study in 

which rabbits were given saline solutions intravenously. 

Powis and Kovach (1983) used the peripheral ear veins of 

rabbits to demonstrate that bisantrene's (an antitumor 

agent) intravenous precipitation is responsible for 

21 
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phlebitis and thromboses in humans. They used rabbit ear 

veins to inject bisantrene or normal saline and subsequently 

sacrificed the rabbits to cut the veins and quantitate the 

drug. 

A minimum of 2 New Zealand white rabbits of 

approximately equal weight (2-3 kg) were assigned to each 

treatment group at random. The rabbits were anesthetized 

intramuscularly with 0.1 ml/kg of a solution containing 100 

mg/ml ketamine HCL and 3 mg/ml acepromazine. The rabbit 

ears were shaved prior to assigning one ear to the treatment 

group and the other ear to control group. 

A syringe pump (model 355, sage instruments) was 

used to inject the margin vein of the rabbit ear at a rate 

of 0.2 ml/min. A 3 cc syringe attached to a 27 guage, 3/8 

inch butterfly catheter was used for the infusion. The 

amount injected for each drug is as follows: 

drug dose mg/ml ml 
(mg/kg) 

amiodarone 10 50 0.6 

diazepam 0.3 5 0.2 

phenytoin 3.3 50 0.2 

cephalothin 6.6 100 0.2 

mustargen 0.1 1 0.3 

A baseline temperature was established for the 

artery and the marginal vein of each rabbit ear using a 
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Spectrotherm thermographic model # 800 Camera equiped with a 

polaroid 200 camera. A temperature increase of 0.5 degrees 

centigrade or above was considered significant in assessing 

the potential for phlebitis. 

Following the intravenous infusion of the treatment ear , 

temperature readings of the artery and vein of both ears 

were taken at 0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0 4.0, 5.0 

and 24 hour ( and 48 hours in cases of severe phlebitis ) 

intervals. In addition all treatment groups were scaled by 

the following visual observations in order to determine if 

there is a correlation between the severity of phlebitis and 

temperature increase. 

0 no phlebitis present 

1 edema without erythema or erythema without 

edema 

2 local erythema and edema 

3 widespreas edema and erythema 

4 erythema, edema and induration 

Data analysis: 

Since the baseline temperatures of each rabbit ear 

used in the study were 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 control ear. A pooled T-
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test (P<0.05) was performed to determine statistical 

differences between the means by using statistical analysis 

system (SAS). 



CHAPTER 6 

RESULTS AND DISCUSSION 

Figure 6.0 shows the plot of mean temperature change 

vs time of the vein and artery difference of untreated 

rabbits and those treated with normal saline only. And Table 

6.0 their corresponding values. It can be noted that there 

is no temperature increase for both the untreated rabbits as 

well as the normal saline rabbits. 

DIPHENYLHYDANTOIN (DPH): Phenytoin is an anticonvulsant 

drug useful in the treatment of status epilepticus of the 

grand mal type and for prevention or treatment of seizures 

during neurosurgery . The i.v. route is prefered in order to 

gain rapid therapeutic serum levels, as the drug shows poor 

oral and to some extent poor intramuscular absorption. 

DPH is administered as the sodium salt dissolved in a 

^0:10:50 (v/v) solution of PG, ETOH and water, in which the 

pH is adjusted to 12 with sodium hydroxide. The 

concentration of the commercially available formulation is 

50 mg/ml. 

The problems associated with non-uniform bioavailability and 

eratic blood levels of DPH has been reported ( Bigger et 

al., 1968 and Suzuki et al., 1970) and is associated with 

the low solubility of DPH. 

25 
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Figure 6.1 shows the plot of mean temperature change 

vs time for DPH and its vehicle (PG:ET0H:H20 40:10:50). 

Table 6.1 lists the mean temperature change along with the 

standard error of the means (SE). Comparison of DPH with the 

vehicle indicates that there is a significant increase in 

temperature which is maintained at the end of 24 hours. The 

vehicle shows an initial rise in temperature, returning to 

slightly higher than the baseline at the end of the first 

hour. The increase in temperature can be related to the 

phlebitis causing ability of DPH unlike that of the vehicle. 

Figure 6.2 indicates the visual rating of the rabbit ear 

with time. And Table 6.2 lists the mean ratings. A 

correlation is seen between the amount of temperature 

increase and the appearance of phlebitic (visual) response. 

The phlebitic response of DPH can be attributed to 

its precipitation due to low solubility in the blood stream. 

This phenomenon can be explained by the following 

theoritical treatment based on some physico-chemical 

properties of the drug (Woodbury and Swinyard, 1972). If one 

ml of the injectable form of DPH (50mg/ml) is diluted to 10 

ml of aqueous buffer solution (pH7.4) its pH is lowered 

considerably below the reported pKa (range from 8.3 to 9.2). 

Therefore the drug will not be able to exist as the sodium 

salt entirely but about 97.5$ of it will be in the form of 

the insoluble free acid as calculated by the Henderson-

Hasselbach equation as follows: 
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pH = pKa + log Salt (6.1) 
Acid 

7.4 = 9-0 + log [A-] 
THAT 

-1.6 = log [A-] 
T1TT 

1 = [A-] 
40 [HA] 

Therefore only 2.5? of drug is unionized [A] and 

exists as the salt form with 97-5$ of drug in the insoluble 

acid form. 

The total solubility of DPH at physiological pH is 

reported to be 14 mcg/ml and the solubility of DPH in plasma 

at 37 degrees centigrade is reported to be 75 mcg/ml. 

Therefore if a dose of DPH at 50 mg/ml is injected at the 

recommended infusion ( 1ml/min ) the plasma flow rate would 

g 
have to be 667 ml/min at the site of injection, for the 

solubility limit not to be exceeded ( Schroeder and De Luca, 

1974). Schroeder et al. studied the in-vitro precipitation 

of poorly soluble drugs in human plasma. The precipitate was 

collected by a filtration device and quantitated 

gravimetrically. 

• based on the following calculations: 



28 

Dose conc x administration rate - plasma flow rate (ml/min) 
Solubility of drug 

50 mg/ml x 1 ml/min = 667 ml/min 
75 mcg/ml 

Plasma flow rate = blood flow rate = 1280 ml/min 
100-hemocrit/100 

(hemocrit for an average male 2 0 - H 0  yrs = k l . 9 % )  

If the drug is administered into a large vein and using 

Whitmore's (1968) values for the veins (range from 0.5 to 

1.0 cm in diameter and the blood flow velocity range from 15 

to 20 cm/sec) the following flow rate is determined: 

Cross section of vein (cm2) X flow velocity cm/min = flow 

rate. 

0.5 cm2 X 900 cm/min = 225 ml/min 

Therefore the flow rate is 225 ml/min which is about six 

fold lower than the established rate (1280 ml/min) at which 

precipitation should occur. 

The in-vitro study of the precipitation of phenytoin was 

carried out using the method described by Yalkowsky and 

Valvani et al. (1983). It was seen that phenytoin sodium 

when injected at the same flow rate used for injecting 

rabbits (0.2 ml/min) produced a lot of precipitation 

whereas the vehicle did not yeild any. This confirms that 

the phlebitis produced by phenytoin is due to precipitation 

of drug resulting from its low water solubility. 
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DIAZEPAM: Diazepam is used as an antiepileptic drug 

intravenously, and as an anxiolytic and preanesthetic 

medication intramuscularly. The commercial preparation 

consists of diazepam (5 mg/ml) in a vehicle consisting of 

40? PG, 10/f ETOH and a buffer consisting of Na benzoate and 

benzoic acid. Benzyl alcohol is added as a preservative. 

Figure 6.3 shows a plot of mean temperature change 

vs time for valium and Table 6.3 lists the individual mean 

temperatures along with their standard error. Figure 6.4 

indicates the visual rating of the drug and its vehicle, and 

Table 6.4 the mean rating. It can be noted that some 

evidence of phlebitis (visual) is shown by the vehicle but 

not by the drug. In addition Figure 6.3 shows lower values 

for valium whereas the vehicle shows increased temperatures, 

with no significant difference between them. This may seem 

anomalous in light of the low solubility of diazepam in 

water (50 mcg/ml). But if phlebitis is caused by drug 

precipitation, these results would be in agreement with 

Schroeder and Deluca (1974), who studied the in vitro 

precipitation of poorly soluble drugs from non-aqueous 

vehicles in human plasma. Out of four drugs studied by them: 

DPH, diazepam, digoxin, and sodium phenobarbital injections 

only DPH precipitated. Diazepam did not result in any 

precipitation, even though it has low solubility in water. 

The reason proposed by Schroeder et al. was that diazepam 

shows increased solubility and supersaturation in plasma . 
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In addition studies done in our laboratory using the 

in vitro method described by Yalkowsky, Valvani and Johnson 

(1983) showed that diazepam injection causes much less 

precipitation than diphenylhydantoin in human plasma. 

Considerable variation exists in the literature 

regarding the phlebitis causing effect of diazepam. The 

differences between three different benzodiazepine drugs 

formulated in the same vehicle was studied by Hegarty and 

Dundee (1 977)» who found that the incidence of phlebitis was 

5/6 for f 1 u n i t r a z e p a m , 15$ for lorazepam and 39? for 

diazepam. It was assumed by them that the high incidence for 

diazepam was solvent related. But on the other hand the low 

incidence for the other two drugs indicates that diazepam 

causes phlebitis due to local prolonged irritation of the 

vein endothelium rather than due to PG. 

Since diazepam is borderline in solubility the rate of 

injection may be a factor in whether it can produce 

phlebitis or not. 

CEPHALOTHIN : Cephalothin sodium is a semi-synthetic 

cephalosporin antibiotic that is used as a broad spectrum 

antibiotic in the treatment of serious infections caused by 

susceptible strains of streptococci, staphylococci, 

pneumonia, salmonella and shigella organisms. 

Figure 6.5 shows the plot of mean temperature change 

vs time for cephalothin Na, and Table 6.5 indicates the mean 

temperatures and their standard error. There is a slight 
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increase in temperature for cephalothin which subsides at 

the end of the first hour and returns back to the baseline 

after a slight rise at second hour. The vehicle was normal 

saline which showed no increase in temperature. 

There was a small but significant difference between the 

drug and the vehicle at 0.5, 0.75 and 2.0 hours only. 

Cephalothin has been associated with phlebitis by 

numerous authors (Stephen et al., 1 976 and Siebert et al., 

1976). However the mechanism by which it causes phlebitis is 

not clear. According to the product information (Physician's 

desk reference, 1986) phlebitis from using cephlothin occurs 

when large doses (>6 gms daily) are given over periods 

exceeding 3 days. 

The in vitro bactericidal action of cephalothin 

results from theinhibitionofce11 membrane synthesis. 

Therefore phlebitis may occur not by precipitation of drug 

as it is freely soluble in water but by a chemically 

irritant effect on the cells. In addition cephalothin has 

been associated with significantly high incidence of 

particulate matter ( Rebagay, Rapp and Bivins, 1976, Masuda 

and Beckerman, 1973). Rebagay et al. showed that at pH 

values below 6.9 an amorphous residue of cephalothin 

capable of blocking the pores of a 0.22 micron filter is 

produced while at pH values greater than 6.9 an abundance of 

crystalline particles in the size range of 1-5 microns are 

produced. A high amount of particulate matter has been 
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associated with phlebitis in i.v. formulations. Lipman 

(1974) ruled out the incidence of cephalothin induced 

phlebitis due to its pH. 

No signs of visual indications of phlebitis were 

seen in the rabbits injected with cephalothin. Indicating a 

corelation between no temperature increase and absence of 

visual signs of phlebitis. Also the in-vitro method of 

detecting precipitation of drugs (Yalkowsky et al. 1983) 

showed no signs of precipitation. 

AMIODARONE: Amiodarone is a recently approved 

antidysrthythmic drug for the treatment of recalcitrant 

supra-ventricular and ventricular dysrhythmia. It is an 

iodated benzofuran derivative, and is also associated with 

a high degree of variance in its bioavailability. 

The current commercial preparation contains 50 mg/ml of 

amiodarone Hydrochloride in a solubilizing agent comprized 

of polysorbate 80 at a concentration of 100 mg/ml. 

Figure 6.6 shows the mean temperature change vs 

time and Table 6.6 indicates the temperature and their 

standard errors for amiodarone and its vehicle ( polysorbate 

80 and D5W). Examination of the plot reveals that the 

temperature rise is significant between the drug and the 

vehicle after first 15 minutes (™ 1.7 deg. centigrade). The 

temperature remains elevated for more than 2H hours. Whereas 

no temperature increase is seen for the vehicle. 
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Amiodarone is known to cause local irritation. 

Aravanis (1982) observed an acute inflamation and swelling 

beyond the site of injection, accompanied by local pain and 

subsequent thrombophlebitis, following typical doses of 7.5 

to 10 mg/kg. Antonelli (1983) observed a similar adverse 

effect in 7 3% of his patients. Kerin et a1. (1983) reported 

acute thrombophlebitis due to i.v. use of amiodarone. 

Slight hazy precipitate develops after 3-4 minutes 

in the in-vitro system when using amiodarone and plasma 

(Yalkowsky et al.). Indicating that phlebitis can result 

from precipitation. 

MECHLORETHAMINE: Hechlorethamine HCL (mustargen) is a 

nitrogen analog of sulfur mustard. It is used as a 

biological alkylating agent. The intravenous preparation is 

used in the treatment of Hodgkins disease, lympho sarcoma, 

chronic mylocytic or chronic lymphocytic leukemia. The 

mechanism of action of mechlorethamine is by a cytotoxic 

action which inhibits rapidly proliferating cells. 

Figure 6.7 shows the mean temperature change of 

mechlorethamine injected rabbit vs time, along with normal 

saline data. Table 6.7 indicates the mean temperatures and 

their standard errors. No significant temperature increase 

can be seen for mechlorethamine as well as normal saline. 

Since mustargen is very soluble in water the 

precipitation of the drug can be ruled out as the possible 

cause of phlebitis , this is confirmed by the in-vitro 
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method of detecting drug precipitation. The phlebitic 

response may be due to a cytotoxic action which is induced 

by prolonged contact with the vein. 

In addition the product information warns that precautions 

should be taken against extravasation of the drug into the 

subcutaneous tissues, which could lead into painful 

inflamation and induration. A correlation is seen between no 

temperature increase and the absence of visual indication of 

phlebitis. 

COSOLVENTS: The cosolvents screened for phlebitis producing 

tendency were DMA, DMI, PEG 400, ETOH, and DMSO at 50$ v/v 

aqueous mixture along with DMA and DMSO at 70? v/v aqueous 

mixture . In addition the most commonly used vehicle for 

parenterals : PG:ET0H:H20 40:10:50 was screened. 

Figure 6.8 shows the relative mean temperature 

change vs time for DMA, DMSO (70?) and PG (40?). Table 6.8 

lists their mean temperature change with the standard 

errors. 

Figure 6.9 shows the plot of DMA, DMSO and ETOH (50?) and 

Table 6.9 their mean temperatures. 

Figure 7.0 indicates the change in mean temperature for DMI 

and PEG 400 (50?) and table 7.0 their corresponding mean 

temperatures and standard errors. 

Examination of the plots reveals that all the 

solvents showed a slight increase in temperature upto the 

first and second hour, with negligible increase thereafter. 
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This indicates that these solvents have a very short term 

effect on the vein by themselves. 

When the cosolvent is diluted into the blood stream the 

ratio of blood to cosolvent is high, which results in fast 

dilution of the cosolvents into the blood. Thus causing 

minimum effect on the endothelial cells of the vein. 

In addition cosolvents show no precipitation in the 

in-vitro system (Yalkowsky et al.) Therefore an appreciable 

phlebitic response is not indicated. This observation is in 

agreement with the results obtained for the various drugs 

discussed above. 

The cosolvent system of 40$ PG with 10? ETOH and 

50% H20 was considered as the reference formulation due to 

its frequent use and general acceptability and the remaining 

solvents were compared to it for phlebitis producing 

ability. With the exception of 70$ DMSO, which showed a 

higher temperature increase, all the solvents were either 

lower than the reference cosolvent or comparible to it. 

Visually the reference formulation showed signs of phlebitis 

( redness and edema ) when compared with the other solvents 

which did not show any effect. These results are in 

agreement with the results obtained by Reed and Yalkowsky 

(1985) when they determined the hemolytical potential of 

various solvents and found PG and DMSO to be higher than 

DMI, DMA, PEG 400 and ETOH in causing hemolysis of human red 

blood cells. 
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Table 7.1 provides a summary of the results 

obtained for the drugs as well as the cosolvents. In 

conclusion thermography is useful in determining the 

phlebitis causing potential of drugs and their vehicles. It 

correlates well with visual signs of phlebitis. The drugs 

that are poorly soluble in water can precipitate when 

injected and cause phlebitic response. The cosolvents tested 

did not exhibit any signs of phlebitis due to lack of 

precipitation. 



CHAPTER 7 

SUMMARY 

The phlebitis producing tendency of the five drugs 

tested can be divided into two groups, one due to 

precipitation of drugs and the other due to chemical 

irritation of the veins. The drugs that have low water 

solubility such as phenytoin, diazepam and amiodarone could 

induce phlebitis due to precipitation of drug in the vein 

during infusion. Phenytoin and amiodarone caused an 

increased temperature change unlike diazepam that showed a 

lower increase than its vehicle. In case of diazepam the 

lower incidence of phlebitis noted in the rabbits may be due 

to moderate solubility of diazepam in plasma. 

On the other hand drugs that are readily soluble in 

water like cephalothin and mechlorethamine act via chemical 

irritation of the vein over a prolonged period of time, and 

do not produce acute phlebitis. 

The cosolvents tested showed no effect in producing 

phlebitis with the exception of the reference formulation 

(PG:ETOH:H20, 4 0:10:50) and DMSO 10% that showed a slight 

effect. 

A correlation is seen between the thermographic 

imaging technique and visual observation of phlebitic signs. 
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TABLE 6.0 

MEAN TEMPERATURE CHANGE FOR UNTREATED AND N.SALINE 

OBS TIME 
(hours) 

MEAN(SE) 
(untreated) 

MEAN(SE) 
(n.saline) 

1 

o
 

o
 

o
 

o
 

o
 

o
 (0.00) 0.05 (0.03) 

2 0.25 0.35 (0.05) -0.00 (0.14) 

3 0. 50 0.00 (0.20) -0.10 *•
—

* 

O
 

o
 

oo
 

4 0.75 0.05 (0.05) 0.06 (0.04) 

5 1 . 00 0 .40 (0.10) 

GO O
 

O
 (0.03) 

6 1 .50 

O
 

•=
r o
 (0.10) O
 

O
 

U>
 

(0.03) 

7 2. 00 0.50 (0.50) 0.01 

•=
r o
 

o
 

8 

o
 

o
 

on 

0.05 (0.05) O
 

O
 

OO
 

(0.03) 

9 4 . 00 0.10 (0.10) 0. 03 (0.08) 

1 0 5.00 0.00 (0.20) • • 

1 1 24 .00 -0. 05 (0.05) 0.13 o
 

o
 

cr
\ 
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TABLE 6.1 

PHENYTOIN AND VEHICLE MEAN TEMPERATURE CHANGE 

OBS TIME 
(hours) 

MEAN (SE) 
(vehicle) 

MEAN (SE) 
(phenytoin) 

1 0.00 O
 

o
 

(0.06) 0.00 N 
o
 

o
 

o
 

2 0.25 0.43 (0.31) 0. 16 (0.46) 

3 0.50 0. 56 (0.20) 0.83 (0.56) 

4 0.75 0. 56 (0.12) 0.76 (0.12) 

5 1 . 00 0.46 (0.14) 0.73 (0.02) 

6 1 .50 0. 20 (0.15) 1 . 00 (0.50) 

7 2.00 0.30 (0.15) 1 . 26 (0.18) 

8 3.00 0.16 (0.08) 0. 86 (0.20) 

9 4.00 0. 06 (0.06) 0.73 (0.14) 

1 0 5.00 0. 20 (0.15) 0.40 (0.05) 

1 1 24. 00 -0.10 (0.10) 0.60 (0.20) 
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TABLE 6.2 

tHENYTOIN AND VEHICLE VISUAL RATING 

OBS TIME 
(hours) 

RATING(SE) 
(phenytoin) 

RATING(SE) 
(vehicle) 

1 0.00 

o
 

o
 

o
 (0.00) 0.00 (0.00) 

2 0.25 0.50 (0.28) 0.50 (0.28) 

3 0.50 0.66 (0.33) 0.83 (0.16) 

4 0.75 1.16 (0.44) 0.83 (0.16) 

5 1 . 00 1.16 (0.44) 0.66 (0.16) 

6 1 .50 1.16 (0.44) 0.66 (0.16) 

7 2. 00 1 . 50 (0.50) 0.33 (0.16) 

8 3.00 1.16 (0.44) 0.33 (0.16) 

9 4.00 1.16 (0.44) 0.33 (0.16) 

1 0 5.00 1.16 (0.44) 0.16 (0.16) 

1 1 24.00 2.00 (0.57) 0.16 (0.16) 

1 2 

O
 

o
 

oo ^r 

3.00 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 
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TABLE 6.3 

VALIUM AND VEHICLE MEAN TEMPERATURE CHANGE 

TIME MEAN (SE) MEAN (SE) 
(hours) (valium) (vehicle) 

0.00 0.06 (0.06) 0.10 (0.00) 

0.25 0.1(3 (0.31 ) -0.10 (1.10) 

0.50 0.56 (0.20) 0.00 (0.60) 

0.75 0.56 (0.12) -0.25 (0.05) 

1 .00 0.-46 (0.14) -0.35 (0.55) 

1.50 0.20 (0.15) -0.10 (0.10) 

2.00 0.30 (0.15) -0.05 (0.15) 

3.00 0.16 (0.08) 0.15 (0.35) 

4.00 0.06 (0.06) 0.20 (0.10) 

5.00 0.20 (0.15) -0.05 (0.05) 

24.00 -0.03 (0.08) 0.25 (0.25) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 
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TABLE 6.4 

VALIUM AND VEHICLE VISUAL RATING 

TIME RATING (SE) RATING (SET 
(hours) (valium) (vehicle) 

0. 00 

O
 

o
 

o
 

O
 

o
 

o
 O

 

o
 

o
 

(0. 00) 

0. 25 0.00 (0.00) 0.50 (0. 28) 

0. 50 0.25 (0.25) 0.83 (0. 16) 

0. 75 0.25 (0.25) 0.83 (0. 16) 

1. 00 0.00 (0.00) 0.66 (0. 16) 

1. 50 0. 00 (0.00) 0.66 (0. 16) 

2. 00 0.00 (0.00) 0.33 (0. 16) 

3. 00 0.25 (0.25) 0.33 (0. 16) 

4. 00 0.00 (0.00) 0.33 (0. 16) 

5. 00 0 . 00 (0.00) 0.33 (0. 16) 

24. 00 0.00 (0.00) 0.33 (0. 16) 



TABLE 6.5 

CEPHALOTHIN AND VEHICLE MEAN TEMPERATURE CHANGE 

OBS TIME MEAN (SE) MEAN (SE) 
(hours) (cephalothin) (vehicle) 

1  0 . 0 0  0 . 0 0  ( 0 . 0 0 )  0 . 0 6  ( 0 . 0 6 )  

2 0.25 0.30 (0.20) -0.16 (0.23) 

3 0.50 0.55 (0.05) -0.00 (0.10) 

i» 0.75 0.65 (0.1 5) 0.02 (0.05) 

5 1.00 0.15 (0.05) 0.13 (0.03) 

6 1.50 0.10 (0.00) 0.03 (0.06) 

7 2.00 0.55 (0.05) 0.03 (0.08) 

8 3-00 0.05 (0.05) -0.13 (0.03) 

9 4.00 0.20 (0.10) 0.06 (0.18) 

10 5.00 0.15 (0.15) 0.06 (0.18) 

11 24.00 0.05 (0.05) 0.16 (0.12) 



TABLE 6.6 

AMIODARONE AND VEHICLE MEAN TEMPERATURE CHANGE 

OBS TIME 
(hours) 

1 0. 00 

2 0. 25 

3 0. 50 

4 0. 75 

5 1 . 00 

6 1 . 50 

7 2. 00 

8 2. 50 

9 3-00 

1 0 3. 50 

11 4. 00 

1 2 24. 00 

13 48. 00 

MEAN(SE) 
(amiodarone) 

-0.06 (0.04) 

0.75 (0.21) 

1.14 (0.25) 

1.22 (0.25) 

1.46 (0.28) 

1.15 (0.35) 

1.04 (0.18) 

1.10 (0.23) 

1.63 (0.53) 

1.55 (0.40) 

1.05 (0.26) 

1.43 (0.32) 

1.45 (0.44) 

MEAN(SE) 
(vehicle) 

0. 00 (0. 00) 

-0. 28 (0. 39) 

-0. 05 (0. 47) 

0. 15 (0. 12) 

-0. 01 (0. 07) 

-0. 01 (0. 01 ) 

0. 15 (0. 09) 

0. 1 1 (0. 20) 

0. 00 (0. 19) 

-0. 23 (0. 23) 

0 . 15 (0. 19) 

-0. 1 0 (0. 04) 

-0. 05 (0. 09) 
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TABLE 6.7 

MECHLORETHAMINE AND VEHICLE MEAN TEMPERATURE CHANGE 

OBS TIME MEAN (SE) MEAN (SE) 
(hours) (mechlorethamime) (vehicle) 

1 0.00 0.00 (0.00) 0.05 (0.03) 

2 0.25 0.45 (0.05) -0.00 (0.14) 

3  0 . 5 0  0 . 0 0  ( 0 . 0 0 )  - 0 . 1 0  ( 0 . 0 8 )  

4 0.75 0.10 (0.10) 0.06 (0.04) 

5 1.00 0.10(0.10) 0.08 (0.03) 

6 1.50 0.15 (0.25) 0.03 (0.03) 

7 2.00 0.45 (0.15) 0.01 (0.04) 

8  3 . 0 0  0 . 2 0  ( 0 . 0 0 )  - 0 . 0 8  ( 0 . 0 3 )  

10 4.00 0.15 (0.15) 0.03 (0.08) 

11 5.00 -0.05 (0.05) 0.00 (0.00) 

12 24.00 -0.05 (0.05) 0.13 (0.06) 



OBS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

TABLE 6.8 

'COSOLVENTS MEAN TEMPERATURE CHANGE 

TIME MEAN(SE) MEAN(SE) MEAN(SE) 
(hours) (DMA 70$) (DMSO 70$) (PG 40$) 

0. 00 0. 05 (0. 05) -0. 1 0 (0. 10) 0. 06 (0. 06) 

0. 25 0. 35 (0. 35) 0. 80 (0. 50) 0. 43 (0. 31 ) 

0. 50 0. 35 (0. 35) 0. 40 (0. 10) 0. 56 (0. 20) 

0. 75 0. 45 (0. 35) 0. 45 (0. 05) 0. 56 (0. 12) 

1. 00 0. 30 (0. 20) 0. 45 (0. 05) 0. 46 (0. 14) 

1. 50 0. 30 (0. 20) 0. 50 (0. 30) 0. 20 (0. 15) 

2. 00 0. 25 (0. 05) 0. 40 (0. 00) 0. 30 (0. 15) 

3. 00 0. 15 (0. 15) 0. 20 (0. 00) 0. 16 (0. 08) 

4. 00 0. 05 (0. 05) 0. 25 (0. 25) 0. 06 (0. 06) 

5. 00 0. 00 (0. 00) -0. 05 (0. 05) 0. 20 (0. 15) 

24. 00 0. 00 (0. 00) -0. 05 (0. 05) 0. 20 (0. 15) 



1 

2 

3 

it 

5 

6 

7 

8 

9 

1 0 

1 1 

TABLE 6.9 

COSOLVENT MEAN TEMPERATURE CHANGE 

TIME MEAN(SE) MEAN(SE) MEAN(SE) 
(hours) (DMA 50?) (DMSO 50?) (ETOH 50?) 

0. 00 0. 1 (0. 0) 0. 05 (0. 15) 0. 05 (0. 05) 

0. 25 0. 6 (0. 0) 0. 20 (0. 00) 0. 30 (0. 30) 

0 . 50 0. 0 (0. 0) 0. 25 (0. 05) 0. 35 (0. 35) 

0. 75 0. 5 (0. 0) 0. 40 (0. 10) 0. 55 (0. 45) 

1. 00 0. 0 (0. 0) 0. 20 (0. 20) 0. 50 (0. 20) 

1. 50 0. 0 (0. 0) 0. 05 (0. 25) 0. 00 (0. 00) 

2. 00 0. 0 (0. 0) 0. 25 (0. 15) 0. 05 (0. 05) 

3-00 -0. 1 (0. 0) 0 . 15 (0. 15) -0 . 20 (0. 20) 

4. 00 -0. 1 (0. 0) 0. 20 (0. 20) 0. 65 (0. 45) 

5. 00 0. 0 (0. 0) 0. 05 (0. 15) 0. 05 (0. 15) 

24. 00 0. 0 (0. 0) -0. 1 0 (0. 10) 0. 00 (0. 00) 
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1 0 

1 1 

TABLE 7.0 

COSOLVENT MEAN TEMPERATURE CHANGE 

TIME MEAN (SE) MEAN (SE) 
(hours) (PEG 400 50?) (DMI 50?) 

0 . 0 0  - 0 . 1 0  ( 0 . 1 0 )  0 . 0 0  ( 0 . 0 0 )  

0.25 0.40 (0.30) 0.20 (0.60) 

0.50 0.75 (0.25) -0.05 (0.05) 

0.75 0.15 (0.25) 0.55 (0.15) 

1.00 0.05 (0.05) 0.15(0.15) 

1.50 0.25 (0.15) 0.10(0.30) 

2.00 0.05 (0.05) -0.35 (0.35) 

3.00 -0.05 (0.05) 0.00 (0.20) 

4.00 0.35 (0.15) 0.30 (0.10) 

5.00 0.15 (0.05) 0.05 (0.05) 

24.00 -0.80 (0.90) 0.15 (0.150 
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TABLE 7.1 

SUMMARY 

DRUG OR 
COSOLVENT 

SOL 
(H20) 

IN-VITRO 
(ppt. ) 

TEMP 
(inc.) 

VISUAL 
(effect) 

phenytoin poorly ppt. inc. effect 

diazepam poorly siight none none 

amiodarone poorly siight inc. effect 

cephalothin freely none none none 

mechlor. freely none none none 

n. saline freely none none none 

10$ tween 80 moderate none none none 

70$DMA freely none none none 

50$DMI freely none none none 

5 OJSDMA freely none none none 

50$DMS0 freely none nona none 

50$PEG400 freely none none none 

50$ETOH freely none none none 

7 0$DMS0 freely none slight none 

PG:ETOH:H20 
(M0:10:50) 

freely none siight effect 
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