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Introduction
Drug-induced peripheral vein phlebitis or throm-
bophlebitis is a very common clinical complication 
that occurs in 25 to 70% of all patients receiving 
intravenous therapy (Woodhouse, 1980; Tagalakis 
et al., 2002; Macklin, 2003). Drug-induced phle-
bitis is a vascular and perivascular inflammatory 
reaction, characterised by polymorphonuclear cell 
infiltrate and thrombi. In severe cases the vessel 
wall becomes disorganised with intramural haem-
orrhages and necrosis. This inflammatory process 

may last up to 4 weeks (Woodhouse, 1980). Clini-
cally, thrombophlebitis is characterised by pain, 
swelling, and erythema. In the more severe cases 
vein occlusion can develop, and secondary infec-
tion and septicaemia may ensue (Woodhouse, 1980; 
Khan et al., 1997; Tagalakis et al., 2002; Macklin, 
2003). Peripheral thrombophlebitis is often refrac-
tory to treatment and frequently necessitates cath-
eter removal and insertion of a new catheter in an 
alternative vein. Phlebitis is also a common, un-
documented clinical problem in laboratory animals, 
especially rabbits.
The metal ion chelator DP-b99 is a newly devel-
oped lipophilic derivative of BAPTA (1,2-bis(2-
aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid), 
which modulates the distribution of metal ions in 
hydrophobic media. DP-b99 is currently under-
going clinical development as an intravenously-
administered neuroprotectant for acute ischemic 
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This animal model with age-related cataract would 
be highly useful in studying the similar pathologi-
cal processes involved in the mechanism of cata-
ractogenesis in humans. Further studies, including 
looking for molecular lesions implicated in the 
mechanism of cataract development in these ani-
mals would be highly useful in the understanding 
cataract development.    
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stroke (Rosenberg et al., 2004). Phlebitis at the site 
of intravenous administration was DP-b99’s most 
frequently reported adverse event in this drug’s ini-
tial evaluation in healthy volunteers (Rosenberg et 
al., 2005), and the goal of the current study was to 
find an appropriate preventive treatment for DP-b99 
induced phlebitis without interfering with its thera-
peutic effect in stroke patients. 
Few systemic treatments have been tested for pe-
ripheral vein phlebitis, and even fewer were at-
tempted as a prophylactic approach (Dobbins et 
al., 2003). These systemic studies usually em-
ployed heparin combined with cortisone (Tighe et 
al., 1995; Dobbins et al., 2003) or heparin alone 
(Randolph et al., 1998; Marchiori et al., 2002). 
Heparin aided fluid flow through the catheter and 
reduced the risk of phlebitis; however this effect 
was not always satisfactory and the haemorrhagic 
side effects of systemic anti-coagulation may be 
very serious (Randolph et al., 1998; Marchiori et 
al., 2002). Systemic treatment with the non ster-
oidal anti-inflammatory drug (NSAID) diclofenac 
showed some benefit in reducing the clinical signs 
of phlebitis (Becherucci et al., 2000), but it also has 
potentially serious side effects.
As with systemic treatments, few topical drugs 
have been proposed for the treatment or prevention 
of peripheral vein thrombophlebitis. Preventive 
topical treatment with a glyceryl trinitrate patch 
showed benefit in prolonging the survival time of 
the cannula and in reducing the prevalence of phle-
bitis (Wright et al., 1985; Khawaja et al., 1991). 
Topical glyceryl trinitrate was tested in combina-
tion with systemic heparin and hydrocortisone 
(Tighe et al., 1995), but in a subsequent study its 
additional benefit was doubtful (Dobbins et al., 
2003). The effect of glyceryl trinitrate is believed 
to be through vasodilatation, but even with a topi-
cal preparation this compound can lead to adverse 
systemic effects such as hypotension and headache 
(Dobbins et al., 2003). Topical heparin alone was 
also found to relieve the symptoms of phlebitis 
(Mehta et al., 1975; Gorski et al., 2005). Several 
topical NSAIDs including naproxen (Cokmez et 

al., 2003), felbinac gel (Payne-James et al., 1992), 
and diclofenac (Becherucci et al., 2000) were tried 
with some success in reducing the clinical signs of 
phlebitis and overall reduction in the incidence of 
thrombophlebitis. Surprisingly, topical treatment 
with steroids was hardly ever evaluated in periph-
eral vein phlebitis, with one exception of an early 
work with a preparation of adrenocortical extract 
and salicylic acid which reduced the incidence 
of thrombophlebitis by nearly 50% (Woodhouse, 
1979). 
Clobetasol cream, an ultra-high-potency corti-
costeroid, has been effective in treating difficult 
inflammatory skin conditions such as psoriasis 
(Stein, 2005), atopic dermatitis (Breneman et al., 
2005) and bullous pemphigoid (Fontaine et al., 
2003). In the current study we assessed the cream 
preparation of clobetasol as a topical treatment for 
DP-b99-induced phlebitis in a rabbit model. The 
marginal ear vein of the rabbit is an established 
model for assessment of drug-induced throm-
bophlebitis (Johnson et al., 1989), and previous 
studies have characterised this model clinically and 
histopathologically (Kuwahara et al., 1998). The 
phlebitogenic properties of several drugs such as 
diazepam (Levy et al., 1989; White & Yalkowsky, 
1991), amioderone (Ward et al., 1991) and bisa-
trene (Powis & Kovach, 1983) were studied in this 
model. The current study utilized this model to ass-
es the response to anti-phlebitis treatment follow-
ing the use of DP-b99. The hypothesis of this study 
was that clobetasol will have a preventive effect on 
the development of DP-b99-induced phlebitis in 
the marginal ear vein of the rabbit. 

Materials and Methods
The D-Pharm Institutional Animal Care and Use 
Committee, which works under the Israeli National 
Council for Experiments in Laboratory Animals, 
according to Israeli law and the U.S. National In-
stitutes of Health guidelines for the care and use of 
laboratory animals, approved all the studies. 
Eleven, pathogen-free, male, outbred New Zealand 
White rabbits Oryctolagus cuniculus (Harlan, Jeru-
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salem, Israel), 14-15 weeks old and weighing 2.4-3 
kg, were used in the study. The rabbits were quar-
antined 5 days for acclimatization before the study. 
All rabbits were clinically healthy prior to the study. 
They were housed in individual wire cages 65 x 65 
x45 cm with a perforated plastic floor and collec-
tion pen (Tecniplast, Varese, Italy). The rabbits were 
housed in controlled environmental conditions: 
temperature 20º-22ºC, relative humidity 30-55% 
and a 12 hours light/dark cycle. The rabbits were 
fed standard rabbit diet (7078s Sterilizable Doe 
Rabbit Diet, Teklad, Madison, WI, USA) and fresh 
water ad libitum. 
The rabbits were divided into 2 dose groups that 
received 1 mg/kg (n=6) or 2 mg/kg (n=5) DP-b99 
to each ear. The drug substance was dissolved in 
normal saline (B.Braun, Germany) and was admin-
istered at a concentration of 0.4 mg/ml or 0.8 mg/
ml. The marginal (lateral) ear veins of each rab-
bit were cannulated with a 24g venflon cannula 
(Romed, Wilnis, Holland) and 2.5 ml/kg of the test 
substance was administered as a continuous infu-
sion over 1 hour, using an infusion pump (Harvard 
Apparatus, South Natick, Mass, USA). Cannulation 
and infusion were under general light anaesthesia: 
the rabbits were premedicated with acepromazine 
(C-Vet, Lancashire, UK) 1 mg/kg intramuscularly 
(IM) and anaesthetised with xylazine (VMD, Aren-
donk, Belgium) 3 mg/kg and ketamine (Fort Dodge, 
Iowa, USA) 50 mg/kg IM. Each rabbit served as its 
own control by infusing one ear with DP-b99 and 
the other ear with DP-b99 followed immediately 
by the application of clobetasol cream (0.05% w/w, 
Demovate, GlaxoWellcome, Uxbridge, UK). Addi-
tionally, clobetasol cream was applied twice a day 
throughout the 3 study days. The cream was applied 
gently to the infusion site, and the rabbits were re-
strained or guarded to prevent licking for an hour 
after the application.
Phlebitis was evaluated twice daily by means of 
clinical score according to the following scale (Levy 
et al., 1989): 
0 = no reaction.
1 = changes in vein colour and thickness without 

changes surrounding the vein.
2 = changes in vein colour and thickness accompa-
nied by erythema or oedema limited to the proxim-
ity of the vein.
3 = changes in vein colour and thickness accompa-
nied by wide erythema or oedema around the vein 
up to the level of the central artery.
4 = changes in vein colour and thickness accompa-
nied by erythema or oedema surrounding the vein, 
reaching and exceeding the central artery.
The clinical score was evaluated 1, 3, 5, 24, 32, 48, 
56 and 72 hours after drug administration. Seventy-
two hours after the infusion the rabbits were anaes-
thetised with xylazine (VMD, Arendonk, Belgium) 
3 mg/kg and ketamine (Fort Dodge, Iowa, USA) 
50 mg/kg IM and then euthanaised with pentobar-
bitone (CTS, Kiryat Malachi, Israel) 200 mg/kg 
intra cardiac. Samples of 3 centimetres of the ear 
vein from the point of the tip of the cannula and 
distally were excised and subjected to pathological 
microscopic analysis. Samples for histology were 
prepared by a standard procedure and were stained 
with Hematoxylin Eosin. Histology was performed 
under light microscopy. The pathologist (AM) was 
blinded to the treatment procedure. The lateral ear 
vein was specifically evaluated for the presence of 
thrombus and phlebitis. The histology findings were 
graded according to the following criteria, that were 
adapted from Kuwahara (1998):

Thrombus
None
Small – <1/3 of the vein in cross-section
Medium – 1/3 – 2/3 of the vein in cross-section 
Large – >2/3 of the vein in cross-section
Phlebitis:
None
Mild – Few inflammatory cells in venous wall or 
perivascular tissue
Moderate – Many inflammatory cells in venous 
wall or perivascular tissue
Severe – Diffuse and denser inflammatory cells in 
venous wall or perivascular tissue
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Statistical analysis
The clobetasol treatment effect was calculated by 
firstly subtracting the clobetasol-treated ear score 
from the non-treated ear score. The multiple meas-
ures over time were converted to a single continu-
ous parameter by calculating the area under each 
rabbit curve. We then did a standard ANOVA with 
dose as a factor. Since dose was not significant 
(F

1,9
 = 2.365, P = 0.1584) it was deleted from the 

model. We then only tested (by ANOVA) whether 
the mean response to clobetasol treatment was sig-
nificantly different from 0 for the overall area under 
the curve (overall time). For specific time points we 
used the Sign Rank Test. The effect of clobetasol 
over time was also assessed via a quadratic model 
allowing random effects for the linear and quadratic 
coefficients. The differences in prevalence of histo-
logical lesions between groups were evaluated by 
chi-square test. A p-value of 0.05 was considered 
significant.

Results
DP-b99 1 mg/kg induced mild phlebitis with mean 
peak score (± standard error) of 1.58 ± 0.27 after 
24 hours (Fig. 1). When treated with clobetasol the 
phlebitis almost disappeared, with a 24 hours peak 
score of 1.00 ± 0.26 (Fig. 1), which represents a 
very mild phlebitis that would hardly be detected 
in a clinical setting. With DP-b99 dose of 2 mg/kg, 
the mean 24 hours score observed without clobeta-

sol treatment was 1.90 ± 0.40 and with clobeta-
sol 1.00 ± 0.00 (Fig. 2). The time courses of the 
phlebitis in the untreated ears for the 2 doses were 
similar. There was an early small peak in the score 
3 hours after drug administration - probably due 
to both mechanical irritation from the cannulation 
and a reaction to DP-b99. However, this initial ir-
ritation subsided after 5 hours and then the signs 
of inflammation increased again, probably as a re-
action to the drug substance. The highest clinical 
score was obtained 24 hours post-administration 
for both doses. After 24 hours the clinical score 
decreased slowly in both clobetasol treated and 
non-treated ears. The difference in score-time area 
under the curve between the rabbit’s clobetasol 
treated non–treated ears revealed significant dif-
ferences (F

1,11
 = 23.128, P < 0.001), indicating the 

overall effect of the clobetasol. The analysis of the 
effect revealed significant effects at 3 (p=0.016), 
24 (p=0.031), 32 (p=0.008) and 48 (p=0.016) 
hours. To estimate the slope of the clobetasol ef-
fect at various times, a quadratic model which al-
lows for random effects was used. It yielded slope 
estimates of 0.022 at 5 hours (p=0.002), 0.018 at 
10 hours (p=0.003), 0.015 at 15 hours (p=0.005), 
-0.010 at 48 hours (p=0.023) and –0.016 at 56 
hours (p=0.005). These results indicate that there 
is a slower development of phlebitis (significantly 
positive slope prior to 32 hours) with clobetasol, 
and an expedited healing process after 32 hours 

Figure 1. Phlebitis score monitored over 72 hours 
post administration of DP-b99 1 mg/kg/ear with or 
without topical clobetasol. Data presented as mean 
± standard error (n=6).

Figure 2. Phlebitis score monitored over 72 hours 
post administration of DP-b99 2 mg/kg/ear with or 
without topical clobetasol. Data presented as mean 
± standard error (n=5).
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(a negative slope). Similar results were obtained 
while analysing each dose (either 1 mg/kg or 2 mg/
kg) separately (Fig. 3). 
On histological assessment of the 1 mg/kg DP-b99 
treated rabbits, only 1 ear treated with clobetasol and 
1 ear without clobetasol showed mild perivascular 
inflammatory cellular infiltrate. However, thrombus 
was evident in 2/6 clobetasol and 4/6 non-clobeta-
sol treated ears (Table 1). This was in agreement 
with the minimal clinical scores observed in this 
group 72 hours post drug administration. The his-
tological analysis of the ears after the 2 mg/kg dose 
revealed phlebitis in 3/5 (1 mild, 2 moderate) of 
the control ears and mild phlebitis in 1/5 of rabbits 
that was treated with clobetasol. This is in agree-
ment with the clinical results that show a positive 
effect for clobetasol in reducing DP-b99-induced 
phlebitis. The inflammatory infiltrate was a mixture 
of granulocytes and macrophages consistent with a 
sub-acute reaction (Table 1). Chi square analysis of 
the histological findings was not significant.

Table 1. Prevalence of histopathological lesions 72 hours post administration of DP-b99 1 mg/kg or 2 mg/
kg with or without clobetasol.

Figure 3. Difference in phlebitis score between 
ears treated with DP-b99 without clobetasol cream 
and with clobetasol over time. Three plots are pre-
sented; treatment with DP- b99 1 mg/kg/ear (n=6), 
DP-b99 2 mg/kg/ear (n=5) and a combined plot of 
the 2 treatments (n=11). Data presented as mean 
± standard error. Note the positive slope until 24 
hours indicating reduced phlebitis reaction and the 
negative slope after 32 hours indicating expedited 
healing process. 
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Treatment Number of Prevalence of  Prevalence Prevalence of
 rabbits phlebitis  of thrombus  no pathology

DP-b99 1 mg/kg 6 1/6 2/6 4/6
With clobetasol  (1 mild)  (2 medium)

DP-b99 1 mg/kg  6 1/6 4/6 2/6
Without clobetasol  (1 mild) (1 small, 3 medium)

DP-b99 2 mg/kg 5 1/5 2/5 3/5
With clobetasol  (1 mild) (1 small, 1 large)

DP-b99 2 mg/kg  5 3/5 3/5 2/5
Without clobetasol  (1 mild, 2 moderate) (3 large)

Phlebitis was graded as: mild – few inflammatory cells in the venous wall or perivascular tissue; moder-
ate – many inflammatory cells in the venous wall or perivascular tissue; or severe – diffuse and denser 
inflammatory cells in the venous wall or perivascular tissue. Thrombus was graded as: small – <1/3 of 
the vein in cross-section; medium – 1/3 – 2/3 of the vein in cross-section; or large – >2/3 of the vein in 
cross-section. 
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Discussion 
The pathogenesis of DP-b99-induced phlebitis is 
unclear. In humans the phlebitis was mostly mild 
and was observed more frequently in young sub-
jects than in the elderly (Rosenberg et al., 2005). In 
the present study, the mild inflammatory histologi-
cal signs do not hint clearly at the mechanism un-
derlying the DP-b99 pro-phlebitic effect; however, 
the relatively high prevalence of thrombi may in-
dicate endothelial injury. The mixed inflammatory 
infiltrate indicates a response to an acute irritation 
and possibly endothelial injury. No precipitation of 
the drug substance was observed microscopically. 
The rabbit’s marginal ear vein is a very sensitive 
model for peripheral phlebitis (Kuwahara et al., 
1998) as the veins are very superficial and thin, 
the interstitium has limited space, and the lack of 
pigment in albino animals makes the inflamma-
tion easily discernible. This model was frequently 
used to demonstrate local toxicity after intravenous 
administration, but has not been used routinely to 
assess thrombophlebitis therapy. For the same rea-
sons, mentioned above, it should be just as sensitive 
in demonstrating resolution of phlebitis. Indeed, to 
our knowledge the current study is the first to em-
ploy this model to such an end. 
Clobetasol reduced both the peak score of the phle-
bitis and shortened the healing process. To the best 
of our knowledge apart from an early study using 
adrenocortical extract (Woodhouse, 1979), this 
appears to be the only study to report a phlebitis-
ameliorating effect of a topical corticosteroid. In 
our study the phlebitis was self limiting even with-
out treatment, as may be expected after a single 
administration of an irritating agent; however, this 
may not be the case with repeated administrations, 
e.g. when administering parenteral nutrition, where 
the phlebitis can progressively worsen. Clobetasol 
has the potential to prevent this perpetuating cas-
cade with minimal side effects after being applied 
locally. Few local treatments have been attempted 
for phlebitis in human patients. Trinitrates have 
potentially serious side effects, especially in eld-
erly people (Wright et al., 1985) and their benefit 

is questionable (Dobbins et al., 2003). The topical 
NSAID felbinac showed only reduction in hard-
ness around the cannula, but not in erythema pain 
or oedema (Payne-James et al., 1992). In topical 
or systemic administration it showed improvement 
in all clinical parameters tested, namely hardness, 
eryrthema, heat and pain, but adverse reactions 
were reported following either mode of administra-
tion (Cokmez et al., 2003). A topical heparin for-
mulation was reported to reduce erythema and pain 
and to induce thrombus regression (Gorski et al., 
2005). Another study with topical heparinoid oint-
ment showed a quicker relief of the clinical signs 
(Mehta et al., 1975). The evaluation in the current 
study combined a variety of clinical and histologi-
cal parameters and demonstrated the efficacy of 
topical clobetasol. The study has a few limitations: 
the clinical scoring was not blinded, the group size 
was small and the irritant was mild; therefore, fur-
ther investigations, with larger study groups and 
other drugs with phlebitogenic potential should be 
performed. Clearly, one cannot directly transpose 
animal-based data to human patients but our study 
warrants an evaluation of topical steroids in human 
chemical thrombophlebitis. Local application of 
potent corticosteroids, if found effective in humans, 
have the potential to replace or supplement the cur-
rent treatment with heparin or NSAIDs.
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in demonstrating resolution of phlebitis. Indeed, to 
our knowledge the current study is the first to em-
ploy this model to such an end. 
Clobetasol reduced both the peak score of the phle-
bitis and shortened the healing process. To the best 
of our knowledge apart from an early study using 
adrenocortical extract (Woodhouse, 1979), this 
appears to be the only study to report a phlebitis-
ameliorating effect of a topical corticosteroid. In 
our study the phlebitis was self limiting even with-
out treatment, as may be expected after a single 
administration of an irritating agent; however, this 
may not be the case with repeated administrations, 
e.g. when administering parenteral nutrition, where 
the phlebitis can progressively worsen. Clobetasol 
has the potential to prevent this perpetuating cas-
cade with minimal side effects after being applied 
locally. Few local treatments have been attempted 
for phlebitis in human patients. Trinitrates have 
potentially serious side effects, especially in eld-
erly people (Wright et al., 1985) and their benefit 

is questionable (Dobbins et al., 2003). The topical 
NSAID felbinac showed only reduction in hard-
ness around the cannula, but not in erythema pain 
or oedema (Payne-James et al., 1992). In topical 
or systemic administration it showed improvement 
in all clinical parameters tested, namely hardness, 
eryrthema, heat and pain, but adverse reactions 
were reported following either mode of administra-
tion (Cokmez et al., 2003). A topical heparin for-
mulation was reported to reduce erythema and pain 
and to induce thrombus regression (Gorski et al., 
2005). Another study with topical heparinoid oint-
ment showed a quicker relief of the clinical signs 
(Mehta et al., 1975). The evaluation in the current 
study combined a variety of clinical and histologi-
cal parameters and demonstrated the efficacy of 
topical clobetasol. The study has a few limitations: 
the clinical scoring was not blinded, the group size 
was small and the irritant was mild; therefore, fur-
ther investigations, with larger study groups and 
other drugs with phlebitogenic potential should be 
performed. Clearly, one cannot directly transpose 
animal-based data to human patients but our study 
warrants an evaluation of topical steroids in human 
chemical thrombophlebitis. Local application of 
potent corticosteroids, if found effective in humans, 
have the potential to replace or supplement the cur-
rent treatment with heparin or NSAIDs.
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