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Summary. The DNA-binding agents daunomycin (DAU- 
NO), mithramycin (MITH), dactinomycin (ACT-D), am- 
sacrine (mAMSA) and esorubicin (ESO) were tested for 
local vesicant potential in a quantitative intradermal 
mouse skin model. Only MITH, which adlineates but doses 
not intercalate DNA, did not produce dose-dependent 
skin ulcerations in the mouse. The anthracycline antibiot- 
ics DAUNO and ESO produced the largest skin ulcers 
when administered intradermally at clinically relevant 
doses (adjusted on the basis of comparable body surface 
areas). Numerous local pharmacologic adjuvants were 
tested for activity to decrease skin ulceration patterns in 
mice given one of the DNA intercalators. Inactive local 
adjuvants included heat, cold, saline, hyaluronidase, glu- 
corticosteroids and isoproternol. Only one adjuvant, topi- 
cal dimethylsulfoxide (DMSO), was found to reduce 
DAUNO skin lesions. A single topical DMSO application 
significantly decreased ulceration size to almost half of 
control levels. However, it was ineffective for the other in- 
tercalating agents. These results show that the DNA inter- 
calators DAUNO, ESO and ACT-D are potent vesicants 
in a mammalian skin model. These vesicant agents must be 
administered cautiously to prevent extravasation. No 
single local adjuvant treatment can be recommended for 
extravasation of these drugs in the clinic. One significant 
exception is DAUNO, where topical DMSO may reduce 
clinical toxicities. 

Introduction 

Local toxicities caused by extravasation of vesicant cancer 
chemotherapeutic agents can produce severe soft tissue da- 
mage [16, 29]. Many of these vesicant compounds are clas- 
sified as DNA-binding and /or  -intercalating agents. These 
drugs include daunorubicin (DAUNO), dactinomycin 
(ACT-D), amsacrine (mAMSA), esorubicin or 4'-deoxy- 
doxorubicin (ESO) and plicamicin (mithramycin, MITH). 
Some related agents have been reported to cause severe 
necrosis if inadvertently extravasated. For example, doxo- 
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rubicin (Adriamycin or DOX) is a well-known clinical vesi- 
cant [3, 28, 29] which is best managed locally using topical 
cooling [9]. DAUNO has also been reported to cause vesi- 
cant skin reactions if extravasted in both animals [2] and 
man [10, 14, 23]. There are no controlled studies available 
which document efficacy of local adjuvants to DAUNO 
extravasations. Similarly, mAMSA [15, 22], ACT-D [2, 11], 
ESO [21] and MITH are all reported to be clinical vesi- 
cants, but definitive case reports or controlled experimen- 
tal documentation are lacking. Therefore, we have applied 
an established murine skin toxicity model to evaluate these 
agents (1) for their vesicant potential, (2) to establish a 
dose-response relationship for skin ulceration, and (3) to 
compare various pharmacologic and nonpharmacologic 
adjuvants as local treatments to ameliorate skin ulcers. 

Materials 

ACT-D (Cosmegen, Merck Sharp Dohme), DAUNO (Cer- 
ubidine, Ives Pharmaceutical), ESO (esorubicin, Farmital- 
ia) and MITH (Mithracin, Miles Laboratories) were dis- 
solved in 0.89% unpreserved sodium chloride immediately 
prior to injection, mAMSA (National Cancer Institute) 
was dissolved in N,N-dimethylacetamide for subsequent 
dilution into 0.0355 M L-Lactic acid diluent (supplied with 
the clinical formulation). All drug injections were per- 
formed at a final volume of 0.05 ml. 

Methods 

Female BALB/c mice (Jackson Laboratories, Boston Har- 
bor, MA) weighing 20-25 g were used for these experi- 
ments. A standard intradermal (i.d.) testing protocol was 
used [16]. Groups of five mice were used for each treat- 
ment group. Animals were dehaired 24 h prior to injection 
with topical applications of the depilatory, NEET lotion 
(Whitehall Laboratories). Drug injections were made into 
a 3 x 3 cm hairfree site on the dorsum of the mouse. All in- 
jections were made i.d. using a 25-gauge needle (bevel up) 
and a "l.0-ml tuberculin syringe. 

To test for a dose-response relationship with these 
agents, drug doses were selected to approximate human 
clinical dose ranges in m g / m  2 of body surface area [12]. In- 
tradermal ACT-D doses were 3.0 p.g, 5.0 l-tg, 7.5 lxg, 15 p~g 
and 30 lig/mouse (0.043-4.3 mg/m2). DAUNO doses were 
0.01 mg, 0.05 mg, 0.1 mg, 0.4 mg and 0.5 mg (1.4-70 mg/  
m2). ESO doses were 0.02 mg, 0.2 mg and 0.5 mg/mouse 
(2.9-70mg/m2).  mAMSA doses were 0.07 mg, 0.7 mg, 
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Table 1. Effects of local adjuvants on areas under ulceration-time curves (cm 2 days) after intradermal injection of DNA-binding antican- 
cer drugs (dose per mouse under drug name) 

Local ACT-D mAMSA ~' DAUNO ESO 
adjuvant (7.5 p,g) (1.2 nag) (0.4 mg) (0.2 rag) 

None (control) 0.90 (1.3) 4.67 (1.15) 42.27 (19.26) 9.95 (1.76) 
Adenosine h NT NT NT 10.54 (6.06) 
Asorbic acid c 1.54 (1.49) NT NT NT 
Sodium bicarbonate d 1.13 (1.31) 6.29 (3.31) 41.19 (9.62) NT 
Cold 2.61 (2.51) 9.14 (2.90) 53.37 (17.62) 13.80 (3.04) 
DMSO e 0.45 (0.50) 2.19 (1.12)** 29.85 (6.99) 7.56 (2.91) 
Heat 8.09 (7/48)* 18.45 (2.19)* 52.82 (4.80) 11.63 (4.80) 
Heparin f NT 11.24 (2.93)* 49.92 (11.71) NT 
Hyaluronidaseg 2.39 (2.24) 4.43 (0.78) 36.72 (13.49) 8.96 (5.93) 
Hydrocortisone h 1.83 (0.94) 8.80 (3.25) 31.12 (5.42) 9.35 (4.89) 
Isoproterenol i NT NT 44.06 (6.78) 11.01 (8.49) 
N-AcetylcysteineJ NT 12.65 (4.68)* NT NT 
Propranolol k NT NT 30.39 (5.70) NT 
Sodium chloride 1.35 (1.41) 6.19 (1.71) 29.50 (6.03) 13.58 (2.40) 
Sodium thiosulfate ~ 1.48 (1.79) NT NT NT 

All results expressed as means from five mice (SD in parentheses). 
NT, not tested 

* Increased ulceration over control group, P < 0.05 by Student-Newman-Keuls (SNK) multiple-range test following analysis of variance 
** Reduced ulceration over control group, P < 0.05 by SNK multiple-range test following analysis of variance 

a mAMSA diluent consisted of 1.5 ml anhydrous N,N-dimethylacetamide combined with 13.5 ml 0.0353 M L-lactic acid 
b Syma Chemical Co., St. Louis, MO; 3.16 Msolution in water, 42 rag/mouse 
c Eli Lilly and Co., Indianapolis, IN; 50 mg/ml solution; 2.5 rag/mouse 
d Sodium bicarbonate 8.4%, International Medication Systems, E1 Monte, CA; 0.05 MEq/mouse 

Bakers Reagent Grade, 99%, full strength, topically applied once to dorsum, approximately 0.3 ml/mouse 
f Lipo-Hepin, Riker Laboratories St. Paul, MN (Riker Labs); 1000 units/ml 
g Wydase, Wyeth Laboratories, Pittsburgh, PA; 10 units/mouse 
a A-Cort, Abbott Laboratories, Chicago, IL; 2.5 rag/mouse 

Isuprel, Winthrop Laboratories, New York, NY; 10 lxg/mouse 
J Mucomyst, Mead Johnson Laboratories, Evansville, IN; l0 mg/mouse 
k Inderal, Ayerst Laboratories, New York, NY; 100 tzg/mouse 
1 From 10% U.S.P. Solution; Torrigian Laboratories, Queens Village, NY; 0.17 Msolution in water, 2.0 rag/mouse 

1.2 mg and 1.75 mg /mouse  (10-250 rag/m2). MITH was 
evaluated at doses of  0.05 cg, 0.1 cg, 0.5 cg, 1.0 cg and 
5.0 cg /mouse  (7.1 - 714 cg/m2). 

For  local ad juvant  studies, various pharmacolog ic  and 
nonpharmaco log ic  agents were tested against  the interca- 
lat ing agents (Table 1). Each adjuvant  was given immedi-  
ately after, and  directly adjacent  to, the D N A - b i n d i n g  
drug. No adjuvants  were injected directly into the vesicant  
drug site to prevent  chemical  admixture  or loss of  vesicant 
f rom the skin bleb. Thus, the vesicant  and  adjuvant  solu- 
t ions were separa ted  by only a thin membrane  of  skin and 
muscle tissue to facilitate local diffusion of  the two solu- 
tions. Topical  heat  and cold were appl ied  as repor ted  else- 
where [8] to achieve in t radermal  skin temperatures  of  
8 ° - 1 0  °C for cooling, and  4 1 ° - 4 3  °C for heating. 

Ulcerat ion was measured thrice weekly with calipers. 
The widest perpendicu la r  widths were measured and con- 
verted to a simple area. The area under  an ulcerat ion- t ime 
curve (AUC ulcerat ion) in cm 2 • days was integrated by a 
computer  to yield A U C  ulcerat ion for each mouse. Statisti- 
cal compar isons  of  AUC ulcerat ion between groups in- 
volved an initial  analysis of  var iance fol lowed by a Stu- 
den t -Newman-Keuls  (SNK)  mult iple-range test pe r formed  
at a 0.05 level. 

Results 

As seen in Fig. 1, all agents except M I T H  produced  skin 
ulcers and demonst ra ted  a p ropor t iona l  dose-response ef- 
fect. For  ACT-D and ESO, the slope of  the ulcerat ion 
area-dose line was roughly l inear  over the range of  doses 
tested. For  ACT-D,  ulcerat ion areas did  not  pla teau even 
at the highest dose tested (4.3 mg/m2). Ini t ial  tests with the 
special m A M S A  diluents showed that  .0.05 ml N,N-dime- 
thylacetamide  p roduced  no ulcerat ions in four  of  five 
mice, while 0.05 ml lactic acid p roduced  minor  ulcerat ions 
in two of  five mice. For  mice with di luent  reactions,  the 
cumulat ive ulcera t ion toxicit ies were very small (AUCs 
< 0.03 cm 2 • days) and the lesions healed complete ly  with- 
in 3 days. In contrast ,  m A M S A  had a rather  steep dose-re- 
sponse curve over a 2 log dose range. Addi t iona l ly ,  there 
was evidence for a threshold m A M S A  i.d.  dose require- 
ment  of  0.7 m g / m o u s e  (Fig. 1, top right panel).  Similarly,  
the D A U N O  dose-response curve demonst ra ted  a sharp 
increase in slope with i .d.  doses greater than 0.1 mg. How- 
ever, all D A U N O  doses greater than 0.5 m g / m o u s e  
( 7 0 m g / m  2) caused death in four  of  five animals ;  
40%-60% lethality was p roduced  at the 0.4 mg d o s e /  
mouse. MITH,  at all doses tested, did  not  p roduce  skin ul- 
cers after i.d. inject ion in the mice. Figure 1 also shows 
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Fig. 1. The dose-response relationships are plotted for the 
area under the ulceration-time curve (AUC ulceration) 
over a range of doses of intradermal DNA-binding agents 
(logarithmic scale). Each point represents the mean AUC 
for five mice followed until all signs of skin toxicity are re- 
solved. Drug doses are listed as the total amount injected 
on day 1 in each BALB/c mouse. DA UNO, daunomycin; 
M-AMSA, mithramycin (plicamicin); ACT D, dactinomy- 
cin; ESO, esorubicin (4'-deoxydoxorubicin). Vertical bars 
indicate the SD 

that the anthracycline analogs DAUNO and ESO pro- 
duced the largest murine skin lesions at clinically relevant 
doses (adjusted on a comparable body surface area basis). 

Table 1 illustrates the summary results of local adju- 
vant studies with DNA-intercalating agents. For mAMSA, 
the local adjuvants heparin, topical heat and N-acetylcys- 
teine (NAC) significantly enhanced ulceration (P< 0.05 by 
SNK multiple-range test). Other, ineffective adjuvants, 
such as normal saline hyaluronidase, hydrocortisone, sodi- 
um bicarbonate and topical cold, did not significantly al- 
ter ulceration levels after mAMSA. 

DAUNO intervention studies showed that normal sa- 
line and sodium bicarbonate significantly enhanced ulcer- 
ation (P< 0.05). Conversely, the adjuvants hyaluronidase, 
isoproterenol, propranolol, topical cold and topical heat 
did not change ulceration. Dimethylsulfoxide (DMSO) 
was shown to decrease DAUNO ulceration significantly. 
Thus, after a 0.4rag dose of mAMSA, ulceration areas 
dropped from 49.1 cm 2 • days to 29.9 c m  2 • days (P< 0.05). 

ESO was tested against normal saline, hyaluronidase 
isoproternol, hydrocortisone, adenosine, topical heat and 
topical cold. Again, these adjuvants did not significantly 
alter ESO ulceration patterns. ACT-D was evaluated with 
the local adjuvants normal saline, hyaluronidase, hydro- 
cortisone, 0.17M sodium thiosulfate, ascorbic acid, cold 
and DMSO. Once more, these adjuvants demonstrated no 
significant changes from control, except that topical heat 
significantly increased ACT-D skin ulcerations (P< 0.05). 

Discussion 

We have shown in this study that each of the DNA-inter- 
calating agents studied produce potent vesicant ulcers in 
mice. MITH, which adlineates but does not intercalate in- 
to DNA, did not produce consistent ulceration in our 
mouse model even at total i.d. doses approximating lethal 
human clinical doses. In contrast, good dose responses for 
DAUNO, ESO, ACT-D and mASMA were obtained in 
our mouse model. 

For most of the DNA intercalating drugs, clinical re- 
ports have corroborated the fact that local reactions do oc- 
cur following extravasation. These reactions typically in- 

elude phlebitis, as well as rare are full-thickness skin ne- 
crosis if the drug is extravasated in large or concentrated 
amounts. For mAMSA, one clinical report has described 
frank local necrosis [12]. More typically, only moderate to 
severe local phlebitis is seen with this agent [17]. However, 
in this study, we have clearly shown that mAMSA can 
cause dose-dependent skin ulcers. This was also seen in a 
previous mAMSA toxicology study in guinea pigs and rab- 
bits [2]. The current results more clearly document the 
dose-response skin toxicity pattern with mAMSA and es- 
tablish an apparent threshold for ulceration at 0.7 rag/ 
mouse or 100 mg/m 2 (Fig. 1). This very closely approxi- 
mates the maximally-tolerated human antileukemic dose 
of mAMSA [17]. Unfortunately, none of the adjuvants test- 
ed significantly decreased mAMSA's ulcerative effects 
(Table 1). 

There are several case reports of DAUNO extravasa- 
tions in the literature [10, 14, 23]. In addition, literature 
from the drug manufacturer has advocated the use of hy- 
drocortisone, ice packs and DMSO for managing DAU- 
NO extravasations [1]. However, as shown in this study, 
hydrocortisone and cold did not change DAUNO ulcera- 
tion patterns. In contrast, DMSO did significantly de- 
crease ulceration. A similar antidotal role for DMSO with 
DOX is also reported in pigs and rats [5, 27, 30], although 
this was not confirmed in subsequent trials in mice [7, 30] 
and rats [31]. 

In a previous report on local venous reactions to ESO 
[21], one clinical extravasation was documented. A topical 
ice pack was empirically used and no lesion resulted. 
However, one should use caution in evaluating isolated 
clinical cases, since, as Larson has pointed out, only about 
one-third of documented vesicant drug extravasations will 
ever lead to ulceration, even without local treatment [20]. 
Nonetheless, because ESO is quite similar to the parent 
anthracycline doxorubicin, one may assume that it will 
cause a similar necrosis pattern. This was indeed seen in 
our mouse model. For ESO, none of the pharmacologic 
antidotes tested changed the ulceration patterns compared 
to control. This included topical cooling, which is exterme- 
ly effective for managing DOX skin ulcers [9]. 

ACT-D has also been shown to cause both phlebitis 
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and irr i tat ion in clinical series [11, 25]. Like doxorubic in  
[24], ACT-D is also known to produce  synergistic skin tox- 
icity with ionizing radia t ion  [4]. In our mouse model ,  we 
showed a dose-dependent  re la t ionship for ACT-D ulcera- 
tion. Unfortunately,  none  of  the pharmacologic  adjuvants  
changed ACT-D ulcerat ion pat terns  compared  to untreat-  
ed controls. 

M I T H  was the only D N A - b i n d i n g  agent tested that did  
not  p roduce  consistent ulcerat ion in our  mouse model.  In 
the past,  several reviews have p laced  M I T H  in the vesicant 
drug category [6, 16] despite the lack of  clinical  reports  of  
severe local necrosis upon  extravasat ion [19]. M I T H  was 
previously found to be negative or only mi ldly  irr i tat ing 
fol lowing subcutaneous inject ion in guinea pigs or intra- 
muscular  injection in rabbits  [26]. M I T H  is also known to 
b ind  to D N A  pr imar i ly  by adl ineat ion outside the D N A  
helix and not  by intercalat ion between base pairs  [13, 32]. 
This nonintercalat ive type of  D N A  associat ion may also 
help to explain MITH ' s  diveregence from the other inter- 
calators in terms of  local ulcerat ion potent ia l  as seen in the 
current  study. 

In summary,  we have shown that in a control led mouse 
skin toxicity model ,  the DNA-in te rca la t ing  agents DAU-  
NO, ESO, m A S M A  and A C T - D  each posses potent ,  dose- 
dependent  vesicant potential .  The nonintercala t ing anti- 
biot ic  MITH did not  p roduce  such skin lesions. Pharmaco-  
logic adjuvants  tested locally to reduce in tercala tor  ulcers 
p redominan t ly  lacked ant idotal  activity. The sole excep- 
t ion was the case of  D A U N O ,  for which a single topical  
D M S O  appl ica t ion  significantly decreased ulceration.  
Based on these results extreme caution should be used in 
adminis ter ing each of  these intercalat ing ant icancer  
agents. The use of  topical  DMSO may be helpful  in amel- 
iorat ing skin toxicity from inadvertent  clinical extravasa- 
t ions of  D A U N O .  
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