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Summary. Targeting of anticancer drugs to specific organs 
by directed intravascular precipitation was studied in 
calves using 9-10 anthracenedicarboxyaldehyde bis 
[(4,5-dihydro-lH-imidazol-2-yl) hydrazone] dihydrochlo- 
ride (Bisantrene), a clinically active anticancer drug with 
limited solubi!ity at physiological pH. Rapid injection of 
Bisantrene in solution at pH 4.5 into the internal iliac ar- 
tery resulted in concentrations of drug in the urinary blad- 
der wall supplied by the artery that were more than 1000 
times those in the same tissue following injection of the 
same dose of drug IV, the route of administration used 
clinically. Localization of the orange fluorescent drug to 
the ipsilateral bladder wall was easily seen. Fluorescence 
microscopy revealed deposits of drug along the walls of 
the arteriolar and capillary bed supplied by the artery into 
which it had been injected. Concentrations of drug in the 
systemic circulation and in tissues not supplied by the in- 
ternal iliac artery used for drug injection were lower after 
intraarterial (IA) drug administration than after IV admin- 
istration. Pathological studies of the tissues of calves sacri- 
ficed at intervals up to four weeks following rapid injec- 
tion into the internal iliac artery of the same doses of Bi- 
santrene used IV in cancer patients did not reveal evidence 
of extensive cytotoxicity to the infused organs. 

Introduction 

Poor solubility of pharmacologically active drugs general- 
ly hampers their development and use as therapeutic 
agents. We wished to take advantage of the poor aqueous 
solubility of certain anticancer drugs by selectively precip- 
itating them in the vasculature supplying malignant tu- 
mors arising in specific regions of the body. We expected 
that rapid intraarterial (IA) injection of a drug poorly sol- 
uble at physiologic pH would produce locally maximal 
concentrations of soluble drug and establish a depot of 
precipitated drug within the microvasculature of the per- 
fused organs, concurrently minimizing exposure to drug of 
organs outside the injected target area [10]. We chose injec- 
tion of the internal iliac artery because this vessel provides 
the major blood supply to organs of the true pelvis (uri- 
nary bladder, prostate, uterus, ovary, and rectum). Local 
recurrence of malignant tumors arising in these organs af- 
ter primary surgery or radiotherapy are common clinical 
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problems, for which better methods of management are ur- 
gently needed. We studied Bisantrene dihydrochtoride be- 
cause this investigational drug is active against several hu- 
man cancers, is poorly soluble above pH 4.5, is not metab- 
olized, and is easily measured in blood and tissue [1, 
10-12, 14-17], We previously demonstrated in rabbits that 
Bisantrene precipitates in veins infused with the drug at 
concentrations and at rates used in many clinical trials and 
suggested that intravascular precipitation of drug was re- 
sponsible for local toxic effects of the drug, such as throm- 
bophlebitis [13]. 

Materials and methods 

Animals. We compared the plasma and tissue concentra- 
tions of Bisantrene after IV, and after IA administration at 
different rates of infusion in male Holstein calves weigh- 
ing between 45 and 60 kg. The size and configuration of 
blood vessels in the pelvis of calves are similar to those of 
humans, with the first large medial branch of the internal 
iliac artery, the umbilical artery, supplying the dome and 
lateral wall of the urinary bladder in a manner similar to 
the distribution of the superior vesical artery in humans. 
Calves were anesthetized with IV pentobarbital and main- 
tained under general anesthesia with halothane via an en- 
dotracheal tube. Each animal received the usual clinical 
dose of Bisantrene dihydrochloride, 260 mg /m 2 body sur- 
face area. The total dose was dissolved in 60 ml 5% dex- 
trose in water, pH 4.5. The IA injections were given into 
the proximal right internal iliac artery, and the IV injec- 
tions, into the inferior vena cava. Samples of blood for 
measurement of systemic plasma concentrations of drug 
were obtained from the abdominal aorta prior to drug ad- 
ministration and every 5 rain for 2 h starting from the time 
of injection of the drug regardless of the duration of infu- 
sion, which ranged from 5 to 60 rain. Tissue samples for 
drug measurement and histological examination were ob- 
tained from anesthetized animals killed with an overdose 
of pentobarbital. For studies of longer term toxicity, ani- 
mals from which no biopsies were taken for examination 
were allowed to awaken and remain in a closed holding 
area for at least 24 h before being released to a research 
farm facility. 

Measurement o f  Bisantrene. Bisantrene was measured in 
hydrochloric acid-ethanol extracts of plasma and tissues 
by measurement of fluorescence in an Aminco-Bowman 



spectrof luorometer  with excitation at 410 nm and emission 
at 517 nm [4]. This assay is a modif icat ion of  the procedure  
developed by Bachur et al, [3] for measurement  of anthra-  
cyclines. As we recently repor ted [4], the efficiency of ex- 
t ract ion of  Bisantrene added  to tissues ranged from 89% at 
50 n g / m l  to 97% at 0.5 ng /ml .  The assay is l inear from 
0.5 n g / m o l  to 5000 ng /ml .  

Results 

Except  for higher initial concentrat ions of  drug, systemic 
p lasma concentrat ions of  Bisantrene after rap id  IA  injec- 
t ion (5 min and 10 min) were lower than after slow IA in- 
ject ion (60 min) (Table 1). The concentrat ions of  Bisan- 
trene in tissues perfused by the arterial system into which 
the drug was injected were higher than the concentrat ions 
of  drug in the same tissues after IV injection of  the same 
dose at the same rate of  administrat ion.  The most striking 
difference in the concentrat ions of  drug in tissues ex- 
amined was between that side of  the ur inary b ladder  re- 
ceiving its arterial supply predominant ly  from the injected 
artery and the contralateral  b ladder  wall, which receives 
its arterial supply from the opposi te  internal iliac artery. 
Slow IA injection of  Bisantrene over 60 rain resulted in a 
three-fold higher concentrat ion of  drug in the ipsilateral  
b l adder  wall and a concentrat ion of  drug that was no high- 
er in the contralateral  b ladder  wall compared  with concen- 
t rat ions of  drug in the b ladder  following IV infusion of  
drug over 60 rain. When Bisantrene was adminis tered IA 
by 10-rain infusion or by 5-rain infusion the concentrat ion 
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Table 1. Concentration of Bisantrene in plasma from the abdomi- 
nal aorta of four calves following injection of 260 mg/m 2 in 60 ml 
5% dextrose into the inferior vena cava over 60 min (IV-60) or into 
the right internal iliac artery over 60 min (IA-60), 10 min (IA-10), 
or 5 min (IA-5) 

Concentration of Bisantrene (~tg/ml) 
Route and rate of drug administration 

Time (min) IV-60 IA-60 IA-10 IA-5 

5 0.74 1.01 4.76 6.82 

10 0.93 1.23 4.40 - 

15 1.09 1.40 2.18 2.30 

30 1.25 1.83 0.90 0.72 

45 1.52 1.53 0.83 0.67 

60 2.80 2.54 0.74 0.61 

90 0.64 1.11 0.66 0.55 

110 0.65 0.77 0.44 - 

of  drug in the ipsilateral  b ladder  was 1000 and 4000 times 
greater,  respectively, than after IV adminis t ra t ion.  In con- 
trast to the b ladder ,  there was a smaller increase in con- 
centrat ion of  drug in the s igmoid colon and the rectus 
muscle after IA adminis t ra t ion of  Bisantrene than after IV 
injection of  the drug. These tissues receive only part  of 
their arterial supply from the internal iliac system. As ex- 
pected, the concentrat ion of  Bisantrene in kidney,  an or- 

Fig. 1. Distribution of Bisantrene in the bladder of a calf" after rapid injection of 410 mg (260 mg/m 2) in 60 ml 5% dextrose and water into 
the right internal iliac artery. Upper left: The distribution of drug (light regions) in unfixed bladder as visualized under ultraviolet light. 
Upper right: Photomicrograph (100 x ) of sections of the bladder, fixed with formalin and stained with hematoxylin and eosin, reveals 
normal submucosal vasculature. Photomicrographs (lower left, 1 O0 x ; Lower right, 400 x ) taken under ultraviolet light of unfixed sections 
of tissue taken from the fluorescent portion of the bladder reveal extensive deposition of drug in most small vessels. 
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Table 2. Concentrations of Bisantrene in tissues of four calves 2 h 
after the initiation of injection of 260 mg/m z in 60 ml 5% dextrose 
into the inferior vena cava over 60 min (IV-60) or into the right 
internal iliac artery over 60 rain (IA-60), 10 min (IA-10), or 5 min 
OA-5) 

Concentration of Bisantrene (lxg/g) 
Route and rate of infusion 

Tissue IV-60 IA-60 IA-10 IA-5 

Kidney 128.6 157.6 160.9 209.5 

Sigmoid colon 10.0 9.4 4.5 21.3 

Rectus muscle 1.3 1.5 5.2 15.6 

Bladder (right side) 2.3 6.9 2294 9399 

Bladder (left side) 3.5 3.2 488 326 

Bladder (neck) - 3.7 116 753 

gan not receiving blood from the internal iliac artery, was 
not altered by changes in the rate and route of drug injec- 
tion (Table 2). 

We expected that the greater clearance of drug asso- 
ciated with rapid IA injection and the high concentrations 
of drug within tissues perfused by the injected artery re- 
flected intravascular precipitation of Bisantrene. The dis- 
tribution of the orange fluorescent drug in the bladder was 
clearly demarcated under visible light and under ultravio- 
let light. To determine the microscopic sites of precipita- 
tion, we studied histological sections from multiple por- 
tions of the bladder obtained 2 h after administration of 
260 mg/m 2 Bisantrene over 5 rain into the right internal il- 
iac artery. Unfixed bladder wall but not formalin-fixed 
bladder contained extensive deposits of highly fluorescent 
Bisantrene lining the endothelial walls of most small arte- 
rioles, capillaries, and venules (Fig. 1). 

To look for evidence of cytotoxicity to normal struc- 
tures, autopsies were performed on four calves 7, 10, 21, 
and 28 days following rapid unilateral internal iliac artery 
injection of 260 mg/m 2 of Bisantrene. One of these ani- 
mals had weakness of the leg on the injected side upon re- 
covering from anesthesia and subsequently developed an 
8-cm ulceration of the skin over the ipsilateral gluteal re- 
gion. Seven days later the right internal iliac artery was 
found to be occluded and there was extensive fibrosis of 
the right bladder wall. We could not determine whether 
occlusion of internal iliac artery was secondary to the trau- 
ma of cannulation of the vessel or to effects of the drug. 
Similarly, the scarred region of the bladder may have re- 
suited from necrosis secondary to drug or secondary to is- 
chemia caused by the vascular occlusion. The three other 
animals given identical doses of Bisantrene into one inter- 
nal iliac artery had patent vessels and only mild thinning 
and scarring of the bladder wall. The only other patholog- 
ic abnormalities present in all animals were rare foci of 
renal tubular scarring. 

Discussion 

Injection of drugs into arteries supplying specific regions 
of the body has been attempted for many years as a means 
of controlling the growth of a variety of human cancers, 
particularly those located in the extremities or in the pelvis 

[5, 6]. Recent efforts have focused upon enhancing the effi- 
c iency of uptake of drug in the target tissue by infusion 
drug at low concentrations for prolonged periods by 
means of portable pumps [5-7]. Alternatively, concentrat- 
ed solutions of drug have been injected over short periods 
of time to achieve high, albeit transient, concentrations of 
drug in the vasculature of tumors. Regional perfusion has 
been combined with maneuvers designed to slow passage 
of drug, such as partial occlusion of the capillary bed with 
inert or drug-carrying microspheres [8, 9]. 

Regardless of the approach, the magnitude of phar- 
macologic advantage of IA drug delivery depends entirely 
upon the extent to which drug is cleared during the first 
pass through the target region [5, 6]. To our knowledge, the 
intentional precipitation of drugs within vascular channels 
to enhance drug clearance to specific tissues has not been 
used for therapeutic purposes. We believe our demonstra- 
tion that high concentrations of an active anticancer drug, 
Bisantrene, can be achieved simply, rapidly, and without 
unacceptable toxicity in tissues supplied by the internal il- 
iac artery in calves justifies evaluation of this approach in 
the management of some locally advanced human cancers 
confined to the pelvis and refractory to conventional treat- 
ment with surgery or radiotherapy. Delivery of drug by 
percutaneous angiographic access and rapid IA injection 
via one or both internal iliac arteries in humans is techni- 
cally straightforward. 

We believe several other anticancer drugs, beside Bi- 
santrene, can be selectively deposited in specific organs by 
IA injection. Of particular interest are di'ugs such as hex- 
amethylmelamine which, like Bisantrene, is poorly soluble 
atphysiological pH but, unlike Bisantrene, is lipid-solu- 
ble, a property likely to facilitate transport form depots of 
precipitate across vascular walls [8, 10]. Furthermore, it 
may be possible to modify the solubility O f other drugs so 
that they too can be evaluated for effectiveness when given 
by directed intravascular precipitation. 
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Note added in proof Eight move calves were examined for toxicity 
2 to 4 weeks after injection of 260 mg/m 2 of Bisantrene into an 
internal iliac artery over 10 min. Six calves had evidence of some 
necrosis of ladder tissue. Lower doses are being studied. 
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