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Summary 

Two studies have been carried out to investigate the effect of drug content of magnetic albumin microspheres, and the feasibility 

of using a low-strength magnetic field (i.e. 1000 G) in the targeted delivery of adriamycin in rats. As a part of the first study, two 

types of magnetic microspheres, with - 1 and 3% w/w of adriamycin HCl, were administered via ventral caudal artery to two groups 

of rats (0.4 mg/kg), with the center of their tail (the target site) exposed to an 8000 G magnet for 30 min post-dose-administration. In 

both groups, the animals were killed over a 48 h period after dosing and the relevant tissues analyzed for adriamycin concentration 

using HPLC. The increase in drug content of the microspheres did not influence their efficacy in the selective delivery of drug. In the 

second study, two groups of rats received 0.4 mg/kg adriamycin via magnetic microspheres with the tail target site exposed to a 1000 

G magnet for 30 and 60 min respectively, a third group receiving an equivalent dose of microsphere-delivered drug in the absence of 

the magnet (control). The use of the 1000 G magnet for 30 and 60 min increased the maximum drug concentration at the target site 

by - 3 and 4-fold respectively. In addition, the magnet increased the targeting efficiency of the magnetic microspheres, vs. non-target 

tissues, by a factor of at least 2. The implications of altered drug content of magnetic microspheres, and variations in the magnetic 

field characteristics, on the drug targeting potentials of magnetic delivery systems are discussed. 

Introduction 

Albumin microspheres have been investigated 
for passive as well as active targeting of drugs 
(Widder et al., 1978; Sugibayashi et al., 1979; 
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Morimoto et al., 1980a; Willmott et al., 1984; 
Fujimoto et al., 1985; Akasaka et al., 1988). 
Whereas the passive delivery of drug(s) to specific 
organs via these particles has been based on the 
size of the microspheres, efforts aimed at active 
drug delivery have mainly concentrated on incor- 
porating magnetite (Fe,O,) into the microsphere 
matrix, so that their in vivo distribution may be 
controlled with the aid of an external magnet 
(Widder et al., 1978; Morimoto et al., 1981; Bart- 
lett et al., 1984; Morris et al., 1984; Gupta et al., 
1986a, 1989a; Gupta and Hung, 1989a). 
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The success of a targeted drug delivery system 
depends upon several factors, e.g. effective locali- 

zation of drug carrier at the diseased site, drug 
content and drug release characteristics of the 

carrier, and the bioacceptability of the carrier 

(Poznansky and Juliano, 1984; Thies and Bissery, 
1984; Gupta and Hung, 1989b). Although al- 
bumin microspheres meet most of these ‘ideal’ 
requirements, some workers have stressed the need 
for improving the drug content of these particles 
(Oppenheim et al., 1984; Willmott et al., 1984, 
1985). Theoretically, the increase in drug content 
of the microspheres should not only ensure its 
delivery in high concentrations at the target cells, 
but also alleviate toxic effects, if any, by reducing 
the total amount of carrier administered per dose. 

Previous studies investigating the efficacy of 
magnetic albumin microspheres have considered 
the application of magnets with field strengths 
2 3000 G (Widder et al., 1978; Morimoto et al., 

1980b, 1981). It is realized that the feasibility of 
using magnetic drug delivery systems may increase 

considerably if their distribution in the body could 
be controlled via a low-strength magnetic field. 
However, to date, the lower limit of magnetic field 
strength for the effective retention of a magnetic 
delivery device has not been defined. 

This work was undertaken to investigate the 

effect of drug content of magnetic albumin micro- 
spheres, and the effect of a 1000 G magnetic field, 
on the targeting efficiency of microspheres in rats. 
In the first study, the target vs. non-target tissue 
drug distribution characteristics of two types of 
magnetic albumin microspheres, with - 1 and 3% 
w/w of adriamycin hydrochloride respectively, 
and administered in the presence of an 8000 G 
magnet, have been evaluated in two groups of 
healthy rats. In the second study, the effect of 
application of a 1000 G magnetic field on the 
targeting efficiency of magnetic microspheres has 

been determined and the results compared with 
data obtained in the absence of a magnetic field. 

Materials and Methods 

Apparatus and materials 
All apparatus, chemicals and reagents for the 

formulation and evaluation of adriamycin-loaded 

magnetic albumin microspheres, and in vivo ex- 
periments, were obtained as mentioned previously 
(Gallo et al., 1984, 1986, 1989; Gupta et al.. 

1986b, 1988). Adriamycin hydrochloride was 

kindly donated by Farmitalia Carlo Erba, Milan 
(Italy). Water was double-distilled and MilhQ ix 
filtered, and all glassware was silanised using 

Aquasil @ from Pierce Chemical (Rockford, IL). 

Synthesis of adriamycin-loaded magnetic albumin 

micros~heres 

Type A microspheres with - I % w/w of 
adriamycin These were essentially prepared using 

a method reported earlier (Gupta et al., 1988). To 
250 ~1 of 40% w/v aqueous solution of bovine 
serum albumin, 200 ~1 of 5% w/v aqueous solu- 
tion of adriamycin hydrochloride and 100 mg of 
magnetite slurry (30% w/v Fe,O, in water) were 
added. The mixture was ultrasonicated in 30 ml of 

cottonseed oil (4°C) at 125 W for 2 min to 
produce a magnetic drug emulsion, which was 

subsequently heat-stabilized by adding (100 + 10 
drops/min) to 100 ml of cottonseed oil maintained 

at 120°C and a stirring rate of 1500 rpm. After 10 
min of stabilization, the system was ice-cooled to 
20°C. Thereafter, the microspheres were re- 
covered by adding 60 ml of anhydrous ether and 
washing off the oil by centrifugation at 3000 x g 
for 15 min. After a total of four washings with 
ether, the microspheres were stored at - 15 “C 
until used for characterization and/or dosing the 
animals. 

Type B microspheres with -3% w/w of 
adrjamycin The method used for the synthesis of 
type A microspheres was slightly modified to ob- 
tain microspheres with higher drug content. Essen- 

tially the whole procedure was identical except 
that a 30% w/v aqueous solution of albumin was 

used, the magnetic drug emulsion was added to 
the pre-heated oil (120” C) at a faster rate (i.e. 
250 k 25 drops/min) and a stabilization time of 
2.5 min was considered. 

Characterization of microspheres 
The size and surface characteristics of both 

types of microspheres were monitored using a 
scanning electron microscope (SEM). Their 
adriamycin content was determined by digesting a 
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known amount of microspheres in 0.5 M acetic 
acid and analysing the supernatant using a re- 
versed-phase ion-pair HPLC (Gallo et al., 1986; 

Gupta et al., 1987). The iron content of the micro- 
spheres was determined using atomic absorption 
spectroscopy, after their digestion in concentrated 

hydrochloric acid (Gupta et al., 1988). 

In vivo experiments 

Study 1: effect of drug content of magnetic al- 
bumin microsphere.9 on their targeting efficiency in 

rats Two groups of adult female Wistar rats, 
each group comprising 21 animals (weight 225-250 

g), were anesthetized with halothane and their tail 
demarcated into three parts: Tail-l, the dose-ad- 

ministration site, measuring 3 cm from the base; 
Tail-2, the target-site, measuring 4 cm from Tail-l; 
and Tail-3, the remaining tail length. The ventral 
caudal artery at Tail-l was cannulated, and Tail-2 
placed between two poles of an electromagnet 
(field strength 8000 G; field gradient 400 G/cm) 
(Gupta et al., 1986a, 1989a; Gallo et al., 1989). 

The animals in one group received 0.4 mg/kg 
adriamycin hydrochloride via type A microspheres 
suspended in saline, with magnetic field directed 
on Tail-2 for 30 min. The animals in the other 
group received an equivalent amount of adriamy- 
tin hydrochloride via type B microspheres, under 

similar conditions of magnetic field. However be- 
fore their administration, both type A and type B 
microspheres were washed four times with normal 

saline to remove the surface-associated drug 

(Gupta et al., 1986c, 1987). Both groups of animals 
were stored individually in metabolic cages and 
fed ad libitum, until being killed in triplicates, by 
exsanguination, over 48 h after dose administra- 
tion. From each animal Tail-l, Tail-2, Tail-3 and 
liver were removed, washed with cold saline, 
blotted and homogenized in normal saline and/or 
acetic acid so as to determine their adriamycin 
level using HPLC (Gallo et al., 1986). 

Study 2: effect of 1000 G magnet on the targeting 

efficiency of magnetic albumin microspheres in rats 

Three groups of female Wistar rats, each with 21 
animals, were cannulated for the delivery of mag- 
netic albumin microspheres as discussed above. In 
two groups, the animals received 0.4 mg/kg 
adriamycin hydrochoride, via type B micro- 

spheres, with the target site (Tail-2) exposed to a 
1000 G electromagnet for 30 and 60 min, respec- 
tively. The third group of animals received an 
equivalent dose of adriamycin, via type B micro- 
spheres, in the absence of a magnetic field (con- 
trol). Before dosing, the microspheres were washed 
with saline in a manner similar to that discussed 
above. After dosing, the animals were killed over a 

48 h period to isolate Tail-l, Tail-2, Tail-3 and 
liver and determine their adriamycin level chro- 

matographically (Gallo et al., 1986). 

Analysis of data 
The mean (n = 3) observed adriamycin con- 

centration-time data for each tissue, and for each 

group of rats in both studies, were transformed to 
estimate the total area under the corresponding 

curves (AUCF). The area from time zero to any 
time t in the post-distribution phase (AUCA) was 
estimated using the trapezoidal rule. The area 
from time t to infinity (AUCP”) was calculated as 
(Gibaldi and Perrier, 1982): 

AUCP” = C,/k (1) 

where C, is the concentration of adriamycin at 
time t (in pg/ml) and k is the disposition rate 

constant (in h-i). The value of k for Eqn. 1 was 
calculated as a slope of the regression line fitted to 

a log concentration-time plot in the post-distribu- 
tion phase (Gibaldi and Perrier, 1982). The two 

areas were then added to obtain AUCF. 
The targeting efficiency of the two types of 

microspheres, for the target-tissue Tail-2, was de- 
termined as t, (Gallo et al., 1989): 

te = CAucl? )Tail-2 - 

(AUCF )Non-target tissue J (4 

where the subscript i refers to either type A or B 
microspheres. Here the value of te equal to unity 
denotes comparable targeting efficiency of the mi- 
crospheres towards the target as well as the non- 
target tissue(s). However values of t, more than 
unity refer to higher targeting efficiency for the 
target tissue, and vice versa. 
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Results and Discussion 

The physico-chemical characteristics of the two 
types of adriamycin-loaded magnetic albumin mi- 

crospheres are summarized in Table 1. Essentially 

both types of microspheres were spherical in shape, 
with mean diameter < 1 pm. Whereas the mag- 
netite content of these microspheres was compara- 
ble, their total adriamycin content differed by 

almost loo%, with 8.6 * 2.3% w/w being the max- 
imum drug loading observed under the optimum 
formulation conditions. The difference in drug 
content of the two types of microspheres can be 
attributed to changes in the drug/protein con- 
centration ratio, as well as the stabilization time 
during the formulation of the two types of micro- 
spheres (Gupta et al., 1989b). Since fresh micro- 
spheres are known to be associated with a large 

fraction of surface-adsorbed drug, the micro- 
spheres were washed with normal saline before 

administration to rats. At the time of dosing type 
A and B microspheres contained - 1 and 3% 
w/w of adriamycin hydrochloride, respectively. 

Analysis of the microsphere dosing suspension 
revealed that despite washing 10.1 k 3.1 and 78.1 
+ 4.2% drug was released from type A and B 

microspheres, respectively, in the suspending 
medium. Hence the observed tissue drug con- 
centrations at various time points were a result of 
the distribution of the free fraction of drug, as 
well as the microsphere-entrapped drug. 

Previous studies in our laboratory have re- 
vealed that following the intra-arterial administra- 
tion of 2.0 mg/kg adriamycin hydrochloride as a 
solution and via magnetic albumin microspheres, 

in the presence of an 8000 G magnetic field ap- 
plied at Tail-2 for 30 min, the microspheres in- 
creased drug delivery to Tail-2 by 60%. In ad- 

dition, a 100% increase in drug delivery to the 
liver was recorded. However, drug delivery to other 

major tissues, including heart, kidney, lung and 

spleen, was reduced by 40-60s (Gupta et al., 
1986b; Gallo et al., 1989). Subsequent studies 
utilizing lower dose of microsphere-delivered drug, 
in the presence of an 8000 G magnet, improved 
drug delivery to Tail-2, at the expense of drug 

distribution to the non-target tissues (Gupta and 
Hung, 1989~). These studies, in general, revealed 
liver to be the most efficient organ as an indicator 
of non-target drug distribution. Tail-l and Tail-3 

comprise tissues segments adjacent to the target- 
site, and hence the determination of drug levels in 

these tissues, as a function of time, may provide 
an indication of the specificity of a magnet in 
controlling the distribution of magnetic drug car- 
rier at the intended site. For these reasons, Tail-l, 
Tail-3 and liver were monitored for drug con- 
centrations, along with the target-site Tail-2. 

Effect of drug content of magnetic albumin micro- 
spheres on their targeting efficiency in rats 

Fig. 1 displays the mean drug concentration vs. 
time profiles for Tail-l, Tail-2, Tail-3 and liver of 
rats, following the administration of 0.4 mg/kg 
adriamycin hydrochloride via the two types of 
magnetic microspheres. The mean maximum drug 
concentration (C,,,,,) at Tail-l, with both types of 
microspheres, was comparable. However, com- 
pared to type A microspheres, those of type B 
increased the C,,, at Tail-2 and Tail-3 by almost 

TABLE 1 

Physico-chemical characteristics oj adrrnmycin hydrochloride loaded magnetic albumin microspheres 

Variables Type A microspheres a Type B microspheres h 

Size (pm) 0.75 + 0.44 (n = 200) 0.87 f 0.36 (n = 200) 

Fe30, content (% w/w) 21.2 &2.4(n=4) 18.2 i3.9(n=4) 
Adriamycin content (% w/w) ’ 3.9 +0.6 (n = 3) 8.6 + 2.3 (n = 3) 

d 0.9 io.2 (n = 4) 2.8 f0.9(n=4) 

a Microspheres were prepared using 40% w/v aqueous albumin; stabilization conditions: 120 o C for 10 min. 

h Microspheres were prepared using 30% w/v aqueous albumin; stabilization conditions: 120 o C for 2.5 min 

’ Refers to drug content of fresh microspheres. 

d Refers to drug content of microspheres washed four times. 
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Fig. 1. Mean adriamycin concentration-time profiles at the target and non-target tissues of rat, following the administration of 0.4 

mg/kg adriamycin via magnetic albumin microspheres of type A (0) and type B (D), in the presence of an 8000 G magnetic field 

applied at Tail-2 for 30 min. Each point represents the mean of three animals. Panels: (A) Tail-l, (B) Tail-2, (C) Tail-3, (D) liver. 

25 and 1508, respectively, and decreased the C,,,,, 
at liver by 30%. These figures do not suggest any 
general trend in terms of the effect of the drug 
content of the two types of microspheres on the 
c max in various tissues monitored in this study. 

The results on the total area under the 
adriamycin concentration-time profiles (AUCF) 
for each tissue and both types of microspheres are 
listed in Table 2. It can be seen from these data 
that irrespective of drug content, both types of 

microspheres generated a 5-15 times higher 
AUCT at Tail-2 than that observed for the other 
tissues. Compared to type A microspheres, those 
of type B increased the AUC,” at Tail-2 by 11%. 
However, this was accompanied by 2 20% in- 
crease in AUCZ at Tail-3 and liver. 

Table 3 summarizes the values for the targeting 
efficiency (f,) of both types of microspheres in the 
delivery of adriamycin to Tail-2. The t, values 
> 1 vs. all three non-target tissues, and for both 
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TABLE 2 

Mean total urea under the tissue udrramycm concentration-tune 

curue (A UCom) obtained following the admrnistration oJO.4 mg/kg 

drug ula type A magnetic albumin microspheres (wth - I % 

w/w drug) and ura type B magnetic albumin mrcrospheres (with 

3 %, w/w drug) in the presence of an 8000 G magnetic field, 

applred for 30 min at Tall-2 

Tissues AUCF (pg h ml-‘) ’ AUC,” ratio h 

Type A Type B 
microspheres microspheres 

Tail-l 23.00 20.34 

Tail-2 283.19 315.99 

Tail-3 42.99 51.62 
Liver 37.35 46.90 

a Assuming a tissue density of 1 g/ml. 

’ Determined using the relationship: 

0.88 

1.11 

1.20 

1.26 

AUC” ratio = (AU%) type B microspheres 
II 

(AUC,“) type A microspheres 

microsphere types, indicate that they were capable 
of controlling the delivery of drug to the target 

site. The t, values of 7.60 and 6.73 vs. liver, for 
type A and B microspheres respectively, suggest 
that following its administration via the magnetic 

carrier, the distribution of adriamycin to the liver 
was considerably reduced. Hence, the magnetic 
field not only retained the drug-loaded magnetic 
microspheres at the target site but also hampered 

TABLE 3 

Drug targeting efficiency of type A magnetic albumm micro- 

spheres and type B magnetic albumin mrcrospheres (t,) in the 

delivery of 0.4 mg/kg adriamycin to Tail-2, administered in the 

presence of an 8000 G magnetic field applied at Tail-2 for 30 min 

Tissues t a e rt, h 

Type A Type B 
microspheres microspheres 

Tail-l 12.34 15.54 1.26 
Tail-2 1.00 1.00 1.00 

Tail-3 6.60 6.12 0.93 
Liver 7.60 6.73 0.89 

a Determined using Eqn. 2. 

b Determined using the relationship: 

‘t = ( f,) type B microspheres 

’ (1,) type A microspheres 

their localization in the reticuloendothelial system. 
Indeed, a magnetic field of 8000 G applied for 30 
min at Tail-2 has been shown to evoke extravascu- 
lar transfer of magnetic albumin microspheres 

(Gupta et al., 1989a), which may also explain the 
high drug levels monitored at the target site in the 

present study, even after 48 h of administration of 
magnetic drug carrier. 

Despite the fact that microspheres of type B 
had almost 3-times higher drug content than type 

A the data on the in vivo kinetics of the two types 
of microspheres provide little evidence regarding 
the superior targeting efficiency of type B micro- 
spheres over type A. A possible explanation of 
these unanticipated results concerns the associa- 
tion of type B microspheres with - 18% free drug 
at the time of dose administration, as opposed to 
- 10% free drug associated with type A micro- 
spheres. A greater fraction of free drug in the 
dosing suspension of type B microspheres is likely 
to have contributed to a larger extent to the 

AUC,” of non-target tissues rather than the AUCR 
for the target tissue, thus offsetting any possible 
improvement in targeted drug delivery due to the 

initial higher drug content of the microspheres. It 
is probable that if this free drug were instead 
present as a fraction entrapped within the micro- 

spheres, the AUC,P at the target site would have 
been higher, and that at the non-target sites lower, 
than those listed in Table 2. 

The significance of extravascular transfer of 
carrier at the target site towards the overall target- 
ing efficiency of a drug delivery system, and the 
fact that the extravasation of magnetic albumin 
microspheres in healthy target tissue is a slow 
process, have been discussed previously (Gupta et 
al., 1989a). The correlation of these observations 
with the present data, with particular attention 
being paid to the fact that type B microspheres 

were stabilized to a much smaller extent and hence 
would release their drug load at a much faster rate 
than type A microspheres (Gupta et al., 1986~) 
raises the possibility that compared to type A 
microspheres, those of type B may have released a 
greater proportion of their drug content before 
extravascular transfer. This in turn may have com- 
pensated any functional difference in drug content 
between the two types of microspheres. 
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Apart from both of these possibilities, it is also 
probable that the magnetic field may have mod- 
ulated the release behaviour of the two types of 
microspheres to differing extents, both in the vas- 
cular as well as extravascular compartment. In- 
deed, magnetic fields have been successfully em- 
ployed in controlling the release of pharmaceuti- 
cals from magnetically responsive devices (Langer 

et al., 1980; McCarthy et al., 1984; Saslawski et 
al., 1988). 
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Effect of 1000 G magnet on targeting efficiency of 
magnetic albumin microspheres in rats 

Fig. 2 displays the mean drug concentration- 
time profiles for Tail-l, Tail-2, Tail-3 and liver of 
rats, following the intra-arterial administration of 
0.4 mg/kg adriamycin hydrochloride via type B 
magnetic microspheres in the presence and ab- 
sence of a 1000 G magnet. The values of the 

maximum drug concentration (C,,) in various 
tissues of rat, for each group of animal, are com- 
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Fig. 2. Mean adriamycin concentration-time profiles at the target and non-target tissues of rat, following the administration of 0.4 
mg/kg adriamycin via type B magnetic albumin microspheres in the absence (+) and presence of a 1000 G magnetic field, applied at 

Tail-2 for 30 min (0) or 60 min (w). Each point represents the mean of three animals. Panels designated as in Fig. 1. 
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pared in Table 4. It can be seen from these data 
that following the ad~nistration of drug-loaded 
magnetic microspheres in the presence of the mag- 

net, the C,,,,, values at Tail-2 increased 3-4-fold 

vs. the control group. However, the C,,,,, values 
for other tissues were comparable. In addition, the 

increase in duration of magnetic field application 
from 30 to 60 min increased the C,,, at Tail-2 by 

almost 25%. These observations suggest that (a) 
the use of a magnetic field of as low as 1000 G can 
increase the delivery of drug via magnetic micro- 
spheres to the target site, and (b) increasing the 

time of application of the magnetic field may 
increase the efficacy of magnetically controlled 
drug targeting. Similar results have been reported 
previously by others in studies where magnets 

with field strength 2 3000 G were employed and 
the drug concentration or radioactivity levels at 
the target and non-target sites were monitored 
only at two or three time points after administra- 
tion of the magnetic microspheres (Widder et al., 

1978; Morimoto et al., 1980b, 1981). 
Table 5 lists the data on the mean total area 

under the adriamycin concentration-time profiles 
(AUC,“) for various tissues of rat, following ad- 
ministration via magnetic albumin microspheres 
in the presence and absence of a 1000 G magnetic 
field. The data indicate that the application of the 
magnetic field for 30 or 60 min gave rise to no 
significant alteration in the AUCZ at the target 

TABLE 4 

~~ax~ffzu~ concentration oj adriamyein (C,,,) in the target and 

non-target tissues of ral, following administration of 0.4 mg/kg 

drug via magnetic albumin microspheres in the absence (control) 

and presence of a 1000 G electromagnet applied for 30 or 60 min 

at Tail-2 (experimental) 

Tissues c,, (cglml) (mean + SD.) * 

Control 

0.86 F 0.28 

0.94 i 0.66 

X56+0.75 

2.23 f 0.54 

Experimental 

30 min b 60min” 

0.68 + 0.08 0.76 + 0.20 

2.97 f 0.25 3.74 f 0.24 

1.87 *0.31 1.42 f 0.20 

2.59 + 0.23 3.01 + 1.08 

Tail-l 

Tail-2 

Tail-3 

Liver 

a n=3. 

b Refers to the time for which the loo0 G magnet was applied 

at Tail-t. 

TABLE 5 

Mean total area under the tissue adriamycin ~o~~e~trat~o~-tIme 

curue (AUC,;“) following adminisIration of 0.4 mg/kg drug rjicr 

magnetic albumin microspheres in the absence (control) and 

presence of a 1000 G magnetic field applred for 30 or 60 min at 

Tail-2 (experimental) 

Tissues AUCF (pg h ml-‘) ’ 

Control Experimental 

30 min b 60min’ 

Tail-l 69.67 30.23 35.93 

Tail-2 43.17 41.71 49.84 

Tail-3 99.93 47.56 34.61 

Liver 83.93 42.28 31.78 

* Assuming a tissue density of 1 g/ml. 

’ Refers to the time for which the 1000 G magnet was applied 

at Tail-2. 

site. These results are at variance with those con- 
cluded solely on the basis of C,,, values (Table 
4), and hence a direct comparison of drug con- 
centrations, in the target and non-target tissues, at 

limited time points, may not necessarily reveal 
accurate information regarding the efficacy of a 
delivery device. At times, such comparisons may 
lead to erroneous interpretation of the in vivo 

performance of the delivery device (Gupta and 
Hung, 1989d). 

Despite the fact that in the presence of the 1000 
G magnet the AUCF at Tail-2 remained largely 
unchanged, the AUC,” at Tail-l, Tail-3 and liver 
was reduced by 50-70%. Furthermore, the in- 
crease in duration of magnetic field application 
from 30 to 60 min decreased the AUC,” for liver 
by 25%. The effect of altered tissue AUC,” is 
further reflected in calculations of the targeting 
efficiency (t,) of magnetic microspheres (Table 6). 
In the presence of a magnetic field, the t, vs. 
non-target tissues increased 2-3-fold. This in- 

crease was particularly noticeable against liver, 
which in the absence of a magnetic field displayed 
almost 2-fold greater drug exposure than the 
target-site Tail-2 (Table 5). However, in the pres- 
ence of a magnetic field, drug delivery to this 
organ was considerably reduced. 

Based on the present results, it is evident that 
the application of a 1000 G magnet for 30 or 60 
min did not improve exposure of the target tissue 
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TABLE 6 

Targeting efficiency of magnetic albumin microspheres (t,) in the 
deliuety of adriamycin to Tail-2, following administration in the 

absence (control) and presence of a 1000 G magnetic field applied 

at Tail-2 for 30 or 60 min (experimental) 

Tissues t = e 
Control Experimental 

30 minb 60minb 

Tail-l 0.62 1.38 1.39 
Tail-2 1 .oo 1.00 1.00 
Tail-3 0.43 0.88 1.44 
Liver 0.51 0.99 1.57 

a Determined using Eqn. 2. 
b Refers to the time for which the 1000 G magnet was applied 
at Tail-2. 

to the drug. Nonetheless, the reduction in ex- 
posure of liver, Tail-l and Tail-3 to the drug 
suggests that drug toxicity to these tissues can be 
reduced. 

Effect of magnet strength on the targeting efficiency 
of magnetic albumin microspheres in rats 

Comparison of the data in column 3 of Table 2 
with those listed in column 3 of Table 5 allows 
assessment of the effect of the magnetic field 

strength on the target and non-target tissue(s) 
disposition of adriamycin (0.4 mg/kg) delivered 
via type B magnetic albumin microspheres. 

Whereas non-target tissues (i.e. Tail-l, Tail-3 and 
liver) demonstrated I 50% variation in exposure 
to drug as a result of alteration in the magnetic 

field strength, the target-tissue Tail-2 displayed an 
approx. 8-fold decrease in AUCF following re- 
duction in the magnet field strength from 8000 to 
1000 G. These results suggest that the efficiency of 
magnetically controlled drug targeting is highly 
dependent upon the strength of the applied mag- 

net. 

to those with comparatively lower drug load. 
However, if drug content could be increased 
without affecting the physico-chemical character- 
istics of the carrier, e.g. size, stability, and drug 
release characteristics, the carrier may allow 
greater delivery of drug to the target tissue. The 
results indicate a general possibility that systems 
with adequate in vitro stability, but with poor in 
vivo stability, may not be ideal candidates for the 
targeted delivery of drugs with a low therapeutic 
index. This may be particularly true during the 

application of liposomal delivery systems in cancer 
chemotherapy, which exhibit low pharmaceutical 
stability and follow rapid release or leakage of 

drug in vivo (Allen and Cleland, 1980; Kirby and 

Gregoriadis, 1981; Senior and Gregoriadis, 1982). 
Hence, it appears important that in future empha- 
sis be laid upon protocols optimizing physico- 

chemical factors which are responsible for the in 
vivo performance of the targeted drug delivery 
systems. 

The other results of this work have shown that 
the use of a 1000 G magnet did increase C,,, at 
the target site, and also reduced the delivery of 
drug to the non-target tissues. However, the data 
do not provide evidence regarding the increase in 
AUCF at the target site. All these observations 
suggest that the 1000 G magnet was only partly 
able to control the distribution of adriamycin de- 
livered via magnetic albumin microspheres. 
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