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Summary

The organ-targeting ability of [*Hlmethotrexate ((PHIMTX). [FHIMTX-human serum albumin (HSA) conjugates, and small
{mean volume diameter, 10.0 wm) and large (mean volume diameter, 224 um) size hydrophilic albumin microspheres (HAMS)
containing different ratios of [*HIMTX-HSA conjugates to [PHIMTX was evaluated after iv. administration of the compounds,
equivalent to 150 nCi via the tail vein of mice. The total radioactivity in the lung increased immediately in a fow minutes after Ly,
injection of the both small and large HAMs, and then declined for up to 3-4 weeks, apparently reaching a plateau thereafter.
However, the radioactivity in the liver, spleen and kidney increased slowly during the rapid decrease in radioactivity in the lung.
This suggested that the small and targe HAMs administered could be entrapped rapidly in the lung through mechanical filtration
because of their large size and slowly redistributed to the liver, spleen and kidney due to either the HAMs being degraded enough
for the size to allow passage through the capillary beds of the lung and /or the release of [PTHIMTX or FHIMTX-HSA conjugates
from the HAMs. The highest value of AUQ was obtained for the liver and lung from small Gincluding [THIMTX-HSA conjugates)
and large HAMs. respectively, and suggested that the small (including [PHMTX-HSA conjugates) and large HAMS have a better
targeting ability to the liver and lung. respectively, than that of MTX or MTX-HSA conjugates. This is consistent with the higher
value of r* for the liver and lung from the small and lurge HAMSs, respectively. Greater selectivity for the liver and lung from the
small and large HAMS, respectively, is indicated by a t* value greater than unity. The greater targeting efficiency of the small and
large HHAMSs for the liver and lung is indicated by higher values of 7%, However. the liver targeting efficiency of the small HAMs
appeared to be similar to that of [*HJMTX-HSA conjugates.
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rates and in appropriate amounts. For this pur-
pose, many attempts have been focussed on the
development of drug delivery systems: Liposomes
(Kim and Park, 1987} and anticancer drug macro-
molecules. such as human scrum albumin (HSA)
and polypeptide conjugates (Halbert et al.. 1987:
Kim ¢t al.. 19894). Albumin microspheres have
also been proposed as a drug delivery system for
the targeting of anticancer drugs to various or-
gans and tssues (Kramer, 1976). and for sus-
taimed release of the drug at the targeted site
(Yang. 1986: Willmot ct al.. 1989).

Methotrexate (MTX)-bovine serum  albumin
(BSA)Y conjugates were reported to increase the

survival time of mice bearing the ascitic form of

L1210 (Jacobs ¢t al.. 1971, and the conjugates
were proven to be more effective than free MTX
against subcutancously transplanted Lewis lung
carcinoma (Chu and Whiteley, 1979). Morcover.
radioactive albumin is found to be absorbed into
ncoplastic cells (Bushi et al.. 1961), and albumin
is actively taken up into tumor cells by pinocytosis
(Ryser. 1963). 1t was reported that over 3077 of
the total exchangeable albumin might be in the
extravascular space. such as in the muscle and
skin (Jusko and Greteh. 1976), and serum albu-
min has been demonstrated to accumulate at
tumor sites (Cerrottint and Isliker. 1967). Some
M1 X-rabbit scrum albumin (RSA) conjugates ap-
peared to be taken up into tissues, and MTX was
released slowly from the conjugates after intra-
venous (Lv) administration of the conjugates to
rabbits (Yoon et al.. 1991). Therefore, hydrophilic
albumin microspheres (HAMs) entrapping difter-
ent ratios of MTX-HSA conjugates to MTX might
constitute an ctfective drug delivery svstem for
the chemotherapeutic agent.

The factors affecting passive targeting cffi-

cieney such as the localization and distribution of

particles in the body are the route of administra-
tion. particle size, and particle surface character-
istics (Torrado ¢t al.. 1989). It was reported
(Burger ¢t al. 1985) that i.v. delivery of particles
larger than 7-12 pm leads to their mechanical
filtration by the lung. whercas those between 3
and 12 pm will become entrapped within the
capillary networks of the tung, liver and spleen.
We were therefore prompted to prepare rela-

tively small (mean volume diameter, 8.35-11.2
pwm) and large (mean volume diameter. 13.0-30.6
wm) sizc HAMs und to evaluate their organ tar-
ecting ability.

In this paper. small and large size HAMs con-
taining different ratios of [THIMTX-HSA conju-
gates to free [THIMTX were prepared and their
organ-targeting ability was cvaluated after iv. in-

jection of the HAMS via the tail vein of mice.

Materials and Methods

Muateriuls

MTX was kindly supplicd by Choong-Wag
Pharmaccutical Co. (Scoul. Korea). and [3°.57.7-
THIMTX (PHIMTX. 250 mCi/mmol, TRA224)
was  purchased from Amersham  International
(Buckinghamshire, U.K.). HSA (fraction V) and
I-cthyl-3-(3-dimcethylaminopropyl)  carbodiimide
hvdrochloride  (EDC,  protein sequencing  re-
agents) were products of Sigma Chemical Co. (St
Louis, MO). Scphadex ™ G-75-40 (particle size.,
1040 pm) was obtained from Pharmacia Fine
Chemicals (Uppsala, Sweden) and semiperme-
able membrane (Spectra/Por "2 Mol. wt. cut oft,
6000-8000; cylinder diameter, 14,6 mm) was pur-
chased from Spectrum Mcedical Ind. (Terminal
Annex. Los Angeles, CA). Soluene-350" (0.5 N
quaternary ammonium hydroxide in toluene) and
Scinti-A" XF scintillation cocktail were products
of Packard Instrument Co. (A Canberra Co..
Downcers Grove., 1L). PPO/POPOP scintillation
cocktail was prepared by dissolving 3.5 g of 2.5-
diphenyloxazole (PPQO. Sigma Chemical Co.) and
0.1 ¢ of 1.4 2-(5-phenyloxazolyD]henzence
(POPOP. Sigma Chemical Co.) in a mixture of
667 ml of toluene and 333 ml of Triton® X-100
(Duksan Pharmaccutical Co.. Scoul. Korea). All
other chemicals were reagent grade and used
without further puritication.

Svathesis of HSA-conjugated [ HIMTX
Covalently bound [PHIMTX-HSA conjugates
were prepared by a slight modification of the
reported method (Chu and Whiteley, 1977: Kim
and Oh, 1988). Briefly, after the addition of MTX
(30 mg. 120 wCi. dissolved in 3 ml of 0.01 N



NaOH) to HSA (150 mg, dissolved in 10 mi of
distilled water), EDC (150 mg, dissolved in 3 ml
of 0.05 N HCl) was added slowly to the above
solution at pH 5.0-6.0 for 7 h. The reaction
mixture was kept at 4°C overnight. The resultant
solution was loaded on a Sephadex (G-75-40 col-
umn (2.5 X 30 cm). The first conjugate fraction
(dimers or polymers) was discarded and the re-
maining macromolecular fractions were pooled.
Before lyophilization, the macromolecular frac-
tion was dialyzed using a semipermeable mem-
brane (Spectra/Por™) to remove buffer compo-
nents and other small molecules such as
[PHIMTX. The ratios of ["HIMTX to HSA in the
conjugates were calculated according to the
method described previously (Kim and Oh, 1988).
The molar ratioc of MTX to HSA in the conju-
gates was 17.6, and a similar value, 15.3, was also
reported by Halbert et al. (1987) for the addition
of 25.0 mg of EDC immediately to a mixture of
100 mg of BSA and 40 mg of MTX.

Preparation of small and large HAMs containing
free and HSA-conjugated ["HIMTX

Large HAMSs were prepared following our pre-
vious chemical cross-linking and surface modifi-
cation technique (Kim and Oh, 1988). Briefly, 1!
ml of HSA solution containing free and/or con-
jugated MTX (equivalent to 4 mg of MTX, 16
wCi of [*H] radioactivity and 100 mg of HSA) was
dispersed in 20 ml of cotton seed oil. The resul-
tant emulsion was diluted to 50 ml with cotton
seed oil and homogenized at 1700 rpm for 20
min. This emulsion was placed in an ice bath and
further emulsified using an ultrasonicator (Bran-
son Cleaning Equipment Co., CN). Then, 2 ml of
25% glutaraldehyde solution as a cross-linker was
added to the fine emulsion. After 1 h, 1.5 ml of
glycine solution (200 mg/ml) was added and
stirred for 1 h. The products were washed with
anhydrous diethyl ether and then distilled water.
The small HAMs were prepared by a slight modi-
fication of the above method for large HAMSs. In
brief, cotton seed oil containing 0.5% Span 80
was used instead of pure cotton seed oil. In
addition, the small HAMs obtained were washed
with anhydrous diethyl ¢ther, suspended in abso-
lute ethanol in an ice bath for 3 min with the aid
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of an ultrasonicator and washed with distilled
water. Four types of small and large HAMs,
respectively, were prepared having different ra-
tios of ["HIMTX-HSA conjugates to free
[PHIMTX; 1:0 (SHAMC and LHAMOQO), 3:1
(SHAMC3F and LHAMC3F), 1:1 (SHAMCF and
LHAMCEF) and 0:1 (SHAMF and LHAMF). To-
tal amounts of [*HJMTX and /or [*"HIMTX-HSA
conjugates used in the preparation of the HAMs
were equivalent to 16 uCi of *H radioactivity
(equivalent to 4 mg of MTX) per 100 mg of HSA.
The hydrophilicity of the HAMs prepared by the
surface modification technique was evaluated by
our laboratory (Kim and Oh, 1988) using the
capillary rise technique (Longo and Goldberg,
1985),

Measurement of radioactivity entrapped in the small
and large HAMs

The radioactivity (as expressed in terms of
[*HIMTX) entrapped in the small and large
HAMs was determined using a liquid scintillation
counter (Rack Beta, LKB-Wallac Co., Turku,
Finland) as follows: an accurately weighed amount
(2 mg) of each HAM was transferred to 20 ml of
a scintillation vial, 1 ml of Soluene-350® was
added, and the mixture was stored overnight at
50°C to dissolve the microspheres. After neutral-
izing the mixture with 5 N HCI, 10 ml of PPO/
POPOP scintillation cocktail was added, and
equilibrated in the dark at 25°C for 2 days to
reduce color quenching.

Particle size analysis of the small and large HAMs
containing free and / or HSA conjugated [THIMTX

Particle size of the small and large HAMs,
which are suspended in 0.9% NaCl solution (Iso-
ton® 11, Coulter Electronics Ltd, Luton, U.K.),
was measured using a Coulter Multisizer®
(Coulter Electronics Ltd) with a 70 or 140 um
aperture. The mean diameter was determined
from the particle size distribution of each HAM
on a number or volume basis. The size distribu-
tion (polydispersity) was measured in terms of a
SPAN factor expressed as:

D( % ""D:, e
SPAN - H1%. 50¢

509
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where Dy, Dsy, and Dy, are the diameters
where the given percentage of particles is smaller
than that size {Torrado et al., 1989},

Animals

Male ICR mice, weighing 18-22 g, were pur-
chased from the Laboratory Animal Center, Scoul
National University {Seoul, Korca). The animals
were fed commercial rodent chow (Samvang Co.,
Seoul. Korea) and tap water ad libitum.

Initrarenous injection

The same total radioactivity, 150 nCi (dis-
solved or suspended in 0.2 ml of normal saline
solution) of PHIMTX ttreatment 1), [THIMTX-
HSA conjugates (treatment 1) and four types of
small HAMs: SHAMOC (treatment T,
SHAMCQC3F (treatment 1V), SHAMCF (treatment
V), and SHAMEF (trcatment VI), and four types
of large HAMs: LHAMC (reatment VID,
LHAMOC3F (treatment VI, LHAMCF (treat-
ment 1X), and LHAMF (reatment X) was in-
jected via the tail vein of mice in 10-20s. At cach
designated time point. four mice were killed by
cervical dislocation, and the lung, liver, spleen.
and kidney were removed, rinsed with cold nor-
mal saline., blotted drv with paper towel, and
weighed. For the small HAMs, blood was also
collected directly via heart puncture into a hep-
arinized tube and was centrifuged immediately to
reduce the possible “blood storage cffect’ on the
determination of total plasma radioactivity (Leg
ot al, 1984, 1986). A portion of cach organ or
plasma was solubilized with Soluene™-350, |
ml /0.2 g of organ in a counting vial. The vial was
kept at 50°C for 12 h. and 0.2 ml of isopropyl
alcohol and 0.4 ml of 309 hydrogen poroxide
were added to minimize color guenching. After
ncutralizing the mixture with 5 N HCL 10 mil of
scintillation  cocktail  (Scinti-A"  XF: PPO/
POPOP cocktail = 1:1) was added.

Analysis of total radicactivity

Total radioactivity in the biological samples
was determined with a hguid scintillation counter
{Rack Beta, LKB-Wallac Co.) after appropriate
equilibration in darkness at 25°C. Total radioac-
tivity was calculated in terms of dpm using the

standard channel ratio quenching correction
method. 1t should be noted that in the present
study, the total radioactivity was measured and
therefore represents not only [THIMTX but also
the sum of all the radioactivity of [THIMTX.
[PHIMTX-HSA conjugates, HAMs containing
[PHIMTX and /or ["HIMTX-HSA conjugates. and
their metabolites.

Analvsis of data

The arca under the total radioactivity-time
curves (AUC) and area under the total amounts
of radioactivity-time curves from time zero to
time infinity {AUQ, the product of AUC mulu-
plied by the weight of tissuel were estimated by
the trapezoidal rulc-extrapolation method (Chiou.
1978; Chen ¢t al, 1982). Standard methods
(Gibaldi and Perrier, 1982) were used to calculate
the following paramcters based on plasma data
for the small HAMS; the time-averaged total body
clearance (CL)Y, arca under the first moment of
plasma concentration-time curve {AUMC) mean
residence time (MRT) and volume of distribution
at steady state (V). The mean values of apparent
terminal half-life (r, )V and CL were deter-
mined by the harmonic mean method (Chiou.
1979).

Three indices for the evaluation of drug deliv-
ery into the targeting site were calculated based
on AUQ as described by Gupta and Hung (1989):
the weighted-average relative  tissue  exposure
(r7). weighted-average drug targeting efficiency
against a given non-target tissue (#F) and
weighted-average composite or overall drug tar-
geting efficiency (7.%).

(r), = {AUQ)), /(AUQ)), (n
EL\ = AL)Q“\'CY o irmg/AUQi (2)
(7.%),= (AUQ;) / 1 AUQ (3

where 7 denotes cach tissue, 1-X refer to treat-
ments [-X, respectively, and j represents any
tissue except the target tissue, the liver (for treat-
ments HI-VD or the lung (for treatments V=X,
In this study, total radioactivity was measured
only in the liver. lung, kidney and spleen, since



more than 909% of the total radioactivity adminis-
tered was mainly distributed in these tissues.

Statistical analysis

The data were analyzed for statistical signifi-
cance { p < 0.05) by analysis of variance (ANOVA)
tests between means for unpaired data. All re-
sults are expressed as means for unpaired data.
All results are expressed as mean + standard de-
viation (5.D.).

Results and Discussion

The total radioactivities (as expressed in terms
of ["HIMTX) entrapped in the small and large
HAMSs are summarized in Table 1. In general,
entrapment of total radioactivity increased with
increasing ratios of ["HIMTX-HSA conjugates to
[PHIMTX: the value increased 125, 93.9 and
62.6% for SHAMC, SHAMC3F, and SHAMCEF,
respectively, when compared with that of HAM
containing only [*HJMTX and the corresponding
values for LHAMC, LHAMC3F, and LHAMCF
were 79.8, 59.6 and 40.4%. The loading efficien-
cies (% of radioactivity entrapped in the HAMs
when compared to the total radioactivity added

TABLE 2

TABLE 1

Total radioactivity (as expressed in terms of [PHIMTX) cn-
trapped in the small and large HAMy

HAMs Entrapped Entrapped
FHIMTX MTX ®
{nCi per mg (pgper mg
microspheres} microspheres)
Small HAMs
SHAMC 153 381
SHAMC3F 131 328
SHAMCF T 27.5
SHAMF 67.7 16.9
Large HAMs
LHAMC 157 9.2
LHAMC3F 139 348
LHAMCF 122 3086
LHAMF 87.2 21.8

? Radioactivity of 4 nCi is equivalent to 1 gg of methotrexate.

during the preparation of the HAMs) were 95.6,
81.9, 68.8 and 42.3% for SHAMC, SHAMC3F,
SHAMCF and SHAMF, respectively, and the
corresponding values were 98.1, 86.9, 76.3 and
54.5% for LHAMC, LHAMC3F, LHAMCF and
LHAMF. This might be due mainly to the fact
that the [*"HIMTX in [*HIMTX-HSA conjugate-

Puarticle size on a number and rolume basis of the small and large HAMs

HAMs Volume basis Number basis
Mean diameter Dyye; =Dy, SPAN Mean diameter Dy =D e, SPAN
(pem) (pem)
Small HAMs
SHAMC 11 250 2.48 316 4.04 1.28
SHAMC3F 1.2 15.0 1.34 332 6.22 1.87
SHAMCF 8.335 0.9 131 3.38 519 1.54
SHAMF 0.4 8.30) 0.798 353 8.19 232
Mean HLO 14.8 1.48 3.35 5.91 1.75
+SD ¢ + 1.04 +6.43 +0.615 +0.133 +1.53 +10.389
Large HAMs
LHAMC 28.0 320 1.14 S0 12.3 243
LHAMC3F 30.6 44.4 1.45 4.39 7.63 174
LHAMCF 18.0 204 1.13 5.2 10.3 201
LHAMF 13.0 4.2 1.09 344 &.19 2.38
Mean 224 278 1.20 4.51 9.61 2.14
+SD +7.18 +11.5 +0.144 +0.69 +1.85 +(.282

¥ Standard deviation.
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Fig. 1. Mean total radioactivity-time curves in the lung from treatments 1 (@) 11 €23 HE (A IV (a0, V() and VIO Ueft
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entrapped HAMS is covalently attached in the the albumin matrix (Kim and Oh, 1988). MTX is
albumin matrix, however, the ["HIMTX in [*H}- known to bind physically to an extent of about
MTX-entrapped HAMs is physically associated in 46% at normal clinical drug levels (Paxton, 1981).
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Fig. 2. Mean total radioactivity-time curves in the liver from treatments [ (@), 11 () 11 Ca), IV {a) V(R and VI (O) Ueft
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Fig. 3. Mean total radioactivity-time curves in the spleen from treatments 1 (e), 11 (0), III (a). IV (&), V (&) and VI (O) (left
panel), and I (@), 1T (0), VII (a), VIII (»), IX (m) and X (O) (right panel). Bars represent standard deviation. * p < 0.05,
** p < 0.01 when compared with the values from treatment I.

Modification of the physicochemical characteris-
tics of [*HIMTX in [*HJMTX-HSA conjugates
such as the solubility, partitioning of drug into
the oil or washing media during the preparation
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of the HAMs could also contribute to the in-
creased entrapment of [*HJMTX-HSA conju-
gates in HAMs (Sheu et al., 1986). The loss of
entrapped ["HIMTX-HSA conjugates from the
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Fig. 4. Mean total radioactivity-time curves in the kidney from treatments 1 (), 11 (0), III (a), IV (&), V (®) and VI (D) (left
panel), and T (@), 11 (O), VII (a), VIII (&), IX (@) and X (O) (right panel). Bars represent standard deviation. * p <0.05,
** p < 0.01 when compared with the values from treatment I.
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corc of the HAMs could be reduced due to the
relatively large size of the comjugate when com-
pared to that of free ["HIMTX during the prepa-
ration of the HAMs. It should be noted that the
total amounts of albumin were almost equal in
the small and large HAMs, respectively, when
considering the amounts of entrapped MTX per
mg microsphere (Table 1).

The mean diameters on a volume and number
basis of the HAMs arc summarized in Table 2.
The mean diameters were significantly greater in
the large HAMSs than thosce of the small HAMs:
the values on a volume and number basis were
10.0 + 1.04 and 3.35 4+ 0.133 um, respectively, for
the small HAMs, and the corresponding values
for the large HAMs were 22,4 + 7.18 and 4.51 +
0.69 um. However, the SPAN values were not
significantly different between the small and large
HAMs.

The mean total radioactivity-time profiles in
the lung, liver, spleen, and kidney arc shown in
Figs 1-4, respectively, from treatments 1-X, and

the corresponding mean values of AUQ, rX. 1*

and T.* for the organs studied are listed in Ta-
bles 3-6, respectively. The total radioactivity was

TABLE 3

always greater from treatment Il than that trom
treatment 1 in all the organs studied and might be
due 1o extensive entrapment of ["HIMTX-HSA
conjugates in the organs and slow release of
[FHIMTX from the conjugates. Some MTX-RSA
conjugates appcared to be taken up into the
tissucs and MTX was released slowly from the
conjugates when the conjugates were intused in-
travenously to rabbits (Yoon ¢t al. 1991), The
considerable uptake of MTX-HSA conjugates in
the liver could be expected in view of the report
that macromolccular prodrugs, c.g., mitomycin
C-dextran conjugate accumulated predominantly
in the reticuloendothelial organs such as the liver
and spleen when  administered  systemically
{(Takamura ct al.. 1986). However. the total ra-
dioactivity from treatments HI-X (Figs 1-4) was
always lower for up to 2 days after an v, admin-
istration than those from treatments | and 11, and
higher thereafter in the all organs studied except
in the lung (Fig. 1). For example. the total ra-
dioactivity in the lung increased immediately in o
few minutes after iv. injection, then declined
rapidly up to 3-4 weeks and declined slowly
thereafter from treatments [HI-X. During the

Area under the mean total amount of radiouctivity vs time curve (AUQ) from treatments 1-X

Treatment AUQ (x 107 dpm day)
Lung Liver Spleen Kidney Plasma Sum
1 0.590 56.5 0.824 18.3 7.14 833
1] 0.779 360 2.27 410 12.5 417
Small HAMs
111 795 1300 68.8 109 15.3 2290
v 759 1010 454 103 12.8 1930
vV 518 892 35.2 9.8 113 1350
VI 332 699 303 85.8 8.27 116}
Mean 601 976 44.8 97.2 R 1730
+SD ¢ + 188 + 218 + 14.8 +9.26 +2.55 r 423
Large HAMs
Vil 1170 S83 30.6 125 1910
VI 1140 507 19.2 o8 1780
X 834 574 228 126 1564
X 254 544 17.9 17 924
Mean 851 552 2.6 116 1540
+SD +369 +29.7 +4.93 +8.95 + 379

* Standard deviation.



rapid decrease in radioactivity in the lung, the
radioactivity in the liver, spleen and kidney gen-
erally increased slowly (Figs 2—4). This might be
due to the rapid uptake of the HAMs by the lung
through mechanical filtration just after i.v. admin-
istration owing to their large size and slow redis-
tribution into the liver, spleen and kidney due to
either the HAMSs being degraded sufficiently for
the size to allow passage through the capillary
beds of the lung and /or the release of [*HIMTX
or [THIMTX-HSA conjugate from the HAMs.
The values of AUQ were higher in the lung,
liver, spleen and kidney from treatments I111-X
than those from treatments I and II, and were
higher from treatment 1I than treatment I (Table
3). This might be due to the¢ increased entrap-
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ment of HAMs and/or ["HJMTX-HSA conju-
gates in the lung, liver, spleen and kidney, and
slow release of ["HIMTX and /or [*HIMTX-HSA
conjugates from the HAMs from treatments 11-X.
The release of MTX from MTX-BSA (Halbert et
al., 1987), MTX-HSA (Kim et al., 1989b) and
MTX-RSA (Yoon et al., 1991) was slow when the
conjugates were incubated in various solutions.
The release of MTX (the concentrations of MTX
were measured spectrophotometrically) from the
large HAMs decreased with increasing ratios of
MTX-HSA conjugates to free MTX using a disso-
lution tester containing (0.5 M phosphate-buffered
saline solution of pH 7.4 kept at 37°C and at a
rate of 100 rpm (data not shown). It is of interest
to note that the highest value of AUQ was ob-

TABLE 4
Weighted-average relative tissue exposure (r¥) to treatment I (or 1) from treatments I (or HI)-X
Treatment Lung Liver Spleen Kidney Plasma Sum
11 1.32 6.38 2.75 2.24 1.75 5.00
Small HAMs
111 1350 23.0 83.5 5.95 2.15 27.5
(1o2m b (3.61) (30.4) (2.66) (1.23) (5.50)
v 1 290 17.9 54.6 5.66 1.79 232
(977) (2.81) (19.9) (2.53) (1.02) (4.64)
\% 878 15.8 42.7 4.97 1.58 18.6
(665) (2.48) (15.5) (2.22) {0.903) (3.72)
VI 563 12.4 36.8 4.69 1.16 13.9
(427) (1.95) (13.4) (2.09) (0.663) (2.78)
Mean 1020 17.3 54.4 5.32 1.67 20.8
+SD ¢ +319 +3.86 +18.0 +0.507 +0.358 +5.08
(772) (2.71) (19.8) (2.38) (0.954) (4.16)
(+242) (+0.602) (+6.55) (+£0.229) (+0.205) (+1.02)
Large HAMs
VIl 1990 10.3 371 6.82 - 229
(1510) (1.62) (13.5) (3.04) (4.58)
VIII 1940 8.98 233 5.89 - 214
(1470) (1.41) (8.47) (2.63) (4.28)
IX 1410 10.2 27.6 0.89 - 18.7
(1070) (1.60) (10.0) (3.08) (3.74)
X 431 9.64 21.8 5.86 -~ 11
(327) (1.51) (7.93) (2.62) (2.22)
Mean 1440 9.78 275 6.37 - 18.5
+SD +626 +0.526 +5.99 +0.490 +4.55
(1084) (1.53) (9.88) (2.84) - (3.71)
(+476) (+0.0832) (+227) (£0G.218} (+0.909)

¢ Based on treatment 1 [(AUQ;),_x/(AUQ;)].

® Based on treatment 11 [(AUQ,)y;;_x/(AUQ, )]

¢ Standard deviation.
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TABLE 5

Weighted-average targeting efficiency for liver (treatments HI
Vi) and lung (treatments VII- X) against a given non-target
tissue (t*) from treatments - X

Treatment  Lung Liver Spleen Kidney
I 95.7 0.0104 01716 0.0322
I 462 0.00216 0.343 1.0190
Small HAMs
11 1.64 - 18.9 12.0
1A% 1.33 - 225 9.77
\% 1.72 - 254 9.82
Vi 2.10 - 23.0 8.15
Mean 1.70 - 224 9.93
+SD ¢ +0.275 +2.31 +1.35
Large HAMs
VII - 2.01 383 9.40
VI - 2.26 59.7 10.6
IX - 1.45 36.7 6.63
X - 0.47 14.2 237
Mean - 1.55 37.2 7.260
+SD +0.688 +16.1 +3.17

# Standard deviation.

tained for the liver after i.v. administration of
small HAMs (treatments I1I-VI) and [PHMTX-
HSA conjugates (treatment II), and for the lung
after large HAMSs (treatments VII-X). It sug-
gested that the small (including [*"HIMTX-HSA
conjugates) and large HAMs could have a better
targeting ability to the liver and lung, respec-
tively, than that of free MTX or MTX-HSA con-
jugates. This appears to be supported by the
higher value of r}* for the liver and lung from
small (including [*HIMTX-HSA conjugates) and
large HAMS, respectively (Table 4). The data in
parentheses which are listed in Table 4 represent
the r* values on comparing the values from
treatment II: the higher values of r* for the liver
and lung indicate that the small and large HAMSs
have a better targeting efficiency to the liver and
lung than that of [*HIMTX-HSA conjugates.
Table 5 lists the t* values when the liver and
lung were chosen as a targeting organ for the
small and large HAMs, respectively, since the
highest values of AUQ for the liver and lung
were obtained from the small and large HAMs,
respectively (Table 3). Values of t* greater than

TABLE 6

Weighted-average overall targeting efficiency (T¥) from treat-
ments - X

Treatment Lung Liver Spleen  Kidney Plasma
I 0.708 67.8 0,980 219 8.57
11 0.187 86.4 (0.545 9.85 2.30
Small HAMs
111 347 56.8 3.00 1.76 1.668
v 39.3 52.3 2.33 5.34 0.663
\% 334 57.5 2.27 5.86 0.729
VI 28.6 60.3 2.61 7.40 0713
Mean 34.0 56.7 2.55 5.84 (1.693
+SD ¢ +3.81 +2.87 +0.288 +0981 +0.0284
Large HAMs
Vil 61.3 30.5 1.60 6.33 -
VIII 64.4 28.5 1.08 6.05 -
IX 536 36.9 146 .08 -
X 275 58.9 1.94 1.6
Mean 51.7 38.7 1.52 8.07 -

+8D +14.5 +12.1 +0308 +2.18

¢ Standard deviation.

unity in Table 5 indicate that small and large
HAMs have a greater selectivity for the liver and
lung, respectively, than other organs. The T*

100
50

1
20} ’ FLASMA
O

TOTAL RADIOACTIVITY dpm (x103)

TIME (DAYS)

Fig. 5. Mean plasma total radioactivity-time curves trom treat-

ments 1 (@), [T (O), III (&), IV (a), V (W) and VI (O). Bars

represent standard deviation. * p < (.05, ** p < (.01 when
compared with the values from treatment I.
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Mean pharmacekinetic parameters of plasma total radioactivity after i.v. administration of [ THIMTX (treatment 1), [THIMTX-HSA
conjugates {treatment I1), SHAMC (treatment 11}, SHAMC3F (treatment 1V), SHAMCF (treatment V} and SHAMF (treatment VI) to

mice {(n =4}

Treatment

I Il m v % \%!
AUC (dpm day mi ™ ") 4580 7950 11100 8380 9570 5340
AUMC (dpm day”> ml™ 1) 12200 79 400 294000 87700 218000 51300
MRT (day) 2.66 10.0 263 10.1 2.8 9.61
CL{mlday ") 72.7 419 301 39.7 34.8 62.4
v, (tmb 193 419 799 416 794 599
£ tday) 270 13.8 19.4 8.66 20.2 6.83

I nCi =222 x 10° dpm.

values are listed in Table 6. The small and large
HAMs show the highest T.* value for the liver
and lung, respectively, indicating that the small
and large HAMSs have better targeting efficien-
cies to the liver and lung than those from treat-
ments I and I1. However, the liver targeting effi-
ciency from treatment Il appeared to be similar
to those from small HAMs. The results are con-
sistent with the report that “intravenous delivery
of particles above 7-12 um leads to their me-
chanical filtration by the lungs, whereas particles
between 3 and 12 um will become entrapped
within the capillary networks of the lung, liver
and spleen” (Burger et al., 1985).

The mean total radioactivity-time profiles in
plasma from treatments I-IV are shown in Fig. 5,
and the corresponding pharmacokinetic parame-
ters are listed in Table 7. The total radioactivity
declined polyexponentially with increased termi-
nal half-life from treatments II-X compared with
from treatment L. It resulted in increased AUC
and decreased CL from treatments II-VI (Table
7). MTX is excreted via the kidney, the main
elimination organ for MTX in humans (Shen and
Azarnoff, 1978), dogs (Lui et al., 1985) and rab-
bits (Chen and Chiou, 1983), however, ["HMTX-
HSA conjugates and the HAMs themselves could
not be excreted via the kidney. Therefore, the
almost constant total plasma radioactivity from 7
to 21 days from treatments II-VI might be due
mainly to slow release of [PHMTX from [*H]-
MTX-HSA conjugates (treatment II) or slow re-
lease of ["HIMTX and /or [*"HIMTX-HSA conju-
gates from the HAMs (treatments 1I-VI) which
were taken up into tissues such as lung (Fig. 1),

liver (Fig. 2), spleen (Fig. 3) and kidney (Fig. 4)
and /or presented in plasma. Evidence in support
of this contention is provided by the increased
values of V, and MRT from treatments II-1V
(Table 7). It should be noted that the radioactiv-
ity in plasma was measured only up to 21 days
and might be due to our assay sensitivity. Al-
though the radioactivity in plasma was not deter-
mined from the large HAMs, the patterns of
radioactivity-time curves in plasma from the large
HAMs might be similar to those from the small
HAMs, since the patterns of radioactivity-time
curves in the lung, liver, spleen and kidney were
similar between the small and large HAMs (Figs
1-4).

If the present study on mice could be extrapo-
lated to humans, in vivo drug release can be
controlled rationally at the desired rate by vary-
ing the ratios of MTX-HSA conjugates to MTX
during the preparation of HAMs, and organ tar-
geting can be controlled by adjusting the size
distribution of the microspheres.
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