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Summary 

The organ-targeting ability of [.‘H]methotrewate ([‘lI]MTX). [ ‘H]MTX-human serum albumin (lISA) conjugate\. znd small 

(mean volume diameter. 10.0 pm) ;md large (mean volume diameter, 21.1 ym) Gze hydrophilic albumin microsphcrc~ (H,\Ms) 

containing different ratios of [“HIMTX-HSA conjugates to [‘HJMTX was evaluated after i.v. adminiaxtion ot the compounds. 

equivalent to IS0 nCi via the tail vein of mice. The total radioactivity in the lung increased immediately in a few minutes sifter i.v. 

injection of the both small and large HAMs, and then declined for up to 3-J weeks. ~~pp~~r~~~tly reaching :I plateau thereafter. 

However, the radioactivity in the liver. spleen and kidney inct-eased slowly during the rapid decrease in radioactivity in the lung. 

This suggested that the small and large HAMS administered could be entrapped rapidly in the lung through mtxhanical filtration 

hecause of their large sire and slowly rcdistrihuted to the livel-. spleen and kidney due to either the HAMS bring tlcgraclcd enough 

for the 4.x to allow passage through the capillary beds 01’ the lung and/or the release of [ ‘HIMTX or [‘HJMTX-HSA conjugatrc 

from the HAMS. ‘The highest value of AlJO was obtained for the liver and lung from small (including [ ‘ll]MTX-FISA conjugate\) 

unti large IlAMs. respectively. and suggested that the small (including [‘HJMTX-HSA conjugates) and large flAMs have a hrtta 

targeting ability to the liver and lung. respcctivcly. than that of MTX or MTM-tlSA conjugate\. This is consistent with the higher 

\!alue of I-~? for the liver and lung from the small and large HAMS, respcctivcly. Greater selectivity for the liver and lung from the 

small and large HAMS. respectively, is indicated hy :I r;! value greater than unity. The greater targeting efficiency of the small and 

large I IAMa for the liver and lung is indicated hy higher values of 7:?. However. the liver targeting efficiency of the \m:tll 1IAMs 

appeared to he similar to that of [ ‘IIIMTX-HSA conjugates. 

- 
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One of the major challenges in the fields of 
cancer chemotherapy is to deliver the chemother- 

South Korea. apeutic agents to the targeting sites at the proper 



rirtcs ant! in appropri;itc ;ttimL~nts. I-or this pLir- 

po\c, mat1!, attemptx h\C hccn tcKYLl\sed 011 the 

dc\~elopnicnt of drug delivery systcnis: liposcmc4 

(Kim and Park, 1087) and anticancer drug tact-o- 

molecules. such 2s human \crLini albumin (tjS.p\) 
and polypeptitie cc)njugatcs (Halburt ct al.. 1987: 
Kim ct al.. l%iOa). Albumin microspheres ha\c 
also hccn prr~posccl as ii drug delivery syxtcm fort 
the targeting 01‘ anticancer drugs to \ :irious or- 
g.;1114 and tissues (Kt-~mct-. 1070). and i’or \LI\- 

lained rcleasc 01. the drug iit rhc targeted site 
O’dttg. I%%; Willmot ct al.. IW~). 

Methotrcsatc (M2‘xLbo~inc \crum albumin 
(HSA) coniugatcs MCI-C repot-ted to incrc;isc the 
\ur\ ival time of mice hc;iring the ascitic form 01 
I.1710 (Jxxh Cl al.. 1071 ). anti the cotljLlgalos 

bc‘t’c pi-o1en to hc nic~t c ct’t‘ectivc than free MT.\ 

qainst \tth~ulancc)itsl~ transpl~intccl l.cwis lung 
I.;ti-cinonia ((‘hu and Whitcley. 1070). Morco\ct-. 
r-aclioacri\,c cilhuniin i5 toL~ncI (0 he ;ih\orbed inlo 
ncopl;istic~ cells (Bushi ct al.. IOhl ). and alt>Litiiitt 

i\ acti\cl\ taken up into tumor cells 1,) pincqlosis 

( IIysc’t-. I%.~). It \vas rcportcd that o\‘cr iOc i 01’ 
the total cxchangcahlc ;rlbLtniin might hc iii the 

c1tra\ ilscL11;11- \pace. \LIch as in the muscle anti 

skin (.Iusko and (irctch. 1470). and \crLm alhu- 

nitit has been dcriiortstratcd to acc‘uniulate at 
(LI~N~I- Gtes (Ccrrottini and Islikcr. 1%7). Sontc 

M’I‘S-rahhil scruni alhurtiin (t&i) coii,iugatcs all- 

pcated to bc taken ~tp into tis\Ltcs. and MTN \+;I\ 

rclea\ecl slowly from the con,jug:itc\ after intra- 
\‘cnous (i.\:.) ~iriministr~itic)ri of the conjugates I0 
r;ibhits (Yoon et ill., IV91 ). ‘I‘hcrcfore. hydrophilic 
alt~umin micrc~spheres (I IAMs) entrapping diluter- 
cnt ratios of MTX-HSA coii,iugates to M’I‘X might 
con\tilute ;in cffecti\,c drug dclivcr), systcni Ior 

the c~hctmothcrapeutic agent. 

‘1%~ I’actors al‘fei‘ting passive targeting cl’& 
c~icnc) such 2s the IocaliL;ition and distribution ot 
partic~lcs in the IJoti!, arc the route 01‘ adminislr;i- 
(ion. pat.ticlc \iLe, and parliclc 4urfacc character- 

iytic5 (l‘orrado e( al.. 19X0). It wit\ reported 
(Bur_ret- ct al.. I%+) that i.\. dclivcry of particle 

larger than 7- I2 pm Icad> lo their mechanical 

filtration by the lung. whet-eas those hctwcen 3 

and I7 pm will become cntrappcd w’ithin the 
capillary networks of the lung. liver and spleen. 
WC were therefore prompted to prepare rcla- 

tivcly small (mean volume diamctct-. S..3Sm I I ..? 
piti) 2nd Iargc (mean \~~~luilic dianicter. I.i.0 -30.0 
ptm) siLc HAMS and to CWILI~IC thcit- organ t,rt-- 

geting ahilit,,. 

In this paper. small anti large \i,cc IiAMs coti- 
taining dil’t’crcnt ratios of [ ‘H]MI‘?<-HSr\ COIIJLI- 

gates to t‘rec [-‘H]MTX wcrc prcparccl and theit 
organ-targeting ability was cvdluatcd ~~l‘tct I.\‘. I+ 

icction of the fHAMs via the tail \,cin of mice,. 

Materials and Methods 

MI‘X was kindly supplied h! (‘hoong-Wac 
I’har1iiaceutical (‘0. (Seoul. Korc‘a). and [3’.5’.7- 
‘, tI]M’IX ([ ‘H]M’I‘.X. 750 m( i/mmol. I‘KA721) 
u:14 purchased from Anicrsham Intern~itional 
(Uuckinghamshirc. l1.K.). HSA (fraction c’) and 

I-ethyl-.?-(.i-ditiicthylaminoprop~l) c~;irl~odiimiric 

hydrochloride (ELK‘. protein \ccILlencing trc- 

agcnld wcrc prodLids ot Sigma (‘hettiical (‘0. (St. 
Louis, MO). Scphadcs ” G75-30 (particle GLc. 
IOL-IO pm) was ohtaincd from Pharmacia fcine 
Chemicals (Llppsala. Sucden) and seniipcrnic- 
able mcmhrane (Spectra/Par ” : Mol. wt. cut c)ft‘. 
f3)OOLXOOO: cylinder diamctcr. 11.6 mm) was pLlr_- 

ch~ised from Spcctruni Medical Ind. (l‘erniin~tl 
AIIIICY. Los Angeles, (‘A). Soluene-350 ” (0.5 N 
quaternary ammonium hydroside in IrJlucne) antI 

Scinli-A” XE‘ scintillatir,n cocktail wcrc products 

01‘ Packard Instrument (‘0. (A C’anhcrra (‘(1.. 
Downcr5 Grove. II_). PPO/POPOP scintillation 
cocktail uas prepared by diss~~lving 5.5 6 01’ 1.5. 
~iiphen\;losazole (f’P0. Sigma (‘hemical (‘0.) 2nd 

0. I g ol I .J-[2-(~-phcnylox;t7ol~l)]hcn/ene 
(POPOP. Sigma (‘hcmical (‘0.) in :I mixture 01’ 
667 ml ol‘ tol~~oiic ;ind 133 nil of Triton ” N- I00 

(Duksan l’h~ttntac,cuti~al (‘0.. Seoul. K;c)rca). ,111 
other chemicals ucre t-c;ig!ent grade and ud 
Lvichout further purification. 

chvdctltl~ hound [3~]~~~-~~~~ conjugates 
were prepared by ;I slight modification of the 
reported method (Chu and Whiteley, 1077: Kim 
and Oh. I%#). Briefly. after the addition of MTM 

(30 mg. 120 PCi. dissolved in 3 ml 01‘ 0.0 I N 



NaOH) to HSA (150 mg, dissolved in 10 ml 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 macromolecui~r fractions were pooled. 
Before lyophilization, the macrom{~Iecular frac- 
tion was dialyzed using a semipermeable mem- 
brane (Spectra/PO?*) to remove buffer compo- 
nents and other small molecules such as 
L3H]MTX. The ratios of [jHJMTX to HSA in the 
conjugates were calculated according to the 
method described previously (Kim and Oh, 1988). 
The moiar ratio 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. 

Large HAMS were prepared folIowing our pre- 
vious chemical cross-Iinking 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 
PCi of [“HI 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 emuIsion was placed in an ice bath and 
further emulsified using an uhrasonicator (Bran- 
son Cleaning Equipn~ent 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 HAMS. 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 diethyf ether, suspended in abso- 
lute ethanol in an ice bath for 3 min with the aid 

of an ultrasonic&or and washed with distilled 
water. Four types of smaIl and Iarge HAMS, 
respectively, were prepared having different ra- 
tios of ~~H~MTX-HSA conjugates to free 
[3H]MTX; 1: 0 (SHAMC and LHAMC), 3: 1 
(SHAMC3F and LHAMC3F), 1: 1 (SHAMCF and 
LHAMCF) and 0 : 1 (SHAMF and LHAMF). To- 
tal amounts of [‘HIMTX and/or [“HIMTX-HSA 
conjugates used in the preparation of the HAMS 
were equivalent to 16 FCi 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 (Long0 and Goldberg, 
19S5). 

The radioactivity (as expressed in terms of 
[“HJMTX) entrapped in the small and large 
HAMS was determined using a liquid scintillation 
counter (Rack Beta, LKB-Wailac Co., Turku, 
Finland) as follows: an accurately weighed amount 
f2 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/ 
POPGP scintillation cocktail was added, and 
equilibrated in the dark at 25°C for 2 days to 
reduce color quenching. 

Partick size analysis of rhe smaii nnd large HAMS 
contuining free and ,I or H&4 conjuguted I”H]MTX 

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



where D,,(l,C, I),,,,; and D,,,,, arc the diamctcrs 

where the given percentage of partictcs is smaller 

than that size (Torrado ct 81.. 19891. 

Malt ICR mice, weighing IX-22 g, were pur- 

chased from the Laboratory Animal Center, Seoul 

National University fScou1, Korea). The animais 

were fed ~(~rnrn~rci~t rodent chow (S~t~y~~n~ Co., 

Scc~ul. Korea) and tap water ad lihitum. 

The same total r~di(~~~cti~~i~y, 1%) nC’i (dis- 

solved or suspended in 0.2 ml of normal saline 

s~~l~lti~tl~ of t3H]MTX itreatmcnt I), [3H]MTX- 

HSA conjugates (treatment II) and four types of 

small HAMS: SHAMC (trcntmcnt Ill). 

SHAMC3F (treatment IV), SHAMC’F (treatment 

V), and SHAMF (treatment VI), and four types 

of large HAMS: LHAMC’ (treatment VII). 

LHAMCYF ~~r~~~~rn~n~ VIIl1. LHAMCI; (treat- 

ment 1x1, and LHAMF (treatment .X1 was in- 

jected via the tail vein of mice in 10-20 I;. At each 

designated time point. four mice were killcti ly 

cervical dislocation, and the lung, liver, sptccn. 

and kidney were rcmovcd, rinsed with cold n<)r- 

mal satinc. blotted dry with paper towel, and 

wcighcd. For the small HAMS, blood was ;rlsc, 

collcctcd directly via heart puncture into 21 hcp- 

arinizcd tube and was centrifuged immcdiatcly to 

rcducc the possible ‘blood storage effect’ on the 

~l~~~r~ii~~~~i(~il of total plasma r~~di{)~~&i~~i?y f I_cc 
ct al., 1984, f%S(,f. A portion of cad1 t)rgan or 

plasma was s~~lubiIiz~d with Soluenc “-350. f 
ml/O.? g of organ in it ~~)untin~ vial. The vial was 

kept at 50°C for 12 h. and 0.2 ml of isttprt>pyl 

alcohol and 11.3 ml of 30% hydrogen pcroxidc 

wcrc added to ininirnj~~ color quenching. Afta 

neutralizing the mixture with 5 N HO. IO ml of 

scintillation cocktail (Scinti-A” XF : PPOj 

POE’01 cocktail = 1 : I ) was added. 

standard channel ratio ~ll~n~hin~ ~(~rr~~ti(}Ii 

m&hod. It should bc ni>tcd that in the present 

study. the total radioactivity was measured anti 

therefore rcprvsonts not only [ ‘H]MTX hut ;~lso 

the sum of all the radioactivity of [,‘H]M’I‘X, 

[ ‘HIMTX-HSA canjugatcx, HAMS containing 

[-‘H]MTX and/or [‘H]MTX-HSA conjugates. and 

their metaholitas. 

Tltc arca under the total radioactivity-time 

curves (AUC) and area under the total ~~~~0~111~s 

of radioactivity-time curves from time 8cro to 

time infinity (AUU, Ehc product of AUC multi- 

plied by the weight of tissucf wt‘rc cstimatcd I?)!, 

the trapczctidal rule-cxtrapoiation method ((l’hiou. 

197X; C.‘hCn ct al., 19X2). Standard methods 

(Gibatdi and Perrier. 19X3) wcrc used to ~i.~tClil~ltC 

the following paramotcrs based on plasma data 

for the small HAMS; the time-avcragcd total hod> 

clcantnce (CL). area under the first moment 01 

plasm3 ccmccntralion-t imc curfc (At JMC‘). mc;tn 

residence time (MRTI and volume ctl’ distribtl~ioll 

at steady atatc ( Cl,,). The mean vatucs of apparent 

tcrminal half-liti: (I I, 2 1. Jr’:, mcf C’X. wcrc cfctcr- 

mined by the harmonic mcen mcthctd (C‘hiou. 

1070~. 

(‘I,:!:), = (AUQ,)/zAUQ 

whcrc i denotes each tissue, i-X rcfcr to trcat- 

mcnts I-X, respectively. and .i rcprcscnls any 

tissue except the target tissue. the liver (for trc;tt- 

mcnts IlI-VI) or the lung (for ~r~~itrn~rlt~ VII-X). 

In this study. total r~~di[~~ctivity was mcasurcd 

only in the liver. lung, kidney and spleen. since 



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

The data were analyzed for statistical signifi- 
cance ( p < 0.05) by analysis of variance (ANOVA) 
tests between means for unpaired data. All rc- 
suits are expressed as means for unpaired data. 
All results arc expressed as mean t_ standard de- 
viation (SD.). 

Results and Discussion 

The total radioactivities (as expressed in terms 
of [jH]MTX) entrapped in the small and large 
HAMS are summarized in Table 1. In general, 

entrapment of total radioactivity increased with 
increasing ratios of [‘H]MTX-HSA conjugates to 

f’H]MTX; the value increased 125, 93.9 and 
62.6% for SHAMC, SHAMC?F, and SHAMCF, 
respectively, when compared with that of HAM 
containing only L3H]MTX and the corresponding 
values for LHAMC, LHAMCjF, and LHAMCF 
wcrc 79.8, 59.6 and 40.4%. The loading efficien- 
cies (5% of radioactivity entrapped in the HAMS 
when compared to the tota radioactivity added 

Small IlAMs 

SHAMC 153 38. I 
SHAMUF 131 32.x 

SHAMCF I IO 27.5 

SHAMF 67.7 lh.Y 

Large HAMS 

LtiAMC 157 3’1.2 

LHAMCBF 130 34.x 
LHAMCF I22 3O.h 

LllAMF x7.2 21.X 
_-_ 

“ Radioactivity of 4 nC‘i is equivalent to I pg of methotrexate. 

during the preparation of the HAMS) were 95.6, 
81.9, 6X.8 and 42.3% for SHAMC, SHAMUF, 
SHAMCF and SHAMF, respectively, and the 
corresponding values were 98.1, 86.0, 76.3 and 
54.5% for LHAMC, LHAMCjF, LHAMCF and 
LHAMF. This might be due mainly to the fact 

that the [‘HIMTX in [‘HJMTX-HSA conjugate- 

TABLE 2 

f1AMs Volume hasis 

Mean diameter 

(Fm) 

Small HAMS - 

..- 

[)w; -0 ,,,‘i 

Number basis 

SPAN Mean diameter D WI’, -L),,v, SPAN 

(Mm) 
-_ 

SHAMC LO. I 

SI lAMC?F I I.2 

SHAMCF x.35 

StIAMF IO.4 

Mean 10.0 
+SD ’ F I .04 

L.arge HAMS 

LtlAMC’ 2x.0 

LHAMUF 30.h 

LHAMC’F 18.0 

LHAMF 13.0 

Mean 12.4 
&SD *7.1x 

~. 
” Standard deviation. 



entrapped HAMS is covalently attached in the the ~~~~~u~n~n matrix (Kim and Oh, 198X). MTX is 

albumin matrix, however, the [“H]MTX in [“HI- known to bind physi~~~lly to ;tn extent (3i‘ about 

MTX-entrapped HAMS is physically associated in 3hf.Y at normal clinical drug levels (Paxton, I%1 1. 



Fig. 3. Mean total 

panel). and I (0). 

0 2 4 6 8 10 

. . . . 

TIME WEEKS) 

radioactivity-time curves in the spleen from treatments I (a), II CO), III (A ). IV (A ), V ( n ) and VI (0 ) (left 

II Co), VII (A), VIII (A ), IX Cm) and X (0) (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- of the HAMS could also contribute to the in- 
tics of [‘HIMTX in [‘HIMTX-HSA conjugates creased entrapment of [‘HIMTX-HSA conju- 
such as the solubility, partitioning of drug into gates in HAMS (Sheu et al., 1986). The loss of 
the oil or washing media during the preparation entrapped L3H]MTX-HSA conjugates from the 

. 1 

0.2 

0 2 4 6 8 10 0’ 1: 
0 2 ‘I 6 8 10 

TlME WEEKS) 

Fig. 4. Mean total radioactivity-time curves in the kidney from treatments I (0). II (Ok III (A ), IV (A ). V (m) and VI (0) (left 
panel), and I (o), II (o), VII (A), VIII (a ), IX (m) and X (0) (right panel). Bars represent standard deviation. * p < 0.05. 

* * p < 0.01 when compared with the values from treatment I. 



4x 

core of the HAMS could be reduced due to the 

relatively large size of the conjugate when com- 
pared to that of free [‘HJMTX during the prepa- 
ration of the HAMS. It shoufd hc 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 diamctcrs on a volume and numhcr 
basis of the HAMS a-c summarized in Table 2. 
The mean diameters were significantly greater in 

the large HAMS than those of the small HAMS: 
the values on a volume and number basis were 

10.0 & 1.04 and 3.35 + 0.133 pm, respectively, t’tx 
the small HAMS, and the c~)rrcsponding values 
for the large HAMS were 22.4 2 7. IX and 4.5 I i 

0.69 pm. Howcvcr. the SPAN values were not 
significantly different between the small and large 
HAMS. 

The mean total r~dio~~ctivity-time profilcs in 
the lung, liver, spleen, and kidney arc shown in 
Figs l-4, respectively, from treatments I-X. and 
the corresponding mean values of AUQ, r,:“. fL? 
and T,* for the organs studied are listed in Ta- 
bles 3-6, respectively. The total radioactivity was 

always greater from treatment II thiln that from 
treatment 1 in all the organs studied and might be 
due to extensive entrapment of [‘HIMTX-HSA 
conjugates in the organs and slow rclcxc of 
[ ‘H]MTX from the conjugates. Some M’I’X-KSA 
conjugates appeared to hc taken up into the 
tissues and MTX was rcleascd slowly I’rom the 
conjugates when the conjugates wcrc infused in- 
travcnously to rabbits (Yoon ct al.. IWl I. I’hc 
considerable uptake of MTX-HSA c(~Ii,~tlg~ltcs in 
the liver could be expected in view of the report 
that macromolecular prodrugs. c.g.. mitomycin 
C-dextran conjugate accumulated predominantly 
in the reticulocndothelial organs such a the live1 
and spleen when ~ldministcrcd systcmicrtll> 
(Takamura ct ai.. 1986). Howcvcr. the total ra- 
dioactivity from treatments 111-X (Pigs 1-J) wxs 
always lower for up to 2 days after an i.v. admin- 
istration than those from treatments I and II. and 
higher thereafter in the all organs studied except 
in the lung (Fig. I). For csamplc. t ttc total r;t- 
dioactivity in the lung increased immcdiatcly in ;I 
few minutes after i.v. injection, then declined 
rapidly up to 3-1 weeks and declined slowly 
thereafter from treatments III-X. During the 



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 HAMS being degraded sufficiently for 
the size to allow passage through the capillary 
beds of the lung and/or the release of [3~]~~~ 
or [‘HIMTX-HSA conjugate from the HAMS. 

The values of AUQ were higher in the lung, 
liver, spleen and kidney from treatments III-X 
than those from treatments I and II. and wcrc 
higher from treatment II than treatment I (Table 
3). This might be due to the increased entrap- 

TABLE 4 

mcnt of HAMS and/or [‘H]MTX-HSA conju- 
gates in the lung, liver, spleen and kidney, and 
SIOW release of [3~]~~~ and/or [“HIMTX-HSA 
conjugates from the HAMS from treatments II-X. 
The release of MTX from MTX-BSA (Halbert et 
al., 1987), MTX-HSA (Kim et al., lY89b) 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- 

Weighted-ar~rrage relatil L’ tissue e.qxxw~ (r,l”) to trratmwt I (or I11 from tretrtrnerttr II (or 111)-X 

Treatment Lung Liver Spleen Kidney Plasma 

1.32 6.38 7.75 2.24 1.75 II 

Small HAMS 
III 

Sum 

5.00 

I 350 ,’ 

( I 020) ” 

I2YO 
(977) 
X7X 

(665) 
563 

(427) 
1 020 

*.?I’1 
(772) 

( * 242) 

23.0 x3.5 

(3.hl) (30.4) 
17.0 54.6 
(2.81) ( 10.0) 
IS.8 42.7 
(2.48) (15.5) 
12.4 36.X 
(1.95) (13.4) 
17.3 54.4 

5 3.X6 i IX.0 
(2.71) (19.X) 

( * O.hO2) (+6.55) 

5.95 

(2.66) 

5.66 

(2.53) 

4.97 

(2.22) 

4.69 

(2.09) 

. 5 .__ 3’ 
i 0.507 

(2.38) 

( * 0.229) 

2.15 
(1.23) 

I.79 
(1.02) 

1.5X 
:ll.Y03) 

I.16 
(0.663) 

1.67 
_t 0.358 

(0.954) 
( + 0.205) 

27.5 
(5.50) 
23.2 
(4.64) 
IX.6 
(3.71) 
13.9 
(2.7X) 
20.x 

i 5.0x 
(4.16) 

(k 1.02) 

IV 

V 

VI 

Mean 
*SD c 

Large HAM!, 
VII 

VIII 

IX 

X 

Mean 
+SD 

1 YYO 
(I 510) 

1 940 
(1 470) 

I410 
(I 070) 

431 
C-327) 
I 440 

* 626 
(I 0X4) 

(* 476) 

10.3 

(1.62) 
8.98 

(1.41) 
IO.2 
( I ho) 
Y.64 

(1.51) 
9.7x 

IO.526 
(1.53) 

( + 0.0832) 

37.1 
(13.5) 
23.3 
(X.47) 
27.6 

(10.0) 
21.X 
(7.93) 
27.5 

+ 5.90 
(Y.88) 

( k 2.27) 

6.X2 
(3.04) 
5.89 

(2.63) 
6.X’) 

(3.0X) 
5.86 

(2.62) 
6.37 

i 0.3YO 
(2.X4) 

(t(i.2IX) 

22.‘) 
(4.5X) 
21.4 
(4.2X) 
IX.7 
(3.74) 
I!.1 
(2.22) 
IX.5 

* 4.55 
(3.71) 

( + 0.W)) 

i1 Based on treatment I [(AUQ,),,~./(AUQ,),l. 
h Based on treatment II [(AUQ,),,,_,/(AUQ,),,l. 
’ Standard deviation. 



Treatment Lung Livel- Spleen Kidney 

I 95.7 
II 462 

Small HAMS 

III I .h4 

IV I.33 
V 1.72 

VI 3.10 

Mean I .70 

fSD” +_ 0.275 

Large HAMS 

VII _ 

VIII 

IX 

X _ 

Mean 

&SD 

2.01 

2.26 
I .IS 

0.37 

I .55 

i O.hXX 

0.716 

0.343 

I X.Y 

‘7 5 __.. 

25.4 

13.0 

22.4 

+7.31 

3x.3 Y.40 

5Y.7 IO.6 

3h.7 h.h3 

14.2 7.37 

37.2 7.x 

f 10.1 f3.17 

0.03?2 
0.01’)0 

12.0 

Y.77 

‘).x2 

X.15 

0.03 

* 1.35 

‘I Standard deviation 

tained for the liver after i.v. administration of 
small HAMS (treatments III-VI) and [3H]MTX- 
HSA conjugates (treatment II), and for the lung 
after large HAMS (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 HAMS 
have a better targeting efficiency to the liver and 
lung than that of [jH]MTX-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 te* greater than 

Treatment Lung Liver Spleen Kidney Plasma 

I 0.708 

II 0. I87 

Small I IAMs 

III 34.7 

IV iY.3 

V 33.4 

VI 2X.6 

Mean 33.0 

&SD I’ +3.x1 

Large IIAMs 

VII hl..? 

VIII fJ4.1 

IX 53.h 

X 77.5 

Mean 51.7 

*SD i 14.5 

67.X 

Xh.4 

5h.X 3.1)0 4.7h O.h6S 

52.3 2.33 5.31 O.hh3 

57.5 7.77 5.Xh 0.72U 

60.3 2.hl 7.40 0.71 

5h.7 2.55 5.84 O.hYi 

$ 2.87 i 0.7X8 _t O.YX I i_ 0.02x-1 

30.5 
x.5 
3h.9 

.i 0 8 

38.7 

+ 17.1 

O.YXc) 

0.545 

I .oo 
I .0x 

I .40 

I .Y-l 

I.52 

+0.30x 

h.S.3 

h.OS 

H.IIX 

I I.0 

&I)7 

+7.1x 

“ 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 q.*’ 

TIME (DAYS) 

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

ments 1 (0). II (0). III ( * ), IV ( n ). V ( n ) and VI ( 0 ). Bars 

represent standard deviation. * p < 0.05. * * p i 0.01 when 

compared with the values from treatment I. 



AUC (dpm day ml _ ’ ) 4 580 7 950 I 1 100 X380 9 570 5 340 

AUMC (dpm day’ ml _ ’ ) 12 Xl) 79 400 294 000 x7 700 218000 s I 300 
MRT (day) 2.66 10.0 26.5 10.1 22.x 9.61 

CL (ml day ’ f 72.7 31.0 30.1 30.7 33.X 62.4 

y, (ml) 1Y3 419 7YY 416 34 SYY 

t,,7 fdayf 2.70 13.8 10.4 8.66 X.2 h.83 

I nCi = 2.22 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 smali 
and large HAMS have better targeting efficien- 
cies to the liver and lung than those from treat- 
ments I and II. However, the liver targeting effi- 
ciency from treatment II 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 pm leads to their me- 
chanical filtration by the lungs, whereas particles 
between 3 and 12 pm 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 I. 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, 19781, dogs (Lui et al., 1985) and rab- 
bits (Chen and Chiou, 19831, however, [“M]MTX- 
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 [“HIMTX from [‘HI- 
MTX-HSA conjugates (treatment II) or slow re- 
lease of [%]MTX and/or [‘HIMTX-HSA conju- 
gates from the HAMS (treatments III-VI) which 
were taken up into tissues such as lung (Fig. I), 

liver (Fig. 21, 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 I/,, and MRT from treatments II-IV 
(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-tinle 
curves in the lung, liver, spleen and kidney were 
similar between the small and large HAMS (Figs 
l-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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