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An implantable system was developed which released sulphadiazine in mice over an 
extended period of time efficacious against infective challenges by Plasmodium berghei. 
The most successful preparation was a copolymer of L(+)-lactic acid + (&)-lactic acid (90 
and 10% by weight, respectively) with a molecular weight of 150 000, with which sulphadia- 
zine was mixed at  33.3 % of the total weight, in a formulation as beads of 1.5 mm diameter. 
This preparation released sulphadiazine a t  a nearly constant rate over three months as 
measured by the appearance in urine of mice of radioactivity from [%S] sulphadiazine in 
transplanted material. When implanted in mice, the beads gave effective protection against 
repetitive (weekly) infective challenges with P. berghei by implanted beads at  dosages 
equivalent to  57 mg kg-I sulphadiazine and greater over 21 weeks. 

Successful sustained release of the antimalarial drug 
2,4-diamino - 6 - (2-naphthylsulphonyl) - quinazoline 
(WR-158122) was achieved in a delivery system with 
a copolymer of (&)-lactic acid and glycolic acid as  
the implantable vehicle (Wise, McCormick & others, 
1976). In mice, release took place over a 14-week 
study and protection against infection by the rodent 
malaria Plusmoclium Derghei was observed through 
the same period. The object of the present study was 
the dcvclopnicnt of a similar delivery system for 
anotlicr eifectivc antimalarial drug, sulphadiazine. 
Preparations in Val-ious combinations of chemical 
composition and physical form werc evaluated for 
duration of release and effectiveness against P. 
berghci. 

MATERIALS A N D  METHODS 

Glycolide and lactide, synthesized from glycolic acid, 
(&)-lactic acid, and L( i)-lactic acid, were polymer- 
ized by procedures reported previously (Schwopc, 
Wise & Howes, 1975; Wise & others, 1976). Three 
preparations were studied, a copolymer of 50% (by 
weight) L( $-)-lactic acid and 50 % (+)-lactic acid, a 
copolymer of 90 "/, L( +)-lactic acid and 10 % glycolic 
acid, and a polymer of L(+)-lactic acid (100%). 

Sulphadiazine (WR-7557) was supplied by the 
Division of Medicinal Chemistry, Walter Reed Army 
Institute of Research. [35S]Sulphadiazine was ob- 
tained from AmershamlSearle Corporation, Arling- 
ton Heights, Illinois. 

Preparations of drug in polymers were produced 
following procedures reported previously (Schwope 
& others, 1975; Anderson, Wise & Howes, 1976; 

t Correspondence. 

Wise &others, 1976) in three physical forms: molded 
spherical beads (1.5 mm diameter), rods (0.75 mm 
diameter), and cryogenically ground powder (90-180 
p m  particle size). 

Rclease iiz vitvo was examined in duplicate experi- 
ments in which rods, beads, or powder (approxim- 
ately 50 nip) were placed in a Whatman extraction 
thimble suspended by a thin wire into a test tube 
containing 65 rnl of phosphate bulrer solution at  pH 
7. The assembly was held in an oil bath at  37" with 
gentle agitation. Samples ucrc  removed for analy- 
sis \+hen the buffer solution was changed, daily 
during the initial week(s) and at  approximately 
weekly intervals thereafter. The amount of sulpha- 
diazine was measured by spcctrophotometric 
(Bratton & Marshall, 1939) or liquid scintillation 
techniques. 

In studies of release in v i ,~ ,  rods, beads or powder 
were implanted subcutaneously into the scapular 
region of male albino CD-I mice 20 g. The rods and 
beads were introduced using a trochar; the powder 
was suspendcd in 1 .O % mcthylcellulose and injected. 
Each mouse was placed in a metabolic cage and 
urine was collectcd in semiweekly periods during the 
first four weeks and weekly thereafter. Faeces were 
not regularly collected because essentially 100% of 
the excretion of drug (or metabolites) was found to 
be in urine. The amount of sulphadizine excreted 
was determined by spectrophotometric analysis, 
initially, and in later experiments by assay of 35s 
activity using liquid scintillation techniques. At 
termination of the experiments the mice were killed, 
the appearance of residual implanted material noted 
and the site examined for signs of encapsulation Or 
tissue irritation. In  experiments with [3js]sulphadi- 
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sine in rods and beads, residual drug at  the site was 
determined ; the implants were removed, dissolved 
in scintillation grade dioxane, and the radioactivity 
measured by liquid scintillation technique. Residues 
of matrices in powder form could not be isolated for 
,nalysis. 

Efficacy in vivo against P. bevghei was tested 
following procedures described previously (Wise & 
&ers, 1976). Preparations in bead form were intro- 
duced beneath the skin in the scapular region 
through a 10-gauge needle which had been inserted 
through a remote incision and manipulated into 
position. Implantations of 1,  2, 4, and 8 beads were 
made. The incisions were closed by suture. The 
preparation in powder form was suspended in 0.7 % 
carboxymethylcellulose and injected subcutaneously 
through an 18-gauge needle into the scapular region 
to yield dosages of 10, 20, 40, 80, and 160 nig 
sulphadiazine kg-' body weight. Immediately after 
administration of the delivery system, each animal 
received an intraperitoneal injection of infected 
mouse blood (2 x lo7 parasitized cells, P. berRhei 
NYU-2 strain, niainiained by serial passags in mice). 
Observation of appearance and survival was done 
daily except at weekends. At seven-day intervals, 
blood smears were taken and euarnined for parasites. 
Each animal with a negative smear received an injec- 
tion of P .  bqThci-infected blood, as above, on that 
same day. Control groups of five animals were 
injected similarly each time. 

In conducting the research dcscribed i n  this 
report, the investigators adhered to the principles set 
fourth in the Guide for Care and Use of Laboratory 
Animals as promulgated by the Committec on Revi- 
sion of the Guide for Laboratory Animal Facilities 

FIG. 1 .  Effect of drug concentration on the rate of 
release in vifro. Preparations of  lactic acid polymer 
containing A 10, B 16.7, C 20 and D 33.3y0 sulphadia- 
zine by weight, in powder form (90-180 pm diameter), 
Were extracted with pH 7 phosphate buffer. The amount 
of drug released into the buffer was quantitated by assay 
of 35S activity. The figure is a plot of the cumulative 
recovery, calculated as percentage of the original 
Sample, on the ordinate vs time in days on the abscissa. 

FIG. 2. Effect of copolymer molecular weight on the 
rate of release in vifro. Preparations of copolymers of 
L(i-)-lactic and (&)-lactic acids (50% each by weight) 
with molecular weights of IS0  000 (0) 210 000 (B) 
and 450 000 (A), containing 33.374 sulphadiazine by 
weight, in  bead form (1.5 mm diameter), were extracted 
with pH7 phosphate buffer. The amount of drug re- 
leased into the buR'er was quantitated by assay of % 
activity. The figurc: is a plot of the cumulative recovery, 
calculated as percentage of the original sample, on the 
ordinate vs time in days on the abscissa. 

and Care of the Institute for Laboratory Animal 
Resources, National Research Council-National 
Academy of Sciences. 

I< E SU LT S 

The effect on release rate in vitro of the relative 
concentrations of sulphadiazine in the drug/polymer 
preparation is illustrated in Fig 1. In this experiment 
the matrix was the polymer of L( !-)-lactic acid. 
Preparations with sulphadiazine contents of 10, 16.7, 
20, and 33.3 :< of the total weighed wcre cryogenical- 
ly ground to 90-IS0 p m  size powders. It is cvident 
that the greater the drug concentration, the more 
rapid was ihe release. The preparation containing 
20% sulphadizine relcased the drug over a three- 
month period, with depletion of thc drug reservoir 
5hortly thereaftcr. The 33.3 % prcparation released 

50r---------! 

FIG. 3. The effect of physical form of implanted material 
on the rate of release in vivo. Preparations of the copoly- 
mer of L(+)-lactic acid and (&)-lactic acid (SO0/, each, 
by weight) with 1 SO 000 molecular weight and contain- 
ing 33.3% sulphadiazine by weight were implanted in 
mice as powder (90-180 p n  diameter +), rods (0.75 mm 
diameter A), and beads (1.5 mm diameter B). The 
amount of drug excreted in urine was quantitated by 
assay of 35S activity. The figure is a plot of the cumula- 
tive recovery, calculated as percentage of the implanted 
material, on the ordinate vs time in days on the abscissa. 
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FIG. 4. Etlicacy of implanted drug-release systems against Plasmodium berghei in mice. Part A: Preparation of 
copolymer of L(+)-lactic acid and (&)-lactic acid containing 33.396 sulphadiazine, in bead form (1.5 mm 
diameter). Part R: Preparation of copolymer of L(+)-lactic acid and glycolic acid (90 and loo/,) by weight, 
respectively) containing 10% sulphadiazine. in bead form (1.5 mm diameter). Preparations were implanted sub- 
cutaneously in mice as I ,  2 , 4  or 8 beads per mouse and weekly challenges with P .  berghei-infected mouse blood 
were administered to all mice with blood srncars negative for parasitaemia. The figure is a plot of numbers of 
surviving mice (-) and mice with positive blood smears (0 )  on the ordinate vs time in weeks on the abscissa. 

material very rapidly and the preparations with less 
than 20 % drug released material much more slowly. 

The effect of polymer molecular weight on  the 
release rate in vitro is illustrated in Fig. 2. Copoly- 
mers of L(+)-lactic and (+)-lactic acids were the 
matrices. Preparations containing sulphadiazine a t  
33-3 % of the total weight were formulated at  1.5 m m  
diameter beads. The copolymer of 150000 molecular 
weight released the drug most rapidly and most 
closely approximated a three-month release system. 

As the molecular weight increased, the release rate 
decreased. 

A study of the effect of physical form on release 
rate is illustrated in Fig. 3. This is a study in vivo in 
which the most appropriate molecular weight 
(150 000) copolymer of L( +)-lactic and (&)-lactic 
acid with 33.3 % sulphadiazine, described above, was 
formulated as beads, rods, and powder. The plot 
shows the cumulative recovery as  percentage of the 
drug implanted. After the first four days, the release 
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was similar in rate, approximately 1-2% per week, 
from each preparation. After three months, residual 
su]phadiazine in rods and beads was approximately 
50% of the originally implanted amount. The rapid 
release from the implant in powder form is typical 
of that observed in studies with powder forms of 
other polymer matrices. This is attributed to the 
greater relative surface area of the particles in the 
powder. The ratios of percentages released in the 
first four days from powder, rods, and beads (I 5.7 : 
1.7: 1) are in close agreement with the calculated 
ratios of surface of these forms (16: 1.5: 1). 

In the studies in vivo of drug efficacy there was no 
external evidence of rejection (site-localized ulcera- 
tion, loss of hair, and/or sloughing of skin) during 
the period of study with any preparation. 

Part A of Fig. 4 shows efficacy data for the L( +)- 
lactic acid, (&)-lactic acid copolymer with 33.3 % 
sulphadiazine in 1.5 mm diameter beads. The appear- 
ance of parasitaemia was delayed to three weeks at 
the lowest dose (one bead, equivalent to 57 mg kg-l) 
and there was complete protection at the higher 
doses. Two anomalous deaths occurred in the two- 
bead group. At autopsies of three mice at 18,23, and 
24 weeks, respectively, the implanted beads were 
localized subcutaneously in sacs which alsocontained 
blood (by appearance). At autopsies of seven mice 
from 27 to 52 weeks, the implanted beads were 
intact in sacs without blood or evidence of local 
reaction. 

Part B of Fig. 4 shows efficacy data for a prepara- 
tion in bead form in which the matrix was a copoly- 
mer of L(+)-lactic acid (90%) and glycolic acid 
(10%) with sulphadiazine at 10% of the total 
weight. The appearance of parasitaemia was delayed 
to two and three weeks by implants of four and eight 
beads (equivalent to 66 and 132 mg kg-’). Some 
antimalarial activity was present through 20 weeks of 
infective challenging. 

The preparation in powder form which was tested 
for efficacy (L( +)-lactic acid polymer with 20 % 
sulphadiazine) had minimum activity. Patency was 
delayed to two weeks only at 80-160 mg kg-’, all 

mice were malarious by the second week, and only 
two mice of 23 in the study survived beyond five 
weeks. 

All control animals in all studies were malarious 
at one week after infection and subsequently died. 

D I S C U S S I O N  

It is clear that subdermal implantation of the drug/ 
polymer preparations was a successful procedure for 
delivery of sulphadizine. The systems were effica- 
cious against P. berghei; with the preparation of the 
copolymer of L-( +)lactic acid (90%) and (+)-lactic 
acid (10%) with 33.3 % sulphadiazine formulated as 
beads of 1.5 mm diameter, there was complete pro- 
tection at doses of I14 mg kg-l and greater. Other 
systems had less success, but this may be attributable 
in part to the generally lower ranges of dosage. The 
studies of release in vivo and in vitro generally 
correlated well with the efficacy studies. Bio-incom- 
patibility was negligible. 

Based on the results of this and the previous study 
(Wise & others, 1976) prospects appear to be good 
for eventual development of a system for human 
application. The benefits to be derived are conveni- 
ence and control. There would be a single admin- 
istration without repetitive requirements and (when 
the implant is of an intact configuration) an easy re- 
moval if desired in case of adverse reaction or when 
the requirement for protection against malaria ends. 
The proper dose would be present for a predetermined 
period with no subsequently scheduled drug admin- 
istrations with problems such as avoidance by the 
individual, schedule conflicts, or shortages in supply 
of the drug. Such a system is of potential prophylac- 
tic value in malarious areas. 
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