
chromatographically identical to methadone (80.5%). morphine (95.5?6), 
and naloxone ( 100%). ‘I’otal extracted plasma radioactivity represented 
methadone (7G.(rb), morphine (75.5‘M~), or naloxone (91.8‘h). Parent drug 
extraction selectivity in each case was acceptable. 

Timesaving is the greatest advantage o f  this method. Extraction of 20 
t.issue samples required 10-15 min; 1.5- 2 hr was required with standard 
liquid--liquid extraction. Since brain and plasma drug concentrations are  
routinely required in pharmacological studies, the utility of  the  present 
method is obvious. Theoretically, t he present procedure could be sub-  
stituted for any  organic, hase or acid solvent extraction from biological 
fluids and tissues. 

R E F E R E N C E S  

( I  1 F. C. Tulunay, 1. Y a n o .  and A. E. Takemori. Eur. J .  I’harmacol.. 

35,285 (1976). 

(1977). 
(2)  L. Manara, Res. Commun. Chem. Pathol. Pharmacol., 17, 183 

(3)  G. I,. Sprague and A. E. Takemori, Fed. Proc., 37,567 (1978). 
(4)  H. N. Rhargava,J .  I’harrn. Sci . ,  66.1044 (1977). 
( 5 )  E. L. Way and T. K. Adler, Bull. WHO, 25.227 (1961). 
(6) J .  Ramsey and D. B. Campbell, J. Chromatogr., 63,303 (1971). 
(7)  J. M. Fujimoto, E. L. Way, and C. H .  Hine, J .  Lab. Clin. Med. ,  44, 

627 (1954). 

A C K N O W L E D G M E N T S  

Supported by U.S. Public Health Service Grants  DA 00289 and DA 

‘I’he authors thank Miss Joan Naeseth for technical assistance. 
05076. 

Effect of Water-Soluble Carriers on 
Morphine Sulfate Release from a Silicone Polymer 

‘ 

JAMES W. McGINITY x, LOUIS A. HUNKE,  and ALAN B. COMBS 
Received August 11, 1978. from the Drug [).vrccirnic..~ I r i h L i I a ( p .  Collcgc o/E’harnlacy, Uniocrsity of Tcxas. Austin, TX 7#71%. 
publication Novemher 2. 1978. 

Accepted for 

~ ~~ ~ ~ 

Abst rac t  0 The inlluence of gelatin. sodium lauryl sulfate, lactose, and 
sodium alginate on morphine sulfate dil‘lusioti from cylindrical silicone 
polymer pellets was examined in isotonic pH 7.4 phosphate buffer. These 
water-solul)le carriers caused the pellets to swell in aqueous media. So- 
dium alginate exerted the greatest influence on drug release. T h e  mor- 
phine sulfate diffusion rate from the  cylindrical pellets increased as  the 
matrix alginate content increased up to  20%. Water-soluble carrier in- 
corporation into silicone polymeric matrixes permits controlled release 
of  water-soluble drugs that  otherwisc would he released extremely slowly 
from the polymer. Drug diffusion from the silicone matrix containing 
sodium alginate followed second-order kinetics. The  release mechanism 
probably involves the creation of pores or pathways through the  matrix 
secondary to  the swelling. 

Keyphrases  0 Morphine sulfate .-release from silicone polymer, effect 
of water-soluble carriers 0 Drug delivery systems morphine sulfate, 
release from silicone polymer, effect of water-soluhle carriers Silicone 
polymers-release of morphine sulfate, effect of water-soluhle carriers 
0 Dosage forms. controlled release--morphine sulfate, release from sil- 
icone polymer, effect of  water-soluble carriers 

The  drug release rate from an inert matrix is dependent 
on solute solubility in the matrix and diffusivity as well as 
on parameters independent of the particular drug (1). 
Previous silicone polymer work has been concerned largely 
with developing long acting steroidal delivery systems and 
investigating factors controlling drug release from silicone 
devices (2-9). 

The divergent in uitro silicone polymer release patterns 
of four progesterone-type steroids with similar diffusion 
coefficients were attributed to differences in the polymer 
steroid solubilities (5). The release of salts and water-sol- 
uble drugs from silicone polymers has received little at-  
tention. Since polymer drug solubility is an important drug 
release determinant, water-soluble drug diffusion from a 
silicone polymer would be expected to be extremely 
slow. 

The  present study examined the influence of water- 
soluble carriers on the in uitro morphine sulfate release 

from a polysiloxane polymer. Recent studies (10, 11) 
demonstrated that  polysiloxane rubber implants con- 
taining morphine sulfate and a water-soluble carrier are 
excellent drug delivery systems for inducing morphine 
dependence in rats. 

E X P E R I M E N T A L  

T h e  following items were used: simethicone liquid’, polydimethylsi- 
loxane polymer and silica fillerz, stannous octoate“, morphine sulfate, 
polysorbate 804, sodium alginate5, sodium chloride, 0.1 N HCI, lactose, 
sodium lauryl sulfate, monobasic sodium phosphate, dihasic sodium 
phosphate, and  microcrystalline cellulosefi. 

Pellets were prepared by the addition of simethicone fluid to  polydi- 
methylsiloxane elastomer ( l : l ) ,  followed by homogeneous mixing with 
the powders to be added.  T h e  pellets contained 2596 (w/w) morphine 
sulfate. T h e  drug and water-soluble carrier (lactose, sodium lauryl sulfate, 
gelatin, or sodium alginate) were passed through a 100-mesh screen prior 
to  mixing with the silicone polymer. To polymerize the mixture, stannous 
octoate catalyst, 25 mg/g of mixture, was added and dispersed uniformly. 
Next, the mixture was added rapidly to a plastic tablet mold, and the  
pellets were allowed to  cure for 24 hr. 

T h e  cylindrical pellets were 5.5 mm in diameter and 3.5 mm in thick- 
ness. T h e  mean weights varied from 78 to 88 mg, depending on  t h e  
amount  of powder embedded in the  pellet. Surface area measurements 
were made with a micrometer. Homogeneity studies were carried o u t  by 
cutting individual pellets into small pieces and extracting them in 100 
ml o f  purified water for 48 hr. Recoveries of 99 f 2% were obtained (n  = 
6). 

Drug release from the  pellets was studied in screw-capped vials, 1.5 
cm diameter X 10.5 cm length, containing 15 ml of phosphate buffer (0.13 
N, p H  7.4). These vials were maintained a t  37” and rotated end-over-end 
a t  15 rpm. Aliquots of 5 ml were withdrawn from the  vials a t  various times 
and  assayed by UV spectrophotometry for morphine. To maintain sink 
conditions, 5-ml volumes of fresh medium were added to  each vial after 

~~ 

I Medical fluid 360,200 cps, Dow Corning Corp., Midland, Mich. * Silastic 3W2 medical grade elastomer, Dow Corning Corp.. Midland. Mich. 
Catatyst M. Dow Corning Corp.. Midland. Mich. 
Tween 80. City Chemical Corp.. New York. N.Y. 
Kelco Cell LV Kelco Co.. Clark. N.J. 
Avicel. FMC dorp., Marcus Hook, Pa. 

662 f Journal of Pharmaceutical Sciences 
Vol. 68, No. 5, May 1979 

0022-3549f 791 0500-0662$0 1. OOf 0 
@ 1979. American pharmaceutical Association 



0 40 80 120 160 
HOURS 

Figure I-Influence of various carriers (lo",. each) on 25:; morphine 
sulfate release from silicone pellets. Kvy: *, drug alone; 8 ,  gelatin; 0 ,  
sodium lauryl sulfate; 0, lactose; and 0 ,  sodium alginate. 

sample withdrawal. The reported data represent the means of three or 
more runs. 

RESULTS AND DISCUSSlON 

The influence of water-soluble carriers on morphine sulfate release 
from silicone pellets is shown in Fig. 1. As expected, the release of the 
water-soluble salt from the polymer in the absence of any carrier was very 
slow; after 1 week, only 9% of the drug was removed from the pellet. This 
result confirmed the expectation that water-soluble drugs are released 
slowly from lipophilic silicone matrixes. 

The presence of 10% gelatin, sodium lauryl sulfate, or lactose in the 
silicone matrix all produced similar effects on drug release: approximately 
20% of the morphine had diffused from the pellet after 1 week. This value 
increased to 50% when sodium alginate was incorporated into the matrix. 

100.. 

120 160 200 240 
HOURS 

Figure 3--Plots of Surface area as a function of time for the pellet 
formulations in Pig. 2. 

With all systems, an initial burst of drug from the pellet lasted for 10-15 
hr. 

As the sodium alginate content in the matrix was increased, so did the 
morphine diffusion rate from the polymer (Fig. 2). This influence ap- 
peared to he maximal a t  20?6 alginate. One prominent action of each 
carrier was to swell the pellet. The influence of alginate content on silicone 
matrix swelling is shown in Fig. 3. Morphine sulfate dissolution from the 
matrix is probably facilitated by this swelling, which creates microscopic 
pores or channels from carrier hydration. In the absence of the swelling 
agent, pellets containing morphine sulfate alone increased in surface Nea 
a t  a uniform rate over the 10-day period studied. This increase was the 
smallest of the pellets studied, however. 

Swelling rates increased during the first 30 hr as the level of sodium 
alginate in the pellet increased. Pellets containing 20 and 25% alginate 
achieved maximal surface area a t  approximately 40 and 30 hr. respec- 
tively. The matrix then began to shrink as both the drug and carrier were 
removed from i t  (Fig. 3). This phenomenon can be monitored by taking 
transverse sections of the pellet and measuring the core and the trans- 
lucent depletion zone. 

Morphine diffusion from the silicone matrix (Fig. 4) appeared to follow 
second-order kinetics with respect to morphine sulfate concentration. 
The second-order profile correlation coefficients (Fig. 4) for morphine 
sulfate release from silicone matrixes containing 10, 15, and 20% sodium 

o.oob 40 80 1;o 1 i O  260 2 i O  
HOURS 

HOURS 
Figure 4-Second-order profiles /or silicone matrixes containing 25% 
morphine sulfate and three sodium alginate concentrations. Key: 8 ,  
10% sodium alginate; 0, 15% sodium alginate; and 0 ,  20% sodium 
alginate. 

Figure 2-Influence of sodium alginate concentration formulated 
within the silicone matrix on 25% morphine sulfate release. Key: 0 ,  0%; 
0,5%; B, 10%; 0 ,  15%; 0 ,  2 0 R ; a n d  0, 25%. 
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alginate were 0.9982, 0.9987, and 0.9983, respectively. T h e  processes 
giving rise to the second-order elimination from the matrix are not ap-  
parent immediately since a shrinking core phenomenon with decreasing 
core surface area is occurring. 

This  technique o f  controlling the diffusion rate Irom silicone polymers 
was recently applied by the authors to salts of amphetamine and the 
I)arhilurates, and preliminary in t i f ro  and in uivo results are encouraging. 
This  simple method of' drug delivery may find use also in chronic toxicity 
studies in small animals. 
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Abstract 0 The ethanol extracts of Wikslroemia foetida var. oahuensis 
and Wrkslroemia wa-ursi  showed antitumor activity against the P-388 
Iymphocytic leukemia (3PS) test system. One 1's-active constituent o f  
both plants was the lignan wikstromol. Several inactive compounds were 
identified as  daphnoretin, pinoresinol, and syringaresinol. 

Kcyphrases  0 Wikstromol-isolation from plant material, antineo- 
plastic activity Antineoplastic agents-wikstromol, isolated from plant 
material 

In the continuing search for plants having antitumor 
constituents, it was found that  the chloroform fractions 
of Wikstroemia foet ida var. oahuensis Gray and 
Wihstroemia uua-ursi Gray' (Thymelaeaceae) ethanol 
extracts were active against the P-388 lymphocytic leu- 
kemia (3PS) test system'. 

DISCUSSION 

T h e  lignan wikstromol ( I )  was isolated from hoth Wikstroernia species. 
This  compound was isolated recently from Wikstroemin uir idif lora (1) 
and Daphne. odora ('I'hymelaeaceae) ( 2 ) .  Wikstromol is the  enantiomer 
of nortrachelogenin (11, also called pinopalustrin), isolated from Tra- 
chc~losprrmum asiaticum var. intermedium (Apocynaceae) (3) and Pinus 
paitrsfris (Pinareael (4). 

Comparison of the sample spectra (111, PMR, and mass) with literature 
values (1 ,3)  for wikstromol and nortrachelogenin and comparison of the 
sample's physical constants with those of these two lignans (Table I) 

I M' foelido var. oahurnsis and W .  uua-urst were collected in Hawaii in Sep- 
temher I975 and March 1973, respectively. Identification was confirmed by Dr. 
liohert E. Perdue, J r . ,  Medicinal Plant Resources Laboratory, U.S. Department 
o f  Agriculture. Bethesda, Md. Reference specimens are maintained by the De- 
pa;tmenl of Agriculture. 

~ Of the Drug Evaluation Branch, Drug Research and Development, Division 
of Cancer Treatment. National Cancer Institute, Nstiona) Institutes of Health, 
Hethesda. Md. 

suggested that  it was wikstromol. Confirmation was by direct comparison 
o f  authentic spectra3 (1K and P M R )  and of the  sample:3 of the  nortra- 
chelogenin dimethyl ether with the study sample dimethyl ether. T h e  
spectra were identical, and T I L  behaviors were indistinguishahle. Un- 
I'ortunately, t h e  study sample could not he made to  crystallize, and an 
authent ic  sample of wikstromol, or its dimethyl ether, was unobtain- 
ahle. 

In addition to the  PS-active wikstromol, three inactive compounds 
were isolated from hoth W. foetida var. oahuensis and W. uua-ursi. These 
compounds were daphnoretin (I l l ) ,  pinoresinol ( IV) ,  and syringaresinol 
(V) .  In each case, identity was confirmed by cornparison wit.h authentic 
specimens4. 

Wikstromol (I)  demonstrated activitiesof 154, 146,137,141, and 13W 
test/control ( T K )  a t  does of 16 ,10 ,4 ,2 ,  and 1 mg/kg, respectively. Ac- 
tivity in the  PS test system is defined a s  an increase in the  survival of 
treated animals over that of control animals resulting in a T / C  2 
1 : 3 0 @ .  

EXPERIMENTAL6 

Wikstromol was isolated similarly from W. foetida var. oahuensis and 
W uua-ursr. T h e  procedure for isolation from the  former follows. 

Whole W. foetida var. oahuensis plants were ground in a Wiley mill 
and  stored a t  -10" prior to  extraction. T h e  ground material (9 kg) was 
exhaustively extracted in a Lloyd-type extractor with petroleum ether 

The authors are indebted to Prof. Dr. Sansei Nishihe, Department of Phar- 
macognosy, Higashi Nippon Gakuen University, Ishikari-Tobetsu, Hokkaido. 
J a  an, for s ectra and sample of nortrachelogenin dimethyl ether. 

aThe autRors thank Prof. Dr. G. Legler, Institute fur Biochemie der Universitat 
Koln, Germany, for sample of daphnoretin. They are grateful also to Dr. Cornelius 
Steelink, Department of Chemistry. University of Arizona, Tucson, A r k ,  for 
specimens of pinoresinol and syringaresinol. 

f, John D. Douros, Natural Products Branch, National Cancer Institute, Bethesda, 
Md., ersonal communication, Sept. 1977. 

JePelting points were determined on a Kofler hot-stage apparatus and are un- 
corrected. IR and mass spectra were recorded on a Beckman 1R-33 and Hewlett- 
Packard quadrupole spectrometer (model 4930). respectively. PMR spectra were 
recorded on Varian T-60 and EM-3601, spertrometers, and optical rotations were 
taken on a Perkin-Elmer model 241 MC polarimeter. 
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