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FBANKMFELD. FULLER. AND WODES 406 

f i v e  minutes or less. The uptake of drug -8 found t o  ba d i f f u s i o n  

l imi t ed  and t o  fo l low f i r s t  o r d e r  k i n e t i c s .  

phase of  t h e  ncllbrane is t h e  most important  rate de te rmin ing  parameter.  

The v i s c o s i t y  of  t h e  o i l  

Poisonins  f a t a l i t i e s  account for Xi of a l l  a c c i d e n t a l  dea ths  

and 267. of  a11 s u i c i d e s  in t he  United S t a t e s  (1). Recent estimates of 

1) t o  20 non-fatal  s u i c i d e s  f o r  each  s u c c e s s f u l  attempt sugges t  t h a t  

the t o t a l  number of such poisonings are i n  excess  of  one m i l l i o n  p e r  

year  (2 ) .  me d a t a  a v a i l a b l e  for 1968 i m p l i c a t e s  t h e  b a r b i t u r a t e s  i n  752 

of s u i c i d e s  by drugs or 50% of a11  s u i c i d e s  by chemicals  (1 ) .  

s a l i c y l a t r s  have k c n  e s t a b l i s h e d  as t h e  p r i n c i p a l  agen t  i n  a c c i d e n t a l  

poisoning but  u n l i k e  t h e  b 8 r b i t u r o t e s  they do  not  r e p r e s e n t  a nujor 

cause of dea th  (3) .  A l a r g e  percentage of  a c c i d e n t a l  poisonings involve 

c h i l d r e n  under the age of f i v e .  

because of i ts  ready a v a i l a b i l i t y .  The i d e n t i f i c a t i o n  of t h i s  hazard 

The 

Many of t h e s e a a r e  caused by a s p i r i n  

and rubseqwnc coun te r  awasures (smaller package size and "ch i ld  proof" 

c losu res )  have r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  chi ldhood f a t a l i t i e s .  

Hcvertheless ,  t h i s  ranuins  a s i g n i f i c a n t  problem with regard co  non- fa t a l  

po L s oning . 
The p resen t  modes L emergency f r e a t m n t  are aimed a t  removal 

of t he  drug Erom t h e  body by one of  t vo  gene ra l  methods: 

(A) lnvasive.  e.g. p e r i t o n e a l  d i a l y s i s ,  a technique of l i m i t e d  

r f f i c t e n c y  vh ich  is both expensive and sometimes hazardous.  

( b )  Noninvasive. e.g. i n g e s t i o n  of absorbancs such as a c t i v a t e d  

cha rcoa l  or a d m i n i s t r a t i o n  of emetics. 

These methods of l imi t ed  e f f e c t i v e n e s s  for some drugs.  c o n t r a d i c t e d  i n  

inany i n s t a n c e s  and unpleasant  i n  t h c  extreme. 
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LIQUID HMBRANES FOR DRUG OVERDOSE 407 

Liquid membraner which were Invented by Li In 1966 (4) a r e  water- 

in-oi l - in-uatar  canrlstonr whfch have been ured f o r  removal of toxin. from 

body fluid. and have been auggeated as agenta f o r  the a l w  releare of 

encapsulated drug. (drug del ivery)  under p h y a l o l o ~ l c a l  conditionr ( 6 ) .  

O m  experience v i t h  l iquid mmbranea ruggrstr  thcy MY a l r o  be v a l w b l r  

as a l t e r n a t i v e  lpathodr f o r  the emrgency t r a a t r n t  of drug overdose. This 

paper dercribea the  ra r iocule  f o r  t h i r  aaaertioa aa well aa the r e r u l t r  

of aoIy  preliminary i n  v i t r o  axpwimenta in the  removal of rodel d m g r  

from variour donor ryatepr. 

MATERIALS AND METHODS 

Tvo oil. vere ured aa the  d i luent  f o r  the acdrane phaae, 

Solvent 100 Neutral (SlOON) an i roparaf f in ic ,  deuued  o i l  of r e l a t i v e l y  

high v iscos i ty  and Norpar-13, a non-viscour, norm1 paraf f in ic  solvent. 

The v i s c o r i t y  of the morbrane foraulat ionr  war adjur ted by mixing the 

two ro lvent r ;  the more Norpar-13 the  lear  v l a c w o  the Irabrarw. The 

sur fac tan t  aaed was ENJ-3029, a proprietary c r u l r l f l e r  of the polyamina 

type. 

(pH - 2.0), sodium and pocaaaium phorphate (pH - 7.0), NaOH-KC1- boric  

acid (pH - 8.0) and tr i  and di-sodium phosphate (pH - 12.0) type were 

emp 1 oyed . 

Standard buffer  ro lu t lonr  of the blphthalate-phorphorlc acid 

The equipmnt  ured war q u i t e  rimple, consirtlng of a mixer 

and stirrer. The elpllrlonr ware made up by adding, dropwire, the reagent 

t o  be encapaulatrd t o  a rapidly at i rred  ro lu t lon  of the e u l a i f i e r  In 

the o i l  mixture. The r e r u l t i n g  -1aionr uere contacted by slow rtirring 

a t  room temperature v i t h  an equal quant i ty  of donor rolut iona conrlsting 

of 0.60 g / l  of phenobarbital or 1.0 g/1 of a c e t y l r a l i c y l l c  ac ld  In pH 2.0 

o r  p~ 7.0 buffer  rolut lonr .  The u p t a b  of drug vaa monitored by 
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408 PIUNltENpELD, FILLER. AND RHODES 

armlyzing the donor phaae for phenobarb i t a l  (260 nn) or a c e t y l s a l i c y l i c  

(260 nm and 278 rim) using a Beckman DB W Spectrophocomater.  

RESULTS AND DISCUSSION 

Th. Liquid ktembrane Concept. A a c h c u t i c  diagram of  a l i q u i d  

Pubrrnr (IA) globuh is shGm i n  Figuru 1. "he exaqle a h o m  i a  an 

aqueara base- in-oi l  a y a t r  vhlch can k used to  rewve a c i d i c  drugs 

such aa b 8 r b i t u r a t e a  and s a l i c y h t e a .  T h  un ion ized  drug, h8vtng 

significant o i l  a o l u b i l i t y ,  perrates from th. aqruow donor phase 

through t h e  o i l  r d r a n e  into the b a a i c  innor phaae *re i t  is t r apped  

in thr form of  an o i l - i n s o l u b l e  anion. In a c t u a l  p r a c t i c e  t h e  emulsion 

can abaocb t h e  drug from either t h e  s t o v c h  or small i n t e s t i n e .  A f t e r  

A s h o r t  r e s idence  ti- the eaJlsion vould be voided frop t h e  g a s t r o -  

t n t e s t i n a l  t r a c t  atrilar t o  mineral o i l ,  c a w i n g  t he  absorbed drug 

along v i t h  it. 

Although t h e  ex .Pp le . sham is r e s t r i c t e d  t o  one method of  

drug b ind ing  (pH c o n t r o l )  a v a r l e t y  o f  o t h e r  t r a p p i n g  agen t8  are p o s s i b l e ,  

s m e  very general and s o m  lit. s p e c i f i c  f o r  va r ioua  drug types. mese 

a l t e r n a t e  bindlng agents include:  (a )  p l a a p .  p r o t e i n s  ( b )  a c t i v a t e d  

cha rcoa l  and (c)  s p e c i f i c  drug an t ibod ie s .  In a d d i t i o n ,  a d d i t i v e s  

m y  be i nco rpora t ed  i n  t h e  oil phaae of  t he  mambrane t o  enhance s o l u b i l i t y  

4nd d i f f u s i o n  r aces .  For example, NO3- and an ions  which cannot 

normally pe-ate through o i l  mmbranes, have been s u c c e s s f u l l y  removed 

from aqueous s o l u t i o n s  by i n c o r p o r a t l n g  an a p p r o p r i a t e  anion t r a n s p o r t  

f a c i l i t a t o r  ( 7 ' 8 ) .  

The emlsionr prepared as desc r ibed  above are n e a r l y  c o l o r l r s s  

and have the  cons i s t ency  of a milk shake. 

fed t o  dogs v i t h  no apparent  i l l  e f f e c t s  ( 5 ) .  The membranes could be 

adminis tered orally or, t o  couutose p a t i e n t s ,  v i t h  t h e  a i d  of s t w o c h  

They have been success fu lLy  D
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LIQUID MmRANES FOR DRUG OVERDOSE 

SURFACTANT 

--0 
Hydrophobic- Hydroph I l i c  

D O N O H  PHASE 

FICURE 1 

Schematic Diagram of Liquid Membrane Syatem For Drug Reloval 

tubes. Use of s t o u c h  tubes w u l d  also a l l w  the device t o  be del ivered 

d i r e c t l y  t o  the  savll in tea t ine .  

The r e s u l t a  of i n  v f t r o  l iqu id  membrane ex t rac t ion  s tudiea using 

phenobarbital  end a c e t y l s a l i c y l i c  acid aa d e 1  drugs are given f n  

Figures 2-5. 

th ree  d i f f e r e n t  membrane f o r u l a t i o n a  a11 v i t h  0.lN NaOH as the  i n t e r n a l  

t rapping agent. 

f r m  the donor phase i n  five mlnutea a t  treat ratio (au ls ion/donor)  

of 1/1. Essentially a11 of the  drug vaa removed i n  10 d n u t e a .  The 

th ree  f o r n r l a t i o n s  r h a m  d i f f e r  la rge ly  i n  v i a e o a l g .  Thr a r e  "Norpar** 

t h e  less viacoua tha aclbrane and the more rap id  the abaorption of the  

drug. 

Figure 2 ahcur e x t r a c t i o n  curvea for phenobarbital  with 

I n  t h e  most favorable caae 952 of the drug waa removed 

The s t a b i l i t y  of the rmbrane  toward rupture  and lealuge, however, 
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2 4 6 0 10 

CONTACT TIHE (UINliiES) 

FIGURE 2 

Effect of Uembranq Vlscoeity on Removal of Phe'nobarbitrl From pH 2 Donor 

increaees with viscoaity.  Formilations containing more than 501. "Norpar" 

were found t o  be too unetabla €or use under the conditions of the t e s t .  

The e f f e c t  of donor pH on extraction ef f ic iency  i s  i l lustraced 

by the curves i n  Figure 3.  A expected €or a weak acid, phenobarbital 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LIQUID MMBRANES FOR DRUG OVERDOSE 

0-75 I OI-IOPH 7; nambrane: 100% SlWN 

-0PH 7; Membran8: 50% Norpar 13 

V-O-V PH 2; Membrane: 100% SlOON 

A-~PH 2; Mmbrane: 5oX Norpar 13 

- 
-03  - 

2 4 6 8 1 

CONUCT T m  (HINLITES) 

FIGURE 3 

Uptaka of Phenobarbital From Various Donor Solut ions 

(pKa - 7.3) La extracted less rap id ly  from the pH 7 donor than at  pH 

411 

Neverth81e11, about 85% of the drug is rewvrd  in five minutes and rom 

than 95% in Ken minutes even a t  pH 7. 

viscoslry is accentuated a t  t h e  higher pH; a five-fold increase in 

rate is observed by adding 50% " N o r p d '  t o  the  ocmbrane system. 

The e f f e c t  of r8duced -&ran8 
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412 P-FELD. NLLElt, APiD RHODES 

The upcab of acecylraltcylic acid from an acidic donor solution 

l a  rhovn in Figure 6. 

phenobarbital under coqrrable conditions. A n  iqrw.mant of sotm ten-fold 

"his drug is extracted rlightly more rapidly than 

1.0 

9.0 

CONTACT TIRE (HINUTES) 

FIGURE 4 

Upcake of ACetyhaliCyliC Acid From pH 2 Donor; 
0.1N NaGif) Effect of Membrane Viscosity (Trapping Agent: 
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LIQUID -BANES TOR DRUG OVERDOSE 

i n  ex t rac t ion  r a t e  f o r  a c e t y l s a l i c y l i c  acid i r  achieved by adding 50% 

“Nbwar” t o  the fornulation. 

i n r c n s l t l v e  t o  the bare  s t rength of  the trapping agent. 

by the ex t rac t ion  curver i n  Figure 5. 

(represented by 0.1N NaOH) has only a minor e f f e c t  on e f f ic iency  of 

extract ion.  The mbranes shown i n  Figure 5 contained 15% ”Norpar” 

t o  reduce viscosi ty .  

and rapid ex t rac t ion  r a t e r  f o r  a c e t y l r a l i c y l i c  acid. 

113 

On the  o ther  hand, the r a t e  is  q u i t e  

This is i l l u s t r a t e d  

An increase i n  pR f r a  8 t o  13 

Thir reprerents  a ~ 0 0 d  c o q r a i r e  i n  s t a b i l i t y  

CONTACT TIME ( H 1 ” E S )  

FIGURE 5 

Effect  of Base s t rength  on Efficiency of h a p p i n g  A c a t y l r d i c y l i c  Acid 
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411 FRILWLEHPPS. FULL=. AND RHODES 

Thm unique advantage of the l iqu id  a r m b r a n  concept is also 

i l l u s t r a t e d  by the curves i n  Figure 5. 

a ombran f o r m l a t i o n  containing no encapsulated t rapplng agent. I n  

t h i a  a a e ,  the d r u s  i r  rap id ly  oxt rac ted  from the  donor phase u n t i l  8 

concentration of about 700 ql/l i r  re8ch.d a t  which point  no -re is removed. 

Thia repreaontr  the e q u i l l b r i r n  p a r t i t i o n i n g  of  the  drug betvaen the  

aqueow (donor) .nd oil pha8.S. I f  an loterm1 drug rink is provided, 

ea in tha o t h r  curves i n  Figure 5, the e q u i l i b r i u  is upset  and e s s e n t i a l l y  

a11 the drug u n  be abmorbad. 

The top curve was obtained wfth 

Reaction Klneticr.The r e a u l t a  discuaaed above ind ica te  t h a t , a l t h o u g  

the capecl ty  of the  l lqu ld  =&ran system is l imited by the e f f i c i e n c y  

of the t rapping agent, the r.ra o€ drug removal is dependent on the 

rate of di f fus ion  through the ombran. In general ,  tba thinner  and less 

v iacar r  the rmbrme the more rapid t h e  uptaka. Cahn and Li have discussed 

the reac t ion  k ine t ica  f o r  non-faci l i ta ted transport through l iqu id  

Pcabranes ( 9 ) .  Iha f i r s t  order  rate equation f o r  a non-continuous 

procear has the form: 

In - kp (VE/VD)t c out 
(Eqn. 1) 

where: C i n  - Concentration of drug in donor a t  s tar t  

C out - Concentration of drug a f t e r  treatmcnt 

k - Permeation r a t e  conatant P 
VE/VD Treat  rat io  

t - Contact t i n m  

Semi-log p l o t s  f o r  so- of the  i n  vitro ext rac t ion  d a t a  a r e  shown for 

phenobarbital i n  Figure 6 and a c e t y l s a l i c y l i c  acid in Figure 7 .  Good 

f i r s t  order  p l o c s  are obtained, a t  l e a s t  for  the range of concentrat ions 

s tudied.  Some f i r s t  order  r a t e  constants. 5, f o r  ex t rac t ion  of these 
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LIQUID FOR DRUG OVERDOSE 4 15 

4 8 12 16 20 24 28 

CONTACT TXm (I(INuIzS) 

MGURE 6 

First Order Plot of Uptake of Phenobarbital P r m  pH 2 Donor Solution 

drugr w e r  variour time interrals are given in Table 1. 

constanti in both carer are quite conairtent w a r  the range of concentrations 

rtudied. 

that of phenobarbital by more than a factor of tvo. 

illurtrated by the data rhom in Table 2. 

151. rate 

The extraction rate for acetylmalicylic acid vmr greater than 

Thir i r  alro 

l lm wre acidic acetylralicylic 
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500 

loo 

50 

10 

5 

I 1 1 1 1 1 1 1 1 1 1 1 1 1  

2 4 6 8 10 12 14 

CONTACT TIME (MINUTES) 

FIGURE 7 

First Order Plot o f  Upcaka of Acetylsalicylic Acid From pH 2 Donor s o i ~ c i o n  

acid is extracted more rapidly by a11 membrane forrmlationr. However, 

the difference Ls -re merlrad v i th  the more viscous formulations where 

the rates for both drugs are lower. Addition of SO% of the less viscous 

solvent, Norpar-13, to the meobrane enhances the rate of removal of 

phenoberbital by nearly s ix  fold a d  that of acetyLsalfcylic.acid by more 
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TABLE 1 

FIRST ORDER RATE CONSTANTS FOR UPTAKE 
OF DRUGS PROn RH 2 DONOR SOKITIONS* 

"p Ti- Interval c i n k  out 
Model Dmg (Pin) t ( P i n 1  (DPdPmP) (Pin-1) 

Phenobarbital 0-5 5 600/260 0.15 
0-7 7 6001245 0.12 
0-10 10 600/150 0.u 
5-15 10 260175. 0.11 

0-3 3 1000/250 0.42 
0-5 5 1000/130 0.37 
0-7 7 1000/40 0.42 
3 -7 4 250/40 0.42 
0-10 ' 10 1 ~ / 1 0  0.42 

Ace tyral  icy l l c  
Acid 

* Calculated from equation 1; VE/W - 1.10; mmbruu: 832 S-1OON, 
157. Norpar-13, 2% surfactant. 

TABLE 2 

AVERAGE RATE CONSTANTS F(IR UPTAKE OF MODEL 
DRUGS FRCM PW 2 DONOR sISl 'R4S USING VARIOUS lfE€!BRANE FoiuQlu TIONS (11 

D N g  Hembrane (2) - VE/W kn (rin'lr 

Phenobarbital 98x 5-10011 0.910 0.09 

8% s-1ooN 0.910 0.14 
15% Norpar-13 

73% s-loow 0.890 0.41 
25% Norpar-13 

48% s-1ooN 0.886 0.51 
50% Norpar-13 

ACetylBallCyliC 98% S - 1 m  0.910 0.18 

83% s-loow 0.910 0.39 
15% Norpar-13 

48% S-100N 0.886 0.62 

Acid 

Norpar-13 

(1) 
(2 )  

Determined graphically f r a  f irrt  order plots. 
Each foraulrtion contained No percent Burfactant. 
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418 -, FULLER, AND WODES 

than three fold. 

11 only one of the var iab les  chat  a f f e c t  the p e r n a t i o n  rate. 

c ~ ~ . r a t u r e ,  e u l s l o d d o n o r  ratio, mixing e f f i c i e n c y  and mpbrane thickness. 

It  should be noted that t h e  vlscosley of the  ummbrane 

Others a r e  

Tha results of t h s a  p r m l l d n u y  in v i t r o  rtudier ind ica te  

ch~t l iqu id  Il.lbr-0 are u p a b l e  of rapld up- of model drugr from 

v a r i o w  doaor system. 

phanobarbltal 1s ramovmd in f i v e  rinueas. 

extracted s l i % c l y  fas te r .  T l u  s y s t u  fol lova f i r s t  order  k ine t ics  

v i t h  the major rate d e t e d ’ n l n g  p a r u t e r  the v i s c o s i t y  of the oil used 

i n  mmbrlru Eorulatioa. 

of f i v e  fold can be achieved by bolng LO less viscous formulations. 

Hmmver, s t a b l l l t y  of tb. pabra- toward rupture  and leakage is 

adversely a f fec ted  by mducing viscos i ty .  

Wer favorable coditions up t o  95% of 

ACetylsdlCyllC acid is 

A n  increase la perpaatlon r a t e  l n  excess 

Additional l n  vitro vork is planued t o  optimize mambrane 

collporltion. 

hopefully, foll-d by c l i n i c a l  t r i a l a  t o  e s t a b l i s h  t h e  s a f e t y  and 

ef f icacy  of the l iquid d r a m  concept in h u y n s .  

This vill be followed by i n  vlvo studies t n  t e s t  animels, 

The authors wish t o  express  t h e i r  appreciat ion t o  D r .  Norman L i  

for a id  i n  devetoplng the mmbrane formslations end t o  Dr. U. K. Robbins 

f o r  advice on a n a l y t l c a l  procedures. 

was provided by nr. R. L. Bruncati. 

F p e r t  non-technical ass i s tance  
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