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&4Es_c4: 
Comparably viscous noaionic and anionic  gum dispersions 

were found t o  vary i n  t h e i r  e f f e c t  on s a l i c y l a t e  d i a l y s i s  

through a semipermeable membrane. The ur inary  recovery r o t e  of 

unchangea s a l i c y l a t e  was a f f ec t ed  by the  coadministration of 

gums. Methylcellulose 4000 lowered the  r a t e  of excretion 

whereas sodium carboxymethylcellulose increased the rate. 

Jntroauct ion 

Gums a r e  used a s  granulhting agents  i n  the  formulation 

of  t a b l e t s  ana a s  v i scos i ty  enhancers i n  o r a l  l i q u i c  preparations.  

E a r l i e r  i nves t iga to r s  have described the e f f e c t s  of suclr agents  on 

dru& a i s so lu t ion ,  Oialys is  ancc absorption. Thus Higuchi and hi5 
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b4 BACHYNSKY ET AL. 

assoc ih t r s  (1) reported t h a t  soaium carboxyruethylcrllulose and 

sodium polyacrylate  enhanced the  a i a l y s i s  r a t e  of sodium s a l i c y l -  

a t e  mu p o t h s s i m  benzylpenic i l l lna te  through cellopnane. 

Wurster and Taylor (2) reported tha t  an increase  i n  v i scos i ty  

will r e s u l t  i n  a decrease i n  the r a t e  of d i s so lu t ion  and 

absorption of a dru(: molecule. Psdman a. (3) showed t h a t  the 

a i a l y s i s  ra te  of r aa ioac t lve  iodide was retart ied i n  the presence 

of suspenaing agents. Lamy e t  a&. (4) reported that the v i scos i ty  

of sodium carboxymethylcellulose so lu t ions  accountea for the  

depressed r a t e  of arug t r a n s f e r  I n  an i n  v i t r o  moael. 

H e w i t t  and Levy (5) ooserved t h a t  t n e  r a t e  and ex ten t  of 

tiiiamin and r ibo f l av in  absorpt ion were not  s i g n i f i c a n t l y  a l t e r e d  

by methylcellulose.  Levy and Rao (6) repor tea  tha t  the  o r a l  

absorption of riboflavin-5c-phosphate was increased s i g n i f i c a n t l y  

i f  25 sodium a l g i n a t s  was incluaed i n  the aqueous so lu t ion .  

Davison g& 3A. (7) aewonstrated t h a t  2% methylcel lulose delayed 

the o r a l  absorpt ion of sodium s a l i c y l a t e .  Levy &nu Jusko (8) 

reported that methylcel lulose reduced the absorpt ion of e thanol  

a.nci s a l i c y l i c  acid i n  r a t s .  

In t h i s  paper  I s  presented: (1) t he  e f f e c t  of se lec ted  

nonionic and anionic  gum dispers ions  on the  a i a l y s i s  r a t e  

of s r l i c y l a t e  through a cellophane membrane; and (11) hunian 

ur inary excre t ion  r a t e s  of s a l i c y l a t e  a f t e r  inges t ion  of 

aqueous a i spe r s ions  containing these gums. 

Ther imen t a l  

materials- The chemicals used were obtained from 

commercial sources: sodium s a l i c y l a t e  (U.S.P.) ’, 
methylcel lulose 400 (Premium Grade)a ( I ) ,  methylcel lulose 
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EFFECT OF GlR4 ON SALIclUTE DIALYSIS 

4000 (Prerium Grade) (11), maroxypropyl methylcellulose 

(Premium Grade) 

(Premium Grade) (IV), carboxymethyl hydroxyethylcel lulosee 

(V) , hyaroxypropylcellulose (Food Grade) , (VI), 

hyaroxyethylcellulose (VII) , NaCl (Reagent Grade) , 
potassium phosphate, monobasic (Reagent Grade) , mercuric 

ch lor ide  (N.F.) , hydrochloric ac id  (Reagent Graae) . 

65 
5 

4 
(111) , sodium carboxymethylcellulose 

6 

7 

0 

0 

10 0 

Pr-aration of the  2% ( d v )  Gum D i  sDersions- Aqueous 

a i s p r r s i o n s  or methylcellulose (Yethocel MC 400 and 4000) 

were prepared according t o  the  hot  methoa described in the  

manufacturer‘s product manual . The aqueous d ispers ions  of 

the  remaining gums were maoe by a i sso lv ing  the  powder i n  
ia 

cola  d i s t i l l e d  water with the  aia of a Waring Blenaor . The 

time and in t ens i ty  of mixing were kept  constant  for a l l  

so lu t ions  prepared. V i scos i t i e s  were determined with the  

Brookfield Viscometer (Model LVF)”, using a No. 3 sp indle  

a t  60 r.p.m. The v i s c o s i t i e s  of a l l  t he  gum d ispers ions  

were 400 cps 

vrhicb was 4000 cps t 10%. 

11 

10% with the exception of Yethocel YC 4000 

ulatad Gas t ro in t e s t ina l  FI. uids- Simulated Gas t r i c  

Fluid (SGF) and Simulated I n t e s t i n a l  Fluid (SIF) were 

preparea according t o  U.S.P. XVIII (9). In these s t u a i e s  

the  enzyme component f o r  each of these so lu t ions  was omitted. 

is  Procedure- The apparatus  consis ted of a 250-ml. 

graduatea cyl inder  which served a s  an outer  vesse l  ana a 

tubular  u i a l y s i s  membrane 203 mm. lung and 19 mm. i n  diameter. 

The lower ena of the d i a lyze r  bag was sealed by in se r t ing  a 

cy l ind r i ca l  Teflon block, 14 mm. high, insicre the d i a l y s i s  tube. 

A t i g h t  f i t  was InsureU by clamping an 0 r ing  on the outside.  

14 
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BACBYNSKY ET AL. 66 

The upper end of the  tubing was at tached t o  a Teflon r ing  14 mm. 

Ugh. This i n  turn was connected by a piece of wire t o  the  arm 

of the cam-shaft motor u n i t  of a U.S.P. Dis in tegra t ion  Test 

Apparatus. A Yagni-Whirl Constant Temperature Bath was used t o  

maintain the temperature a t  37. f 1.C. The d ia lyz ing  bdg wos 

ra ised and lowered 32 times per minute. 

l b  

One hundred and f i f t y  m l .  of SIP was placed i n  the 250-ml. 

cyl inder  (outs ide  compartment). Five m1. of a gum dispers ion  

containing 340 mg. of sodium s a l i c y l a t e  was added t o  15 m l .  of 

SGF ins ide  the  cellophane bag. Five m l .  samples were withdrawn 

from the  ou t s ide  compartment a t  spec i f ied  time in t e rva l s .  The 

t o t a l  volume was kept cons tan t  by the  add i t ion  of 5 m l .  of SIF 

t o  the outs ide  compartment. 

Al te rna t ive ly  20 m l .  of gum dispers ion  containing 

340 mg. of s o a i u  s a l i c y l a t e  and s u f f i c i e n t  concentrated 

hydrochloric ac id  t o  adjust the pH t o  1.2 was placed i n s i a e  

the cellophane bag. Sampling of t he  outs ide  compartment a t  

spec i f ied  t i m e  i n t e r v a l s  was conaucted as aescr ibed  above. 

The concentrat ion of dialyzed s a l i c y l a t e  i n  the  outs ide  

compartment was determined by the  use of a Coleman Hitachi 124 

Double Beam Spectrophotometer 

TO account f o r  the  sample t h a t  was witharawn, a cumulative 

cor rec t ion  was made f o r  t he  previously removed samples i n  

determining the  t o t a l  amount dissolved.by using the  formula 

reported by Wurster and Taylor ( lo) :  

l b  
a t  a wavelength of 296.5 nm. 

n = l  

Ct  = Ct  meas. 5/170 5- (cs meas.) 
s = l  

C t  meas. denotes the  spectrophotometr ical ly  measured concentra- 

t ion,  while Ct  is the  cor rec ted  concentrat ion of t h e  nth samplini 
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67 EFFEZT OF Cvn ON SALICYUTE DIALYSIS 

expected i n  the  medium if previous samples had not  been 

removed. C, meas. i s  the  uncorrected concentration of t h e  n-1 

previous uncorrecteQ Sample reaaings. Five ml.UaS t he  volume of 

outs ide compartment f l u i d  witharan, a t  spec i f ied  time i n t e r v a l s  

and 170 m1,w.i the  t o t a l  number of m i l l i l i t e r s  present  i n s ide  and 

outs ide the  bag. 

g r ina rv  Excr e t ion  stud- - Pour heal thy adu l t s  emptied t h e i r  

bladders of urine t h a t  was used as a blank and then drank a 

g l a s s  of rater.  One hour la ter  340 mg. of s o d i m  s a l i c y l a t e  

dissolved in 20 m1. of aqueous gum dispersion was taken o r a l l y  

followed by a second glass of water. Breakfast  was eaten one 

hour l a t e r .  Urine co l l ec t ions  were made a t  1, 2, 4, 6 and 8 

hours. Pooled samples of urine were then taken for the  following 

time in te rva ls :  8-24, 24-20 and 3648 hours. A 1 1  u r ine  samples 

were s tored  in the  r e f r i g e r a t o r  un t i l  the  last pooled samples 

were co l lec ted .  Unchanged s a l i c y l a t e  i n  the ur ine was assayed 

according t o  the  methoQ of Trinder (11). 

Results and Discussion 

Figure 1 i l l u s t r a t e s  t h e  e f f ec t  on s a l i c y l a t e  d i a l y s i s  a f t e r  

the ada i t i on  of 5 ml of 25 gum dispersion and 340 mg of sodium 

s a l i c y l a t e  t o  15 m l  of S.G.F. i n  the cellophane bag. After 

admixture the  gum prec ip i ta ted  anQ s a l i c y l i c  acid Crys ta l l ized  

out  of solut ion.  As movement of SIF i n t o  the ins iae  compartment 

proceeded, a rise In pH and viscos i ty  anu gradual d i s so lu t ion  of 

s a l i c y l i c  acid c r y s t a l s  resu l ted ,  

All of the guns caused a r e t s rda t ion  in s a l i c y l a t e  a i a l y s i s  

r a t e  wnen compsrca w i t h  tne control .  Unexpectedly dluthylcellulose 

4000 had t h e  l e a s t  i nn ib i to ry  e f f e c t  on the r a t e  of d i a l y s i s  
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6a BACHYNSKY ET AL. 

(Figure 1, Line 8 ) .  A poss ib le  explanation is t h a t  under the con- 

d i t i o n s  of the a i a l y t i c  proceaure, rehydrat ion of the prec ip i ta ted  

methylcellulose of much higher molecular weight i s  less e f f i c i en t .  

Such i n e f f i c i e n t  red ispers ion  of the  gum would pe rmi t  more rapid 

a i a l y s i s  of sa l i cy la t e .  

Soaium carborymethylcellulose was next  i n  order  (Figure 1, 

Line 4 ) .  The Donnan Membrane Equilibrium is  the most l i k e l y  

explanation f o r  the d i a l y s i s  r a t e  observed with t h i s  anionic gun 

based on the  work of Higuchi (1). It  is of i n t e r e s t  t o  point  out 

t ha t  another anionic gum is next i n  order,  namely, carboxymethyl 

hydroxyethylcellulose (Figure 1, Line 5). 

Figure 2 i l l u s t r a t e s  the e f f e c t  on s a l i c y l a t e  d i a l y s i s  with 

20 m l  of ac id i f i ed  gum dispers ion  containing 540 mg of sodium 

s a l i c y l a t e  in  the in s ide  compartment and SIF on the outside.  This 

l a rge r  volume of guo dispers ion  was inves t iga ted  i n  v i t rQ  s ince 

it was intended t h a t  the  i n  VIVQ aose of 340 mg of. drug would b e  

contained i n  20 m l  of gum dispersion.  

Here again there was a v i scos i ty  drop (400 t o  10 cps; 

4000 t o  30 cps) and c r y s t a l l i z a t l o n  of s a l i c y l i c  acid.  As before 

the gum which retarded the d i a l y s i s  rate the  l e a s t  was methyl- 

ce l lu lose  4000 (Figure 2, Line 3). In add i t ion  sodium carboxy- 

methylcellulose ranked second. 

Some support  for the  idea of i n e f f i c i e n t  rehydration t o  

explain the  O a d  result with methylcellulose 4000 i s  afforded by 

the  data i n  Figure 3. In these d i a l y t i c  s tud ie s  20 m l  of gum 

aispers ion containing 340 mg of soaium sallcylate was placed in 

the bag ancI oialyzed again$t  SIF. Under these condi t ions ne i the r  

gum nor arug prec ip i t a t ion  occurred. The gun which retarded 

s a l i c y l a t e  a i a l y s i s  the  l e a s t  was sodium carboxymethylcellulose 
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72 BACHYNSKY ET AL. 

(Figure 3, Line 4) ,  followed by another anionic  gum, carboxymethyl- 

h ydroxyethylcellulose (Figure 3, Line 3. In t h i s  study methyl- 

ce l lu lose  400 and 4000 were most Inhibitory t o  s a l i c y l a t e  d i a l y s i s .  

Slope, k and t,, values for the l i n e s  i n  Figures 1, 2 and 3 

a r e  l i s t e d  i n  Table 1. 

Taole I. Slopes, k ana t,, values for t he  d i a l y s i s  of s a l i c y l i c  

ac id  and s a l i c y l a t e  I n  various gum vehic le  combinations. 

(F igu res  1, 2 and 3) 

Vehicle Combinations 
Slope of 
the  Line k (min-') t,,, (min.) 

15 m l .  SGF t 5 m l .  X(I)/SIF(o) 

15 m l .  SGF + 5 m l .  Xf(i)/SIF(o) 

15 nl. SGF + 5 m l .  III(I)/SIF(O) 

15 m l .  SGF + 5 m 1 .  IV(I)/SIF(o) 

15 m1. SGF + 5 m l .  V(i)/SIF(o) 

15 m l .  SGF t 5 m l .  VI(I) /SIF(o)  

15 m l .  SGF t 5 ml, VII(I)/SIF(o) 

15  m l .  SGF + 5 m l .  H,O(i)/SIF(o) 

20 m l .  YGF/sIF(o) 

20 m l .  I(pH 1.2)(I)/SIF(o) 

20 n i l .  II(pH 1.2) ( i ) /S fF(o )  

20 m l .  TV(pH 1.8) (i)/SIF(o) 

20 m l .  Y,O(i)/SIF(o) 

20 ml. I(I)/SIF(o) 

30 m l .  TI(l)/SIF(o) 

20 m l .  IV(i)/SIF(o) 

20 ml. V(i)/SLF{o) 

'20 m l .  VII(i)/SIF(o) 

-0.0071 

-0.0120 

-0.0073 

-0.0085 

-3.0082 

-0.9068 

-0.9066 

-0.3141 

-0.0100 

-0.9009 

-0.0023 

-0.3018 

-0.3160 

-0-r)026 

-0.0043 

-0.0064 

-3.9057 

-0.3056 

0.0163 

0.O870 

0.9170 

0. (3200 

0.9189 

0.0156 

0.9151 

0.0326 

0.3230 

0.0021 

0.0053 

0. 9042 

0.3369 

0.3059 

0.9100 

0.9147 

0.43132 

0.3129 

42.4 

25.7 

41.0 

35.5 

36.7 

44.3 

45.8 

21.3 

30.1 

331.1 

130.4 

165.5 

Id.  9 

113.2. 

63.5 

47.3 

52.5 

55.3 
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Figure 4 and Table XI present  the  urinary excret ion da ta  

following the o r a l  adminis t ra t ion of gum so lu t ions  contkininy 

sodium sa l i cy la t e .  Pats f o r  t he  24th, 86th and 48th hours r a r e  

not  incluaed s ince the urine s a l i c y l a t e  values f o r  the con t ro l  

and three  gum dispersions were simllar..The curves and tabulated 

data  revea l  the  following: 

(i) The Donnan e f f ec t  is  apparent & m. nus the f i r s t  

hours ur ine  contained 8.2 f 1.9% of the  aose when a vehicle  

~ 

I 2 3 4 5 6 7 8 

Hours 

Figure 4. Urinary Excretion Rate of Sa l i cy la t e  as a Function of' 
Time a f t e r  Oral Adalnis t ra t ion of Sodium Sal icy la te  
Dissolved in Kater m d  Aqueous Cum Dispersions. 

Kay: 1. Control 2. CellLlose Cum 7 Y J  3. Methocel LIC 400 
4. k t t o c e l  MC 4000. 
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Taole 11. Cwula t ive  Urinary Excretion of Sa l i cy la t e  as a 

Function of Time After the Oral Aaministration of 

Soaiur S a l l c y l a t e  (340 mg/20 m l .  of Solu t ion) .  

(Average of 4 sub jec t s  f s.D.) 

Cumulative Per Cvnt of tho Dose Excreted 

Time Me thoc e l  Yethocel 
water MC 400 MC 4000 CMC 

1 5.4 * 1.8 . 5.0 f 0.7 4.4 f 2.3 a.2 k 1.9 

2 14.9 2 3.9 14.3 t 3.1 9.5 t 1.8 16.5 f 2.5 

4 30.7 f 11.5 26.4 5 6.8 27.0 5 5.3 30.9 ? 2.9 

6 41.9 * 12.4 40.0 2 9.2 39.L 2 4.7 37.8 2 4.7 

8 46.9 f ia.6 45.3 2 a.8 46.3 2 5.7 43.5 f 2.7 

containing sodium carboxymethylctAlulose had been aaminis terea.  

only 5.4 f 1.13; of the  aose mas recovered a t  the  end of one hour 

a f t e r  the aqueous so lu t ion  of sodium s a l i c y l a t e  had been given. 

S t a t i s t i c a l  ana lys i s  of the  d a t a  revealed t h a t  t he  p robab i l i t y  

t h a t  & w i l l  be  within the limits of * 1.93 i s  between 0.9 t o  0.95. 

There was no s i g n i f i c a n t  d i f f e rence  between ur inary  recovery of 

s a l i c y l a t e  a t  the  end of the  f i r s t  hour for t he  methylcel lulose 

400 ana 4000 a s  compared with the  aqueous so lu t ion .  

(11) Me t hy lce l lu lose  4000 uelayed the  o r a l  absorpt ion of 

s a l i c y l a t e  since peak excre t ion  occurred a t  3.5 hours (Figure 4, 

curve 1). 

(iii) The areas under the  curves (Figure 4) and the cumulated 

s a l i c y l a t e  excre t ion  (Table 11) were s imi la r .  

Thus i t  has been shown t h a t  an an ionic  gum, such a s  soaium 

carboxyrnethylcellulose, i s  capable of acce le ra t ing  the  r a t e  of 

aosorption of' an anionic  arug, such a s  sodium sa l i cy la t e .  
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It i s  r ea l i zed  that i n  view of the complexity of the  

systems inves t iga ted  anti t he  l imi ted  number of cases  examined, 

ca re  must be exercisea i n  drawing firm conclusions from the  

r e s u l t s  presented. However, from t he  data generated, more de ta i l ed  

s t u d i e s  should e s t a b l i s h  the  s ign i f icance  of tho observations 

made. 
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MOTNOTES 

1. Mallinckrodt Chemical Works, St. Louls, Yo. 

2. Yethocel YC 400, D o w  Chemical Co. , Midland, Yich. 

3. Yethocel MC 4000, D o w  Chemical Co., Midland, Mlcb. 

4. Yethocel 65 HG 400, Dor Chemical Co., Midland, Yich. 

5 .  CHC-7 HF, Hercules, Inc., Wilmlngton, D e l .  

6. CMHEC-57 Y, Hercules, Inc., Wilmlngton, Del. 

7 ,  Klucel GF, Hercules, Inc., Wllmington, Del. 

8. Natrosol 250 J, Hercules, Inc., Wilmington, Del. 

9. J.T. Baker Chemical Co., Phi l l ipsburg,  N.J.  

10. Kerck k Co., Inc., Rahway, N.J. 

11. Yethocel Brochure, Dow Chemical Co., Mialana, Mich. 

12. Waring Products Division, N e w  Hartford, Conn. 

13. Brookfield Engineering Laboratories,  Inc., Stoughton, Moss. 

14. Fisher Seamless Cel lulose Dialyzing Tubing, Fisher 

15. Blue M E l e c t r i c  Co., Blue Island, Ill .  

16. Coleman Instruments Corp., Yaywood, Ill. 

S c i e n t i f i c  Co., Pit tsburgh,  Pa. 
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