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ABSTRACT 

The u t i l i t y  of the pe r i s t a l t i c  in vi t ro  assembly is  further 

demonstrated in a gastr ic  acid neutralization stutiy involving a 

l iquid antacid formulation, a placebo and a group of hyper- 

secretory subjects. 

assembly t o  simulate gastr ic  acid secretion and using d i lu te  

hydrochloric acid as the reaction medium, hydrogen ion concen- 

tration-time plots were obtained which were comparable t o  the i r  

in .vivo counterparts. 

By adding an acid delivery system t o  the 
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622 SIMMONS ET AL. 

INTRODUCTION 

The p red ic t ive  i n  vivo CaDability of the p e r i s t a l t i c  i n  

v i t r o  assembly has been demonstrated i n  a series of drug 

d i s so lu t ion  and absorption co r re l a t ion  s tud ie s  conducted on 

formulation var iables  and their  effect on drug r e l ease  

performance from t a b l e t s  o r  capsules. 

i n  v i t r o  i n  vivo correlat ions have been obtained t o  date  are:  

tolbutamide (1,2), meprobamate ( 3 ) ,  prednisone (4), ibuprofen 

(51, allopurinol (5), furosemide (6), carisoprodol (6), 

chlorpropamide ( 6 ) ,  haloperidol (6) and flurazepam (6). 

Drugs f o r  which excel lent  

The purpose o f  the present study was t o  broaden the scope o f  

the p e r i s t a l t i c  i n  v i t r o  assembly and extend the i n  v i t r o  i n  vivo 

co r re l a t ions  t o  include alumina and magnesia oral  suspensions 

whose i n  vivo response, i.e., e f f e c t  on g a s t r i c  a c i d i t y ,  is 

measurable d i r e c t l y  i n  the stomach. 

[H'] expressed as  mil l iequivalents  per l i t e r  (meq/L) following 

placebo and antacid administration were compared a t  f i f t e e n  

m i n u t e  i n t e r v a l s  during a two hour time period i n  a modified 

p e r i s t a l t i c  assembly and i n  a combined group o f  hypersecretory 

duodenal u l ce r  pa t i en t s  and normal volunteers. 

Hydrogen ion concentrations 

E XPER I MENTAL 

I n  Vivo Study1: 

F i v e  duodenal ulcer pa t i en t s  and three normal volunteers 

who had a peak output i n  response t o  pentagastr in  of g rea t e r  than 

I T h i s  study was performed by Dr. John S. Fordtran, Baylor School 
of Medicine, Dallas, Texas (see reference 8). 
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PERISTALTIC IN VITRO ASSEMBLY 623 

30 meq/L were selected for  the study. 

drugs  were ingested for  a t  l eas t  one week prior t o  the study. 

Informed consent was obtained from each subject. 

No gas t r ic  antisecretory 

After a f a s t  of 10 hours, the subjects were fed a standard 

meal consisting of f ive ounces of cooked ground steak, one piece 

of toas t  and butter and ten ounces of water. Each subject 

received on different  test days e i ther  30 mL of an antacid 

suspension formulation (200 mg each o f  aluminum and magnesium 

hydroxides and 25 mg of simethicone per 5 mL) or 10 ounces of 

water as placebo and adhered t o  the following regimen. The meal 

was consumed between 8 and 8:20 am. A t  8:30, a nasogastric tube 

was inserted into the stomach under  fluoroscopic control. A t  

8:59, a sample of gas t r ic  contents was removed, the  pH 

determined and the sample returned t o  the stomach. A t  9 am o r  

approximately one hour a f t e r  the s t a r t  of the meal, the 

medication was administered. 

immediately fo r  pH and then returned t o  the stomach via the naso- 

gas t r i c  tube. pH values for each sample were transformed t o  [H+] 

according t o  the method of Moore and Scarlata (7) .  

presented graphically i n  Figure 1. 

I n  Vitro Study 

Equipment and Materials 

1. 

2. 

3. 

Each gas t r ic  sample was analyzed 

Results are 

Pe r i s t a l t i c  in v i t ro  assembly (1) 

Two-speed proportioning pump2 (AA/I autoanalyzer). 

SMA flow rated tygon pump tubings2, delivery rate 1.0 

mL/min .  - P/N 116-0549-P11. 
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624 SIMMONS ET AL. 
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Figure I :  Hydrogen ion concentration versus time plots  f o r  
placebo and antacid: - i n  v i t ro ,  --- i n  vivo 

4. 

5. 

Tygon transmission tubing2, P I N  116-0528-Pol. 

Polyethylene p las t ic  nipples2, double end, N9, P I N  

116-0010-Pol. 

6. 

7. 

8. Disposable 50 lambda pipets3. 

Accumet pH meter3, model 291. 

Laboratory combination pH electrode4, Futura s t y l e  # 39503. 

Technicon Instruments Corporation, Terrytown, NY 10591 
Fisher Sc ien t i f ic  Co. Ltd., Montreal, Quebec, H4P 2L4 

4 Beckman Instruments Inc., Fullerton, CA 92634 
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PERISTALTIC IN VITRO ASSEMBLY 625 

9. Stopwatch. 

10. Acculute5, concentrated hydrochloric acid for  dilution. 

As semb 1 y 

The pe r i s t a l t i c  in v i t ro  assembly i s  operated under the same 

conditions described previously (1) except t h a t  the reaction 

medium i s  hydrochloric acid (O.OlN, 800 I&). 

proportioning pump, two f l ow  rated pump tubings are secured in to  

the central  channels o f  the proportioning pump manifold. Each 

pump tubing i s  extended via nipple connectors w i t h  an inlet (54 

cm) and an out le t  (45 cm) transmission tubing .  

inserted a t  the exi t  points o f  the  out le t  tubings. 

the  two in l e t  tubings are  immersed i n  graduate cylinders (100 ml) 

containing 1N and 0.5 N hydrochloric acid. Flow ra tes  (0.95 

mL/min.) were determined prior t o  each run. 

solut ion which is not being used during the in v i t ro  procedure i s  

simply recycled back t o  i t s  container. The electrode i s  placed 

i n  the reaction medium so t h a t  i t  i s  positioned 6.5 cm from the 

bottom o f  the beaker and approximately 5 cm removed from the 

delivery pipet. The l a t t e r  i s  secured ver t ical ly  t o  the glass 

U-tube of t h e  pe r i s t a l t i c  apparatus with the t i p  approximately 

4.5 cm from the  surface of the medium. 

Procedure 

To the 

Lambda pipets are  

The ends of 

An acid delivery 

After the reaction medium (0.01N hydrochloric acid, 800 mL) 

and acid delivery solutions (0.5 N and 1.0 N) are  equilibrated t o  

Anachemia Chemicals Ltd., Montreal, Quebec, H8S 2T2 
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626 SIMMONS ET AL. 

37*C, the  electrode is  positioned in the medium and the pH meter 

and p e r i s t a l t i c  assembly are switched on. The system i s  allowed 

t o  s t a b i l i z e  fo r  a few minutes and the pH recorded. 

m i l l i l i t e r s  of the antacid formulation was added t o  the reaction 

medium and the proportioning pump turned on i m d i a t e l y  in order 

t o  i n i t i a t e  the 1 N acid delivery solution. 

the acid delivery solution i s  changed t o  0.5 N hydrochloric acid 

f o r  the duration of the experiment. 

u t i l i zed  i n  the absence o f  antacid (e.g., placebo) except that  

0.5 N acid delivery solution was used throughout the experiment 

and differed from the in vivo study in tha t  ten ounces of water 

was not added t o  the reaction medium. 

appropriate time intervals  and transformed by a logarithmic 

equation t o  [H+]. 

Thirty 

After for ty  minutes, 

The same procedure was 

pH was recorded a t  

Results are presented graphically i n  Figure I. 

RESULTS 

In Vitro In Vivo Correlation: 

In v i t ro  and in vivo resu l t s  are presented graphically in 

Figure I. 

[H'] from 13.8 t o  87.2 meq/L during the two hours a f t e r  water 

administration or  an approximate gas t r ic  acid secretion r a t e  of 

0.5 meq per minute. In v i t ro  simulation was eas i ly  achieved by 

using 0.01 N hydrochloric acid a t  37OC as reaction medium and the  

0.5 N acid delivery solution operating a t  a flow ra t e  o f  

approximately 1 mi 11 i 1 i t e r  per minute. 

terminated a t  60 minutes. 

combined data (Table I )  a t  corresponding 15 minu te  intervals  t o  

The placebo in vivo response revealed an increase in 

The procedure was 

Linear regression analysis of the 
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PERISTALTIC IN VITRO ASSEMBLY 627 

TABLE I 

A COMPARISON OF I N  V ITRO I N  V I V O  DATA FOR PLACEBO AND ANTACID 

HYDROGEN I O N  CONCENTRATION (meq/L) 

TIME PLACEBO ANTACID 

(mins) I N  VITRO* I N  V I V O +  I N  VITRO* I N  VIVO"  

0 

15 

30 

45 

60 

75 

90 

105 

120 

12.31 13.85 

25.32 24.20 

37.16 40.73 0.34 1.53 

47.13 62.63 5.07 6.19 

57.54 65.44 12.15 13.29 

21.24 24.70 

31.15 30.88 

41.24 49.75 

50.93 60.60 

*Average o f  3 runs 

'Average from 8 subjects 

60 minutes demonstrated a good fit w i th  a co r re la t i on  coe f f i c i en t  

o f  0.979. 

I n  v ivo resu l t s  f o r  the antacid formulat ion revealed an 

immediate decrease i n  [H+]. 
approximately 30 minutes a t  which t ime the [H+J increased a t  a 

r a t e  corresponding t o  t h a t  obtained w i th  the placebo. 

This e f fec t  was maintained f o r  

Attempts 
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628 SIMMONS ET AL. 

t o  duplicate these resu l t s  i n  v i t ro  w i t h  the 0.5 N acid delivery 

solution were unsuccessful. In order t o  simulate the i n  vivo 

response, i t  was necessary t o  employ the 1 N delivery solution 

for  40 minutes and t h e n  change t o  0.5 N for the duration of the 

experiment. S t a t i s t i ca l  treatment was confined t o  l inear  

regression analysis of the  combined data (Table I )  from 30 t o  120 

minutes or the time period corresponding t o  duration of antacid 

ac t iv i ty  and again a good f i t  (r  = 0.992) was demonstrated. 

- I n  Vitro Evaluation of Commercial Antacid Suspensions 

S i x  antacid suspensions containing amounts of aluminum and 

magnesium hydroxides equivalent t o  the antacid formulation used 

i n  the correlation study were purchased on the Canadian market 

and t reated t o  the in v i t ro  procedure described above. 

values a t  120 minutes are  recorded in Table 11. 

interest was A because of published in vivo data on the 

simethicone-free product. 

Maalox i n  hypersecretory duodenal ulcer pat ients ,  Fordtran (8) 

observed [H'] values o f  37, 24 and 12* meq/L a t  120 minutes a f t e r  

administration of 15, 30 and 60 mL, respectively. I n  v i t ro  

values of 39.8, 22.8 and 0.4 meq/L were obtained a t  the same time 

period for  s imilar  volumes of A by u t i l i z ing  the appropriate acid 

de l i  very solutions. 

[H+] 

Of par t icu lar  

I n  a dose-response study performed on 

Some interproduct differences were observed in this limited 

i n  v i t ro  study. Product F se t t led  t o  the bottom o f  the beaker a s  

* In a separate experiment, the author found a value o f w 3  meq/L 
a t  2 hours f o r  60 d o f  t h i s  antacid. 
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630 SIMMONS ET AL. 

an i n t a c t  mass and f a i l e d  t o  disperse  through the  react ion 

medium. 

already reached 40 meq/L. 

Testing was terminated a t  40 minutes when the [H'] had 

DISCUSSON 

The r e s u l t s  obtained i n  this study has provided additional 

assurance f o r  the impression t h a t  the hydrodynamic conditions 

ex is t ing  i n  t he  p e r i s t a l t i c  i n  v i t r o  assembly a r e  s imi l a r  t o  

those generated by the gastro- intest inal  musculature. T h i s  

impression evolved from r e s u l t s  o f  drug d i s so lu t ion  and 

absorption co r re l a t ion  s tud ie s  conducted on sol id  oral  dosage 

forms (1-6). 

vivo models. 

between percent dissolved p lo t s  a t  t minute i n t e r v a l s  and plasma 

o r  serum drug concentrat ion-profi les  a t  3t minute in t e rva l s .  

The l a r g e r  time fac to r  fo r  determining the  i n  vivo response is 

accounted for  by t h e  delay due t o  the drug absorption and 

d i s t r i b u t i o n  processes occurring a f t e r  i n  vivo dissolut ion.  

The opportunity t o  t e s t  an oral  medication which could 

result i n  an i n  v i t r o  i n  vivo co r re l a t ion  a t  i den t i ca l  time 

i n t e r v a l s  was made possible several years  ago. 

suspension containing a1 uni num and magnesi um hydroxides was 

formulated a s  a potent ia l  product candidate and submitted t o  Dr. 

Fordtran f o r  an i n  vivo evaluation versus placebo (water). The 

antacid performance was disappointing e spec ia l ly  when the r e s u l t s  

were compared with published i n  vivo data (8) on a chemically 

s i m i l a r  marketed product. 

Both beagle dogs and human volunteers served a s  i n  

In each study, a d i r e c t  r e l a t ionsh ip  ex i s t ed  

An antacid 

These f indings p l u s  t he  i n a b i l i t y  o f  
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PERISTALTIC I N  VITRO ASSEMBLY 631 

a n  o f f i c i a l  acid neutralizing capacity t e s t  (9) t o  d i f fe ren t ia te  

between formulation variables of antacid l iquids  posed a serious 

problem for  the product development program. An evaluation of 

other pub1 ished neutralization procedures was beyond the scope of 

this  report. With i ts successful application i n  drug dissolution 

and absorption correlation experiments established, a decision 

was made t o  investigate the appl icabi l i ty  of the pe r i s t a l t i c  i n  

v i t ro  assembly t o  the acid neutralization f ie ld .  

versus time plots were available from the in vivo study for  the 

placebo and antacid, i t  required a simple modification of the 

assembly i n  order t o  simulate the gas t r ic  environment and obtain 

corresponding i n  v i t ro  plots. 

and other  similar l iquid antacids on the Canadian market 

reaffirmed the val idi ty  and discriminatory feature  of the i n  

v i t r o  method. 

f o r  fu ture  optimization studies o f  antacid formulations. 

Since [Htl 

An extension of the work t o  Maalox 

These resul ts  enhanced the s ta tus  o f  the  assembly 

The controlled i n  v i t ro  procedure described i n  this report 

was adopted from a single i n  vivo study and is applicable t o  a 

group of subjects who display rapid gas t r ic  acid secretion 

rates.  

evaluation of antacid products. 

Obviously such a group i s  desirable for  comparative 
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