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Fonner %2 phenylpropanol amine hydrochloride& F#oz 3o ofalel L HE
€ BESY RpAIES BEEsS Ktgd o

Px
Phenylpropanolamine hydrochloride 50mg
Dicalcium phosphate dihydrate q.s.
Corn starch 1~41%
Stearic acid 5~45%

total weight 400mg
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Table [. Effect of stearic acid and starch concentration on certain physical and
chemical properties of the tablets (data from Fonner et. al.)

Percentage 02fl Starch (X,)

. 1 41
Stearic ——Response Variables—. _—Response Variables— _—Response Variables—
Acid, X, »° yab oyt yd X107 N o»n s yeX10? N > Y» o yaX10% .

5 1.7 52.5 4.49 .2.36 5.4 15.0 13.12 2.53 1.5 5.1 40.03. 2.72
12.0 44,3 4.68 2.37 4.0 4.2 13.71 2.56 1.3 5.4 47.20 2.72

10.8 47.9 4.43 2.37 4.4 15.7 15.07 2.56 1.3 5.9 41.21 2.69

10.2 56.3 5.28 2.38 4.2 17.3 15.88 2.54 1.0 1.0 47.92 2.69

9.5 51.0 4.33 2.37 5.8 35.8 14.80 2.55 2.5 5.4 42.74 2.70

Mean 10.8 50.4 4.64 2.37 4.8 15.6 14.52 2.55 1.5 5.6 41.82 2.70
SD 1.04 4.56 0.378 0.005  0.79 1.15 1.102 0.012  0.71 0.38 3.498 0.010
25 15.0 118.9 1.13 2,52  11.0 27.2 1.55 2.67 6.5 12.5 4.74 2.82
16.2 1419 0.9 2.53 9.5 25.2 1.69 2.66 54 11.8 5.03 2.85

16.4 123.5 1.10 2.53 9.8 23.2 1.48 2.66- 6.7 135 517 2.84

14.6 116.0 1.21 2.53 10.3 28.3 1.78 2.66 6.4 12.0 ~ 4.79 2.81
15.5 123.0 1.09 2,53  11.2 24.0 1.64 2.64 7.2 1L.1° 5.75 2.83
Mean 15.5 124.5 1.10 2.53 10.4 256 1.63 2.66 ~ 6.4 12.2 5.10 2.83
SD 0.77 10,25 0.080 0.001  0.74 2.14 0.115.0.010." 0.61 -0.89 0.406 0.013
45 17.1-300.0 0.08 2.73  13.5 36.2 0,49 ..2.86 - -.9.8 ' 19.6 0,88  3.00

' 17.7 270.0 0.08 2.74 13.0 '39.2. 0.45 2.87 9.2 18.2 0.95 3.01
17.8 324.0 0.10 2.73 13.1 43.1 0.40 2.85 9.8 207 0.79 2.9 .

17.8 285.0 1.10 2.71 13.0 384 0,38 2.8  10.2 '19.8 0.84 2.97

16.1 281.0 0.08 2.73 12.8 4L.7 0.38 2.8  11.0 2.7 0.74 2.97

Mean 17.3 292.0 0.09 2.73 13.1 39.7 0.42 2.8  10.0 20.0 - 0.84 2.99
SD  .0.73 20.880.011 0.008 0.64 2.73 0.049 0.005 0.66 1.32 0.081 0.016

¢ The y, is tablet hardness in Pfizer kilog}am units. ¥ The ys: is in vitro release rate
as measured by time in minutes for 50% of the drug to be in solution (tw%). © The y, is
tablet friability as measured by percentage weight loss. 4 The y; is tablet volume in cubic
inches. - )
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Table I. Results of multiple regression analyses® (data from Fonner et. al.)

Coefficients ~— . _.Regression coefficient value
and rend
Components Trend component Tablet candness, In Vitrots~, Tablet friability, Table volume,
name » In y,b In y:+3.08 yeX 102

Bio y-Intercept 0.96089 x 10! 0.37657 %X 10! 0.45164 X 104 0.23441 %X 10*
BiuX, Linear in X, 0.31689x10° 0.45581x 10"t 0.0 0.49647x%10"?
Bi. X, Linear in X, —-0.33759%10° —0.55720% 107! 0.72057% 10"t 0,83571%10"?
BidX,? Quadratic io X, —0.29915%10"2 0.0 —0,20254%10°2  (.79259%10"*
BiX2? Quadratic in X, 0.21832x10"* 0.0 0.0 0.0
Bis X1 X, Linear xlinear ‘

interaction 0. 12626 X107 —0.17935%x 1072 —0.77965x10"* ~0.52103 X104
BisX X3 Linear X quadratic

interaction 0.0 0.45949%x10¢ 0.11249%10°*  0.11770X10"%
Bi: XX, Quadratic X linear

interaction 0.0 0.0 0.18878x10°* 0.0
Bie X2 Xa? Quadratic X quadratic

interaction 0.0 —0.20698%10°¢ - ~0.30361%107% ~0.19681X10°7
multiple correlation coefficient  0.9899 0.9982 ©0.9975 0.9983

¢ These analyses were performed on a polynomial of the form yi=Bio+BinX,+BisX;+
BisX% 4+ Bin X2+ Bis X, Xo4+ Bie X1 X2* + By X2 X3+ Bis X’ X,?, where i=1,2,3," and 4. % Since
the logarithmic transformation was applied to in vitre tse% and tablet friability data to

stabilize the variances, trend and regression analyses were performed on the trarsformed
data. '
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Fig. 1. Graphical analysis of constrained optimization problem- key: O, in vitro tsn%

(miaute); ¢, volume (cubic in); (), hardness (kilogram); and A, percent
starch. (Data from Fonner et. al. 1970)
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Fig. 2. Optimum tse% as a function of restriction on tablet friability and volume (data
from Fonner et. al. 1970)
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" Table II. Factors affecting rate of dissolution of drugs from capsules and tablets in
vitro and in vivo (from Wagner, 1971)

I. Environmental factors during dissolution 1. Amount and type of diluent or filler
1. Intensity of agitation, rate and type of and other adjuvants such as neutral
flow of fluids and geometrical factors. saits
2. Concentration gradient, {.e., the diffe- 2. Type of tablet manufacture employed
rence in coacentration between the solu- 3. Granule size and size distribution
bility of the drug in the dissolution 4. Amounc and type of disintegrant and
medium and the average concentration method of incorporating it

in the bulk fluid.

3. Composition of the dissolution medium.
The pH, ionic strength, viscosity, surface
tension, etc., are all important and are

5. Amount and type of surfactant(if any)
and method of incorporating it
6. Compressional force and speed of co-

determined by the composition of the mpression..
medium. B. Capsuies
4. Temperature of dissolution medium. 1. Amount and type of diluent or filler
1. Factors related to the physico-chemical and other adjuvants such as neutral salts
properties of the drug. 2. Method used to reduce bulk (e g.,
A. Factors affecting solubility. granulating or slugging)
1. Polymorphism 3. Granule or powder size and size di-
2. Amorphous state and solvation stribution
3. Free acid, free base or salt form 4. Amount and type of lubricant and
4. Complexation, solid solutions and . method of incorporating it
eutectics 5. Amount and type of surfacant (if any)
5. Particle size and method of incorporating it
6. Surfactants ' ' 6. The “pressure” applied during filling
B. Factors affecting surface area available 7. Composition and properties of the ca-
for dissolution ' psule shell :
1. Particle size IV. Environmental factors involved with do-
2. Manufacturing variables sage forms

If. Factors Related to the composition and 1. Humidity during manufacture

method of manufacture
A. Tablets

2. Storage conditions for dosage forms
3. Age of dosage forms
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Table IJ. Dissolution test of drugs

Antibiotics
Chloramphenicol *-1%

. Tetracycline ¥
Griseofulvin 1773 -
Penicillin 263"

Ampicillin *®
Erythromycin 2%

Cardio vascular Drugs & diuretics
Hydrochlorothiazide '»
Spironolactone *®
Digoxin 3'-3®
Digitoxine 3%,

Sulfadrugs
Sulfadiazine 2*-3®
Sulfathiazole 34
Sulfamethazine
Sulfathiazide '»
Sulfamethoxydiazine

Anti-inflammatory drugs & analgesics
Aspirip 13 43-50)
Salicylamide ‘& #-5»
Phenacetine $% =%

~ Acetaminophen %-5
Indomethacin '*
Phenylbutazone %
Mefenamic acid #

Anticoagulants
Warfarin %57
Coumarirj %

Hormones, o ‘
Prednisone %™ -
Prednisolone *- ,
Methy!l Prednisolone ) s2-s»
Hydrocortisone > #-¢5

Triamcinolone acetonide
Diethyl stilbesterol 3% 3 60
Ethinylestradiol %
Dienosterol ¥

Hormones
Hexesterol '®
Testosterone %
Fluprednisolone *®

Hypunotics and Sedatives
Barbital ‘
Phenobarbital 3% 52 70
Amobarbital ™

- Glutethimide

Meprobamate ™
Chlordiazepoxide ™

Chemotherapeutics
Nitrofurantion ™
Nalidixic acid ™

Antidiabetics
'Tolbutamide Te-78)

~ “Antihistamines

Diphenylhydramine ™
Tripelennamine 7

The others

Amphetamine &9

"~ Orcinine ®

Cholesterol
 Levodopa
Chlorpromazine *»
. Reserpine ' %
- Cithium Carbonate *
Diazoxide
PVP.
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Tetracycline:

Nelson!® o] 4ffie] tetracycline #4735 200mg4 Af&ol #édslo] BhiEal in vitro ¥
Mgl & i d % Table Vol vk, EY 200mg B = Aol §Fo 3ol

Table V. Rank order correlation of urinary excretion of tetracycline hydrochloride

activity in man with in vitro rate of dissolution (data form Nelson, 1959)

Average amount(mg) In vitro rate of dissolution
excreted to time (mg/cm?/hr.)
indicated )
Neutral Alkaline
No. Gastric intestinal intestinal
Form subjects 1 hr. 2 hr. 3 hr. fluid fluid fluid
Tetracycline 10¢ 0.2 1.5 3.3 2.6 <. 001 <.001
Tetracycline
phenolsulfonphthaleinate 10¢ 0.5 3.5 7.7 0.12 0.09 3.0
Tetracycline sodium
hexa-metaphosphate complex 6¢ 1.1 5.3 - 10.4 6.1 1.7 26.
Tetracycline hydrochloride 6% 3.0 . 12.0 20.4 4.1 7.8 38.

%~ Same 10 subjects
b- Same 6 subjects, with were included in the panel of 10 subjects above,

Tolbutamide:

Wagner %2 tolbutamine®] Wi m4um 36 2 262 tolbutamideli g {E}iﬁ%}&] in
vitro Wilish MIEE TS WET 49 HHEEL 245 MEETES 228 BAS
9 o.u] Nelson %™ % o]9} vl453 Pige 3le] sodium salt, 2-amino-2-methyl-1-
propanol salt 3 felabe Repiilt 2 MBEHET (Mol in vitro BIHER LHITE 7§
Rstdd of.

a2#v}  tolbutamide?] 1-amino-2-propanol Bi& o]el o} #iftE ehiiglcl.
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Table M& o] #&RE Tablez vebd Aojeh.

Table VI. The average differences in blood suger in the 0-1 hour and 0-2 hour periods
in 23 normal volunteers after single oral -doses of 1 gram equivalent of

tolbutamide and the in witro rates of dissolution from the disks by the
hanging pellet method (from Nelson et. al., 1962)

Difference in blood sugar In vitro rate of dissolution
level (mg%) in 23 normal by hanging pellét. method
volunteers : (mg tolbutamide/cm?/hr.)
Form of ‘ 0-2 Hour 0-2 Hour pH 7.2
totbutamide Ave. S.E.° Ave, S.E. 0.1 N HCL Tris buffer
1-Amino-2-propanol salt 27.2 1.8 17.0 1.0 207 - 280
Sodium salt 19.1 2.3 23.7 1.8 1069 868
2-Amino-2-methol-1- . ‘
propanol salt 16.0 1.5 20.0 1.2 0.28 14
Tolbutamide (acid) 5.2 13 7.0 L1 0.21 3.1

¢. S.E, Standard efror of thé average

Ampicillin:

Ampicillin 8= 3KkFal EAkHe] 28091t 19684E¢] poole ) %2 capsule B
suspension®. 2 amﬁicillin 250mg-g el ArsielAl #EEEFE 30498, 1, 2, 4, 647 Fd
wimste] MAREE MES KR MAY in vitro WHEE SKFMI KA weo @
FIREE mAKYol HEe R A& %RAA. (Table W)

Table V.. Areas under serum concentration curvesin dogs and man and in  vitro Ts,

values for ampicillin inAnhydrous and . trihydrate forms (data of Pocle et.
al., 1968)

in Vitro
Area(cm?) under serum concentration curve Aqueous
Form of Dog studies ’ Human studies Tse% (mins.) solubility at
ampicillin suspension capsules suspension capsules for' capsules ~ 37°(mg/ml)
Anhydrous - 152.5 100.2 143.5 127.8 7.5 10
Trihydrate 95.0 77.5 - 119.5 109.0 45 8

Acetyl salicylic acid:

Acé,tyi salicylic acid'® ' 0.65g& gms el & 100mist 4l olx ANMBARE
N7l Rehel $iR salicylate® 1244 KMNMo 2 Fawsta ot

SHLMS) HUR acetyl salicylic acid GiMle) WHIEE 0. IN HCl WH(37°C)al A Jset
et

Table WiE ol & Webd A2 94 in vitrod] WHEES SHE+% Rebhibie #
mEe & 4 Ak
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Table VI. Milligrams of apparent salicylate excreted in the urine in one hour and
amounts of aspirin in solution in 10 minutes (data of Levy, et al., 1961)

Mg apparent salicylate excreted in urine

in one hour
Amount of aspirin in
Arithmetic Geometric solution in 10 mins.
Dosage form mean mean Range in vitro® '
C.T.ASA(BrandA) 12.5 11.5 4.23 to 17.1 257
C.T.ASA(BrandB) 14.6 12.5 3.93 to 28.3 313
Buffered tablets 17.2 15.8 6.11 to 28.4 411
ASA Solution 22.3 20,9 8.61 to 41.8

%- Estimated from Figure 2 of Levy, ¢t al. (1961)**
Griseofulvin:

412] griseofulvin HWH* 50mgg Ab=telAl 1EHFEFEe = Rt 3Me FERES 18 1
B 7HRH REY-E W mbRE o] BIES ALBKAA 605 R HRE Table
KXo 2t o] A& BEAsstel s'ngle dose ® multiple dose X5 in wvitro t,%olA2]
griseofulvin FEHEe Hel FmlEs ERMAGRA A& Jebigieh

Table X. Mean plasma levels after single and multiple doses of 500 mg of griseofulvin
administered to human subjects in six different preparations and correlation
with in vitro dissolution rate results

Mean plasma level (#g/ml) in man in vitro data

Griseofulvin Mg dissolved T %

preparation Single dose Multiple dose in 30 mins.® (mins.) 100/T%°%
1 1.02 — 97 8.5 11.8
5 - 1.65 C 94 9.5 10.5
4 0.93 _ — 55 21.8 4.58
2 0.83 1.50 50 28.5 3.51
3 0.74 - 35 55.0 1.82
6 — 1.42 33 8110 1.23

9. Data of symchowicz and Katchen (1968)
b- Estimated by J.G. Wagner from linear logarithmic-probalility plot of percent dissolved
(on probability axis) versus time (on logarithmic axis)

in vitrool A 2] with RS WELE, BILELE, medium figil dets ZeA D= of
A 7tA] Hi—ike Zr)e o $ USP YWl 9 NF X VI¥-Elv #8AEkel #esld e
v} USP XIX 9 NF XIVel fiisle] gl w4y ¢ »=d Table X 3l Table Xls}
Fre}.
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Table X. Dissolution test (USP XI1X)

Drugs Release time min. (tes%) Medium R.P.M  Temp.(°C) .
Hydrochlorothiazide tab. 30 "Hel (1:100) 150 3740.5
Meprobamate tab. 30 H:O(deaerated) 100 w
Prednisone tab. 20 ” ” o
Prednisolone tab.} 20 r” " ”
Sulfisoxazole tab. 30 HCU (1:12.5) " "
Toloutamide tab. 30 Trihydroxymethyl » "

aminomethane
' (1:40) pH 7.2
Phenylbutazone tab 30 Simulated intestinal » "
fluid T.S
(without enzyme)
Lithium carbonate cap. 30 H,0 (deaerated) "
Table XI. Dissolution test (NF XIV)
Drhgs o Reléase time min. ‘Medium - R.P.M. Temp. (°C)
15% 20 . ) )
Acetohexamide tab. 30% 40 Buffer (pH7.6) 100 374+0.5
N - 50% 60 . : ,
Methandrostenolone tab. 50% 45 Polysorbate 20(1:1000) ~ ”
Methylprednisolone tab. 50% 30 H,0
Sulfamthoxazole tab. 50% 20 HC (7 : 100) ” "
Methaqualone tab, 0% 20 HCI (1 : 2000) " ”
Methaqualone HCI cap. 60% 60 " " "
Thiothixene cap. 80% - 10 NaCl, HCl, H.,0 ” "
_ (217 : 1000) :
¥ i
BN, 8 sem, ZUM slolA BEEEl BIBisio YBEEMBAY  BMEE

t OO B BIstel sl oh
L B A BHEAHE milikel kol T aRel el gich
2. Lagrange BME RS BEES mémﬁu BiBosAE MY WER Fiko

2 Bk

3. EMRAIRERC glolA in vivos) WBle in vivoe] YEHMMEL

Aoz #Msoel gk

Sese bk s} M 4—
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