It is unlikely that the driver for the authorization kkgs been
installed, but it is also available free from Aladdifa.link for this
download also exists atww.intellipharm.comunder downloads.
The HASP HL Device Driver GUI Installation should beedidy

l“tElliphaMLLC downloading HASP HL driver setup.zip

Please contact Intellipharm, LLC if assistance isdeel in setting
up INTELLIPHARM  Software Products.

Software & Consulting for the Pharmaceutical Scientist

Pricing
Intellipharm, LLC
P.O. Box 644 Current pricing can be found at the company website under
Niantic, CT 06357 pricing. Customers are charged a one-time fee forghsable
USA authorization key that keeps track of the number of times
) ) simulation is run. Any number of simulation runs ca& b
www.intellipharm.com purchased, and the authorization key will subtract oneatuhe
completion of each simulation initiated by clicking onetg# run
Telephone: (860) 691-0142 modes. After all of the simulations runs have beeedushe
Email: kjohnson29@snet.net authorization key can be returned to Intellipharm, Ll&Che
updated with more purchased runs, or the key can be updatec
SOFTWARE PRODUCT DESCRIPTION AND MANUAL remotely.
INTELLIPHARM  PKCR Software Intellipharm, LLC will not replace lost authorizatidteys and
recommends that customers consider purchasing two or more
INTELLIPHARM CU Software keys and distributing the runs equally among the keys. Willis

minimize the potential loss of simulations as a redudtlost key.
INTELLIPHARM  Software Products help you learn about, gain
insight into, and solve many of the challenges facing the CONTENTS
pharmaceutical scientist. Go ahead and simulate! faster than
doing experiments and will make you more efficient whan do. INTELLIPHARM PKCR Software

Software Use What does INTELLIPHARM PKCR Software do? ......... 2

Intellipharm, LLC requires that a license agreement igaesi. Why would you want to simulate the processes of drug
Please contact Intellipharm, LLC for the agreemerthabit can  dissolution, absorption, and pharmacokinetics using

be reviewed by the appropriate company representative. INTELLIPHARM PKCR Software? . ................. 3

Once the agreement has been signed and a purchaseoordertheory .............. ... ccoiiiiiiiiiii. ... 3
payment has been received, Intellipharm, LLC will pdevthe

customer with an authorization key that will allow thee of  yUserinterface ............ ..o, 5
INTELLIPHARM Software Products, which can be
downloaded from the company websitevaiw.intellipharm.com Saving Simulations . ............ . . .. 8

The license agreement does not limit the number ofpcters

that may download the software or the number of uséi8e  Viewing Simulations ............................... 9
authorization key may be shared by as many users asehsihg

company wishes. The key also allows the use of bothNTELLIPHARM  CU Software

INTELLIPHARM PKCR and INTELLIPHARM CU Software.

What does INTELLIPHARM CU Softwaredo? ........... 10

In addition to the downloaded INTELLIPHARM Software Why would you want to simulate content uniformity using
Product, the host computer must have the Microsoft .NET|NTELLIPHARM CU Software? ................... 10
Framework Version 1.1 Redistributable Package installegets

as the driver for the authorization key. If the compuis Theory
relatively new, the chances are good that the Microd¢ET
Framework has already been installed. To check, go ttatte  User Interface ......................ooooeeooo... 11
or remove programs” directory form the Control Pamel ok

for the Microsoft .Net Framework 1.1. If the Microsoflet  viewing SIMUIAONS . . . ... ... ...\ oeeeeeeeeeee . 12
Framework has not been installed, it is available fireen

Microsoft. A link to this download exists at

www.intellipharm.comunder downloads.
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What does INTELLIPHARM PKCR Software do? At the same time, drug in solution is being absorbeah fitee plug
at a rate determined by the absorption rate condtgnt Once
The Software simulates drug dissolution, absorption, anchbsorbed, the drug is metabolized by the body at a reterdeed
pharmacokinetics as |Ilustrated_below. The |IIu_stratmr_m1|ended by the clearance, volume of distributiody, and micro rate
to show how the software simulates the dissolutiondiafg . . .
particles suspended in a plug of gastrointestinal fluid movingtONStantsKy, andky;. Although not shown in the illustration,
down the gastrointestinal tract. With increasing tirhe,filug of ~ the amount of drug reaching the blood/plasma compartmegit mi
fluid is being propelled down the small intestine by petistal be reduced by first pass metabolism.
contractions as the drug patrticles dissolve, causingaaase in
the concentration of drug in solution as shown by dartkading A unique feature of the Software is the ability to combimsly
of the plug. Eventually, the drug may all dissolve, and thechange the environment of the plug as it moves down testine
concentration of dissolved drug may decrease due to absoggtio in terms of drug solubility within the plug, volume of theug|
shown by the absence of drug particles and the lightelirghaf and the absorption rate constant based on the useridddye of
the last plug in the illustration below. Water may ats®  the drug properties and the physiology of the gastrstintd tract.
absorbed as illustrated by the decreasing size of thegsdug  The resulting impact of such changes on drug dispositionbeill

moves down the intestine. automatically calculated.
Figure 1
Time (w) Time (X) Time (y) Time (2)
Solubility (w) Solubility (x) Solubility (y) Solubility (z)
Volume (w) Volume (x) Volume (y) Volume (z)

"+ @ o).
@ ©

Ka(x) Ka(y)
Ka(w) Ka(2)

Blood / Plasma Clearance
Compartment

\

-

K K
12 ¢ 21

Tissue / Periphera]
Compartment
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Why would you want to simulate the processes of drug Xg is the mass of the crystalline drug partidleis the time,D
dissolution, absorption, ~and  pharmacokinetics  using s the diffusion coefficient of the drugs is the surface area of
INTELLIPHARM  PKCR Software? the drug particle,h is the diffusion layer thicknes<is the

Intellipharm, LLC believes a goal of any discipline shobédto ~ drug solubility, X4 is the mass of dissolved drug, avdis the
understand it well enough to predict outcomes before conductingolume of the fluid in which the drug particle is dissotyin
expensive experiments. In dealing with a system as combed

as the human body, predictions are difficult to make,aosolute
predictions are more difficult to make than predicting the
sensitivity of the outcome to a change in a parameter.
Acknowledging that the simulation of drug dissolution,
absorption, and disposition is imperfect does not diminigh th
insight that can be gained in the pursuit of prediction.
INTELLIPHARM PKCR Software strives to bring together all
the important physicochemical and pharmacokinetic petens to
provide insight into drug selection and development chalkenge ===
INTELLIPHARM  PKCR Software will help accomplish the
following:

As illustrated in the above figure, the driving force dissolution
is the concentration difference between the solubilftthe drug

aat its surface and the concentration in the bulk swiusit some
distanceh from the surface of the particle. Research has shown
that good simulation of dissolving drug particles under gentl

Define the range of drug characteristics leading to
desirable drug product

8 iglsuobrlg%n rate constant or permeability stirring conQitions can be made_by settingequal to the _radius of

o Clearance the dissolving particle for particles smaller than apipnately

o Volume of distribution 15-30 micrometers and equal to 15-30 micrometers for all larger
Learn the sensitivity of drug plasma concentrationbeo t particles. Slight adjustments in the transitional vaiué can be
above parameters used to better simulate dissolution under particular hydrodynami
Determine the impact of controlled drug delivery on the conditions. Reducing the transitional value fofcan be used to
drug plasma concentration profile simulate more rigorous stirring conditions.

Determine the feasibility of developing a controlled drug ) -
delivery formulation by establishing the drug release rat In equation 1, the surface area changes as the pafisstves.
needed to achieve the desired drug plasma concentratioth & certain type of geometry is assumed, then surfeeze @n be

profile expressed in terms of mass, so that the rate of dissolctianges
Determine the sensitivity of drug dissolution and plasmaWith the mass of the particle as well as the changingesgration
concentration profile on drug particle size gradient.  If the dissolving particles are assumed to be

Compare simulated dissolution with experimental resultsmonodispersed spheres with time-dependent radéind that the
to spot potential problems with drug wetting and dosagenumber of particlesN does not change with time, except when
form disintegration dissolution is complete at which timB would become zero,
Increase your understanding of drug delivery andthen

pharmacokinetics to better design experiments

Rank order potential drug candidates more g_- 4,0rt2N )
comprehensively and flag candidates that will need
special formulation to succeed

Determine whether drug particle size reduction will be
enough to improve absorption or whether solubility the initial mass of one particle:

enhancing formulation will be required

Determine the target solubility needed to achieve the, _ Xo 3)
desired absorption or drug plasma concentration profile r % pr3

N can be calculated by dividing the initial maXg or dose by

(o]

Theory ) ) ) o _
r is the drug density and, is the initial radius of the drug

The dissolution theory of INTELLIPHARM PKCR Software is  particle. It follows from equation 3 that the time-dependadius

based on a Noyes-Whitney type equation: of the dissolving particle is given as:

dX DS X Y3

— === G- D) = Xs (4)
dt h \Y 4prN

Substituting equations 3 and 4 into equation 2 yields:
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3x¥V3x 23 absorption rate constant for a particular drug may chahyeg
=9 "5 (5) the length of the intestine. In following equations, thiitg to
make these parameters time-dependent will be indicated by

placing the variablet in parentheses immediately after the
Substituting the above term for surface area into equation barameter.

yields:

S
I

To simulate controlled-release, the indgxis used to reference

when drug is added to the plug of dissolution or gastrointgstin
fluid. The amount added can also change with time as tedica
in the equations that follow.

dX,  3DX¥3x23 X4
“ v

6
dt rhry ©)
The above equation is the rate that solid crystallingg ds
dissolving. In parallel, the rate of change of drug in swiuiX 4

is the same equation above, except positive in sigrysihre rate
of absorbed drug:

The full scope of INTELLIPHARM PKCR Software is
indicated in the system of differential equations thalbfolas
well as the coupling with a standard two-compartment
pharmacokinetic model.

dx 3DXx¥3x 23 X
dd =+ Oh *— Cs- _Vd - KaXy (7) ( )]/3 2/3
t Mo dXgj _ 3D(Xej ()" X Xdr
=- CsM®)- — (12)
dt fhi loj V(t)

K, is the absorption rate constant and is specific to écpkar
drug.

’ dXgi  3D(Xop MF3XZ X,
. =+ Cot)- 9T - K, (t)Xgi (13)
To expand the model represented by equations 6 and 7 to handle 4; Fhira S V(t) a dij
polydisperse drug powders, the indexs introduced to represent o

different particle size fractions. Equations 6 an@@ome:

3 3 a ij
dXg _ 3DXg°xZ o Xar - dt
- S
dt fhi loi V not
XsT = Xsij (15)
dXg  3Dx¥3x %3 X i
di _, oi ““si Cs- daT Ko Xgi 9) !
dt fhi loi V
n ot
With Xar = Xdj (16)
i
n
X1 = Xy (10) not
i=1 Xar = X aij (17)
i
n
Xgr = Xg 11)  dy, cl
- _tl:Ka(t)FXdT -y TR tKarY (18)

n is the number of individual monodisperse fractionsafous dy.

sizes that make up the polydisperse powder. To be—2 =Kg,Y; - KoY, (19)
mechanistically realistic, each monodisperse fradtiissolves at t

a rate based on the surface area of that fractionalbfractions

dissolve based on the same concentration gradient bealuse Xgis the mass of absorbed drug, is the mass of drug in the

fractions are in the same mixture of solid and dissotired. central blood/plasma compartmei, is the mass of drug in the

Although solubility, dissolution volume, and the absorptiate peripheral/tissue compartmerf, is the bioavailability,cl is the

constant are shown as constants in the above equation@€aranceV is the volume of distribution, ankd;; and Ky, are
INTELLIPHARM  PKCR Software allows the user to have theseth€ micro-rate constants shown in Figure 1.

parameters be time-dependent. For example, the solutalitype ) ) ) )
increased or decreased with time to simulate the chamge The system of cou_pled differential equations abo_ve is solved
solubility expected by a change in pH, the failure of lalsiity- numerically and simulated values are save_d in-an Excel
enhancing formulation, solubilization of the drug by e SPreéadsheet. It should be noted that in calculating inrtroeiat
formation, or other occurrences. The dissolution fuitime ~ Of absorbed drug using equation 14, no bioavailability tesm i

may change from water absorption or secretion, and thé!Sed. The bioavailability term does appear in equatiosd &at
the amount of absorbed drug will be greater than the amount of
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drug actually reaching the blood/plasma compartment whefiractions X,; according to the geometric mean drug particle
bioavailability is less than 1, a result of first-passtabolism. diameter and standard deviation, or if desired, accordinge

User Interface

actual experimental particle size distribution.

When INTELLIPHARM  PKCR Software is launched from the print Frequency

program menu, the user interface below will appear.
interface allows the user to input the desired paramttatswill
be used to simulate drug dissolution, absorption, andbeleten

according to the system of differential equations 12-19.

Simulation Time

Simulation Time is the desired duration of the simutagatered

This

graphing.

During a simulation run, a Microsoft Excel spreadsheet bell
created to store the simulated data for future viewind an
Simulated data is calculated approximately every

second of simulated time. However, to save every catmitahe

point would result in

an extremely long spreadsheet. The P

Frequency allows the user to select the interval mtveemulated

in units of minutes. For example, if one wished tousate the
dissolution of a drug powder for one hour, 60 should bereshte

for the simulation time.

The actual time to complete

simulation will only be a small fraction of real time.

Dose

Dose is the initial mass of solid drug in mg used insthrulation.

Drug Density

data saved to the spreadsheet.

Drug Density is the true density of the drug and is eessary
conversion factor between drug particle size (voluar@ drug

mass (see equations

The dose will be distributed by mass into the variousgbaisize

= INTELLIPHARM® PKCR Software

Copyright © 1999-2007 Intellipharm, LLC

3-6). Typically, a gas pycnometedvieul

used to measure the true density of a drug powder.

Sitnulation Tirme {min) Fun Immediate Release ‘
Dose (mo) 10 Fun Caontrolled Release

Frint Frequency (min) 5 Run Controlled Release Mo Dissolution

Drug Density (mofoc) 1300 Stop Run

Diffusion Coefficient (cmfmin) 0.0003 Exit

Transitional Diffusion Layer Thickness (micrans) 30

Geametric Mean Drug Paricle Diameter (micrans) 25

Minirmum Drug Paricle Diameter (ricrons) Solubility (rmgdml) @ Constant ¢ “arighle
taximum Drug Farticle Diameter (microns) Time (min)

Orug Paricle Size Geometric Standard Deviation 2 “alue 01

Murnber of Drug Paricle Size Fractions 16 Dizssolution %alume {ml) @ Constant ¢ “arighle
Use Experimental Drug Farticle Size [= Time (min)

Human or Animal Body Weight (k) 70 Yalue 2al

Bioawailahility 1 Absorption Rate Constant (1/min) @ Constant ¢ Varighle
Clearance (mliminfkg) a Time (min)

Yolume of Distribution (Likg) 1 Yalue 0

K32 (1 frmim) a Controlled Release Rate (mog/min) @ Constant ¢ Varighle
K21 (1/min) a Time (min)

tetastable Factar 1 “alue i

Copyright
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Diffusion Coefficient

The diffusion coefficient appears in the Noyes-Whitneyagipn
(see equation 1) and is related to the molecular sizalamue of
the solute diffusing in a solution.
molecules are listed atvww.intellipharm.com In general,
smaller molecules will diffuse faster and have a grediférsion
coefficient.

Transitional Diffusion Layer Thickness

Good simulation of powder dissolution data has been achigved b

assuming that the hydrodynamic diffusion layer thicknessjual
to the drug particle radius for particles below a centagius and
equal to a constant value for all larger particles. Asfault, this
value is 30 pm on the interface. Given all other ipatars
constant, changing this value allows for differentaligson rates
due to changes in the stirring rate. Smaller valuesther
transitional diffusion layer thickness will result anfaster rate of
dissolution.

(e}
o
)

N
ol
1

=
(&)}
1

Diffusion Layer Thickness (microns)
w
o

o

0 15 30 45 60

Particle Radius (microns)

Geometric Mean Drug Particle Diametel (c,n)
Minimum Drug Particle Diameterd(,, )

Maximum Drug Particle Diameted(,,,y)

Drug Particle Size Geometric Standard Deviatisr
Number of Drug Particle Size Fractions

A geometric standard deviation of one yields a monodispers
distribution while increasing its value widens the disttion. In
the figure below, the number of particle size fractiamsls.

Typical values for drug Mechanistically, treating a polydisperse powder as actite of

monodisperse fractions of various sizes is more tealend
simulates dissolution better. The choice of the nurobparticle
size fractions is a tradeoff between a better sinamaof the
dissolution data versus the increased time required tpleterthe
simulation.

20 ~

d mean

15 -

10 4

Mass (mg)

1 10 100

1000

Particle Diameter (microns)

Use Experimental Drug Particle Size

Checking this box allows the use of experimental drug partic
size data. When selected, all other drug particleilsprés on the
user interface will be ignored except the number of parsize
fractions. When the simulation is initiated, an Exgpreadsheet
will appear to allow the user to enter particle sizéadgither
manually or by pasting from the clipboard. Particleydster in
micrometers must be entered in column 1 and the asswciat
percent volume or mass must be entered in column 2. The
number of rows of data entered into the spreadsheet raagst a
equal the number of drug particle size fractions enteretthe
main user interface.

Human or Animal Body Weight

Clearance and Volume of Distribution are inputted on a per
kilogram basis. In equation 18, it can be seen thatuseca

clearance is divided by the volume of distribution, the body
weight will cancel out as both clearance and volume of
distribution are divided by body weight. However, when

The above group of drug particle size parameters allows théalculating blood/plasma concentration of drug, the madghe
simulation of a polydisperse drug powder as a log-normak mascentral blood/plasma is divided by the volume of distribution

distribution shown above and to the right.

L/kg multiplied by the body weight in kg.

The following equations are used to calculate the minimnch a Bioavailability

maximum particle diameters, which are updated autontigtica

anytime a change is made to either the mean or sthndaBioavailability is entered in fractional form rangidrom O to 1.

deviation:
do. :dmean
min 53
g

— 3
dmax = dmeanS g

Copyright

As seen in equation 18, it reduces the amount of drug reablging
systemic circulation. Bioavailability does not affethe
calculation of the amount of drug absorbed as shown inieguat
14. As aresult, it is possible to have a drug that isatksorbed,

that is, it crosses the intestinal membrane rapidippgared to
other drugs, but does not completely reach the systemic
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circulation due to metabolism by the liver or by theegtinal The figure below shows a simulation of precipitation inrawitro

enterocytes. situation. Dissolution is complete by 90 minutes whdnbslity
is decreased from 0.1 to 0.01 mg/ml. As soon as solufality
Clearance below the concentration of dissolved drug, precipitationuns

and the amount of dissolved drug decreases with the coacwmi
Clearance is the rate drug removal from the centmddplasma  increase in the amount of solid drug. In the illugtrabelow, the
compartment entered in units of ml/min/kg (see Figure 1 andnetastable factor was one, so that precipitationuroed

equation 18). immediately. Increasing the metastable factor would ydela
precipitation. At some point, continuing to increase the
Volume of Distribution metastable factor further will prevent precipitatianirely.

Volume of Distribution is the hypothetical volume okthentral

blood/plasma compartment and is entered in units of L/kg (see T |\ 7 Solid
Figure 1). — — —Dissolved

Solubility
K12 and K21

K12 and K21 are first order rate constants used to calcthlate
rate of drug transfer in and out of the peripheral compent
respectively (see Figure 1). Setting K12 equal to zero redbee
pharmacokinetic model shown in Figure 1 to a one-compattme
pharmacokinetic model.

o o o o o
o o o o =
N N o ® o
1 I} 1 1

Concentration (mg/ml)

Metastable Factor

During the simulation of drug dissolution, either in vip in 0.00
Vvivo, it is possible that drug solubility could decreasest likely 0
for a basic drug exiting the stomach and entering the higHer . .
environment of the small intestine. As a result,cbecentration Time (minutes)
of drug dissolved in solution could be higher than the Sltyloif

the drug. If this happens, the overall sign of tho¥adhg term in

equations 12 and 13 becomes negative: Variable Parameters: Solubility, Dissolution Volum@sorption
Rate Constant, and Controlled Release Rate

Xdr
Cs(0)- V_(t) On the lower right-hand side of the user interfacedsllaction of

four parameters that can be changed continuously ifadkesly

. . ) ) selecting the Variable option.
If not all of the solid drug has dissolved, there willdogstalline

drug surface on which crystal growth can occur, oeast, a very Solubility
high concentration of supersaturated drug near the solidlli
interface where nucleation and crystal growth would yik®elcur.  pryg solubility should be entered here, and the user should
In this case, precipitation will be simulated autowglly as the  consider which solubility is most appropriate depending on
reverse of dissolution using equations 12 and 13. It 8 alsynether dissolution is being simulated in vitro or in vivo
possible that the entire drug powder has dissolved, lgavin  goypility may be changed with time to simulate theaffof a
solid surface for crystal growth. In this case,tretastable factor pH change on solubility. Solubility might also change due t
provides options for initiating nucleation for furtheegipitation. other effects such as the dilution of a solubilized dotame. As
The metastable factor is defined as follows: shown above, whenever solubility falls below the catregion of

drug in solution, precipitation will be simulated unléiss onset
Xar of precipitation is delayed or eliminated through the use ef th
VvV _ concentrabnof drugin solution metastable factor as discussed in that section.
CS

solubility

metastablé&ctor=
Dissolution Volume

If conditions are such that the metastable factexceeded, then
nucleation will be initiated to allow for precipitation For
example, if the metastable factor were one, nucleatind
precipitation would occur as soon as the solubility felbtvethe
concentration of drug in solution. If the metastalaletdr were
10, the solubility would have to be more than 10 times small
than the concentration of drug in solution before ndidesand
precipitation would occur. This allows the existence of a
metastable supersaturated state if so desired.

Dissolution volume is the volume of fluid in which drug
dissolution takes place. In vitro, the volume would nliksty be
constant, whereas in vivo, the volume may change dueater
absorption or secretion by the gastrointestinal tract.

Absorption Rate Constant

The absorption rate constant is a first order ratestemt, that
when multiplied by the mass of dissolved drug, gives theafate
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drug absorption. The absorption rate constant can dggeld to  spreadsheet is PKCR.xIs. If the default name is notgethrthe
reflect a time and positional change in environmentabitmns file will be overwritten.

present in the gastrointestinal tract that might affectvalue.
Intellipharm has kept the traditional name of the absamptate

constant, although it is viewed more appropriately asass Sarei [B Dookop = e @k e
transfer coefficient that can vary. s -
[e I e ot

Controlled Release Rate My Receri uJJM: ot st

DUEE“:f”‘S (Chdotfuscator_pe3d
The controlled release rate determines the amount oftbaids Lﬂ 5‘:2§E::tim_w2£s
released every minute, either as a solid powder whenrrgirimi Desklop |(DHASP_HL Release_fotes_1.30
the controlled release mode, or as dissolved drug whemngiin : gﬁ:ﬂ::?;esmpshmm
the controlled release no dissolution mode. The releste can MyDﬁents Fcuxis
either be constant or change with time. Due to the aaxitplof i %jg“;’ciﬂ“f”“
simulating the controlled release of a polydisperse powder _315 SrKCR s
running in the controlled release mode can take severakho My Cornputer gﬂiiiiiiiiiiiias.xls
depending on the length of the simulation. This time can b
reduced by decreasing the number of drug particle sizednacti "’;'Ll :
Running in the controlled release no dissolution moderig fast it P S e
and can be used to quickly determine the release ratechtede Saveastype: Mool Office ExcalWorkbook (sl =] Coneel |

achieve a desired drug plasma concentration. Once tbet ta
release rate has been determined, running the samseredda in
the controlled release rate mode will give insight intoether
solubility and/or drug particle size will have an impan the
desired drug plasma concentration profile.

Run Modes
Run Immediate Release

Run immediate release mode simulates the dissolution,
absorption, and pharmacokinetics of an immediate relezsgd
form containing a crystalline drug powder.

Run Controlled Release

Run controlled release mode simulates the release,ludiegg
absorption, and pharmacokinetics of a controlled reldasage
form that releases crystalline drug powder. Sees#ution on
controlled release rate above for additional discussion.

Run Controlled Release No Dissolution

Run controlled release no dissolution simulates theasele
absorption, and pharmacokinetics of a controlled reldasage
form that releases dissolved drug. See the section rdnotted
release rate above for additional discussion.

Stop Run

The stop run button can be selected to stop a run béfere
simulation is finished. When selected, a Save As glibtax will
appear to allow saving the simulation up to the point wihen
simulation was halted.

Saving Simulations

During each simulation run, an Excel spreadsheet is opamed
simulated data is written to the spreadsheet. Atrideoéthe run,

a Save As dialog box will appear, shown above and toighg r
allowing the user to select a location to save thmeagisheet and
assign a unique name. The default name for the Excel
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Viewing Simulations Microsoft Excel allows the simulated data to be plottedd an
simulations from other spreadsheets using different peteam

Simulated results can be viewed by opening the saved Excalan be pasted and overlaid on the same graph for \iapalt.

spreadsheet as shown below. All parameters and aomglitised  For example, one may wish to run several simulatitms

to generate the simulation are saved within the spreetdsbe demonstrate the sensitivity of drug particle size orotlisen and

provide an internal reference. Columns can be expandadvio v display the results on one graph. Although the full utdit§xcel

the titles hidden in the collapsed format. The talelew serves is beyond the scope of this manual, Intellipharm, LLGiMide

as a reference for the contents of the Excel spreadshee happy to provide general assistance in manipulating datanwithi
Excel.

Microsoft Excel - PKCR.xls

lj_] Flz Edt ‘“iew Insert Format  Tools  Data Window  Help Ty¥pe a quaskion for help =
RN ME TS LV e A < Y =N, o Ao - N ey Y AN \Eei[c) g iand -0 - E=E S H
59 Wt 6,0 WIS T LS | | &, s g Reply with Changes,.. End Reviss !
Al - Fe 1 Time(min)
v TS ] = ] =" =) =7 | TN | ) O T
1 1 Timefmin? Xs(mg) 3 Xd{mg) |4 Xalmg) 5 Plasma 16 Saol.imgf 7 Ka(l/mir Dis Vol (9 Rel Rate 10 Tatal M 11 Part.5i:12 %Mass Dose (mg) 10
2 0/ 1.00E+01 0.00E+00 1.75E-15 O.00E+00 1.00E-01 0.00E+00 2.50E+02 0.00E+I0 0.00E+00) 3.13E+00 1.75E-01 Mean Par 25
3 5 B.79EHI0 3 21E+00 2.02E-03 0.00E+00 1.00E-01 0.00E+00 2 50E+02 0.00E-HI0 0.00E-+00 4.12E+0 5.44E-01 Geometric 2
Eh 10/ 5.36E+00 4 B4E+00) 2.84E-03 0.00E+H10 1.00E01 0.00E+00. 2 50E+02 0.00E+00 0.00E+00 5.44E-+00) 1.42E+00 Number of 16
5 15 4 46E+00 553E+00 3.04E-03 0.00E+HI0 1.00E-01 0.00E+00) 2. 50E+02 0.00E+00 D.0DE+D0 7.18E+00 3.16E+00 Clearance 0
B 20 3.85E+00 B.14E+00 3.268E-03 0.00E+00 1.00E-01)0.00E+00 2.50E-+02 0.00E-+00 0.00E+00 9.47E+00 6.00E+00 Volume of 1
7 25 3.35E+00 BE2E+00 3.34E-03 0.00E+00 1.00E-01|0.00E+00 2.50E+02 0.00E-+00) 0.00E+00 1.25E+01 9.69E+00 Bady Weig 70
B 30 288E+00 7.01E+00 3.42E-03 O.00E+00 1.00E-01| 0.00E+00 2.50E-+12 0.00E-+10 0.00E+00 1.65E+01 1.33E+01 K12 (1/mir 0
] 35 270E+00 7.29E+00 3.52E-03 O.00E+00 1.00E-01) 0.00E+00 2.50E+02 0.00E+00 0.00E+00 218E+01 1.57E+01 K21 {1/mir 0
10 40 2 47E+00 7 53E+00) 3.53E-03 0.00E+00) 1.00E-01 ) 0.00E-+00) 2. 50E-+02 0.00E-+00 0.00E+00 287E+01 | 1.57E+01 Drug Dens 1300
11 45 225E+00 7.74E+00 3.55E-03 O.00E+00 1.00E-01)0.00E+00 2.50E-+02 0.00E+00 0.00E+00 3.79E+01 1.33E+01 Drug Difus  0.0003
12 50 2.06E+00 7 94E+00 3.57E-03 0.00E+00) 1.00E-01 0.00E-+00) 2 50E-+H12 0.00E-+10. 0.00E+00 5.00E+01 | 9.59E+00 Bioavailabi 1
13 55/ 1.89E+00 B.11E+00 3.58E-03 O.00E+00 1.00E-01 0.00E+00 2.50E-+02 0.00E-+00 0.00E+00 6.BOE+I  B.00E+00 _
14 B0 1.76E+00 B.25E+00 3.65E-03 O.00E+00 1.00E-01|0.00E-+00 2 50E-+H12 0.00E-+H10 0.00E+00 871E+01 3.16E+00 AUC = | 0.00E+00
18 B5 1.B4E+00 B.35E+00 3.65E-03 O.00E+00 1.00E-01|0.00E+00 2.50E-+02 0.00E-+00 0.00E+00 1.15E+02 1.42E+00
16 70 1.54E+00 B.45E+00 3.65E-03 0.00E+00 1.00E-01| 0.00E-+00 2 50E-+12 0.00E-+10 0.00E+00 1.52E+02 5 44E-01
17 75 1.45E+00 B.55E+00 3.66E-03 O.00E+00 1.00E-01 0.00E+00 2.50E+02 0.00E+00 0.00E+00 2.00E+02 1.78E-01
18 80 1.36E+00 5B4E+00) 3.66E-03 0.00E+000 1.00E-01 0.D0E-+00 2 50E-+12 0.00E-+10' 0.00E+00 =z
M 4 » wiSheetl fshest? {sheetz /T T T el T T #l
EDLawva.gl.f\gtoShapes"\.\DDﬁlﬂiﬂgzﬁﬁtﬂl{‘k'ﬁ'é'E%Edj!
Ready
Column Description
A Time in minutes, frequency determined by Print Frequemcthe interface
B Total mass of solid drug Xs in mg from equations 12 anid $&ction on theory
C Total mass of dissolved drug Xd in mg from equations 13 &nd section on theory
D Total mass of absorbed drug Xa in mg from equatidnant 17 in section on theory
E Blood/plasma concentration of drug in micrograms/mi
F Drug Solubility in mg/ml. Because its value can banged with time, an entire column is dedicated to solybilit
G Absorption Rate Constant in /min. Because its vadnebe changed with time, an entire column is dedicated to Ka.
H Dissolution Volume in ml. Because its value can kenged with time, an entire column is dedicated to dissolutbn
I Release Rate in mg/min. Because its value candmggeld with time, an entire column is dedicated to relesse ra
J Total Mass of Drug Released in mg. Only applicablenwhening in the controlled release modes.
K Drug Particle Size in micrometers
L Drug Particle Size Mass Distribution expressed in peacen
M User Interface parameter labels corresponding to vaiugsdumn N
N User Interface parameter values corresponding tosl@beblumn M
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What does INTELLIPHARM  CU Software do?

The Software simulates the effect of drug particle sizeontent
uniformity using the concept of ideal mixing.

Why would you want to simulate content uniformity using
INTELLIPHARM  CU Software?

Simulating content uniformity based on drug particle slimva
the setting of a drug particle size specification hefany

development work begins. This avoids wasteful developmental

and investigational time that might result from not adding the
effect of drug particle size on content uniformity.

Theory

The intent of INTELLIPHARM CU Software is to determine a
drug particle size specification that is conducive to gamutent
uniformity. This specification would serve as the targethe
drug milling step, allowing the drug particle size distribitto be
measured, compared to the target specification, anddnaitiain

if necessary prior to drug formulation.

To simulate content uniformity, INTELLIPHARM CU

Software uses the concept of ideal mixing. This concephptte
to equate the drug particle size distribution in each dokage
and the ingoing drug. When this is not possible, bediese are
fewer larger drug particles than the number of dosagesfbeing
made, ideal mixing will spread large particles of the sazee et
constant intervals in the dosage forms being made k&tea). If
the large drug particle represents a significant pouidaime dose,
the dosage form that contains this larger particleasifitain more
drug than intended and may fall outside potency speciitsiti

The problem is further exacerbated when two or more dru

particles on the larger size range of the drug partitie
distribution fall in the same dosage form.

The figure on this page illustrates the concept of ideal mixin
The 40 ovals are intended to represent 40 dosage formsniogtai
drug particles. There are 280 of the smallest drug pesticl
enough to place 7 in each dosage form. For the nexttsae,
are only 10.
particles are placed at a constant interval of 1 foryefetosage
forms. For the largest particle size, there are dnbatrticles,
placing 1 particle for every 10 dosage forms.
particle size fractions is an oversimplification, bucaptures the
essence of the concept of ideal mixing. Using mortifnas will
more accurately represent an actual drug powder.

Given that the total number of particles in the figgresents the

According to the concept of ideal mixing, the

Using only 3

- The extremely high potency dosage forms will not tzecmed
by equally low potency dosage forms, and therefore, the
potency distribution will be skewed toward high potency.e Th
concept of ideal mixing predicts this behavior that has been
observed experimentally:

Y Zhang, KC Johnson. Effect of drug particle size on cdnte
uniformity of low-dose solid dosage form#nat. J. Pharm 154
(1997) 179-83.

BR Rohrs, GE Amidon, RH Meury, PJ Secreast, HM Kimgl a
CJ Skoug. Particle size limits to meet USP conterformity
criteria for tablets and capsule$. Pharm. Sci95 (2006) 1049-
59.

- The only way to improve the content uniformity peshl is to
reduce the size of the larger drug particles.

Experiment observation of the above phenomena is an imaticat
that the drug particle size is not conducive to goodtesdn
uniformity

Using the concept of ideal mixing, INTELLIPHARM CU

Software will distribute drug particles evenly among theade
forms, calculate the potencies of every dosage foroypgthe
results in various potency ranges, and calculate the amehRSD
for the entire batch. This allows one to deternviether or not
any given particle size distribution is conducive to goodteran
uniformity for any particular dose.

amount of drug needed to make 40 dosage forms, one can ma
the following observations:

- Most of the dosage forms are less potent than intended.

- No amount of mixing will
uniformity.

eliminate the poor content

- Some dosage forms will contain two or more largantiges,
leading to an extremely high potency.

Copyright

Simulations using INTELLIPHARM CU Software only provide
an edge of failure. Intellipharm, LLC is confident thahen
INTELLIPHARM CU Software predicts poor content
uniformity, it is very likely that poor content unifortyi will
result, even if testing following regulatory guidelines does
reveal a problem with content uniformity. On theeotinand,
good content uniformity predicted by INTELLIPHARM CU
Software does not guarantee that good content uniformilty w
result. INTELLIPHARM CU Software assumes ideal mixing

2007 Intellipharm, LLC
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and actual mixing will never be as efficient. When rpoantent

User Interface

uniformity is observed even though the drug particle size

distribution is conducive to good content uniformity, pooxing
is very likely the cause.

When INTELLIPHARM CU Software is launched from the
program menu, the user interface below will appear. This
interface allows the user to input the desired paramttatswill

be used to simulate content uniformity.

F® INTELLIPHARM® CU Software Copyright ® 1999-2007 Intellipharm, LLC M=E3
Fotency Range (32) Doses in Range (%)
Run Exit

0- 75

75- 85
Dose (mg) 85- 40
Drug or Granulation True Density (mg/cc) 1300 a0- 95
Mumber of Doses Simulated 100000 95- 95
Geometric Mean Particle Diameter (microns) 25 98 -102
kinimum Faricle Diameter (microns) 102-106
baximum FParicle Diameter (microns) 105-110
Faricle Size Geometric Standard Deviation 2 110-115
Use Experimental Drug Faricle Size B 116-125
Murmber of Orug Farticle Size Fractions 100 125-150
Drug Loading () 100 150-175
kean Potency (2% of Intent) 175-200
RsD > 200

Dose

Dose is the initial mass of solid drug in mg used in the
simulation. The dose will be distributed by mass into the
various particle size fractions according to the geameatean
drug particle diameter and standard deviation, or if désire
according to the actual experimental particle size Higfon.

Drug or Granulation True Density

Drug or Granulation True Density is the true density efdhug

or granulation and is a necessary conversion factbwden
drug particle size (volume) and drug mass (see equations 3-6)
Typically, a gas pycnometer would be used to measureube tr
density of a drug powder.

Number of Doses Simulated

The Number of Doses Simulated is the number of unit dosage
forms to be simulated.

Geometric Mean Drug Particle Diametef{(c,n)
Minimum Drug Particle Diameterd(y, )

Maximum Drug Particle Diameted(,,y)

Drug Particle Size Geometric Standard Deviatisr
Number of Drug Particle Size Fractions

The particle size parameters are the same as thoseimse
INTELLIPHARM  PKCR Software. Please refer to the

appropriate section for INTELLIPHARM PKCR Software
above.

Use Experimental Drug Particle Size

Experimental drug particle size can be used and is hattdted
same as INTELLIPHARM PKCR Software. Please refer to

the appropriate section for INTELLIPHARMPKCR Software
above.

Copyright 2007 Intellipharm, LLC
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Drug Loading

Drug Loading is intended to allow the setting of a granule
particle size specification. For this use, a gramiléefined as
particle that will not break up during processing and that
contains some mass percent of drug. Drug Loading is the
percent mass of drug in the granule particle and is not
necessarily the percent of drug in the finished dosage &
other excipients may be mixed with the granules. Etimg a
drug particle size specification for an ungranulated pripdbe
Drug Loading should be left as the default value of 100 percen

A large granule that contains drug can lead to poor content
uniformity based on the concept of ideal mixing just as pure
drug particles can. But because the granule is not 108mperc
drug, it can be larger than pure drug before conteriorumiiy
problems arise based on the concept of ideal mixing. rliee t
density of the granule and the mass percent, not voluncerger

of drug should be used when setting the granule particle size
specification.

Mean Potency and RSD

Mean Potency is the mean of all simulated potency salue
expressed as a percentage. RSD is the relative standarc
deviation expressed as a percentage of the mean.

Potency Range — Doses in Range

As mentioned above, INTELLIPHARM CU Software will
simulate the potency of every dosage form for the Number of
Doses Simulated (default value of 100,000). Because the
number of doses simulated is likely to be an unwieldyloer

of potencies to view, the potency values are grouped into
potency ranges listed on the user interface under PoRgnuye.

The Doses in Range are listed for the correspondingh&ote
Range at the conclusion of the simulation.

Viewing Simulations

Simulated results can be viewed by opening the saved Excel
spreadsheet as shown below. All parameters and conditions
used to generate the simulation are saved within thadgireet

to provide an internal reference. Columns can be expatde
view the titles hidden in the collapsed format. TH#etdoelow
serves as a reference for the contents of the Epceadsheet.

Column Description
A Drug Particle Size in micrometers
B Mass Distribution in mg
C Number Distribution per Unit Dose
D Percent Mass Distribution
E Mass of One Particle in mg
F Cumulative Percent Mass Distribution
G User Interface parameter labels corresponding to vadwedumn H
H User Interface parameter values corresponding tosl@éeblumn G plus mean potency and RSD
I Percent Potency Range Groups (same as on User lederfac
J Simulated Percent of Doses falling in the PercerdnegtRange Group in Column |

Copyright
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