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1.
Introduction

Microsoft Excel now has simple-to-use built-in pharmacokinetic functions just like the other functions you are familiar with, such as AVERAGE() and STDEV().

Eight pharmacokinetic (PK) functions which will simplify routine pharmacokinetic calculations in Microsoft Excel worksheets:  Cmax, tmax, ElimRateConstant, Half_life AUC0_t, AUC0_inf, AUMC0_t and AUMC0_inf,.  

These eight PK Functions allow users to perform PK calculations on any Microsoft Excel worksheet.  Users don’t have to remember the mathematical formulae used to calculate these values and hence calculations will be less error-prone.  In addition, since Microsoft Excel performs dynamic recalculation, users will get immediate feedback of results, providing efficient use of computer equipment and overall time savings.  Users are referred to standard pharmacokinetic texts for further details on the mathematical basis of these functions (1-3).

2.
Installation instructions

Microsoft Office 2003

Download the PK Functions file and save onto your hard drive.  Start Microsoft Excel 2003 and select Add-Ins from the Tools menu.  Locate the file on your hard drive and make sure the two Add-Ins are enabled (i.e., checked).

Microsoft Office 2007, 2010
Download the PK Functions file and save onto your hard drive.  Start Microsoft Excel 2007 or 2010.  Click the Microsoft Office button (the big circle in top left of the screen), and then click Excel Options. Click the Add-Ins category. In the Manage box, select Excel Add-ins, and then click Go. To load an Excel add-in, click Browse, and then locate the add-in on your drive. If the add-in is not currently installed on your computer, click OK to install it. To activate the Add-In, ensure both the PK1 and PK2 functions are checked. 
3.
The Functions

3.1
Cmax
Calculates the maximum observed concentration in the conc_data range.

Syntax

Cmax(conc_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

Example

Cmax(B10:B14)

3.2
Tmax
Calculates the time point of the maximum concentration in the conc_data range.

Syntax

Tmax(conc_data,time_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

time_data is a reference to a range of cells (one column wide) containing time values

Example

Tmax(B10:B14,A10:A14)

3.3
ElimRateConst
Calculates the elimination rate constant by regression of the semi-logarithmic concentration versus time data.

Syntax

ElimRateConst(conc_data,time_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

time_data is a reference to a range of cells (one column wide) containing the corresponding time values  

Example

ElimRateConst(B12:B14,A12:A14)

3.4
Half_life
Calculates the half-life by regression of the semi-logarithmic concentration versus time data.

Syntax

Half_life(conc_data,time_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

time_data is a reference to a range of cells (one column wide) containing the corresponding time values  

Example

Half_life(B12:B14,A12:A14)

3.5
AUC0_t
Calculates the area under the concentration versus time curve for data using the linear trapezoidal rule. The AUC is calculated between the time points in the time_data range.  In pharmacokinetic calculations, the time points usually begin at time 0 and finish at the last quantifiable point.

Syntax

AUC0_t(conc_data,time_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

time_data is a reference to a range of cells (one column wide) containing the corresponding time values  

Examples

AUC0_t(B10:B14,A10:A14)

AUC0_t(B10:B14,$A$10:$A$14)

3.6
AUC0_inf
Calculates the area under the concentration versus time curve from time 0 to time infinity using the linear trapezoidal rule.

Syntax

AUC0_inf(AUC0_time,Conc_last,ElimRateConstant)

where: 

AUC0-time is a reference to a single cell containing the area under the curve from time 0 to time t.  This is usually calculated using the AUC0_t function described above.  

Conc_last is a reference to a single cell containing the concentration of the last quantifiable time point  

ElimRateConst is a reference to a single cell containing the elimination rate constant  

Example

AUC0_inf(A12,A13,A14)

3.7
AUMC0_t
Calculates the area under the moment curve for data using the linear trapezoidal rule. The AUC is calculated between the time points in the time_data range.  In pharmacokinetic calculations, the time points are usually from time 0 to the last quantifiable point.

Syntax

AUMC0_t(conc_data,time_data)

where: 

conc_data is a reference to a range of cells (one column wide) containing concentration  values

time_data is a reference to a range of cells (one column wide) containing the corresponding time values  

Example

AUMC0_t(B10:B14,A10:A14)

3.8
AUMC0_inf
Calculates the area under the moment curve from time 0 to time infinity using the linear trapezoidal rule.

Syntax

AUMC0_inf(AUC0_time,Conc_last,Time_last,ElimRateConstant)

where: 

AUMC0-time is a reference to a single cell containing the area under the curve from time 0 to time t.  This is usually calculated using the AUMC0_t function described above.  

Conc_last is a reference to a single cell containing the concentration of the last quantifiable time point  

Time_last is a reference to a single cell containing the time of the last quantifiable time point  

ElimRateConst is a reference to a single cell containing the elimination rate constant  

Examples

AUMC0_inf(A12,A13,A14,A15)

3.
How to enter the PK Functions

Enter the functions in the same way as you normal enter functions like AVERAGE.  Either type them in directly or else choose Insert...Function from the menu bar.  

The easiest way to place the functions into the spreadsheet is to choose the Function... item from the Insert menu.  Select User-Defined in the left-hand Function Category selection box, and select the PK function you need from the right-hand Function Name box.  A dialog screen will prompt for the ranges to be used.  Either type in the ranges, or more simply, just point to the appropriate ranges in the spreadsheet with your mouse.  

4.
Error-Checking Capabilities

Datasets, in pharmacokinetics, are naturally constrained .  For example, concentrations have to be non-negative, and time values need to be in ascending order.  These PK Functions perform basic error-checking in the data entry ranges (see Appendix B) and will respond with an error message if errors in the datasets are found.  

5.
Validation

These functions were originally designed and developed for Microsoft Excel for the Macintosh by Joel Usansky and Atul Desai of the Department of Pharmacokinetics and Drug Metabolism at Allergan, Irvine CA 92612.  They have since been successfully transferred to Microsoft Excel for Windows.  The Macintosh and Windows versions PK Functions have been successfully validated according to computer system development life cycle standards and GLP guidelines.  

6.
Tips for Use

Using combinations of absolute and relative references can simplify repeated calculations on different subjects.  For example, suppose you have time data in Column A and concentration data for subjects 1 to 12 in Columns B through M.  For subject no. 1, enter the formula:

=AUC0_t(B3:B10,$A3:$A10)

into column B.  Note the dollar symbols which lock onto the time data column.  Then simply copy the formula to the right and all the formulas will specify the correct time and concentration ranges you need.

The AUC0_inf and AUMC0_inf functions always calculate the correct values when the function is first entered into the Excel spreadsheet.  The AUC0_inf and AUMC0-inf functions use the output from the AUC0_t and AUMC0-t functions, and if the time or concentration data in the AUC0_t and AUMC0-t functions are subsequently altered, then the AUC0_inf and AUMC0-inf functions do not automatically update.  It is then necessary to recalculate the Excel spreadsheet (Press function key F9 or choose Options from the Tools menu and click the Calculate Now button on the Calculation tab).  
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8.
Questions or Comments
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Phone:
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Fax:
(714) 246-5850
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9. Disclaimer

The PK Functions are provided, without cost, for non-profit research use only.  By using this software, you expressly acknowledge and agree that such use is at your sole risk and is your sole responsibility.  The PK Functions are provided “AS IS”.  JOEL USANSKY, ATUL DESAI, DIANE TANG-LIU AND ALLERGAN HEREBY DISCLAIM ANY WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.   The authors make no representation that the PK Functions will meet your requirements or that operation of the PK Functions will be error-free or uninterrupted.  Additionally, by using the PK Functions you agree that Joel Usansky, Atul Desai, Diane Tang-Liu and Allergan shall not be responsible for loss of data, or liable for damages of any kind, including without limitation, actual, general, special, consequential or incidental damages, or for injury of any kind to person or property, or for infringement of the intellectual property rights of any  entity, that may arise from or in connection with your use of the PK Functions.

The PK Functions are written for use with Microsoft Excel®, a software product owned and licensed by Microsoft Corp.  Users of PK Functions must have a valid license to use Microsoft Excel®, and Joel Usansky, Atul Desai, Diane Tang-Liu and Allergan hereby condition the right to use PK Functions to such valid licensees of Microsoft Excel®. 

APPENDIX A

Definition of the PK Functions

1)  Area under a curve from time = 0 to time t    [AUC0_t]

Calculates area under the curve for concentration vs. time data using linear trapezoidal rule (1).  The use of the linear trapezoidal rule as a method for approximating the area under a concentration-time curve is widely accepted. The accuracy of the approximation to true area under a curve depends on the number of concentration-time points within the time interval under consideration.  The formula to calculate the area under the curve is as follows:

AUC0_t =  EQ \I\SU


( i=0,n-1,(ti+1 - ti))  * (Ci + Ci+1) / 2


Where,  AUC0_t   =  Area under a curve for time 0 to t



t     =  time values



C   =  Concentration values, e.g. Ci   at time ti




 n   =  Total nos. of time concentration points



 i    =  Reference index for ith concentration-time value.

2)  Area under a moment curve from time = 0 to time t         [AUMC0_t]

Calculates area under the curve for (concentration * time) vs. time data using the linear trapezoidal rule (1).  The use of a linear trapezoidal rule as a method for approximating the area under a moment curve is widely accepted.  The accuracy of the approximation to true area under a moment curve depends on the number of concentration-time points within the time interval under consideration.  The formula to calculate the area under the moment curve is as follows:

AUMC0_t =  EQ \I\SU


(i=0,n-1,(ti+1 * Ci+1 + ti * Ci))  * (ti+1 - ti) / 2


Where,    AUMC0_t   =  Area under a moment curve for time 0 to t



t    =  time values


C  =  Concentration values, e.g. Ci   at time ti


n   =  Total nos. of concentration-time points


i    =  Reference index for ith sample value.

3)   3)  3Elimination rate constant      [ElimRateConst]

The elimination rate constant is approximated by the average of instantaneous rates over a finite period of time.   The value is calculated as the negative slope of the non-weighted least squares curve fit for the logarithmically transformed concentration data versus time data (1).  The formula to calculate the elimination rate constant is as follows: 



ln Ct = ln b - t * ElimRateConst

Where,  Ct  = Concentration at time t


  b   = Constant


  ElimRateConst = Elimination rate constant


  ln  = Natural logarithm
4)  Half-life        [Half_Life]
Half-life is defined as a time at which concentration reaches 50% of its initial value.  The formula to calculate the half-life is as follows: 

t1/2 =   ln(2) / ElimRateConst
Where,  t1/2 = Half-life


  ElimRateConst = Elimination rate constant


  ln  = Natural logarithm

5)  Area under a curve from time = 0 to time infinity         [AUC0_inf]

Calculates area under the curve from concentration vs. time data for time zero to infinity (1).  This estimation of area under the curve is carried out in two steps.  The area under the curve from time zero to tlast  (time of last measurable concentration, Clast) is calculated by means of a linear trapezoidal rule.  The area under the curve from time tlast  to infinity is estimated by assuming log-linear decline.  The two areas described above are summated to yield AUC0_inf.  The formula to calculate the area under the curve is as follows:

AUC0_inf = AUC0_t  +  Clast / ElimRateConstant

Where,  AUC0_inf  =  Area under a curve for time 0 to infinity.




 ElimRateConstant = Elimination rate constant


 AUC0_t   =  Area under a curve for time 0 to t


 Clast = The last measurable concentration at time tlast

6)  Area under a moment curve from time = 0 to time infinity          [AUMC0_inf]

Calculates area under the curve for (concentration * time) vs. time  data for time zero to infinity (1).  This estimation of area under the curve is carried out in two steps. The area under the curve from time zero to tlast  (time of last measurable concentration, Clast) is calculated by means of a linear trapezoidal rule. The area under the curve from time tlast  to infinity is estimated using statistical moment theory.  The two areas described above are summated to yield AUMC0_inf.  The formula to calculate the area under the moment curve is as follows:

AUMC0_inf = AUMC0_time + (tlast * Clast / ElimRateConstant )


+ (Clast / ElimRateConstant2)
Where,  AUMC0_inf  =  Area under a moment curve for time 0 to infinity.


 ElimRateConst = Elimination rate constant

 AUMC0_time   =  Area under a moment curve for time 0 to t

Clast = The last measurable concentration at time tlast

tlast = The time of the last measurable concentration
APPENDIX B

Error-Checking Capabilities of the PK Functions

1)  Area under a curve from time = 0 to time t    [AUC0_t]

There should be only one column of time data.

The functions should check for data errors and provide message(s) if;

1) Nos. of rows of concentration values and the time values are not equal.

2) The time value points are not in ascending order.

3) Nos. of rows of time and concentration values are less than 2; i.e., only one value specified in the range.

4) The time or concentration ranges specified are more than one column.

5) Invalid data in the data range, e.g.

a)  Negative values of concentration or time data

b)  Non-numerical character in the concentration or time data

c)  The concentration or the time values are missing, i.e. blank row or invalid value in the data range.

2)  Area under a moment curve from time = 0 to time t         [AUMC0_t]

There should be only one column of concentration data.

There should be only one column of time data.

The functions should check for data errors and provide message(s) if;

1) Nos. of rows of concentration values and the time values are not equal.

2) The time value points are not in ascending order.

3) Nos. of rows of time and concentration values are less than 2; i.e., only one value specified in the range.

4) The time or concentration ranges specified are more than one column.

5) Invalid data in the data range, e.g.

a)  Negative values of concentration or time data

b)  Non-numerical character in the concentration or time data

c)  The concentration or the time values are missing, i.e. blank row or invalid value in the data range.

3)   3)  3Elimination rate constant       [ElimRateConst]

There should be only one column of concentration data.

There should be only one column of time data.

The functions should check for data errors and provide message(s) if;

1) Nos. of rows of concentration values and the time values are not equal.

2) The time value points are not in ascending order.

3) Nos. of rows of time and concentration values are less than 2; i.e., only one value specified in the range.

4) The time or concentration ranges specified are more than one column.

5) Invalid data in the data range, e.g.

a)  Negative values of concentration or time data

b)  Non-numerical character in the concentration or time data

c)  The concentration or the time values are missing, i.e. blank row or invalid value in the data range.

Half-life

There should be only one column of concentration data.

There should be only one column of time data.

The functions should check for data errors and provide message(s) if;

1) Nos. of rows of concentration values and the time values are not equal.

2) The time value points are not in ascending order.

3) Nos. of rows of time and concentration values are less than 2; i.e., only one value specified in the range.

4) The time or concentration ranges specified are more than one column.

5) Invalid data in the data range, e.g.

a)  Negative values of concentration or time data

b)  Non-numerical character in the concentration or time data

c)  The concentration or the time values are missing, i.e. blank row or invalid value in the data range.

Area under a curve (Time = 0 to infinity)

There should be a value for area under a curve (AUC0_time) for time 0 to t.

There should be a value for last measurable concentration at a time t.

There should be a value for Elimination Rate Constant (ElimRateConstant).

The functions should check for data errors and provide message(s) if;

1)  The concentration, AUC0_time or ElimRateConstant values are missing

2)  The concentration, AUC0_time or ElimRateConstant values are negative.

3)  Non-numerical character in the concentration, AUC0_time or ElimRateConstant value.

Area under a moment curve (Time = 0 to infinity)

There should be a value for area under a moment curve (AUMC0_time) for time 0 to t

There should be a value for last measurable concentration at a time t.

There should be a value for time of last measurable concentration.

There should be a value for Elimination Rate Constant (ElimRateConstant).

The functions should check for data errors and provide message(s) if;

1)  The time, concentration, AUMC0_time or ElimRateConstant value is missing

2)  The time, concentration, AUMC0_time or ElimRateConstant value is negative.

3)  Non-numerical character in the time, concentration, AUMC0_time or ElimRateConstant value

