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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW 
DRUG:  Lisdexamfetamine   PRIMARY REVIEWER: Andre Jackson 
NDA:   21977     TYPE: NDA 
FORMULATION: Oral Capsule                 STRENGTH: 30 MG, 50 MG AND 70 
                                                                                        MG Capsules  
APPLICANT: New River Pharmaceuticals      Submission Date:  

December 22 , 2006  
INDICATIONS: Attention Deficit Hyperactivity Disorder  
 

REVIEW OF A RESPONSE TO AN APPROVABLE LETTER 
 

The comments are related to dissolution and changes in the label by the firm. 
 
Background: 
 
The sponsor has stated that they can not meet the specification of - - % in 15 min 
and are proposing - - % in 20 min. The firm has also stated that on occasion they 
have to go to the S2 level i.e., an additional 6 units (average of 12 units is equal 
to or greater than Q, and no unit is less than Q---- %) to meet the---- % in 15 min 
specification. 
 
 Dissolution data has been supplied by the firm detailing dissolution  for their 30 
mg , 50 mg, and 70 mg capsules over an - -  month period at 25 C and 60% 
relative humidity.  The initial  (0 month) release date data was collected for an 
N=12 whereas N=6 data was collected for months -- --- . 
 
DISSOLUTION RESULTS: 
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Comments: 
 
1.DISSOLUTION 
 
a.The dissolution data presented by the firm indicates that up to---  mos most 
of the dissolution data meets the S1 specification of each unit not less than 
Q- - %.  This would strongly support all strengths meeting the specification 
for S2 in which is no unit is less than Q---- %. 
 
b.Conducting dissolution at the  S2 level is acceptable to OCP. 
 
The sponsor is requested to adopt the following final specification for all 
strengths: 
 
 
Final dissolution method and specification for all 3 capsule strengths is: 
 
USP Apparatus 2 (paddle) 
50 RPM 
900 ml of 0.1 N -- -- L 
Specification: Q=--- % in 15 minutes 
 
2. LABEL 
 
The  firm has accepted all of the OCP proposed changes to the label. 
 
 

SIGNATURES 
 
Andre Jackson______________________________________ 
Reviewer, Psychopharmacological Drug Section, DCP I 
Office of Clinical Pharmacology  
    
RD/FTinitialized by Raman Baweja, Ph.D._____________________________ 
   
Team Leader, Psychiatry  Drug Section, DCP I 
Office of Clinical Pharmacology 
cc: NDA 21-977, HFD-860(Mehta,  Baweja, Jackson) 
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW 
DRUG:  Lisdexamfetamine   PRIMARY REVIEWER: Andre Jackson 
NDA:   21977     TYPE: NDA 
FORMULATION: Oral Capsule                 STRENGTH: 30 MG, 50 MG AND 70 
                                                                                        MG Capsules  
APPLICANT: New River Pharmaceuticals      Submission Date:  

October 24, 2006  
INDICATIONS: Attention Deficit Hyperactivity Disorder  
 

REVIEW OF AN APPROVABLE LETTER 
 

The comments are related to dissolution and changes in the label by the firm. 
 
1.DISSOLUTION 
   FDA Comments: 
 

 The sponsor has stated that they can meet the specification of --- % in 15 
min 

 The firm has also stated that on occasion they have to go to the S2 level 
i.e., an additional 6 units (average of 12 units is equal to or greater than Q, 
and no unit is less than Q---- %). 

 The S2 level is acceptable to OCP 
 The sponsor is requested to adopt the following final specifications for all 

strengths: 
 
 
Final dissolution method and specification for all 3 capsule strengths is: 
 
USP Apparatus 2 (paddle) 
50 RPM 
900 ml of 0.1 N HCL 
Specification: Q=--- % in 15 minutes 
 
2. LABEL 
 
----------------------- - 
 
----------------- ------------ - ---------------------- ---- - -- ------------ -------------- ------- -------- 
-- -------- ---------- --------- - ------ ------ 
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW 
DRUG:  Lisdexamfetamine   PRIMARY REVIEWER: Andre Jackson 
NDA:   21977     TYPE: NDA 
FORMULATION: Oral Capsule                 STRENGTH: 30 MG, 50 MG AND 70 
                                                                                        MG Capsules  
APPLICANT: New River Pharmaceuticals      Submission Date:  

December 6, 2005  
INDICATIONS: Attention Deficit Hyperactivity Disorder  
 

EXECUTIVE SUMMARY: 
 
The Sponsor's objective is to develop a drug treatment for ADHD with reduced 
abuse potential compared to other Schedule II substances used in similar 
medical situations.  The active ingredient in NRP 104 capsules is 
lisdexamfetamine as the dimesylate salt, a new chemical entity. 
Lisdexamfetamine, like diethylpropion (a Schedule IV stimulant), depends on 
biotransformation to exert its pharmacological effect. In its intact form 
lisdexamfetamine dimesylate lacks stimulant properties and is pharmacologically 
inactive. When taken orally, the amide linkage is hydrolyzed in the 
gastrointestinal tract, releasing active d-amphetamine. Also like diethylpropion, 
there is limited biotransformation of lisdexamfetamine when administered via 
parenteral routes of administration. The Sponsor believes, based on results to 
date, that lisdexamfetamine has substantially reduced abuse liability compared to 
d-amphetamine and other Schedule II stimulants.  
 
The following studies were requested by FDA from the firm to support their 
Clinical data. 
 

 
 
The firm has conducted the following studies to support their NDA: 
 
     1. Study No. NRP 104.101 
      A Pharmacokinetic Study to Assess the Rate of Absorption and the Oral      

Bioavailability of Two Dose Levels of NRP104 Capsules to Doses of the 
Reference Products, Dexedrine Spansules and Adderall XR Capsules 
Under Fasting Conditions 
 

2. Study No. NRP 104.102 
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           A Single-Dose, 3-Treatment, 3-period, Crossover Pharamacokinetic Study    
           to Assess Relative Bioavailability of NRP104 70 mg Capsules (1x70 mg)  

Under Fed State and Solution vs. Fasted State in Healthy Adult 
Volunteers 

 
 
3. Study No. NRP 104.103  
A Single-Dose, 3 Treatment, 3-period, Crossover Pharmacokinetic Study to  
Assess Dose Proportionality of NRP 104 30 mg Capsules (1x30mg), 50 mg 
Capsules (1x50mg), and 70 mg Capsules (1x70mg) in Children Aged 6-12 
years with ADHD. 

 
 
       4. Study No. NRP 104.104 

 
 
 

Geometric mean  comparison between  75mg-NRP104 (22.2 mg d-
amphetamine) and  30mg-Dexedrine (22.0 mg d-amphetamine)  indicated 
comparable extents of d-amphetamine exposure but a  48% higher Cmax for 
NRP104.  On the other hand, d-amphetamine exposure for extent and Cmax 
from 75 mg NRP104 was comparable to (d+l) amphetamine from Adderall XR 
despite different molar amounts of the active moiety in the dosage form ( i.e., and 
22.2 mg d-amphetamine for NRP104 and 16.6 mg d-amphetamine-Adderall XR).   

The results from the food effect study showed that the intact NRP104  
Cmax and AUCinf levels were decreased by food  45% and 12% respectively, 
but there was no effect on d-amphetamine Cmax or AUCinf values.  These 
results are not unexpected since the parent drug, intact NRP104, would be 
expected to be more variable than the metabolite, d-amphetamine. The capsule 
and oral solution formulations of NRP104 were equally bioavailable. 

Based on the results of both a dose-normalized bioequivalence approach 
and a power model, it has been shown that d-amphetamine (AUC and Cmax) 
were dose proportional in the range from 30 mg to 70 mg NRP104, when given 
as a single dose to children aged 6-12 years with ADHD.  Dose normalized 
exposures of d-amphetamine are comparable between boys and girls.  Unlike d-
amphetamine, intact NRP104 did not show dose proportionality in the dose range 
of 30 mg to 70 mg NRP104.  A mass balance study showed that 96% of the drug 
is excreted in the urine as metabolites . D-Amphetamine and hippuric acid were 
the major metabolites in 0 to 48h urine samples. 

The capsule and oral solution have comparable bioavailability.  Metabolite 
AUC levels (i.e., d-amphetamine) are 16x higher than for the parent pro-drug 
NRP-104. 

In healthy adults multiple dose pharmacokinetics following a 70 mg daily 
dose for 7 days showed no accumulation of NRP104.  Steady-state for d-
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amphetamine was reached in 5 days.  Dose normalized Day 7 d-amphetamine 
AUCinf and Cmax values were 22% and 12% lower in women than in men. 

Dissolution in all media was very rapid (- ----- % dissolved in 10 minutes) 
using Apparatus 2, paddle at 50 rpm).  Dissolution In 0.1N HCL was the slowest 
(i.e., - ---- % in 15 min). 
 
COMMENT TO THE SPONSOR 
 
Final dissolution method and specifications for all 3 capsule strengths is: 
 
USP Apparatus 2 (paddle) 
50 RPM 
900 ml of 0.1 N HC-  
Specification: Q=--- % in 15 minutes 
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QUESTION BASED REVIEW 
 
WHAT IS THE COMPOSITION OF THE LISDEXAMPHETAMINE DOSAGE 
FORM AND HOW DO THE D-AMPHETAMINE MOIETY COMPARE TO 
ADDERALL XR AND DEXEDRINE? 
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NRP104 (L-lysine d-amphetamine dimesylate) is a pro-drug of d-amphetamine. The 
proposed commercial formulation of NRP104 is a capsule containing 30 mg, 50 mg, or 
70 mg of the pro-drug; the content expressed as d-amphetamine sulfate and d-
amphetamine.  However, the pharmacokinetic data were collected using  a 25 mg and 75 
mg capsule. 
 
CONTENT of NRP104 CAPSULES DEXEDRINE, AND ADDERALL XR, 
EXPRESSED AS THE D AND L AMPHETAMINE BASE 

Doses of the Four Treatments as Amphetamine Base 

  dose (mg) as: 

Formulation 
Labeled dose 
(mg) d-amp l-amp total amp 

NRP104 25 7.425 0 7.425 
NRP104 75 22.275 0 22.275 
Adderall 
XR 35 16.625 5.285 21.91 
Dexedrine 30 22.02 0 22.02 

Based on molecular weights of 455.59, 368.49, and 135.20 for lysine-amphetamine, 

d-amphetamine sulfate, and d-amphetamine, respectively. 

 
The apparent differences in the amount of d-amphetamine between Adderall  XR 
35 mg and NRP104 75 mg ---- - -- - - ---- -  - - --- --- - --- --  - -  -- ---- ---- - - ---- .  
However, this difference will have to be addressed by the Medical Officer to 
determine if it is of Clinical Significance. 
 
  
WHAT IS THE PROPOSED METABOLIC SCHEME FOR 
LISDEXAMPHETAMINE? 
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WHAT ARE THE MAJOR ROUTES OF ELIMINATION FOR 
LISDEXAMPHETAMINE? 
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. 
 

 
 
Renal elimination is the major route of excretion. 
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WHAT IS THE MAJOR SPECIES OBSERVED IN THE PLASMA FOLLOWING 
LISDEXAMPHETAMINE ADMINISTRATION? 
 

 
The major metabolite in plasma is d-amphetamine. 
 
 IS THE  RELATIVE BIOAVAILABILITY OF NRP104 70 MG CAPSULES (1X70 
MG) AFFECTED BY FOOD ? 
 
A study done in 18 normal adults gave the following results.  
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The results indicate that for the parent drug there is a decrease  of 12% on 
AUCinf, a 9% decrease  on AUCt and  45% decrease  on Cmax in the presence 
of food.  There is no appreciable effect of food on the d-amphetamine metabolite 
which is expected since it is formed during the  absorption process. 
Comparable AUC and Cmax values were obtained for d-amphetamine from the 
capsule and solution formulation.  Exposure of the metabolite d-amphetamine is 
16 fold higher than that seen for the parent drug NRP-104. 
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WHAT IS THE RELATIVE BIOAVAILABILITY BETWEEN NRP104 
CAPSULES AND THE REFERENCE PRODUCTS, DEXEDRINE AND 
ADDERALL XR 
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The resulting 90% confidence intervals were: 
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Statistical analysis of the log-transformed systemic exposure parameters of d 
amphetamine from NRP104 to the racemic mixture (d+ l-Amphetamine) from 
Adderall XR (Crossover design for comparing 75 mg NRP104 to 35 mg Adderall 
XR). 
 
 

 
 
These results indicate that AUC and Cmax for d-amphetamine from 75 mg NRP 
104  were comparable to (d+l-amphetamine) from 35 mg  Adderall XR.  The data 
also show d-amphetamine equivalence for AUC for 75 mg NRP 104 and 30 mg  
Dexedrine while peak exposure was 48% higher from NRP104 than from 
Dexedrine.  
 
 
ARE THE PHARMACOKINETICS OF LISDEXAMPHETAMINE LINEAR? 
 
A study conducted in 18 children 6-12 yrs of age (10m/8F)  gave the following 
results. 
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The results show that the pharmacokinetics for the intact NRP104 exhibit 
nonlinear kinetics over the doses of 30-70 mg while the metabolite 
 d-amphetamine exhibits dose proportional kinetics.   The apparent higher 
exposures of d-amphetamine in girls compared to boys is not seen when 
normalized by mg/kg dose. 
 
WHAT ARE THE STEADY-STATE KINETICS FOR D-AMPHETAMINE IN 
ADULTS?  
 
A 70 mg daily dose for 7 days in 12 healthy adults (4M/8F) indicated that steady- 
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state was attained within 5 days for d-amphetamine.  Gender analysis shows that 
normalized d-amphetamine AUCinf and Cmax were 22% and 12% lower 
respectively, for women than in men. 
 
WHAT DISSOLUTION STUDIES WERE CONDUCTED TO ESTABLISH 
DISSOLUTION SPECIFICATIONS FOR NRP-104? 
 
The sponsor used USP apparatus 2, paddle at 50 rpm to test the dissolution of 
NRP104 in several media (i.e., 0.1 N HCL, water, 0.05 M acetate buffer pH 4.5 
and 0.05 M phosphate buffer at pH 6.5 and 7.5.  Dissolution is very rapid in most 
media, almost --- - % in 10 min.  In the media selected by the firm 0.1N HCL, the 
mean(%RSD) for  30 mg, 50 mg and 70 mg capsules is --- ----- -  --  ----- -- ---- ), 
--------- -- ----- .  Final dissolution method and specifications for all 3 capsule 

strengths is: 
 
USP Apparatus 2 (paddle) 
50 RPM 
900 ml of 0.1 N HCL 
Specification: Q=--- % in 15 minutes 
 

FIRMS PROPOSED LABEL 
 
-- - ---- -- ---- -- ------ -- -- -- -- - -- ----- 
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STUDY DETAILS 
 

A Single -Dose, 3-Treatment, 3-period, Crossover Pharamacokinetic Study    
to Assess Relative Bioavailability of NRP104 70 mg Capsules (1x70 mg)  
Under Fed State and Solution vs. Fasted State in Healthy Adult Volunteers 
Study No. 104.102 
 
 
OBJECTIVES: 
 
To assess relative bioavailability of d-amphetamine of NRP104 70 mg (1x70 mg) 
in healthy adult volunteers when administered orally either with food or in 
solution, compared to an intact capsule under fasted state. 

 
 
METHODS 
 
This was an open-label, single-dose, 3-treatment, 3-period, 6-sequence, 
randomized, crossover, Phase I bioavailability and bioequivalence study. A single 
NRP104 dose of 70 mg (1x70 mg) was administered to each subject under three 
dosing conditions: an intact capsule only, a solution containing the capsule 
contents, and an intact capsule with high fat meal.  Prior to being dosed under 
these conditions, all subjects had an overnight fasting of at least 10 hours, and 
were fasted through at least 4 hours following drug administration. 
 
The study enrolled eighteen (18) healthy adults aged 18 to 55 years. 
 
Blood samples were determined  for the plasma levels of d-amphetamine and 
intact NRP104 at the following hours: (dose time) 0 hour, and 0.5, 1.0, 1.5, 2, 3, 
4, 5, 6, 7, 8, 10, 12, 16, 24, 48, and 72 hours postdose. 
 
A standard clinic snack (approximately 11 hours prior to dose administration) was 
served the evening of check-in. All subjects were required to fast for at least ten 
(10) hours prior to dosing. Water was allowed ad lib. during the study, except for 
one (1) hour prior through two (2) hours post-dose. 
Subjects receiving Treatments A and C did not receive breakfast. 
Subjects receiving Treatment B received the following high fat breakfast within 
30 minutes prior to dosing and must complete the meal within 5 minutes prior to 
dosing: 
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Treatments: 

 
Pharmacokinetic Parameters: 
 
From the plasma drug levels obtained from the study subjects, the following  

 
Table 1 below summarizes participating subjects’ demographics and baseline 
characteristics. 
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Analytical 
NRP104.102 
 

 
 
 
Total Storage Period 33-48 days 
 
 
Assay Validation 
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Parameter Amphetamine 
2-200 ng/ml 

NRP-104 
1-100 ng/ml 

Method LC\ Mass Spectrometric \ 
Mass Spectrometric Detection
 
 

LC\ Mass Spectrometric \ Mass Spectrometric 
Detection 
 
 

Freeze-
thaw  

3 cycles 3 cycles 

Benchtop 
Stability at 
RT 

47 hrs 47 hrs 

Long term 
at –20° C 

21 days(6 and 160 ng/ml) 21 days(3 and 80  ng/ml) 
 

Recovery   
Low  
High  
 
 
 

 
44%   
 
 

 
 27%   
 
 

 
 
Plasma Analysis Results 
Study dates: November 12, 2004 
                December 28, 2004 
 
 

Parameter Amphetamine NRP-104 
Method HPLC with Mass 

Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

Sensitivity/LOQ  2 ng/ml 1 ng/ml 
Linearity (Standard curve 
samples) 

  2-200 ng/ml   1-100 ng/ml 

Quality Control (QC) 
Samples 

 6, 40 and 160 ng/ml  3, 20, 80 ng/ml 

Precision of Standards 
(%CV) 

2%   @ 2 ng/ml 
1.6%@ 200 ng/ml 
 

2.9%   @ 1 ng/ml 
3.1%@ 100 ng/ml 
 

Precision of QC Samples 
(%CV) 

6.8%@ 6 ng/ml 
5.4 %@ 160 ng/ml 
 

6.1 %@ 3 ng/ml 
12.9 %@ 80 ng/ml 
 

Accuracy of Standards (%) 99.5%@  2 ng/ml 100%@  1 ng/ml 
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100%@  200 ng/ml 
 

97%@  100 ng/ml 
 

Accuracy of QC Samples 
(%) 

95.3 %@ 6 ng/ml 
94.4 %@ 160 ng/ml 
 

91 %@ 3 ng/ml 
99 %@ 80 ng/ml 
 

 
 
 
RESULTS 
 
 
 
Table 2.   Mean and S.D. of PK Parameters for d-amphetamine (PK Population) 
 

 
 
 
 
Table 3.  Mean and S.D. of PK Parameters for Intact NRP104 (PK Population) 
 



 26

 



 27

 
 
 
DISCUSSION AND COMMENTS: 
d-amphetamine 
 
These results demonstrate that for the PK population, the 90% confidence 
intervals (CI) of ratios of geometric means of fed vs. fasted and solution vs. 
fasted fell within the recommended 80.00% to 125.00% limits of average 
bioequivalence for AUC0-inf, AUC0-t, and Cmax. These findings suggest that d-
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amphetamine of NRP104 was bio-equivalent when taken with or without food or 
in solution. 
 
Intact NRP104 
 
These results demonstrate that for the PK population, 90% confidence intervals (CI) of 
ratios of geometric means of fed vs. fasted fell within the recommended 80.00% to 
125.00% limits of average bioequivalence for AUC0-t, and outside of the recommended 
limits for AUC0-inf, and Cmax. The 90% confidence intervals (CI) of ratios of geometric 
means of solution vs. fasted fell within the recommended 80.00% to 125.00% limits of 
average bioequivalence for AUC0-t, and Cmax, and outside of the recommended limits for 
AUC0-inf. These findings suggest that intact NRP104 had comparable bioavailability when 
taken either without food or in solution, but the bioavailability was different when taken 
with food. 
 
 
These results are not unexpected since the parent drug, intact NRP104, would 
be expected to be more variable than the metabolite, d-amphetamine. 
. 
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A Pharmacokinetic Study to Assess the Rate of Absorption and the Oral 
Bioavailability of Two Dose Levels of NRP104 Capsules to Doses of the Reference 
Products, Dexedrine Spansules and Adderall XR Capsules Under Fasting 
Conditions-Study 104.101 
 
 

 
 
Purpose 
The primary objective of this single-dose, open-label, two-period pilot study was 
to compare the rate of absorption and oral bioavailability of two dose levels (1 x 
25 mg and 3 x 25 mg) of the NRP104 Test Formulation to oral doses of two 
commercially available Reference Products, Dexedrine® Spansules (3 x 10 mg) 
and Adderall XR™ (1 x 30 mg + 1 x 5 mg), administered to healthy subjects after 
a 10-hour overnight fast. 
 
This was not one of the main studies but was a proof of concept study. 
 
Methods 
 
Study Design 
 
This was a single-dose, open-label, randomized, two-period crossover bioavailability 
study in which twenty healthy male and female subjects were scheduled to receive a 
single dose of each of two treatments within the assigned sequence in two assigned  
dosing periods. Each dose administration was separated by a 7-day washout period. 
Ten  healthy subjects were assigned to each of the following sequences: 
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Blood samples were drawn prior to dosing (pre-dose) and at 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 
5.0, 6.0, 7.0, 8.0, 10.0, 12.0, 16.0, 24.0, 48.0, and 72.0 hours post-dose. 
 
 
NRP104.101 
 
In life portion of study 
 
Subjects dosed on: Period 1-04/26/2004; Period 2- 05/03/2004  
 
Date of Assay 

 
 
Plasma Analysis Results 
Assayed for d and l amphetamine. 
 
Assay Validation 
 

Parameter D-Amphetamine 
0.5-125 ng/ml 

L-Amphetamine 
0.2-50 ng/ml 

Method LC\ Mass Spectrometric \ 
Mass Spectrometric Detection
 
 

LC\ Mass Spectrometric \ Mass Spectrometric 
Detection 
 
 

Freeze-
thaw  

4 cycles 4 cycles 

Benchtop 
Stability at 
RT 

6 hrs 6 hrs 

Long term 
at –20° C 

17 weeks 17 weeks 
 

Recovery   
Low  
High  
 
 
 

93%@ 0.5 ng/ml 
85.8%@125ng/ml   
 
 

 
  90%@ 0.2 ng/ml 
86%@ 50ng/ml   
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Parameter NRP 104 Dextroamphetamine Levoamphetamine 
Method HPLC with Mass 

Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

Sensitivity/LOQ  1.0 ng/ml 0.5 ng/ml 0.2 ng/ml 
Linearity 
(Standard curve 
samples) 

 1-100  ng/ml   0.5-125 ng/ml  0.2-50 ng/ml 

Quality Control 
(QC) Samples 

 3, 20 and 80 ng/ml  1.5, 40 and 80 ng/ml  0.6, 16 and 32 ng/ml 

Precision of 
Standards 
(%CV) 

1.5 %@ 1 ng/ml 
2.3 %@  100 ng/ml 
 

3.1 %@ 0.5 ng/ml 
6.5 %@  125 ng/ml 
 

2.2%@ 0.2 ng/ml 
7.5 %@ 50 ng/ml 
 

Precision of QC 
Samples (%CV) 

6 %@ 3 ng/ml 
2.5 %@ 80 ng/ml 
 

10%@ 1.5 ng/ml 
6 %@ 80 ng/ml 
 

7 %@  0.6 ng/ml 
5 %@  32 ng/ml 
 

Accuracy of 
Standards (%) 

101 %@  1 ng/ml 
101 %@ 100 ng/ml 
 

103 %@ 0.5  ng/ml 
99% @ 125  ng/ml 
 

101%@ 0.2 ng/ml 
99%@  50 ng/ml 
 

Accuracy of QC 
Samples (%) 

100 %@ 3 ng/ml 
96 %@ 80  ng/ml 
 

104 %@  1.5 ng/ml 
96 %@  80 ng/ml 
 

107 %@ 0.6 ng/ml 
94 %@ 32  ng/ml 
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Results 
 
 
Table 1. The pharmacokinetic parameters for d-amphetamine after oral 
               administration of NRP104  
 

 
 
Table 2. Pharmacokinetic Parameters of d-Amphetamine after Oral 
Administration of  30 mg Dexedrine and the Racemic mixture (d+l Amphetamine) 
35 mg after Oral administration of Adderall XR 
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Table 3. Pharmacokinetic Parameters of NRP104 after oral administration. 
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Figure 1: Mean Concentration-Time Profiles for d-Amphetamine after 
NRP104 and Dexedrine and for the Racemic Mixture (d- + l-Amphetamine) 
after Adderall XR 
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B (3 x 25 mg NRP104)

C (3 x 10 mg Dexedrine)

D (5 + 30 mg Adderall XR)

 
 
A= Test Product A (d-amphetamine), B = Test Product B (d-amphetamine); 
C = Reference Product C (d-amphetamine), D = Reference Product D (d+l-amphetamine) 
 
 
 
 
The results indicate that the Tmax for the metabolite i.e., d-amphetamine is 2  
hours earlier for the test products compared to Dexedrine and Adderall.  A higher 
AUC and Cmax were observed for d+l-amphetamine from Adderall than dor d 
amphetamine from Dexedrine although the  doses were comparable (ie 30 mg 
Dexedrine-35 mg Adderall).  
 
D-Amphetamine Cmax and AUC were nearly proportional for the 1x25 mg and 
the 3x 25 mg treatments for the test product.  The parent drug NRP104 showed a  
greater than proportional increase in Cmax and AUC between the 1x25 mg and  
the 3x25 mg doses.  
 
Comments: 
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1.Overall “peak exposure” based upon the geometric mean for  d-amphetamine 
was greater for the 75 mg NRP104 tablet compared to Dexedrine as reflected by 
the 90% CI of 128-170.  On the other hand overall exposure as determined by 
AUC was comparable with the 90% CI being within 80-125% of the reference 
product Dexedrine. It should be noted that unequal molar amounts are being 
compared via the same route (i.e., 75 mg NRP104 and 30 mg Dexedrine). 
However, 75 mg NRP104 is approximately -----   mg of d-amphetamine 
compared to  --- --  mg of d-amphetamine from Dexedrine. ) 
 
2.Exposure(i.e., peak-Cmax and overall-AUC were similar) for d-amphetamine 
and (d+l-amphetamine) when NRP104 was compared to Adderall  XR (i.e., 75 
mg NRP104-- - --  mg d-amphetamine and 35 mg Adderall XR------  mg d-
amphetamine - --  -  mg l-amphetamine). 
 
 
A Single-Dose, 3 Treatment, 3-period, Crossover Pharmacokinetic Study to  
Assess Dose Proportionality of NRP 104 30 mg Capsules (1x30mg), 50 mg 
Capsules (1x50mg), and 70 mg Capsules (1x70mg) in Children Aged 6-12 years  
with ADHD –Protocol NRP 104.103 
 
 
Study Objective: 
 

 
 
Study Design: 
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Subject Demographics 
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Results 
 
 
 
Plasma Analysis Results: 
NRP104.103 

 
In life portion of study 
 
Subjects dosed on: Period 1-09/11/2004; Period 2- 09/19/2004; Period 3-09/25/2004 
 
 
Total storage time: 12 days 
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Parameter NRP-104 d-amphetamine 
Method HPLC with Mass 

Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

Sensitivity/LOQ  1 ng/ml 2 ng/ml 
Linearity (Standard curve 
samples) 

  1-100 ng/ml   2-200 ng/ml 

Quality Control (QC) 
Samples 

3, 20 and 80 ng/ml 6, 40, and 160 ng/ml 

Precision of Standards 
(%CV) 

3.9%@ 1 ng/ml 
2.8 %@ 100 ng/ml 
 

1.8%@ 2 ng/ml 
5 %@ 200 ng/ml 
 

Precision of QC Samples 
(%CV) 

13 %@ 3 ng/ml 
5 %@  80 ng/ml 
 

8 %@ 6 ng/ml 
5 %@ 160 ng/ml 
 

Accuracy of Standards (%) 101 %@  1 ng/ml 
97 %@ 100 ng/ml 
 

99%@ 2 ng/ml 
95 %@ 200 ng/ml 
 

Accuracy of QC Samples 
(%) 

92 %@ 3 ng/ml 
99 %@ 80 ng/ml 
 

99 %@ 6 ng/ml 
105 %@ 160 ng/ml 
 

 
 
Summary of Pharmacokinetic Results: 
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Comment: 
 
1. The results of the power model analysis ( P = a x Dose b ) indicated that the 
pharmacokinetics of the parent drug are non-linear whereas the pharmacokinetics of the 
metabolite d-amphetamine are linear in the dose range of 30mg to 70 mg. 
 
2. Apparently higher exposure in girls when normalized to by dose (mg/kg ), the  
difference disappears. 
 
3. For intact NRP, systemic exposure was about 30-40% higher in girls than in boys; and 
in 6-9 yrs olds than in 10-12 yrs olds. When the exposure parameters (AUC and Cmax) 
were normalized by dose (mg/Kg), these differences reduced to 10-20% (Section 15 
Table 2.1.2). 
 



 42

 
 
 
 
 
 
A Multiple-Dose Single-Arm Pharmacokinetics Study of NRP104 70 mg Capsules 
(1x70mg) Following 7-day administration in healthy Adult Volunteers Under  
Fasting Conditions Protocol 104.104 
 
 
 
Objective: 
 

 
 
Study Design 
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Subject Demographics 
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Analytical 
 
 

 
 
Plasma Analysis Results 
 

Parameter Amphetamine NRP-104 
Method HPLC with Mass 

Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

Sensitivity/LOQ  2 ng/ml  1 ng/ml 
Linearity (Standard curve 
samples) 

 2-200 ng/ml  1-100 ng/ml 

Quality Control (QC)  6, 40 and 160 ng/ml  3, 20 and 80 ng/ml 
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Samples 
Precision of Standards 
(%CV) 

1.4 %@  2 ng/ml 
4.2 %@  200 ng/ml 
 

NR%@ 1 ng/ml 
NR%@  100 ng/ml 
 

Precision of QC Samples 
(%CV) 

5%@ 6 ng/ml 
6 %@ 160 ng/ml 
 

8 %@ 3 ng/ml 
15%@ 80 ng/ml 
 

Accuracy of Standards (%) 100 %@ 2 ng/ml 
103 %@ 200 ng/ml 
 

99%@  1 ng/ml 
97%@  100 ng/ml 
 

Accuracy of QC Samples 
(%) 

98 %@ 6 ng/ml 
98 %@ 160 ng/ml 
 

94 %@  3 ng/ml 
101 %@  80 ng/ml 
 

 
 
Results 
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     18.6 for Cmax (ng/ml), and 1.14+ for Tmax(hr). 
 
Sub-group Analysis 
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Comment: 
 
1.The normalized  d-amphetamine AUC and Cmax values were 22%  and 12% 
lower  respectively in women compared to men. 
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Mass Balance and Elimination Profiles of NRP-104 14C and Readioactive 
Metabolites 
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NRP104.106 
 

 
Total storage time is 26 days. 
 
 
 
Plasma Analysis Results 
 

Parameter Amphetamine NRP-104 



 51

N=2 runs N=2 runs 
Method HPLC with Mass 

Spectrometric 
Detection 
 

HPLC with Mass 
Spectrometric 
Detection 
 

Sensitivity/LOQ  2 ng/ml 1 ng/ml 
Linearity (Standard curve 
samples) 

 2-200 ng/ml  1-100 ng/ml 

Quality Control (QC) 
Samples 

6,40 , and 160  ng/ml 3, 20 and 80  ng/ml 

Precision of Standards 
(%CV) 

NA NA 

Precision of QC Samples 
(%CV) 

2 %@ 6 ng/ml 
1.4 %@  ng/ml 
 

1.4 %@ 3 ng/ml 
4.9 %@ 80  ng/ml 
 

Accuracy of Standards (%) 102%@  ng/ml 
97%@  ng/ml 
 

100%@  ng/ml 
106 %@  ng/ml 
 

Accuracy of QC Samples 
(%) 

106 %@ 6 ng/ml 
105 %@ 160 ng/ml 
 

107 %@  3 ng/ml 
98 %@ 80  ng/ml 
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RESULTS 
 
Per Cent of Dose Recovered in Urine and Feces 
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 55

 
 
Dissolution data 
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Only data from the 0.1N HCL method will be presented since for the other media 
dissolution was ----- % complete by 10 min. 
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