|
|
|
|
.
|
|
|

Handbook of
Pharmaceutical
Manufacturing

Formulations

‘Sterile Products

SARFARAZ K. NI




Preface to the Series—Second Edition ... v
Preface to the Serfes—-First Edition ... viii
Preface to the Volume—First Edition ... ix

About the Author ... xi

PART I REGULATORY AND MANUFACTURING

1. Sterile Manufacturing Formulations
Template 2 '
[. Autoclaves 4
I Aseptic Contract Manufacturers 4
A. Manufacturing Formulations
Template 4
M. Clean-Room Design and Construction 4
IV. Clean-in-Place /Steam-in-Place
(CIPISIP) 5
V. Closure Washing and Sterilization 5
VI. Consultants 5
VII. Disinfectants and Preservatives 5
VIIL Distillation equipment 5
IX. Engineering and Construction 5
X. Filling Machines 5
XI. Filter AIDS &
XII. Flowmeters (Sanitary) 6
XTIl Freeze-Dryers {Sterilizable) 6
XIV. Microfiltration Equipment and Filters 6
A. Manufacturing Formulations
Template 6
XV. Pumps {Sanitary) 6
XV1. Sterile Tanks and Related Stainless
Equipment &
XVIL Sterifity Test Equipment 7
XVIIL Sterilizing and Drying Tunnels
{Hot Air) 7
XIX. Stoppering Machines 7
XX. Vial and Bottle Washers 7

2. GMP Audit Template, EU Guidelines 8
Glossary 27

3. Inspection of Sterile Product Manufacturing
Facilities 30
[. Introduction 30
II. «GMF Compliance Basics 30
. Personnel 30
. Buildings 30
. Adr 30
. Environmental Controls 30
. Equipment 30
. Water for Injection 31
. Containers and Closures 37

OmmdnNow>

Contents

H. Sterilization 31
1. Metheds 31
2. Indicators 31
3, Filled Containers 31
1. Personnel Practices 32
J. Laboratory Controls 32
1. Retesting for Sterility 32
2. Retesting for Pyrogens 32
3. Particulate Matter Testing 32
4, Production Records 32
IIT. Aseptic Processing 32
A, Introduction 32
B. Buildings and Facilities 32
1. Critical Area (Class 100) 33
2. Supporting Clean Areas 34
3. Clean Area Separation 34
4. Air Filtration 34
5, Design 35
C. Personnel Training, Qualification, and
Monitoring 35
1. Manufacturing Personnel 36
2. Laboratory Personnel 36
3. Monitoring Program 37
D. Components and Containers/
Closures 37
1. Components 37
2. Contairers/Closures 37
E. Endotoxin Control 38
E. Time Limitations 38
G. Process Validation and Equipment
Qualification 39
1. Process Simulations 39
2. Filtration Efficacy 41
3. Sterilization of Equipment and
Containers/Closures 42
H. Laboratory Controls 43
1. Environmental Monitoring 43
2. Microbiclogical Media and
Identification 44
L. Sterility Testing 44
1. Cholce of Methods 45
2. Media 45
3. Personnel 45
4. Sampling and Incubation 45
5. Investigation of Sterility
Positives 45
]. Batch Record Review: Process Control
Documentation 46
IV. Processing Prior to Filling and Sealing
Operations 47
A. Aseptic Processing from Early
Manufacturing Steps 47

xii



VI

VIL

VIIL

B. Aseptic Processing of Cell-Based
Therapy Products (or of Products
Intended for Use as Cell-Based
Therapies) 47

. Aseptic Processing Isolators 47

A, Maintenance 47
1. General 47
2. Glove Integrity 47
B. Design 47
1, Adrflow 47
2. Materials of Construction 48
3. Pressure Differential 48
4, Clean-Area Classifications 48
(. Transfer of Materials and
Supplies 48
1. Introduction 48
2. Discharge 48
D. Decontamination 48
1. Surface lixposure 48
2. Efficacy 48
3. Frequency 48
E. Filling Line Sterilization 48
F. Environmental Monitoring 49
G. Personnel 49
Blow-fill-seal Technology 49
A. Fquipment Design ané Air
Quality 49
B. Validation and Qualification 49
C. Batch Monitoring and Control 49
Lyophilization of Parenterals 50
. Introduction 50
. Product Type and Formulation 30
. Filling 50
. Lyophilization Cycle and Coentrols 51
. Cycle Validation 52
. Lyophilizer Sterilization and Design
52
G. Finished Product Testing 53
1. Dose Uniformity 54
2. Stability Testing 54
3, Sterility Testing 54
H. Finished Product
Inspection—Meltback 54
High-Purity Water Systems 54
A. System Design 54
B. System Validation 55
C. Microbial Limits 55
1. WFI Systems 55
2. Purified Water Systems 56
. WFI Systems 56
. Stll 56
. Heat Exchangers 56
. liolding Tank 56
. Pumps 57
. Piping 57
. Reverse OQsmosis 57
. Purified Water Systems 57
. Process Water 58
- Bvaluation Strategy 58

=m0 =

R IO m T

Relevant Guidance Documents (FDA) 58
Glossary
References

58

61

Contents

4. New Drug Application for Sterilized
Products 62

L
IL

1L

IV.

Introduction 62
Terminal Heat Sterilization 62
A. Description of the Process and
Product 62
B. Thermal Qualification of the
Cycle 62
C. Microbiological Efficacy of the
Cycle 62
D. Microbiological Monitoring of the
Environment 63
L. Container/Closure and Package
Integrity 43
E. Bacterial Endotoxins Test and
Method 63
G. Sterility Testing Methods and Release
Criteria 63
H. Evidence of Formal Written Procedures
63
Other lerminal Sterilization Processes 63
A. Bthylene Oxide 64
B. Radiation 64
Aseptic Fill Manufacturing Processes 64
. Buildings and Facilities 64
. Overall Manufacturing Operation 64
. Containers and Closures 64
- Procedures and Specifications for
Media Fills 65
L. Actions Concerning Product When
Media Fills Fail 65
. Microbiological Monitoring of the
Environment 65
. Container/Closure and Package
Integrity 65
. Sterility Testing Methods and Release
Criteria 63
b Bacterial Endotoxins Test and
Method 65
]. Evidence of Formal Written
Procedures 65
Maintenance of Microbiological Control
and Quality: Stability Considerations 66
A. Container/Closure Integrity 66
B. Preservative Effectiveness 6%
C. Pyrogen or Endotoxin Testing 66

T Ox o

0 o=

T

§. Validation of Cleaning Process 67

L
T
IIL
IV,

V.

Introduction 67
Background 67
General Requirements 67
Evaluation of Cleaning Validation 67
A. Equipment Design 68
B. Cleaning Process, Written Procedure,
and Documentation 68
C. Analytical Methods 68
3. Sampling 68
1. Direct Surface Sampling 69
2. Rinse Samples 69
3. Routine Production In-Process
Control Monitoring 69
Hstablishment of Limits 69

Xxifi



Xiv Contents

VI. Other Issues 69
A. Placebo Product 69
B. Detergent 69
C. Test Until Clean 69

6. Viral Safety Evaluation of Biotechnology
Products Derived from Cell Lines of Human or
Animal Origin 70

1. Introduction 70
II. Potential Sources of Virus
Contamination 70
A. Viruses That Could Gccur in the Master
Cell Bank 70
B. Adventitious Viruses That Could Be
Introduced during Production 71
ML Cell Line Qualification: Testing for
Viruses 71
A. Suggested Virus Tests for MCB,
Working Cell Bank, and Cells at the
Limit of In Vitro Cell Age Used for
Production 71
1. Master Cell Bank 71
2. Working Cell Bank 71
3. Cells at the Limit of In Vitro Cell
Age Used for Production 71
B. Recommended Viral Detection and
Identification Assays 71
1. Tests for Retroviruses 72
2. In Vitro Assays 72
3. In Vivo Assays 72
4. Antibody Production Tests 72
C. Acceptability of Cell Lines 72
1V, Testing for Viruses in Unprocessed
Bulk 73
V. Rationale and Action Plan for Viral
Clearance Studies and Virus Tests on
Purified Bulk 73
VI. Evaluation and Characterization of Viral
Clearance Procedures 75
A. The Choice of Viruses for the
Evaluation and Characterization of
Viral Clearance 75
1. “Relevant” Viruses and “Model”
Viruses 75
2. Other Considerations 75
B. Design and Implications of Viral
Clearance Evaluation and
Characterization Studies 76
1. Facility and Statf 76
2. Scaled-Down Production
System 76
3. Analysis of StepWise Elimination of
Virus 76
4, Determining Physical Removal Vs.
Tnactivation 76
5 Inactivation Assessment 76
6. Function and Regeneration of
Columns 76
7. Specific Precautions 76
C. Interpretation of Viral Clearance
Studies 77
1. Acceptability 77

D. Limitations of Viral Clearance
Studies 77
E. Statistics 78
F. Reevaluation of Viral Clearance 78
VI Summary 78
Glossary 78
Appendix 1: Products Derived from Characterized
Cell Banks which were Subsequently Grown
In Vivo 79
Appendix 2: The Choice of Viruses for Viral Clearance
Studies 79
Appendix 3: Statistical Considerations for Assessing
Virus Assays 80
Probability of Detection of Viruses at Low
Concentrations 80
Appendix 4: Calculation of Reduction Factors in
Studies to Determine Viral Clearance 80
Appendix 5: Calculation of Estimated Particles per
Dose 81

7. Analysis of the Expression Construct in Cells
Used for Production of rDNA-Derived Protein
Products &2

L Introduction &2
1. Rationale for Analysis of the Expression
Construct 82
III. Characterization of the Expression
System 52
A. Expression Construct and Cell Clone
Used to Develop the Master Cell
Bank 82
B. Cell Bank System 83
C. Limit for In Vitro Cell Age for
Production 83
IV. Conclusion &3
Glossary 83

8. Stability Testing of Biotechnological/Biological
Products &4
1. Preamble 84
II. Scope of the Annex 84
HI. Terminology 84
TV. Selection of Batches 84
A, Drug Substance (Bulk Material} 84
B. Intermediates 85
C. Drug Product (Final Container
Product) 85
D. Sample Selection 85
V. Stabilitv-Indicating Profile 85
A. Protocol 85
B. Potency 85
C. Purity and Molecular
Characterization 86
D). Other Product Characteristics 86
VI. Storage Conditicns 86
A. Temperature 86
B. Humidity &6
C. Accelerated and Stress Conditions 86
2. Light 87
E. Centainer/Closure 87
. Stability After Reconstitution of
Freeze-Dried Product 87



-

VII. Testing Frequency 87

VIII. Specifications 87

IX. Labeling &7
Glossary 87

9. Derivation and Characterization of Cell
Substrates Used for Production of
Biotechnological/Biological Products 89

I. Introduction 89
A. Objective 89
B. Rationale &9
C. Scope 89
Il Guidelines &9
A. Source, History, and Generation of the
Cell Substrate 89
1. Introduction 8%
2. Origin, Source, and History of
Cells 89
3. Generation of the Cell
Substrate 90
B. Cell Banking 90
1, Cell Banking System 30
2. Cell Banking Procedures 91
C. General Principles of Characterization
and Testing of Cell Banks 91
1. Tests of ldentity 91
2. Tests of Purity 92
3. Cell Substrate Stability 92
4. Tests for Karyology and
Tumorigenicity 93
Glossary 93
Reference 94
Appendix 1: Primary Cell Subsirates 94
Introduction 94
Source Tissue and Other Raw Materials 94
Creparation of Primary Cell Substrates 94
Testing of Primary Cell Substrates 94

10. Comparability of Biotechnological/Biological
Products Subject to Changes in Their
Manufacturing Process 95

I. Introduction 95
A. Objectives of the Guideline 95
B. Background 95
C. Scope 95
D. General Principles 95
1I. Guidelines 96
A, Considerations for the Comparability
Exercise 96
B. Quality Considerations 96
1. Anaiytical Techniques 96
Z. Characterization 97
3. Specifications 98
4. Stability 98
C. Manufacturing Process
Considerations 98
D. Demonstration of Comparability
during Development 99
E. Nonclinical and Clinical
Considerations 99

Contents

1. Factors to be Considered in
Planning Nonclinical and Clinical
Studies 99
2. Type of Studies 100
Glogsary 100
References 100

11. Specifications: Test Procedures and Acceptance
Criteria for Biotechnological/Biological
Products 101

L Introduction 11
A, Objective 1017
B. Background 101
C. Scope 101
1. Principles for Consideration in Setting
Specifications 101
A. Characterization 11

. Physicochemical Propertics 101

. Biological Activity 102

. Immunochemical Propertics 742

. Purity, Impurities, and

Contaminants 102
5. Quantity 103
B. Analytical Considerations 103
1. Reference Standards and Reference
Materials 103
2. Validation of Analytical
Procedures 103
C. Process Controls 103
1. Process-Related
Considerations 103
2. In-Process Acceptance Criteria and
Action Limits 103
3. Raw Materials and Excipient
Specifications 104
2. Pharmacopoeial Specifications 104
E. Release Limits vs. Shelf life
Limits 104
F. Statistical Concepts 104
IMI. Justification of the Specification 104
IV. Specifications 104
A. Drug Substance Specification 105
1. Appearance and Description 105
2. Identity 105
3. Purity and Impurities 105
4. Potency 105
5. Quantity 105
B. Drug Product Specification 105

. Appearance and Description 105

. Identity 105

. Purity and Impurities 105

. Potency 105

. Quantity 106

. General Tests 106

. Additional Testing for Unique

Desage Torms 106

W Gl g

O U Lo b

Glossary 106

References 106

Appendices 107

6.1 Appendix for Physicochemical
Characterization 107



xvi Confents

6.1.1. Structural Characterization and Confirmation
i07

6.1.2. Physicochemical Properties 107

6.2 Appendix for Impurities 107

6.2.1. Process-Related Impurities and
Contaminanis 108

6.2.2. Product-Related Impurities Including
Degradation Products 148

12, Essential Clean-Room Design Elements 109
[. Optimized Designs 111
II. Turbulent Type Clean Rooms 114
IIL. Vertical Flow Clean Rooms 1714
IV. Laminar Flow Clean
Rooms 115
V. Horizontal Laminar Flow Clean
Rooms 115
A, Design of Class 500K Rooms 116
B. Design of Class 100K Rooms 117
€. Design of Class 10,000 Clean
Rooms 121
VI. The USI? <797> Guidelines 124
A, Issues 124
B. Definitions 124
C. Recommendations 125

13. Approved Excipients in Sterile Dosage
Forms 129

PART II MANUFACTURING FORMULATIONS

Sterile Products 172

Abciximab Tnjection 172

Acetazolamide Injection 172

Acetylcholine Chloride Intraocular Solution 173

Acyclovir Sodium Injection 173

Adenosine 5 Monophosphate Injection 173

Adenosine Injection 173

Adrenal Cortex Injection 174

Adrenaline Tartarate Injection 174

Alatrofloxacin Mesylate Injection 174
Alatrofloxacin Mesylate Injection 174
Alatrofloxacin Mesylate Injection 175
Alatrefloxacin Mesylate Injection 175

Albumin (Human) 175

Albumin 5% Solution 175

Albumin 20% Solution 176

Albumin 25% Solution 176

Albuterol Sulfate Inhalation Solution 176

Aldesleukin for Injection 176

Alemtuzumab Injection 177

Alpha-Tocopherol {(Vitamin E) Injection 177

Alprostadil for Infection 177

Alteplasc Recombinant Injection 177

Amikacin Sulfate Injection (50 mg/mL} 178

Amikacin Sulfate Injection (250 mg/ml.) 178

Arnikacin Sulfate Injection 179

Amino Acid Parenteral Nutrition Solution 180

Amino Acid Parenteral Nutrition Solution {(8.5%) 181

Amino Acid Parenteral Nutrition Solution: 10% 182

Amino Acid Parenteral Injection 183
Aminchippurate Sodium for Injection 183
Aminophylline Injection 184
Amicdarone Injection 184
Amiodarone Injection 185
Amoxicillin-Clavulanic Acid Injection 185
Amoxicillin Powder for Infection 185
Amphotericin B Cholesteryl Sulfate Complex for
Injection 186
Amphotericin B Injection 186
Amphotericin B Lipid Complex Injection 187
Amphotericin B Liposcme for Injection 187
Antazoline Sulfate and Xylometazolire
Hydrochloride Ophthalmic Drops 187
Antipyrine, Phenylephrine, and Pyrilamine Maleate
Ophthalmic Drops 188
Antipyrine, Phenylephrine, and Sodium Thiosulfate
Ophthalmic Solution 189
Antithymocyte Globulin (Rabbit) for Injection 199
Aprotinin Injection 190
Argatroban {Thrombin Inhibitor) Injection 190
Arsenic Trioxide Injection 190
Ascorbic Acid and B Complex Vitamins (Iwo Vials)
191
Ascorbic Acid and B Complex Vitamins 192
Ascorbic Acid and B Complex Vitamins Lyophilized
in Covial 193
Ascorbic Acid and B Complex Vitamins 194
Ascorbic Acid and B Complex Vitamins Lyophilized
with Diluent 194
Ascorbic Acid and B Complex Vitamins 195
Ascorbic Acid, B Complex Vitamin, with
Beta-Carotene Injection 795
Ascorbic Acid Injection 196
Ascorbic Acid, USP, Injection With Disodium Edetate
196
Ascorbic Acid, USP (250 mg/mL Injection} 196
Asparaginase for Injection 197
Atropine, Chlorpheniramine Maleate, and
Phenylpropanolamine Injection 197
Afropine Sulfate Injection 187
Atropine Sulfate Injection 198
Aztreonam for Injection 198
Basiliximab for Injection 138
B Complex Injection: Niacinamide, Pyridoxine,
Riboflavin, and Thiamine Injection 799
B Complex Injection 200
Solution 1 200
Solution2 201
B Complex Injection 202
B Complex Injection 203
Solution 1 204
Soluticn 2 205
B Complex Injection 205
B Complex Vitamin Veterinary 206
B Complex Vitamin Veterinary 206
B Complex Vitamin Veterinary 207
B Complex Vitamin Veterinary 207
B Complex with Minerals Injection (Veterinary) 207
B Complex Vitamins with Hormones 208
B Complex Vitamins with Liver Extract Injection 208
Benzodiazepine Injection 208
Benztropine Mesylate Tnjection 209



Beta-Carotene Injection 209
Betamethasone Suspension Injection 209
Bethanechol Chlaride Injection 209
Biotin Injection 210
Biperiden Lactate Injection 210
Bisantrene Emulsion Injection 270
Bisantrene Emulsion Injection 210
Borax Sodium [ubricating Ophthalmic Drops 2711
Botulinum Toxin: lype A Purified Neurotoxin
Complex 211
Botulinum Toxin {Type B Injectable Solution) 212
Bretylium Tosylate in Dextrose Injection 212
Buflomedil Injection 213
Bupivacaine Hydrochloride Injection 1: 0.75% in
Dextrose 8.25% Injection 213
Bupivacaine Hydrochloride Injection 214
Bupivacaine Hydrochloride Injection: Bupivacaine
with Epinephrine Injection 214
Buprenorphine Hydrochloride Tnjectable 215
Caffeine Citrate Injection 215
Calcitonin Injection 215
Calcitonin Injection 215
Calcitriol Injection 216
Caicitriol Injection 217
Calcium Glycerophosphate Injection with Lactate
217
Calcium Glycerophosphate Injection: Calcium
Glycerophosphate Tnjection (Human and
Veterinary) 218
Calcium Gluconate Injection 218
Calcium Glycerophosphate Injection 278
Camphor Injection 219
Camptothecin Injection 219
Carboplatin for Infusion 219
Carboplatin Injection 219
Carprofen Injection 220
Cefamandole Nafate for Injection 220
Cefazolin Injection 220
Cefepime Hydrochloride for Injection 220
Cefotaxime Injection 221
Cefotetan Injection 221
Cefoxitin Injection Premixed IV Selution 221
Ceftazidime for Injection: L-Arginine Formulation
221
Ceftazidime Injection Dry Powder 222
Ceftazidime Tnjection Premix 222
Ceftriaxone Injection: 300-mg Injection {IM and IV)
222
Ceftriaxone Injection (250-mg Tnjection, TM and IV)
223
Ceftriaxone Injection Premix 223
Cefuroxime for Injection 223
Cetrorelix Acetate for Injection 223
Chloramphenicol and Phenylmercuric Nitrate
Ophthalmic Drops 224
Chloramphenicol for Injection 225
Chloramphenicol Injection 226
Chloramphenicol Sodium Succinate for Injection
226
Chlordiazepoxide Hydrochloride Injection 227
Chloroprocaine Hydrochloride Tnjection 227
Chloroquine Phosphate Injection 227
Chlorothiazide Sodium for Injection 228

Contents Xvii

Chlorpheniramine Maleate Injection (25 mg/mL)
228
Chlorpheniramine Maleate Injection (10 mg/mL)
228
Chlorpromazine Hydrochloride Injection (10 mg/mL)
228
Chlorpromazine Hydrochloride Injection (25 mg/mL)
229
Choriogonadotropin-Alpha (Recombinant) for
Injection 229
Chorionic Gonadotropin for Injection (20,000 U/
10 mL Covial) 229
Chorionic Gonadotropin for Injection (10000 U/ /
10mL) 230
Chromium Chloride Additive Injection (5-mL Vial)
230
Chromium Chloride Additive Injection (10-mL Vial)
230
Chromium Chloride Additive Injection (30-mL Vial)
231
Cidofovir Injection 231
Cimetidine Injection 231
Cimetidine Injection 232
Ciprofloxacin Hydrochloride Ophthalmic Schution
232
Ciprofloxacin Injection 232
Cisplatin Diaminedichloride Injection 233
Cisplatin with 2,2-Dithio-bis-Ethane Sulfonate
Injection 233
Cladribine Injection Infusion 234
Clarithromy<in Injection 234
Lactobionic Acid (12% w/v Solution) 234
Clindamycin Injection in 5% Dextrose 235
Clindamycin Phosphate Injection 150 mg/mlL (4 mL
in 5-mlL Vial, 600 mg; 6-mL in 10-mL vial, 900 mg)
235
Clonidine Hydrochloride Injection 236
Ceagulation Factor Vlla {Recombinant) for Injection
236
Coagulation Factor IX (Recombinant) for Injection
236
Colistin Sulfate, Neomycin Sulfate, Thonzonium
Bromide, and Hydrocortisone Acetate Otic
Suspension 237
Conjugated Estrogens for Injection 237
Copper Sulfate Additive Injection (5-mL Vial) 237
Copper Sulfate Additive Injection (10-ml. Vial) 237
Copper Sulfate Additive Injection (30-mL Vial) 238
Corticorelin Ovine Triflutate for Injection 238
Cortisone Acetate Injectable Suspension 238
Cosyntropin for Injection 238
Cromolyn Sodium Ophthalmic Solution 239
Crude Liver Extract Injection 239
Cyanocobalamin and Thiamine Injection 239
Cyanocobalamin, Choline, and Niacinamide Injection
238
Cyanocobalamin Injection 240
Cyanocobalamin Injection 240
Cyanocobalamin Injection for Veterinary Use 247
Cyanocobalamin Repository Injection (1000 mg/mL)
241
Cyanocobalamin, Pyridoxine, and Thiamine Injection
242



xviii Contents

Cyanocobalamin, Pyridoxine, and Thiamine
Injection 243
Cyanocobalamin, Pyridoxine, and Thiamine
Injection 243
Cyanocobalamin, Pyridoxine, and Thiamine
Injection 244
Cyclosporine Ampoules for Infusion 244
Cytarabine Liposome Injection for Intrathecal Use
(50 mg/b mL Vial} 245
Cytomegalovirus Immune Globulin IV (Human) 245
Dacarbazine Injection 246
Daclizumab for Injection 246
Dactinomycin for Injection 246
BPalteparin Sodium Injection 247
Danapareid Sodium Injection 247
Dantrolene Sodium for Injection 247
Dapiprazole Hydrochioride Ophthalmic Solution
(0.5%) 248
Paunorubicin HCI Injection 248
Paunorubicin Citrate Liposome Injection 248
Pesmopressin Acetate Injection (Intranasal) 249
Dexamethasone Acetate Suspension Injectior:
Dexamethasone Acetate (§ mg/mL) 249
Dexamethasone Acetate/Sodium Phosphate
Suspension (/2 mg/mL) 249
Dexamethasone Sodium hosphate Injection 250
Dexamethasone Sodium Phosphate Injection 250
Dexamethasone Injection, Veterinary 251
Dexamethasone Sodium Phosphate Injection 257
Dexpanthenol, Niacinamide, Pyridoxine, Riboflavin,
and Thiamine Injection 252
Dexrazoxane for Injection 253
Dextrose 25% Injection (Flexible Container} 253
Dextrose [njection (5% and 10% LVP) 253
Dextrose with Sodium Chloride Injection LVP 254
Diazepam Emulsion Injection 254
Diazepam Emulsion Injection 255
Diazepam Injection 255
Diazepam Rectal Solution 256
Dibenzazepine Carboxamide Injection 256
Diclofenac Sodium Injection 257
Diclofenac-Lecithin Injection 258
Diclofenac with Acetylcysteine Injection 258
Diclofenac Lyophilized Injection 258
Diclofenac Lyophilized Injection 259
Dicyclemine Hydrochloride Injection 259
Digoxin Injection 259
Dihydroergotamine Mesylate Drops 260
Dihydroergotamine Mesylate Injection 261
Dihydroergotamine Mesylate Nasal Spray 261
Diisopropylphenol Injection 261
Diltiazem Hydrochloride Injection 262
Dimenhydrinate Injection 262
Dimethyl Sulfoxide Injection 262
Dinoprestone Cervical Gel 243
Diphenhydramine Hyvdrochloride Injection 263
Diphenylmethyl Piperazine Injection 263
Dipyrone Injection 264
Dipyrone, Papaverine HCY, and Atropine Sulfate
Injection 264
Disodium Edetate Injection (150 mg/ml.) 265
Disulfonic Acids Injection 265
Dobutamine Injection 765

Dopamine Hydrochloride Injection 266

Doxapram Hydrochloride Injection, USSP 266

Doxercalciferel Injection 267

Doxorubicin for Injection 267

Doxycycline Hyclate Injection 268

Doxycycline Hyclate Injection 268

Doxycycline Hydrochloride Injection 268

Fbselen Liposomal Injection 269

Ldetate Sodium, Polyvinyl Alcohol, Sodium
Sulfacetamide, Sodium Thiosulfate Ophthalmic
Drops with Thimerosal 269

Edetate Sodium, Polyvinyl Alcohol, Sodium
Sulfacetamide, Sodium Thiosulfate Ophthalmic
Drops With Benzalkonium Chloride 271

Edrophonium Injectable 272

Electrolyte Maintenance Fluid (For Maintenance) 272

Electrolvte Maintenance Fluid (For Rehydration) 273

Electrolyte Maintenance Fluid (Maintenance,
Pediatric) 273

Electrolvte Maintenance Fluid 274

5 Electrolyte Maintenance Fluid Rehydration (75 mEq)
274

Electrolyte Maintenance Fluid Rehydration (90 mEq)
274

Electrelytes, TPN Injection 275

Emetine Hydrochloride Injection 275

Enalaprilat [njection 275

Ephedrine and Pyrilamine Maleate Injection
Veterinary 275

Ephedrine Sulfate Injection. 276

Epinephrine Aute Injector Injection 276

Epinephrine Injection 277

Epoetin-Alpha for Injection 277

Epoprostenol Sodium for Injection 277

Ergocalciferol Injection (Vitamin D) 278

Ergonovine Maleate Injection 278

Ergonovine Malealte Injection Veterinary 278

Erythromycin Injection 279

Esmolol Hydrochloride Injection Infusion 280

Concentrate 280

Estradiol Cypicnate Injection 280

Estradiol Suspension Injection 281

Estradiol Valerate Injection 287

Estrogenic Substances in Qil Injection 281

Estrone, Estradiol, and Cyanocobalamin [njection
281

Estrone Sterile Suspension Veterinary Injection 282

Etancrcept Injection 282

Etorphine Hydrochloride Veterinary 282

Exemestane Aqueous Suspension Injection 283

Famotidine Injection 283

Fenoldopam Mesylate Injection. 284

Fentanyl Citrate Injection 284

Filgrastim Injection 284

Flosulide Injection 285

Fluconazole Injection 285

Flumazenil Injection 285

Falic Acid and Niacinamide Injection 286

Follitropin-Beta for Injection 286

Furosemide Injection 287

Gentamicin and Prednisolone Ophthalmic Drops 288

Gentamicin Injection (20 mg/2 mL) 289

Gentamicin [njection (80 mg/2 mL) 2390



Gentamicin Ophthalmic Drops 2591

Glycine Antagonist Injection Infusion 292

Glycopyrrolate Injection 292

Granisetron Hydrochloride Injection Single
Dose 293

Granisetron Hydrochloride Imection Multiple Dose
293

Guaiacel-Todide Solution Veterinary 293

Haloperidol Injection 293

Hemin for {njection 793

Heparin Injection 294

Hexamethylmelamine Injection 295

Hydrochloric Acid 295

Hydrocortisone Sodium Phosphate Injection 295

Hydrocortisone Sodium Succinate for Injection
(Single-Unit System [yophilized) 29

Hydrocortisone Sodium Succinate for Injection
(Nonlyophilized} 297

Solution1 297
Solution2 298

Hydromorphone Hydrochloride Injectior Single Dose
299

Hydromorphone Hydrochloride Injection Multiple
Dose 299

Hydroxycobalamin Injection 299

Hydroxyprogesterone Caproate Injection 300

Hydroxypropylmethylceliulose Ophthalmic Solution
300

Hyoscine Butylbromide Injection 301

Ibuprofen Lysinate Injection 301

Ibutilide Fumarate Injection 302

Idarubicin Hydrochloride Injections 302

imiglucerase for Injection 302

Immune Globulin (Human) for [njection 303

Infliximab Recombinarit for Iniection 303

Insulin Aspart Injection 303

Insulin Glargine Injection 304

Insulin Human 70/30 304

Insulin Human Isophane Suspension (NPH) 306

Insulin Lispro Injection 307

Insulin Regular 307

Interferon Injection 1: Interferon Alpha-2a 308

Interferon Injection 1: Interferon Alpha-2a (Prefilled
Syringe) 308

Interferon Beta-1b Injection 308

Interferon Beta-1a Injection 308

Interferon Alpha-n3 Injection 309

5t Interferon Alphacon-1 Injection 309

Interferon Gamma-1b Injection 309

Interleukin for Injection (IL-2) 310

lodine IV Additive 310

Iron Copper Solution Veterinary 310

Iron Dextran Injection 310

Iron Sucrose Injection 311

[sometheptene Hydrochloride Veterinary Injection
311

liraconazole Injection 311

Ketoprofen Lysine Tnjection 311

Ketorolac Tromethamine Injection 3172

Ketorolac Tromethamine Ophthalmic Solution 312

Labetalol Hydrochloride Injection 312

Lactobionic Acid Tnjection 313

Lamotrigine Injection 313

Contents Xix

Lazarcid Injection 374
Lepirudin for Injection 314
Leucovorin Calcium Injection {50 mg/5 ml., 10-mL
Vial Lyophilized) 314
Leucovorin Calcium Injection (3 mg/mL, 2-mL Vial}
315
Leuprolide Acetale Injection (53 mg/mL Injection)
315
Leuprolide Acetate Injection: Depot Preparation {3.75
and 7.50 mg for [njecting Fvery Monthy 316
Leuprolide Acetate Injection (11.25 and 22.50 mg for
Injecting Every 3 Months) 316
Leuprolide Acetate Injection (30 mg for Injecting
Every 4 Months) 317
Levorphanol Tartarate Injection 317
Levothyroxine Sodium for Injection 317
Lidocaine Hydrochloride and Epinephrine Injection
318
Lidocaine Hydrochloride and Epinephrine Injection
318
Lidocaine Hydrochloride ard Epinephrine Injection
318
Lidocaine Hydrochloride Injection (1% or 1.5% 20 mL)
319
Lincomycin Hydrochloride Injection 319
Liothyronine Sodium Injection (T3} 320
Lipid Emulsion 20% for Parenteral Nutrition 320
Liver, Iron, and Cyanocobalamin with Procaine
Injection 320
Liver, Iron, and Vitamin By Injection Veterinary = 327
Liver, Iron, and Vitamin By Injection Veterinary
321
Lorazepam Injection 321
Magnesium Sulfate 50% Injection 321
Manganese Sulfate Injection (5-mL Vial) 322
Manganese Sulfate Injection (10-mL Vial) 322
Manganese Sulfate Injection (30-mL Vial) 322
Mechlorethamine Hydrochloride for Injection
Trituration 322
Medroxyprogesterone Acetate Sterile Aqueous
Suspension 323
Medroxyprogesteraone Acetate Sterile Aqueous
Suspension 323
Medroxyprogesterone Acetate Sterile Aqueous
Suspension 324
Medroxyprogesterone and Estradiol Sterile
Suspension 324
Melphalan Hydrochloride for Injection 325
Menadione Injection 325
Menadione Sodium Bisulfite Injection Veterinary
(50 mg/ml) 325
Menadione Sodium Bisulfite Injection Veterinary
{5mg/mL) 326
Menotropins for Injection 326
Meperidine Hydrochloride Injection 326
Meperidine I lydrochloride and Promethazine
Hydrochloride Injection 327
Mepivacaine Hydrochloride Injection Single-Dose
Vials 327
Mepivacaine Hydrochloride Injection Multidose Vials
327
Meropenem for Injection 328
Mesoridazine Besylate Injection 328



XX Conients

Metaraminol Bitartrate Injection 328

Methandriol Dipropionate Injection 328

Methocarbamol Injection 329

Methohexital Sodium for Injection 329

Methylprednisolone Acetate Suspension Injection
329

Methylprednisolone Acetate Suspension Injection

329

Metoclopramide Injection: Preservative Formula 330

Meteclopramide Injection: Preservative-Free Formula
331

Metolazone Injection 337

Metronidazole Infusion 331

Metronidazole Injection 332

Metronidazole and Dextrose Infusion 332

Midazolam Hydrochloride Injection 333

Milrinone Lactate Injection 333

Mineral Complex Injection 333

Mitoxantrone for Injection 334

Morphine Sulfate Infusion 334

Morphine Sulfate Injection 334

Moxidectin Injection 335

Multiple Electrolytes and Dextrose Injection (Elliott’s
B Solution) 335

Muromonab-CD3 Injection 336

Nalbuphine Hydrochloride 336

Naloxone Hydrochloride Injection (1 mg/mL) 336

Naloxone Hydrochloride Injection (0.04 mg/mL) 337

Naloxone Hydrochloride Injection (0.02 mg/mL) 337

Nandrolone Decanoate Injection 337

Nandrolone Phenylpropionate Injection 338

Naphazoline Ophthalmic Drops 338

Natamycin Ophthalmic Suspension 339

Natural Estrogenic Substances Suspension 339

Nedocromil Sodium Ophthalmic Solution 339

Neomycin and Prednisolone Acetate Ophthalmic
Suspension 340

Neomycin Sulfate-Polymyxin B Sulfate for Irrigation
342

Neostigmine Methylsulfate Injection Single-Dose Vial
342

Neostigmine Methylsulfate Injection Multidose Vial
342

Nesiritide for Injection 342

Netilmicin Injection 343

Niacinamide Injection 343

Nicatdipine Hydrochloride for Infusion 344

Nicardipine Hydrochloride Injection 344

Nikethamide Injection 344

Nimesulide Injection 344

Nimodipine Injection 345

Nystatin for Injection. 345

Octreotide Acetate Injection Single-Dose Ampoule
345

Octreotide Acetate Injection Multidose Vial 345

Octreotide Acetate Injection Depot 346

Ofloxacin Otic Solution 346

Ondansetron Hydrochloride Injection Single-Dose
Vial 346

Ondansetron Hydrochloride Injection Multidose Vial
346

Ondansetron Hydrochloride Injection Premixed for
Infusion 347

Opreivekin for Injection 347
Orphenadrine Citrate Injection 347
Oxacarbazepine-10 Injection 347
Oxazepine Injection 348
Oxendolone Injection 348
Uxymorphone Hydrochloride Injection 348
Oxytetracycline Injection 349
Oxytacin Injection 350
Oxytocin Injection, USP (20 U/mL) 351
Paclitaxel Injection 351
Palivizumab for Injection 357
Pancurenium Bromide Injection 351
Parenteral Nutrition Fat Emulsion 352
Paricalcito! Injection 352
Pegademase Bovine Injection 353
Pegaspargase Injection 353
Peginterferon Alpha-2b for Injection 353
Penicillin G Benzathine and Penicillin G Procaine
Injection 353
Penicillin G Benzathine Injectable Suspension 354
Pentobarbital Sodium Solution Injection 354
Pentostatin for Injection 354
Pentylenetetrazol Injection 354
Pheniramine Maleate Injection 355
Phenol Saline Diluent 355
Phenylbutazene and Dipyrone Injection 355
Phenylbutazone Injection Veterinary 356
Phenylephrine and Zinc Sulfate Ophthalmic Drops
356
Phenylpropanolamine Hydrochloride Injection 357
Phenytoin Sodium Injection 357
Phytonadione (Vitamin K;) Injection 357
Phytonadione (Vitamin K,) Injection 358
Phytonadione Injection—Aqueous Colloidal Solution
of Vitamin K; 358
Piperacillin Sodium and Tazobactam Sodium Injection
358
Plicamycin for Injection 359
Polyvinyl Alcohol Ophthalmic Solution 359
Potassium Estrone Sulfate Injection Veterinary 360
Potassium Estrone Sulfate Suspension Injection 360
Potassium Phosphate Injection 360
Prednisolone and Neomycin Ophthalmic Suspension
361
Prednisolone Injection: Acetate/Phosphate Injection
362
Acetate Suspension Injection (50 mg/mL) 363
Acetate Suspension Injection (10 mg/mL) 363
Prednisolone Acetate Suspension with Niacinamide
Injection (20 mg/mL) 363
Prednisolone Ophthalmic Drops 364
Procaine Hydrochloride Injection 366
Prochlorperazine Injection 366
Progesterone and Tocopheryl Acetate Injection 366
Progesterone Injection Repository Veterinary 367
Promazine Hydrochloride Injection 367
Promethazine Hydrochloride Injection Vial 368
Promethazine Hydrochleride Injection Cartridge Unit
368
Propofol Emulsion Injection 369
Pyridoxine and Thiamine Injection 369
Pyridoxine Hydrochloride Injection (100 mg/mL,
30-mL vial) 369



pyridoxine Hydrochloride Injection (100 mg/mL,
1-mL Ampoule) 370

Pyrilamine Maleate and Ephedrine Injection
Veterinary 370

Quinidine Sulfate Injection 370

Q_uinolone—Calcium Lactate Complex for Injection
371

Ranitidine Injection Ampoule 3717

Ranitidine Injection Ampoule (50-mL Flexible Plastic
Container) 372

Reteplase Recombinant for Injection 372

Retinol (Vitamin A) Tnjection 372

Rh, (D} Immune Globulin (FHluman) Injection 373

Ringer Lactate Solution Injection 373

Rituximab Injection 374

Rubella Virus Vaccine Live 374

Salbutamol Aerosol for Inhalation 375

Sisomicin Injection 376

Sodium Bicarbonale and Disodium Edetate Injection
377

Sodjum Bicarbonate Injection 378

Sodium Chloride Bacteriostatic Injection 379

Sodjum Chloride Injection 379

Sodium Ferric Gluconate Complex in Sucrose
Injection 379

Sodium Hyaluronate Injection 379

Sodium Lactate Compound (Hartmann’s) Injection
380

Sodium Thiosulfate Injection 380

Somatropin (FIONA Origin) Tnjection (4- or 8-mg Vials,
ca, 12 or 24 11) 380

Somatropin (rDNA Origin) Injection (5 m g/ 1.5 mlL,
10mg/1.5 mL, or 15 mg/1.5 mL Cartridge) 381

Sterile Water for Injection 381

Streptomycin Sulfate Injection 381

Succinylcholine Chloride Tnjection: Lyophilized 382

Succinylcholine Chloride Injection: Ampoule 383

Succinyicholine Chloride Injection: Veterinary
Nonsterile 383

Sulfadimethoxine Veterinary Injectable Solution
(2.5% = 250 mg/10ml) 383

Sulfadoxinre + Trimethoprim Veterinary
Injectable Solution (1000 mg + 200 mg/10 mL)
383

Sulfadoxine solution (2% = 20 mg/mL) 383

Sulfamoxole + Trimethoprim Veterinary Injectable
Solution (400 mg + 80 mg/10mL) 383

Sulfathiazole veterinary injectable and oral solutions
{0.8% =8mg/mL) 383

Sumatriptan Succinate Injection 384

Tenecteplase for Injection 384

Testosterone Suspension Injection 384

Testosterone Cypionate Injection 384

Testosterone Enanthate-Estradiol Valerate Injection
385

Testosterone Enanthate Injection 383

Testosterone Repository Veterinary Injection 385

Conternts xxi

Testosterone Propionate Injection 385
Testosterone Propionate Injection 386
Tetrahydrozoline Ophthalmic Drops 356
Theophylline and Dextrose [njection 387
Thiamine Hydrochloride Injection: Unbuftered 387
Thiamine Hydrochloride Injection: with Citric Acid
and Gelatin 388
Thiamine Hydrochloride Injection: Buffered 388
Thiamine Hydrochloride Injection: with 5odium
Formaldehyde Sulfoxylate 388
Thiamine Hydrochloride Injection: Buffered and
Gelatin 388
Thiopental Sodium for Injection 389
Thiotepa for Injection 389
Thiothixene Hydrachloride Injection 389
Thyrotropin-Alpha for Injection 389
Timolol Ophthalmic Selution 390
Tinzaparin Sodium [njection 350
Tirofiban Hydrochloride Ijection 350
Tobramycin Selution for Inhalation 390
Tobramycin Sulfate [njection 391
Tobramycin Sulfate Injection 392
Topotecan Hydrochloride for Injection 392
Trace Element Concentrate [njection: (1- or 10-mL
Vialy 392
Trace Element Concentrate Injection (3- or 10-m1 Vial)
393
Tranexamic Acid Injection 393
Trastuzumab for Injection 393
Triamcinclone Acctonide Suspension Injection 394
Triflupromazine Hydrochloride Injection 394
Triflupromazine Hydrochloride Injection 395
Triflupromazine Hydrochloride Injection 395
Tripelennamine Hydrochloride Injection Veterinary
395
Tubocurarine Chloride Injection 396
Typhoid Vi Polysaccharide Vaccine 396
Urokinase for Injection 387
Valproate Sodium Injection 397
Vairubicin for Intravesical Instillation 397
Vancomycin for Injection 398
Varicella Virus Vaccine Live 399
Vasopressin (8-Arginine Vasopressin) Injection 399
Vecuronium Bromide for Injection 399
Verapamil Hydrochloride Injection 400
Vinblastine Sulfate for Injection 460
Vincristine Sulfate Injection 40
Vincristine Sulfate Injection 401
Water for Injection 402
Water for Injection, Bacteriostatic 403
Zinc Sulfate Additive Injection (5-ml. Vial} 403
Zinc Sulfate Additive Tnjection (10-mL Vialy 403
Zinc Sulfate Additive Injection (30-ml. Vial) 403
Zoledronic Acid for Injection 404
Commercial Pharmaceutical Formulations 404

Index ... 427



