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Abstract

The methods developed in the pharmaceutical industry for new drugs
must be dependable and rugged to meet the Food and Drug
Administration guideline§ for validation. The basic nature of many
drugs puts an additional burden on chromatography for symmetrical
peaks. Good peak shapes are necessary for accurate quantitation. The
new Waters SymmetryTM reversed-phase columns meet the
chromatographic needs of the pharmaceutical industry. The octylsilane
C8 and octadecylsilane C18 are bonded on spherical 5 l_m particles
with 100 ,_ pores. Quality control is built-in at the Symmetry silica level
adding to the reliability and reproducibility of the final bonded packing.
The methods developed on the Symmetry columns in R&D can be
carried to the clinical trial stage where speed and accuracy are
important, In addition, the high efficiency of the columns allows
metabolites and minor components to be separated from the peaks of
interest. For example, the Symmetry C8 column gave excellent
resolution of two antiepileptic drugs from their metabolites. This paper
shows applications of the Symmetry reversed-phase column for
pharmaceuticals. The Symmetry C8 and C18 columns gave good peak
shapes for basic, neutral and acidic pharmaceuticals. The new
packings gave superior results for many methods described in the US
Pharmacopeia. Data will be presented that demonstrate the
reproducibility from column-to-column and batch-to-batch for method
validation. The paper also discusses column lifetime.



Symmetry TM

A Family of HPLC-Packings
That Provides:

• Superior Peak Shape for

-Improved Accuracy and Precision of
Quantitation

- Higher Sensitivity
- Better Resolution

- Faster Method Development

• Unmatched Reproducibility for
-Confidence in Validated Methods

!

-Long Term Stability of Validated Methods



Peak Symmetry
- Superior peak shape at pH 7

- Higher sensitivity



The Symmetry Advantage:
low tailing over the entire pH range
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Conditions for pH 7 Fhromatography:

Columns: Symmetry_MC8 3.9 mm x 150 mm
Zorbax Rx C8 4.6 mm x 150 mm

Mobile Phase: 20 mM potassium phosphate, pH 7.0/
methanol 35:65 v/v

Flow rate: 1.5 ml/min for 3.9 mm and 2.1 ml/min
for 4.6 mm i.d.



2 Symmetry C8

1. Dihydroxyacetone
4 2. Propranolol (T - 1.0)

1 3. Acenaphthene
3 4. Amitriptyline (T = 1.6)
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Zorbax Rx C8

3 1. Dihydroxyacetone
2 2. Propranolol

3. Acenaphthene
4. Amitriptyline
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These chromatograms visually demonstrate the large impact peak
shape can have on a con_poundslimits of detection and quantitation.

Column: SymmetryTM C8 3.9 mm x 150 mm
Mobile phase: 20 mM potassium phosphate, pH 6.0/acetonitrile

90:10

Column: Zorbax® Rx C8 4.6 mm x 150 mm
Mobile phase: 20 mM potassium phosphate, pH 6.0/acetonitrile

84:16



SymmetryC8 Zorbax RxC8
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1. Procainamide 0.1 i_g/mL
2. N-Acetylprocainamide 0.1 I_g/mL
3. N-Propionylprocainamide 0.1 i_g/mL





Results from Ruggedness Testing
ComPound Retention Times min % Differences

' Col.-to- Batch-to-
Col. I Col. 2 Batch 2 Col. Batch

i iii i ii i i

Cefixime 1,77 1.77 1,79 0,0% 1,1%
Cefuroxime 3.40 3,40 3,52 0,0% 3,5%
Dextrom ethorphan 3,09 3.12 3,13 1.0% 0.8%
Acetaminophen 1,87 1.87 1.89 0.0% 1.1%
Codeine 9,84 9.62 9.80 2.3% 0,7%
Barbital 2,05 2.07 2.01 1.0% 2.5%
Mephobarbital 7,74 7.89 7,80 1.9% 0,2%
Secobarbital 9.93 10.1 10.01 1.7% 0.1%
Sulfadiazine 3.19 3.15 3.14 1.3% 1.0%
SuIfamethazine 6,24 6,12 5,98 1.9% 3,3%
Succinylsulfathiazole 8,83 8,64 8,56 2,2% 2,0%
Protriptyline 5,06 5.00 4.98 1.2% 1.0%
Imipramine 19,21 18.97 18.68 1.3% 2,2%
Amitriptyline 25,34 25.06 24.63 1.1% 2,3%

I



Batch-to-Batch Reproducibility
of SymmetryTMC8

Conditions:

Column: SymmetryrMC8 3.9 mmX 150 mm
Mobile Phase: 100 mMpotassiumphosphate,pH 7.0 / water/ acetonitrile20:50:30
FlowRate: 1.0 mL/min
Detection: 214 nm
InjectionVolume: 10 p,Lof 8 barbituratemixture,25 p,q/mLeach



SymmetryTM
Certificate of Analysis

Contains Specificationsand Results for ....................
- Silica
- BondedPhase
- Chromatography



Waters

Certificate of Analysis
Symmetry TM C8, 5 lim

Batch # 105

Analytical Results for Symmetry TM C8, 5 lim, 100 A

Specification Result
Analysis of Unbonded Silica

ParticleSize Distribution
50% curevol_m] 4.80 - 5.20 4.93
90 %/I 0 % Ratio <_1.55 1.47

MultipointNitrogenSorption
% Porosity 63 - 69 65
MedianPore Diameter[A] 80 - 115 89
SurfaceArea [m2/g] 325 - 355 341

Atomic Emission[ppm]
Na _<20 <1
AI _ 20 3
Fe < 20 <1

:_canning Electron Microscopy proprietary pass
Silanol Ratio by 29Si NMR proprietary pass
Silanoi Distribution by FTIR proprietary pass

Analysis of Symmetry TM Cs, 5 _m, 100/_,
Total Carbon[%] 11.53 - 12.37 11.96
Surface Coverage [llmoles/m2] 3.31 -3.55 3.43

Material Approved _,_ Date (,-,-7/

WatersChromatography34MapleStreet Milford,Massachusetts01757-3696U.S.A. 508478-2000



Waters

Certificate of Analysis
Symmetry _ C8, 5 llm

Batch# 105

Chromatographic Results* for Symmetry m C8, 5 llm, 100 A

o.2s-

Peak Identification

1. Uracil o.=o
2. Propranolol
3. ButylParaben o.zs-
4. Naphthalene
5. Dipropyl Phthalate
6. Acenaphthene o.zo

7. Amitriptyline o.os0.00 ..__L__ _.

T T I T
20.00

Kf.=_t.Im

Specification Result
k Acenaphtl_.ene 8.11 - 8.97 8.30
Relative Retention (r)

Propranolol/Acenaphthene 0.211 - 0.243 0.232
Butyl Paraben/Acenaphthene 0.304 - 0.322 0.308
Naphthalene/Acenaphthene 0.485 - 0.499 0.492
Dipropyi Phthalate/Acenaphthene 0.583 - 0.601 0.588
Amitriptyline/Acenaphthene 1]70 - 1.88 1.80

USP Tailing Factor
Amitriptyline <1.90 1.62
Propranolol <1.40 1.15

*Chromatographic Conditions: Column: 3.9 mmx 150 mm, Flow: lmL./min
Mobile Phase: 35% v/v 20.0 mM KH2PO4/K2HP04 at pH 7.00/65 % Methanol at 23°C

Material Approved __.J:_--_Q_a_li__o, Date _t//_B'-/,_c¢"





Monitoring Clinical Trials:
Antiepileptics and Metabolites

• Requirement of HPLC Method
- Separate Parent Drug from Metabolites

- Separate Parent Drugs given in Combination

• Parent Drugs Metabolites
- Primidone 2-Phenyl.2.ethylmalonamide and

Phenobarbital

- Phenobarbital p-Hydroxyphenobarbital

- Carbamazepine Carbamazepine-10, 11-epoxide

- Carbamazepine-10, 11-epoxide 10,11-Dihydrocarbamazepine

- Phenytoin



Applicability for Clinical Trials:
Antiepileptics and Metabolites

s
C°H,\ /CONH2

C,, H,O IrC,H,/CONH,

USP Tailing Factors
I:2-Vhenyi-2-ethyimalonamide 2 1. NA 5. 1.10

2. NA 6.1.17

o 3. 1.13 7. NA

4. 1.17 8. NA
..o I 7

H

2: Phenylhydroxyphenobarbital ; Conditions

," J___ Column: SymmetryTMC83.9 X 150 mm_,.._,_. Mobile Phase: 100 mM Potassium

_ _ _ _ _ -. phosphate, pH 6.91acetonitrilel[ [ [ [ I [ [ [ [ methanol/water 17:25:5:53
3: Prlmidone 0 2 4 6 8 10 12 14 16 18 Detector: 214 nm

Minutes

4: Phenobarbital 5: Carbamezapine- 6: Carbamezapine 7" 10,11-Dihydrocarbamezapine 8: Phenytoin
10,1l-epoxlde



Column Lifetime



Conclusions for Symmetry
Lifetime Study

• Columns Stable for 10,000 Injections

• Column Lifetime Meets the Needs of the
Pharmaceutical Laboratory

• Sentry Guard Column Prolonged Column
Lifetime

- Changed Guard Column ,!2 times to reduce pressure



v,

Chromatogram of Lifetime Test:
10,000 Injections of Sulfa Drugs

. 3

..N-_so.,,. 4
1: Sulfanilamide

6
N

2: Suffadiazine

3: Sulfathiazole

NH|_SOI NH"_ p_

' 2 4 _ _ 10
4: Sulfamerazine Minutes

NI_-_SOINH Conditions
, Column: Symmetry TM C83.9 mm X 150 mm with

5:Sutfomethaz_ne SentryTM Guard
Column 3.9 mm X 20 mm

/5vNHSO,_ NHCOCHzcH'C00H• H_O Mobile Phase: water/methanol/glacial acetic acid 79:20:1
LII _-"

6: SuccinylsulFathiazole



Parent Drugs/Impurities



Antihypertensive; nzyme Inhibitor:
Captoprll

USP Tailing Factors
1: 1.0

H,,,,cH, 2: 1.2C
/%

HSCH2 C-.._-O
NI - ..COOH

1. Captopril

2. Captopril Disulfide Conditions
Column: SymmetryTM C 183.9 mm x 150 mm
MobilePhase: 0.1% phosphoricacid/ methanol60/40
Temperature: 40°C

2

I I I I I I I I
0 2 4 6 8 10 12 14

Minutes





Antihistaminic: Terfenadine
Standards and Tablets

1 2
A. Standards

A. Resolution: 1.8
%RSD _<1.9

B. USP Tailing Factor: 1.0
%RSD: 1.9

CHz CH2CH2 CHOH _1_ _ ............

OH

1. Terfenadine _= J
- j _- .....

2. Terfenadine Related 0 2 4 6 8 io 12 _14 16 i8

Compound A RS Minutes

Conditions

Column: Symmetry Ca4.6 mm x 250 mm
Mobile Phase: 100 mM triethylammonium

phosphate, pH 7.0/methanol
20:80 v/v



Salicylic Acid

USP Tailing Factors
1 1: 1.5

COOH 2: 1.4

_COOH 3: 1.4

1: Phthalic Acid

COOH

3

2: Salicylic Acid

2
COOH

I I I I

3: Benzoic Acid 0 2 4 6 8

Minutes Conditions
Column: SymmetryTM C 18 3.9 mm x 150mm

• MobilePhase: 50 mMpotassium phosphate, pH 3,0 /
acetonitrile70:30

Temperature: 40°C



Anti-estrogen: Tamoxifen

1 USP Tailing Factors: 1.3
USP Plates 5400

(c.,,.Nc..c.,o--<_ ,.0 .c.,coo. %RSD 1.5%
C==C • HO--C-COOH

OQ' '\C=1-% CH=COOH

'o _ 4 d d
Minutes

Conditions:
Column: Symmetry C183,9 mm x 150 mm
Mobile Phase: 50 mM potassium phosphate, pH 3/

acetonitrile 55:45



H2Antagonist: Ranitidine

CHNOz
II

(c"')_Nc""I_C'Sc"'c"'_c_c"' USP Tailing Factor: 1.12
USP Plates: 4900

Ranitidine %RSD: 0.33%

Conditions

-._.- _ _. __ Column: Symmetry TM C83.9 mm X 150 mm
with Sentry TM Guard Column

t I I 3.9 mm X 20 mm0 2 4 6
Mobile Phase: 100 mM sodium acetate,

Minutes 5 mM camphosulfonic acid, pH 6.21
acetonitrile I methanol 80:10:I0



Bronchodilator: Salbutamol (Albuterol)

HOCH2/_____
HO"_( ))-CHCH2NHC(CH3)_I USP Tailing Factor: 1.2

Io. USP Plates: 2940
%RSD" 0.9%

Salbutamol

I I I I I

0 2 4 6 8
Minutes

Conditions
Column: SymmetryTM C 18 3.9 mm x 150mm
MobilePhase: Water / methanol/ glacialacetic acid 69:30:1

with 5mMsodium1-hexanesulfonate



Analgesic: Acetaminophen and
Hydrocodone Bitartrate

USP Tailing Factors
"O-((_)_-NH_OC., 1: 1.2

2: 1.6

1. Acetaminophen

CIH3

H,, IN=_CHz COOH

.-¢-o._O--C--H

_H,O_ \o"" _-_0 _oo, Conditions
Column: SymmetryTM C 18 3.9 mm x 150 mm

2. Hydrocodone Bitartrate Mobile Phase: 50raM ammonium phosphate, pH 5.8 /
2 acetonitrile 85:15

I I I I I

0 2 4 6 8

Minutes



Steroids and Peptides



Glucocorticoid: Betamethasone
Standard and Syrup

t

2

_.,o. USP Tailing Factors
Ho-'_1"-_'_"_°°" 1 2

c._ a) Syrup 1.14 1.12
o_V_. b) Standard 1.12 1.09

I: Betamethasone I

COO_2CH2_13

o_ a a)_! I "_ Conditions
2: Propylparaben b) Column: Symmetry TM C83.9 mm X 150 mm

(internalstandard) - , _ with SentryTM Guard Column
0 2 4 6 8 10 12 3.9 mm X 20 mm

Minutes Mobile Phase: water I acetonitrile I phosphoric
acid 63:37:0.1



Glucocorticoids

H

O

Vo:Uracil

USP Tailing Factors
_,o. vo 1: 1.1H

'_OH 1 2 2: 1.2
3: 1.1
4: 1.3

1: Prednisolone

CHzOH
C=O

_ 4

2: Betamethasone

H2OOC CH3
CO

H CH31
H , --urt

0 _ I I I I I '

3: PrednisoloneAcetate 0 2 4 6 8

_H=OH Minutes
H C=O

HO_...OCOCH2CH2CH,CH3 Conditions
, I T "_-.CH, Column: Symmetry _ C 8 3.9 mm x 150 mm

_'_ with Sentry _ Guard Column 3.9 mm X 20 mm
o_/1._,_ H Mobile Phase: Acetonitrile / water 50:50

4: BetamethasoneValerate



Therapeutic Peptides

USP Tailing Factors
Peptides Residues 1• 1.00
1. Oxytocin 9 2" 0.97
2. Angiotensin II 8 3: 0.98
3. Angiotensin I 10 4: 0.98
4. Insulin 51

I I I I I I J I

0 2 4 6 8 10 12 14 16
Minutes

Conditions
Column: Symmetry TM C83.9 mm X 150 mm with

SentryTM Guard Column 3.9 mm X 20 mm
Mobile Phase: A [] 0.1% TFA

B =0.1% TFA in Acetonitrile/water 90:10
Gradient: 20% to 60% B in 30 minutes



New Drugs



Antiviral: Zidovudine (AZT)

0

, USPTailing Factor: 1.2
HN "_ cH3

o_.L_N.Jj USP Plates: 3500%RSD: 0.1%HOC.=I

N5

1:Zldovudlne

I

Minutes

Conditions:

Column: Symmetry TM Cle 3.9 mmx 150 mm
Mobile Phase: 50 mM potassium phosphate, pH 4,6 /

methanol85:15



Antitumor: Taxol

USP Tailing
Factor: 1.0
USP Plates: 7600
%RSD: 0.68%

AcO 0 OH

OH OH 6OC_;_

I: Taxol

Conditions:
Column: Symmetry_Ce 3.9 mmx 150m
Mobile Phae: 20 mM ammonium acetate, pH 5.0/

acetonitrile/methanol 50:40:10 v/v/v
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