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DETERMINATION OF TETRACYCLINE C\ND 
RELATE0 COMPOUNDS BY HIGH-PERFORMANCE 

LIQUID CHROMATOGRAPHY 

J.Y.C. Hon and L.R. flurray 

Antibiotics Section, National Biological Standards Laboratory 
P.O. Box 462, Canberra City, 2601, Australia 

and 

82-96 Myrtle Street, Chippendale, 2008, Australia 
B. Walksr, Waters Associates Pty. Ltd., 

ABSTRACT 

An isocratic high-performance liquid chromatography method 
for .the determination o f  tetracycline and its related compounds 
is described. The method uses a revsrss phase (C ) column, 
a modified acetonitrile/wster mobile phase, and benzoic acid 
as the internal standard. Elution o f  all compounds o f  interest 
is complete within seven minutes. Results are presented for 
thirteen commercial capsule formulations and are bompared with 
results by microbiological assay and thin-layer chromatographic 
methods. 
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INTRODUCTION 

The most widely accepted method for the analysis o f  

tetracycline (TC) and its formulations is the microbiological 

assay; it is the method o f  choice o f  both the British 

Pharmacopoeia 1980 (1) and the Code o f  Federal Regulations (2). 

The British Pharmacopoeia (BP) monograph specifies the large 
plats agar diffusion method, while that o f  the Coda o f  Federal 

1973 

Copyright 0 1982 by Marcel Dekker, Inc. 
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HON AND MURRAY 1974 

Regu la t i ons  ( C F R )  i s  t h e  t u r b i d i m e t r i c  assay method. 

chromatographic chemical  methods g e n e r a l l y  encounter  

i n t e r f e r e n c e  f rom one or more o f  t h e  r e l a t e d  compounds which may 

be p resen t  i n  TC. 

t e t r a c y c l i n e  (ET) ,  a n h y d r o t e t r a c y c l i n e  (AT), 4-epianhydrotet ra-  

c y c l i n e  (EAT) and c h l o r t e t r a c y c l i n e  (CT). 

i n  TC which has been made by deha logena t ion  o f  CT.) 

i s  t h e  most s i g n i f i c a n t ,  s i n c e  i t  i s  nephro tox i c .  

a spec t ropho tomet r i c  sc reen ing  t e s t  f o r  t o t a l  a n h y d r o t e t r a c y c l i n e s  

i n  TC b u l k  substances and f o r m u l a t i o n s ;  where t h e  r e s u l t s  exceed 

s p e c i f i e d  l i m i t s ,  d e t e r m i n a t i o n  o f  EAT by column chromatography i s  

requ i red .  The BP determines a l l  r e l a t e d  compounds i n  b u l k  substances 

by t h i n - l a y e r  chromatography (TLC) , b u t  s imp ly  l i m i t s  t h e  c o n c e n t r a t i o n  

o f  t h e  a n h y d r o t e t r a c y c l i n e s  i n  capsules by a spec t ropho tomet r i c  t e s t .  

Non- 

The more i m p o r t a n t  o f  these compounds a r e  4-epi- 

(The l a t t e r  may be found  

O f  these, EAT 

The CFR s p e c i f i e s  

The m i c r o b i o l o g i c a l  assay and t h e  chromatographic  t e s t a  f o r  

r e l a t e d  compounds a r e  t i m e  consuming and t h e i r  rep lacement  by a 

s i n g l e  q u a n t i t a t i v e  method for a l l  compounds i s  d e s i r a b l e .  

Tsu j i  and Robertson (3)  i n t r o d u c e d  a g a s - l i q u i d  chromatography 

method, b u t  i t  n e c e s s i t a t e s  a d i f f i c u l t  d e r i v a t i s a t i o n ,  and TC 

degrada t ion  may occu r  i n  t h e  process. 

I n  r e c e n t  yea rs  a number o f  methods u s i n g  high-performance 

l i q u i d  chromatography (HPLC) have been proposed; some o f  them 

employ i o n  exchangers, b u t  t h e  m a j o r i t y  use r e v e r s e  phase bonded 

m a t e r i a l s .  

n o t  been achieved i n  some o f  t h e  proposed methods (4,5) w h i l e  o t h e r s  

do n o t  p resen t  ev idence for q u a n t i t a t i v e  a p p l i c a t i o n  t o  commercial 

f o r m u l a t i o n s  (6,7). Whi le  g r a d i e n t  e l u t i o n  systems a r e  a b l e  t o  

ach ieve  good r e s o l u t i o n  i n  a s h o r t  t ime, they  may g i v e  r i s e  t o  s l o p i n g  

base l i nes ,  9.9. t h e  systems proposed by Mack and Ashworth (8) .  

and Robertson (9 )  developed a g r a d i e n t  e l u t i o n  system w i t h  a f l a t  

base l i ne ,  which t h e y  s u c c e s s f u l l y  a p p l i e d  t o  t h e  a n a l y s i s  o f  pharms- 

c e u t i c a l  p repara t i ons .  

by Muhammad and Eodnar (10) i n  a method f o r  t h e  r e l a t e d  compounds i n  

b u l k  substances and f o r m u l a t i o n s .  

Complete r e s o l u t i o n  o f  TC and i t s  r e l a t e d  compounds has 

T s u j i  

A s i n g l e  s t e p  g r a d i e n t  system was employed 
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TETRACYCLINE AND RELATED COMPOUNDS 1975 

The ob jec t i ve  o f  t h i s  work was t o  develop an i s o c r a t i c  HPLC 

method su i tab le  f o r  the  r a p i d  determinat ion o f  TC and i t s  r e l a t e d  

compounds i n  bu l k  ma te r ia l s  and i n  commercial capsule formulat ions.  

MATERIALS 

(a) Ins t rumenta t ion  

The instrument used was a Waters Associates l i q u i d  

chromatograph, cons i s t i ng  of a SOOOA pump, a U6K i n j e c t o r ,  a 440 

dua l  channel detector,  and an OmniScribe (Houston Instrument)  

dua l  pen recorder. A microBONDAPAK C18 ( reverse phase) column, 

3.9 mm X 30 cm (Waters Associates) was used f o r  a l l  separations. 

(b) Solvents and Reaqente 

A c e t o n i t r i l e  (ACN) was supp l ied  by Waters Associates; 

anhydrous methanol, diammonioum hydrogen phosphate and ortho- 

phosphoric a c i d  were A n a l y t i c a l  Reagent grade; ethanolamine end 

dimsthylformamide (DMF) were Laboratory Reagent grade, and g lass  

d i s t i l l e d  water was f r e s h l y  prepared before use. 

(Merck, GR volumetr ic standard) was used as the  i n t e r n a l  standard. 

Benzoic a c i d  

The s t rong i n t e r n a l  standard s o l u t i o n  ( S I S )  was 0.5% W/v 

benzoic a c i d  i n  50% methanol, and the  weak i n t e r n a l  standard (WIS)  

was 0.05% benzoic a c i d  i n  50% methanol. 

The mobile phase was prepared as fo l lows:  

I n  760 mL water were dissolved 5.2 g diammonium hydrogen phosphate 

and 5.0 mL ethanolamine. To the s o l u t i o n  were added 240 mL ACN 

and 60 mL DMF. 

acid,  t o  2.5. A f t e r  f i l t r a t i o n  through a 0.5 pn pore s i z e  membrane 

f i l t e r  ( M i l l i p o r e  Corporation Type FH), t he  mobile phase was u l t r a -  

s o n i c a l l y  degassed. The work i nvo l vsd  i n  the  development o f  t h i s  

mobi le phase i s  summerised below under METHODS. 

F i n a l l y  t he  pH was adjusted, us ing  orthophosphoric 

(c)  Te t racyc l ine  and Related Compounds Standards 

I n  t h i s  work, the  form o f  TC and i t s  r e l a t e d  compounds was 

the hydrochlor ide,  unless otherwise spec i f ied .  
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1976 HON AND MURRAY 

The TC standard was a commercial sample o f  BP q u a l i t y ,  suppl ied 

by Cyanamid Pty. Ltd. I t  was m i c r o b i o l o g i c a l l y  standardised 

against  the World Hea l th  Organisation's Second I n t e r n a t i o n a l  

Standard for Tet racyc l ine  (1970) , g i v i n g  a potency o f  968 units/mq, 

*!as i s " .  An HPLC ana lys is  by the  method described h e r e  gave an ET 

content o f  2.55, an AT content o f  0.2% and e n e g l i g i b l e  EAT 

content. 

m ic rob io log i ca l  and HPLC analyses were the re fo re  cons is ten t  w i t h i n  

experimental e r r o r ,  and the  standard was assumed t o  be o f  96.8% 

p u r i t y  for t h i s  work. The ammonium s a l t  o f  ET was prepared according 

t o  McCormick e t  a1 (11); 

by Schlecht and Frank (12), and EAT, by an adaptat ion o f  the  l a t t e r  

method, from t h e  ammonium s a l t  o f  ET. 

The l o s s  on dry ing  (6OoC, 5 rnm pressure) was 0.75. The 

AT was prepared by the  method described 

(d) Formulation Samples 

A l l  o f  the TC capsule formulat ions,  for human usa, on the 

Aus t ra l ian  market, were sampled. There were t h i r t e e n  d i f f e r e n t  

formulat ions (seven o f  which were buffered) , represent ing  n ine  

manufacturers. 

METHODS 

(a) Mobile Phase Development 

The eva lua t ion  and op t im isa t i on  o f  the  mobile phase were 

based on an ana lys is  t ime-constrained concept. The r e t e n t i o n  t i m e  

o f  t he  l a s t  e l u t i n g  peak (AT) was adopted aa a measure o f  ana lys is  

t i m e .  Dpt im isa t ion  o f  t h e  system then became a matter o f  achieving 

t h e  best reso lu t ion ,  w i t h i n  t h a t  t i m e ,  for t he  l e a s t  reso lved p a i r ,  

TC and ET. 

The column supp l i e rs  recommend us ing  sthanolamine i n  a l l  

mobile phases t o  reduce the  adsorp t ive  e f fec t  o f  a c t i v e  s i l a n y l  

groups on the column; i t  was the re fo re  r o u t i n e l y  inc luded a t  0.5% 

./v . 
Pre l im inary  work showed t h a t  a c i d i f i e d  aqueous ACN was the  

most promising o f  t he  range tested, bu t  t h a t  the  system would 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TETRACYCLINE AND RELATED COMPOUNJIS 1977 

requ i re  mod i f i ca t i on  i n  order t o  produce acceptable chromatograms. 

The column supp l i e rs  recommend working above pH 2 i n  order t o  avo id  

h y d r o l y t i c  l o s s  o f  the  C18 phase. The pH range 2.5 t o  3.3 was 

inves t i ga ted  by comparing the  chromatograms given by d i f f e r e n t  

ACT/water mixtures a c i d i f i e d  t o  pH 2.5, 2.9 and 3.3 wi th  ortho- 

phosphoric acid.  

gave the  best ET-TC peak separation; i t  was a l so  e f f e c t i v e  i n  

reducing the  t a i l i n g  o f  the  AT peak which was observed a t  h igher  

pH. Below pH 2.5, the  ET-TC peak separat ion was f u r t h e r  improved, 

bu t  as continuous work a t  such a c i d i t i e s  may have shortened the  

e f f e c t i v e  column l i f e ,  i t  was decided t o  standardise a l l  phases t o  

pH 2.5. 

A system cons is t i ng  o f  24 ACN/76 water a t  pH 2.5 

I n v e s t i g a t i o n  o f  a number o f  so lvents  and mod i f i e rs  showed 

t h a t  DMF and ammonium phosphate bo th  markedly improved the  chromat- 

ogram. The l a t t e r ,  when present a t  1% w/v i n  the  mobi le phase 

(19ACN, 8 1  water, 6DMF) reduced the  ana lye is  t ime from 23 minutes 

(for mobile phase without the  s a l t )  t o  9 minutes. However, the  ET- 

TC peak separat ion was e i g n i f i c a f l t l y  b e t t e r  i n  the  sa l t - f ree  system, 

and i t  was necessary t o  compromise a t  an in te rmed ia te  concentrat ion.  

The s a l t ,  a t  0.52 g diammonium phosphate per  100 mL ACN/water 

mixture, became a standard a d d i t i o n  t o  a l l  experimental phasee. 

I t  was found t h a t  a d d i t i o n a l  marked improvement i n  the  chromat- 

Th is  mod i f i e r  ogram could be a f fec ted  by the  a d d i t i o n  o f  5-10s DMF. 

was used by Knox and Jurand (13), who developed mobile phases based 

on simple mixtures o f  i t  with water. However, i n  the  cond i t i ons  used 

i n  t h i e  work, ACN could no t  be completely replaced by DMF t o  g i ve  

s a t i s f a c t o r y  chromatograms. 

AT and EAT were poor l y  resolved. 

about only smal l  reduc t ions  i n  r e t e n t i o n  times, bu t  had a s t r i k i n g  

e f f e c t  i n  reducing t a i l i n g  and i n  sharpening a l l  peaks. 

I n  p a r t i c u l a r ,  w i t h  DAF/water mixtures, 

When used a t  5-10$, DMF brought 

A t  t h i s  po in t ,  a f t e r  eva lua t ion  o f  a number o f  chromatograms, 

the  des i red  ana lys ie  t ime was f i x e d  a t  eeven minutes. W i th in  t h a t  

cons t ra in t ,  op t im isa t i on  o f  t h e  system with respect t o  ET-TC 

separat ion was undertaken by vary ing  the  ACN/water r a t i o  and the  

DMF concentrat ion.  
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1978 HON AND MURRAY 

Three d i f f e r e n t  c o n c e n t r a t i o n s  o f  DMF (6, 8 and 10 volumes p e r  

A t  each DPlF concen- 100 volumes ACN/water m i x t u r e )  were examined. 

t r a t i o n ,  t h e  ACN/water r a t i o  was v a r i e d  and t h e  ET-TC peak 

separa t i ons  were measured a c c o r d i n g  t o  t h e  method proposed by 

Morgan and Deming (14). The r e s u l t s  a r e  shown g r a p h i c a l l y  i n  

F igs.  1, 2 and 3. I t  i s  e v i d e n t  t h a t  t h e  a n a l y s i s  t i m e s  inc rease ,  

0.90 
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0.60 

ET-TC A n a l y s i s  
Peak s e p a r a t i o n  t i m e  ( m i  

I I I I I 
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F i g u r e  1 

The dependence o f  ET-TC peak s e p a r a t i o n  and 
a n a l y s i s  t ime  on t h e  ACN t o  water  r a t i o  o f  
t h e  m o b i l e  phase; DMF c o n c e n t r a t i o n  c o n s t a n t  
a t  6 volumes p e r  100 volumes ACN/water 
m i x t u r e .  
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TETRACYCLINE AND RELATED COMPOUNDS 

ET-TC 
Peak s e p a r a t i o n  

0.88 

0.84 

0.80 

0.76 

0.75 

A n a l y s i s  
t i m e  ( m i n )  

r A n a l y s i s  t ime  

t3 ET-TC Peak s e p a r a t i o n  

1979 

LO 
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8 

7 

1 8  19 20 21  22 23 $ ACN 
82 8 1  80 79 78 77 % Water 

F i g u r e  2 

The dependence o f  ET-TC peak s e p a r a t i o n  and 
a n a l y s i s  t ime  on t h e  ACN t o  wa te r  r a t i o  o f  
t h e  mob i l e  phase; DMF c o n c e n t r a t i o n  c o n s t a n t  
a t  8 volumes pe r  100 volumes ACN/water 
m ix tu re .  

and t h e  ET-TC s e p a r a t i o n s  improve, w i th  i n c r e a s i n g  water  con ten t .  

The r e l a t i o n s h i p  between a n a l y s i s  t i m e  and peak s e p a r a t i o n  f o r  t h e  

t h r e e  DMF c o n c e n t r a t i o n s  i s  shown i n  F ig .  4. For  t h e  d a a i r e d  

a n a l y s i s  t i m e  o f  seven minutes, a mob i l e  phase c o n t a i n i n g  6 volumes 

DMF p e r  100 volumes ACN/watar m i x t u r e  p r o v i d e s  b e t t e r  peak separa- 
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1980 HON AND MURRAY 

0.85 

0.80 

0.75 

0.70 

I 

ET-TC A n a l y s i s  
Peak s e p a r a t i o n  t i m e  ( m i n )  
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F i g u r e  3. 

The dependence o f  ET-TC peak s e p a r a t i o n  and 
a n a l y s i s  t ime  on t h e  ACN t o  wa te r  r a t i o  o f  
t h e  m o b i l e  phase; 
a t  10 volumes p e r  100 volumes ACN/water 
m i x t u r e .  

DMF c o n c e n t i a t i o n  c o n s t a n t  

t i o n  t h a n  t h e  h i g h e r  DMF concen t ra t i ons .  Reference t o  F i g .  1 

i n d i c a t e s  t h a t  t h e  ACN t o  water  r a t i o  s h o u l d  be approx ima te l y  24 

t o  76 t o  achieve t h e  r e q u i r e d  a n a l y s i s  t ime.  
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TETRACYCLINE AND RELATED COMPOUNDS 
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Figure 4 .  

The re lat ionship  between ET-TC peak 
separation, DMF concentration i n  the 
mobile phaae and the analys is  time. 

(b) Analvsis o f  Capsule Samplea bv HPLC 

A weighed quanti ty  o f  the mixed contents of 20 capsules 

equivalent t o  about 250 mg TC was shaken w i t h  60 mL anhydrous 

methanol for 20 minutes. For capsules containing TC base, 
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1982 HON AND MURRAY 

s u f f i c i e n t  1 M  h y d r o c h l o r i c  a c i d  shou ld  be added t o  t h e  suspension 

t o  c o n v e r t  t h e  base t o  h y d r o c h l o r i d e ,  as s o l u t i o n s  o f  t h e  base a r e  

r e l a t i v e l y  uns tab le .  Some samples r e q u i r e d  b r i e f  u n t r a s o n i c a t i o n  

i n  o r d e r  t o  complete t h e  s o l u t i o n  o f  t h e  t e t r a c y c l i n e .  A f t e r  making 

t h e  volume t o  100 mL, t h e  s o l u t i o n  was f i l t e r e d  t o  remove i n s o l u b l e  

e x c i p i e n t s  ( F i l t r a t e  A ) .  

F o r  t h e  d e t e r m i n a t i o n  o f  t e t r a c y c l i n e ,  f i l t r a t e  A was d i l u t e d  

1 t o  5 w i th  anhydrous methanol, and t h e  d i l u t e d  s o l u t i o n  mixed 1 t o  

1 with SIS j u s t  b e f o r e  i n j e c t i o n .  

For t h e  d e t e r m i n a t i o n  o f  r e l a t e d  compounds, f i l t r a t e  A was 

mixed 1 t o  1 w i th  WIS j u s t  b e f o r e  i n j e c t i o n .  

The s tandard s o l u t i o n  con ta ined  i n  100 mL anhydrous methanol: 

50 mg TC, 20 mg ET (ammonium s a l t ) ,  10 mg CT, 2.5 mg AT and 2.5 mg 

EAT. F o r  t h e  d e t e r m i n a t i o n  o f  t e t r a c y c l i n e ,  t h e  s tandard  s o l u t i o n  

was mixed 1 t o  1 w i t h  515, and f o r  t h e  d e t e r m i n a t i o n  o f  r e l a t e d  

compounds, i t  was mixed 1 t o  1 with WIS. As w i th  t h e  sample 

s o l u t i o n s ,  t h e  m i x i n g  with t h e  i n t e r n a l  s tandards  was c a r r i e d  

o u t  j u s t  p r i o r  t o  i n j e c t i o n ,  s i n c e  t h e r e  was a s low i n c r e a s e  i n  t h e  

ET c o n t e n t  (about  10% i n  2 hours)  o f  t h e  mixed s o l u t i o n s .  Three 

success ive i n j e c t i o n s  o f  each mixed s o l u t i o n  were made (s tandard  and 

sample), i n  o r d e r  t o  determine t h e  mean r a t i o  o f  TC (o r  r e l a t e d  

compound) t o  i n t e r n a l  standard, b e f o r e  d i s c a r d i n g  t h e  s o l u t i o n .  The 

unmixed s tandard  s o l u t i o n  i n  methanol  was s t a b l e  f o r  a t  l e a s t  s i x  

hours and t h e r e f o r e  one p r e p a r a t i o n  was used f o r  a number o f  samples. 

( c )  A n a l y s i s  o f  B u l k  Substances bv HPLC 

S o l u t i o n s  o f  TC b u l k  substances f o r  HPLC were p repared  t o  

c o n t a i n  500 mg TC i n  100 mL anhydrous methanol. I n  t h e  case o f  TC 

base, s u f f i c i e n t  1 M  h y d r o c h l o r i c  a c i d  was added t o  t h e  s o l u t i o n  t o  

e f f e c t  conve rs ion  t o  t h e  h y d r o c h l o r i d e .  For d e t e r m i n a t i o n  o f  TC, t h e  

s o l u t i o n  was d i l u t e d  1 t o  10  w i t h  methanol b e f o r e  m i x i n g  1 t o  1 w i t h  

SIS. F o r  d e t e r m i n a t i o n  o f  r e l a t e d  compounds, t h e  s o l u t i o n  was mixed 

1 t o  1 wi th  WIS. The s tandard  s o l u t i o n  and i t s  d i l u t i o n s  were those  

s p e c i f i e d  above f o r  t h e  a n a l y s i s  o f  capsules.  
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TETRACYCLINE AND RELATED COMPOUNDS 1983 

(d) Chromatoqraphic Condi t ions 

The chromatographic cond i t ions  were as fo l lows: 

Temperature : Ambient (20' - 22OC) 

Flow r a t s  : 2.5 mL/min 

Chart speed : 1 cm/min 

Detector : 280 nm 
0.5 AUFS f o r  t e t r a c y c l i n e  
0.1 AUFS for r e l a t e d  compounds 

I n j e c t i o n  10 pL 
volume 

Q u a n t i t a t i o n  was e f fec ted  v i a  peak heights,  these being 

measured d i r e c t l y  from the  recorder cha r t  graduations. 

( 8 )  Mic rob io loQ ica l  Assays o f  Capsules 

M ic rob io log i ca l  assays f o r  TC wem c a r r i e d  ou t  on the  capsules 

us ing  the  l a r g e  p l a t s  agar d i f f u s i o n  system, i n  which t h e  standard 

and unknown preparat ions wsre contrasted a t  two corresponding dose 

l e v e l s  (3.0 and 0.75 units/mL). 

The TC standard and the  capsule contents were d isso lved i n  

0.01 M hydroch lo r ic  acid, and d i l u t e d  t o  the  assay working doses 

w i t h  phosphate b u f f e r  pH 5.8. 

A seed l a y e r  o f  Medium C, pH 6.6 (BP A 67) was inocu la ted  w i t h  

a spore suspension o f  B a c i l l u s  cereus ATCC 11778 and t h e  a n t i b i o t i c  

so lu t i ons  app l ied  t o  the surface o f  the  medium by the  use o f  

Schleicher and Schus l l  740-E, 12.7 mm diameter paper discs.  

The s t a t i s t i c a l  v a l i d i t y  o f  the  t e s t  r e s u l t s ,  the  potency o f  

the  unknown and t h e  f i d u c i a l  l i m i t s  o f  e r r o r  o f  the  potency est imate 

were ca l cu la ted  from t he  64 responses (zones o f  i n h i b i t i o n )  

obtained from each p l a t e  assay. 

( f )  TLC Examination o f  Capsules 

The capsule samples were examined for the  presence o f  r e l a t e d  

compounds by TLC on kieselguhr,  us ing  the  method o f  Murray (15). 

The sample so lu t i ons  examined wers those prepared for t h e  HPLC 
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1984 HON AND MURRAY 

analyses ( F i l t r a t e  A ) ,  and t h e  s tandard  s o l u t i o n s  con ta ined  2.5 mg 

AT, 2.5 mg EAT, 10  mg CT and 20 mg ET (ammonium s a l t ) ,  each 

s e p a r a t e l y  d i s s o l v e d  i n  100 mL anhydrous methanol. These s tandard  

s o l u t i o n s  correspond t o  proposed l i m i t s  of 1% for AT and EAT, 4% 

for CT and 8% f o r  ET. 

were cornpared with those f rom t h e  s tandards,  and were a r b i t r a r i l y  

r a t e d  as f o l l o w s :  

The i n t e n s i t i e s  of t h e  spo ts  from t h e  samples 

0 - no spo t  d e t e c t e d  

1 - f a i n t  compared wi th  s tandard  

2 - moderate compared wi th  s tandard  

3 - in tense ,  b u t  l e s s  t h a n  s tandard  

4 - more i n t e n s e  t h a n  s tandard  

(9 )  P r e c i s i o n  and S t a t i s t i c a l  E v a l u a t i o n  

I n  o r d e r  t o  e s t a b l i s h  t h e  p r e c i s i o n  of t h e  HPLC assay method 

for TC, t e n  de te rm ina t ions  were c a r r i e d  o u t  on Sample 1 over  a 

p e r i o d  o f  t h r e e  days. 

A s t a t i s t i c a l  comparison of t h e  two assay methods was made, 

u s i n g  t h e  p a i r e d  t - t e s t  and by s imp le  reg ress ion .  

RESULTS & DISCUSSION 

A chromatogram o f  a m i x t u r e  of TC, a l l  t h e  r e l a t e d  compounds, 

and t h e  i n t e r n a l  s tandard  i s  shown i n  F ig .  5. 

C a l i b r a t i o n  s t u d i e s  showed t h a t  t h e  d e t e c t o r  responses 

were l i n e a r  for a l l  f i v e  compounds o f  i n t e r e s t ,  up t o  t h e  f o l l o w i n g  

concen t ra t i ons ,  i n  mg/mL: 

TC 0.65, ET 0.60, AT 0.038, EAT 0.038, CT 0.15 

These c o n c e n t r a t i o n s  r e p r e s e n t  130% o f  t h e  expected ( l a b e l  

s t r e n g t h )  for TC i n  capsules, 300% of t h e  proposed upper l i m i t  for 

ET, and 150% o f  t h e  proposed upper l i m i t s  for AT, EAT and CT i n  
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Figure 5 

HPLC separation o f  tetracycline (peak 2) and its related 
compounds (4-epitetracycline, peak 1; chlortetracyclina, 
peak 3; 4-epianhydrotetracycline, peak 4; anhydrotetra- 
cycline, peak 5). 

Chromatographic conditions are described in the text 
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1986 HON AND MURRAY 

capsules. The l i n e a r i t y  o f  response i n d i c a t e s  t h a t  t h e  method i s  

v a l i d  f o r  t h e  d e t e r m i n a t i o n  o f  a l l  compounds i n  a f o r m u l a t i o n ,  

p r o v i d i n g  t h e r e  i s  no i n t e r f e r e n c e  f rom a x c i p i e n t s .  Con f i rma to ry  

evidence f o r  t h e  v a l i d i t y  o f  t h e  method as a p p l i e d  t o  capsu les  i s  

a f f o r d e d  by t h e  r e s u l t s  o f  t h e  m i c r o b i o l o g i c a l  assay and t h e  TLC 

examinations. These a r e  presented,  t o g e t h e r  w i t h  t h e  HPLC r e s u l t s ,  

i n  Table 1. 

The chromatograms o f  samples 11 and 12  i n c l u d e d  peaks which 

were i n i t i a l l y  i n t e r p r e t e d  as b e i n g  f rom CT, and t h e  peak h e i g h t s  

i n d i c a t e d  con ten ts  o f  1.00% and 1.50% r e s p e c t i v e l y  i n  t h e  samplea. 

However, no spo ts  f o r  CT were d e t e c t a b l e  i n  t h e  TLC, and a c l o s e r  

examinat ion o f  t h e  HPLC chromatogram showed t h a t  t h e  r e t e n t i o n  t i m e  

o f  t h e  compound i n  q u e s t i o n  was 0.1 minute l o n g e r  t h a n  t h a t  f o r  CT. 

The i d e n t i t y  of t h e  compound was n o t  e s t a b l i s h e d .  

The r e s u l t s  o f  t h e  t e n  HPLC aaaays on capsu le  Sample 1 ranged 

f rom 97.3% t o  9E.E% l a b e l  s t r e n g t h ,  w i th  a mean o f  98.18% and a 

c o e f f i c i e n t  o f  v a r i a t i o n  o f  0.48%. 

I n  t h e  s t a t i s t i c a l  comparison o f  t h e  HPLC and t h e  

m i c r o b i o l o g i c a l  assay data, t h e  p a i r e d  t - t e s t  gave a v a l u e  f o r  

t o f  0.508. A l i n e a r  r e g r e s s i o n  l i n e ,  c o n s t r a i n e d  t o  pass 

th rough  t h e  o r i g i n ,  when f i t t e d  t o  t h e  data, r e s u l t e d  i n  t h e  

equa t ion  Y = 1.0033 x, where x i s  t h e  potency es t ima ted  by  

t h e  m i c r o b i o l o g i c a l  assay and y i s  t h e  HPLC assay. These 

r e s u l t s  suggest t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

two methods. 

Comparison o f  t h e  TLC and HPLC r e s u l t s  f o r  r e l a t e d  

compounds i n d i c a t e s  e x c e l l e n t  agreement i n  t h e  v i s u a l  a p p r a i s a l  

o f  TLC spo ts  and t h e  q u a n t i t a t i o n  o f  peak h e i g h t s  i n  HPLC. 

The l a t t e r  procedure i s  c l e a r l y  s u p e r i o r  w i t h  r e s p e c t  t o  speed 

and p r e c i s i o n ,  b u t  TLC may be v a l u a b l e  i n  c e r t a i n  c i rcumstances 

f o r  i d e n t i f i c a t i o n  purposes, s i n c e  o b s e r v a t i o n s  may be made on 

b o t h  R f  va lue  and t h e  c o l o u r  o f  t h e  f l u o r e s c e n t  spot; i n  HPLC 

o n l y  t h e  r e t e n t i o n  t ime  i s  useable f o r  i d e n t i f i c a t i o n .  I t  i s  

suggested t h a t  HPLC i s  t h e  method o f  cho ice  f o r  d e t e r m i n i n g  
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1988 HON AND MURRAY 

r e l a t e d  compounds, and t h a t  t h e  TLC examina t ion  shou ld  be used 

f o r  c o n f i r m a t i o n  o f  i d e n t i t y  where doubt e x i s t s .  

The proposed method determines TC and t h e  r e l a t e d  compounds 

by means o f  two chromatograms o b t a i n e d  a t  d i f f e r e n t  d e t e c t o r  

s e n s i t i v i t i e s  on one channel  a t  280 nm. Where a d u a l  channel  

d e t e c t o r  i s  used, i t  is p o s s i b l e  t o  s imu l taneous ly  determine TC 

and t h e  r e l a t e d  compounds, by employ ing d i f f e r e n t  s e n s i t i v i t i e s  

f o r  t h e  channels, b o t h  s e t  t o  280 nm. Under such c o n d i t i o n s  

i t  would be v a l i d  t o  use t h e  i n t e r n a l  s tandard  peak h e i g h t s  

on t h e  f i r s t  channel  (TC) f o r  t h e  q u a n t i t a t i o n  of t h e  r e l a t e d  

compounds on t h e  second channel. For t h e  q u a n t i t a t i o n  o f  t h e  

r e l a t e d  compounds i t  i s  d e s i r a b l e  f o r  t h e  sample and s tandard  

s o l u t i o n s  t o  be o f  s i m i l a r  composi t ion.  Thus an a p p r o p r i a t e  

s tandard  s o l u t i o n  f o r  t h e  s imul taneous d e t e r m i n a t i o n  o f  TC and 

r e l a t e d  compounds i n  a b u l k  substance would c o n t a i n  50 mg TC, 

0.25 mg AT, 0.25 mg EAT, 1.00 mg CT and 2.00 mg ET (ammonium 

s a l t )  i n  100 mL anhydrous methanol. These q u a n t i t i e s  o f  t h e  

r e l a t e d  compounds a r e  o n l y  10% of those used i n  t h e  s tandard  

s o l u t i o n  recommended f o r  t h e  two chromatogram system. The 

TC s tandard  would c o n t r i b u t e  s i g n i f i c a n t  amounts o f  t h e  

r e l a t e d  compounds t o  t h e  s tandard  s o l u t i o n ;  t hese  amounts 

shou ld  t h e r e f o r e  be determined w i t h  s u i t a b l e  p r e c i s i o n  so 

t h a t  accu ra te  d e t e r m i n a t i o n  o f  t h e  r e l a t e d  compounds i s  

assured. Where samples a r e  s u b j e c t  o n l y  t o  a l i m i t  t e s t  f o r  

t h e  r e l a t e d  compounds, t h e  s i n g l e  chromatogram system c o u l d  

be used f o r  r a p i d  sc reen ing  purposes. 

With rega rd  t o  t h e  reve rse  phase column l i f e ,  t h e r e  was 

no d e t e c t a b l e  drop i n  p l a t e  coun t  i n  t h e  column used for much 

o f  t h i s  work, a f t e r  more than  400 i n j e c t i o n s .  The column 

was ded ica ted  t o  t e t r a c y c l i n e  work, and was w e l l  washed w i th  

water and then  70% methanol a f t e r  each day's use. 

f a c t o r s ,  t oge the r  wi th  t h e  r e s t r i c t i o n  o f  t h e  mob i l e  phase 

t o  pH 2.5,  may be r e s p o n s i b l e  f o r  t h e  e x c e l l e n t  s t a b i l i t y  o f  

t h e  column. 

These 
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TETRACYCLINE AND RELATED COMPOUNDS 1989 

It i s  planned t o  i n v e s t i g a t e  the  a p p l i c a t i o n  o f  t h i s  

method t o  o ther  TC fo rmula t ions  (ointments, o r a l  suspsn- 

sions, i n j e c t i o n s ) ,  t o  t e t r a c y c l i n e  - n y s t a t i n  fo rmula t ions  

and t o  o ther  t e t r a c y c l i n e  a n t i b i o t i c s  and t h e i r  formula- 

t i ons .  

ACKNOWLEDGEMENTS 

The authors thank Mrs. J. Andres for c a r r y i n g  ou t  the  

m ic rob io log i ca l  assays, and flr. R. Barge f o r  t he  s t a t i s t i c a l  

evaluat ions.  

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6 .  

7.  

6. 

B r i t i s h  Pharmacopoeia 1980, Her Majesty's S ta t ionery  
O f f i ce ,  London, 1980. 

Code o f  Federal  Regulat ions. T i t l e  21, A p r i l ,  1981, 
O f f i c e  o f  t h e  Federal Register,  Washington, 1981. 

Tsu j i ,  K. and Robertson, J.H , Formation of  t r i rne thy l -  
s i l y l  de r i va t i ves  o f  t e t r a c y c l i n e s  for separat ion and 
q u a n t i t a t i o n  by gas l i q u i d  chromatography. Anal. Chem., - 45,  2136, 1973. 

T s u j i ,  K., Robertson, J.H. and Beyer, W.F., High pressure 
l i q u i d  chromatographic determinat ion o f  t e t racyc l i nes .  
Anal. Chem., 46, 539, 1974. 

Lindauer, R.F., Cohen, D.M and Munnelly, K.P., Determinat ion 
o f  anhydrotetracycl ines i n  t e t r a c y c l i n e  by high-pressure 
l i q u i d  chromatography. Anal. Chem., 48, 1731, 1976. 

B u t t e r f i e l d ,  A.G., Hughes, D.W., Pound, N.J. and Wilson, 
W.L., Separation and de tec t i on  o f  t e t r a c y c l i n e s  by high- 
speed l i q u i d  chromatography. Antimicrob. Agents 
Chemother., 4, 11, 1973. 

Gstrein,  K. and Nachtmann, F., Bestimmung von Abhuproduktsn 
i n  Tet racyc l in -Pdpara ten  m i t t a l s  HPLC. Acta. Pharm. 
Technol., 26, 247, 1980. 

Mack, G.D. and Ashworth, R.B. ,  A h igh  performance l i q u i d  
chromatographic system for the  ana lys i s  o f  t e t r a c y c l i n e  
drug standards, analogs, degradation products and o t h e r  
impur i t i es .  J. Chromatogr. Sci., l6, 93, 1978. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1990 HON AND MURRAY 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

T s u j i ,  K. and Robertson, J.H., A n a l y s i s  o f  t e t r a c y c l i n e  
i n  pharmaceu t i ca l  p r e p a r a t i o n s  by improved h i g h  per form- 
ance l i q u i d  chromatographic  method. J. Pharm. Sci., - 65, 400, 1976. 

Muhammad, N. and Bodnar, J.A., Separa t i on  and q u a n t i t a t i o n  
o f  c h l o r t e t r a c y c l i n e ,  4 - a p i t e t r a c y c l i n e ,  4-epianhydrotet ra-  
c y c l i n e ,  and a n h y d r o t e t r a c y c l i n e  i n  t e t r a c y c l i n e  by h igh -  
performance l i q u i d  chromatography. J. Pharm. Sci., 69, 
928, 1980. 

McCormick, J.R.D., Fox, S.M., S m i t h ,  L.L., B i t l e r ,  B.A., 
Reichenthal ,  J., Or igon i ,  V.E., M u l l e r ,  W.H., Winterbottom, 
R. and Ooerschuk, A.P., S t u d i e s  o f  t h e  r e v e r s i b l e  
a p i m e r i z a t i o n  o c c u r i n g  i n  t h e  t e t r a c y c l i n e  f a m i l y .  The 
p repara t i on ,  p r o p e r t i e s  and p r o o f  o f  s t r u c t u r e  o f  some 
4. - .ep i - te t racyc l ines.  J. Am. Chem. SOC., 79, 2849, 1957. 

Schlecht ,  K.D. and Frank, C.W., Dehydra t i on  o f  t e t r a -  
c y c l i n e .  J. Pharm. Sci., 64, 352, 1975. 

Knox, J.H. and Jurand, J., Mechanism o f  reversed-phase 
s e p a r a t i o n  o f  t e t r a c y c l i n e s  by high-performance l i q u i d  
chromatography. J. Chromatogr., 186, 763, 1979. 

Morgan, S.L,  and Deming, S.N. ,  O p t i m i z a t i o n  s t r a t e g i e s  
f o r  t h e  development o f  g a s - l i q u i d  chromatographic  methods. 
J. Chromatogr., 112, 267, 1975. 

Murray, L.R., T h i n  l a y e r  chromatography o f  t h e  
t e t r a c y c l i n e s .  Aust. J. Pharm. Sci., 2, 82, 1981 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


