
Separation and Analysis of Degradation Products of Tetracycline 
by Gel Filtration on Sephadex G-25 

By B. W. GRIFFITHS 

The anhydrotetracycline and 4-epi-anhydrotetracycline degradation products of 
tetracycline have been found to separate from tetracycline on  a column of Sephadex 
G-2 5. The tetracycline elutes as the “fast” component, whereas the degradation 
products which are not separated from each other elute as the “slow” component. 
The ease of column preparation, rapidity of analysis, and repetitive use of a single 
column make the technique a useful screening procedure for gross contamination 
of tetracycline preparations with anhydro- and 4-epi-anhydrotetracycline degradation 

products. 

N VIEW of receiit findings that relate a reversible I Fanconi-type syndrome to the ingestion of de- 
graded tetracycline capsules (I-5), interest has de- 
veloped in the analytical determination of products 
of degradation of tetracycline (TC). Particular in- 
tercst has centered on the 4-epi-anhydrotetracycline 
derivative, since a similar syndrome to the above 
was induced in rats and dogs on the ingestion of large 
doses of this cornpound (6).  
,4 column chromatographic method has been 

developed by Kelly (7) for the determination of both 
anhydrotetracycline (ATC) and 4-epi-anhydrotetra- 
cycline (EATC) in the presence of large quantities of 
TC. In the author’s experience the method was 
found workable and reproducible but had thc dis- 
advantage of tedious column preparation and the 
limitation of a singlc analysis per column. 

During a search for an alternative method, it was 
found that a partially degraded TC compound sep- 
arated into 2 colored components on a colunin of 
Sephadex G-25. The “fast” component was found 
to have the U.V. characteristics of TC whilc the 
“slow” one had those of ATC or EATC. The po- 
tential of this observation for use in analysis was 
studied and a test was developed for the gross 
analysis of ATC and EATC in pharmaceutical prepa- 
rations of TC. Although the method is not ex- 
pcctcd to be a substitute for one providing a separate 
:inalysis for ATC and the epimer, the features of ease 
of column preparation, rapidity of analysis, and 
repetitive use of the same column make it a tecli- 
nique highly useful for the routine screening of TC 
preparations for gross ATC and EATC content. 

EXPERIMENTAL 

Reagents and Materials 
Compounds of Tetracycline and Derivatives.- 

Commercial tetracycline HC1 (TC) of a high degree 
of purity by microbiological assay was used. An- 
hydrotetracycline (ATC) and 4-epi-anhydrotetra- 
cycline (EATC) were obtained from Lcdcrle 
L.aboratories. 

Sephadex Columns.--A cid Column.-A pledget 
of glass wool was placed in the outlet of a glass 
column (1.8 X 35 cm.) over which werc placed 
small glass beads to a depth of 1 cm. The Sephadex 
G.-25 (medium) previously swollen in 0.03 N HCI 
was applied as a slurry to the closed column. At 
this normality the cpimcrization rate of tetra- 
cycline is small and acid-catalyzed dehydration to 
anhydrotetracycline docs not occur (8). After about 
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5 min. the outlet was opened and more slurry added 
until a bed length of 23 cni. was attained. Flow 
rates of 180-200 ml./hr. were obtained. An over- 
head volume of about 400 nil. provided continuous 
delivery of solvent. Fractions wcrc collected usually 
in 5-ml. portions with the aid of an LKB Rddi-Rac 
fraction collector. 

Alkaline Column.-Thc Sephadex was cquilibrated 
with 0.04 iM phosphate buffer, pH 7.7-7.8. The 
column preparation followed the abovc outline with 
the exception that the length of the bed was 30.5 cm. 

Method for Tetracyline Oral Preparations 
The powdered tablet or capsule material is accu- 

rately weighed and dissolved in 0.03 N HCl to give 
20 nig. of TC/ml. The insoluble residue is ccntri- 
fuged and 0.5 1111. of the supernatant is applied to the 
acid column and washed in gently with the HC1 sol- 
vent. The T C  passes rapidly through the column 
while the BTC and EATC elute as a slower singlc 
component which is visible as a diffuse, bright yellow 
band. This band, which is eluted after approxi- 
mately 1 15 nil. of solvcnt has passed over the column, 
is detected by U.V. analysis a t  273 mp. The routine 
collection of samples is implemented at  a slightly 
emlier stage in the elution, and the occasional check 
of samples a t  253 mp indicates the complete elution 
of the band. The contents of the tubes are trans- 
ferred to a volumetric flask (100 or 250-mi.) and 
corrected to volume with the dilute HCI. The ab- 
sorption is read at  273 mp, and the content of degra- 
dation product is expressed as ATC. The absorp- 
tivity (defined as absorbance/mcg. ATC/ml., 1-cm. 
light path) of ATC at  wavelength maximum of 273 
nip was found to he 1.01 X lo-’. The ATC obeyed 
Bccr’s law over the range of 1.0-10 mrg./ml. 

The oral suspensions and syrups are diluted with a 
volume of solvent t o  give :in estimated tetracycline 
concentration of 10 rng./ml. A volume of 0.5 mi. 
of the solution (centrifugation is necessary for clari- 
fication of the suspension) is transferred to the col- 
umn and eluted with either the acid or phosphate 
buffer solvent. When the analysis is carried out 
with the latter solvent the absorption of the pooled 
tube contents from the second L.V. peak is read at 
wavelength Inaxirnuni of 269.5 nip. The ATC 
absorptivity a t  this wavelength was found to  be 
8.2 x 10-2. The absorptivities for EATC a t  the 
waveleiigth niaxinia of 273 and 26Y.5 rnp were 
slightly lower than those for ATC 9.6 X 1 0 F  and 
7.1 X respectively. 

RESULTS AND DlSCUSSION 
I n  an initial cxperimcnt it was observed that a 

partly degraded commercial tetracycline preparation 
separated into 2 colored components on Sephadex 
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Confirmation of this observation was made by thc 
application of pure products of TC, ATC, and EATC 
to Scphadcx G-25 (Figs. 1 and 2). In Fig. 1, A ,  ’TC 
and ATC, when applied separately to the same acid 
column, wcrc found to clutc as 2 distant peaks. It 
may be seen that the TC contained a small percen- 
tage of ATC as evidenced by thc significant absorp- 
tion in the region of the ATC elution. The TC 
showed full recovery of biological activity by tnicro- 
biological plate assay. Figure 1, B ,  shows the idcn- 
tical elution pattern for a mixture of T C  and ATC. 

Figure 2, A ,  outlincs the clution diagrams of ATC, 
EATC, and an equal mixture of the latter from the 
same acid column of Sephadex. I t  is of interest that 
the ATC and EATC exhibited slightly different 
clution rates when they wcrc applied separately to 
the column, whereas an admixture eluted as a single 
band with an elution rate which was an apparcnt 
mcan of that for the separate components. Figure 
2, B ,  shows a similar effect on a longer column of 
Sephadex. 

The time required for the elution of the TC deg- 
radation products from either the acid or alkaline 
columns was about 1 hr., and continuous sampling 
allowed for the analysis of several T C  preparations 
in 1 day on a single column. I n  2 experiments in 
which 200 mcg. of ATC was applied to a column, the 
rrcoverics were 92.5 and !Ti’:,$,, ‘The recovery of 
EATC under the same conditions was 97.1%. No 
significant changes in tlie absorptivities were found 
for ATC arid EATC in either 0.03 N IICl or 0.04 &f 
phosphate buffer for periods of up to 4 hr. 

Duriug the analysis of certain syrups of TC con- 
taining amaranth dye on acid columns, it was found 
that the dye contaminatecl the ATC barid to produce 
false high results. An examination of several sol- 
vents of varied pH revealed that the amaranth was 
retarded at  pH 7.7 so as to completely separate from 
tlie “faster” ATC band. The slight overlap of the 
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Fig. 1.-A. The elution diagram of tetracycline 
HCl arid anhydrotctracyclinc on Scphadex G-25. 
Key: X,  tetracyclinc HCI, applied 1.0 nil. of 5 
rn,q./rnl. ; 0, anhydrotctracycline, applied 7 .0 nil. 
of 200 mcg.jml. Scphadcx column, 1.8 X 23 cm. 
Elution solvent, 0.03 N HCI. R. The elution di- 
agram of 5 mg./rnl. tetracycline HC1 containing 
200 mcg./ml. anhydrotetracycline : 1 .O nil. solution 
addcd to coluinn; solvent and column conditions 
as above; collected 5-ml. samples. 
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Fig. 2.--Kcy: , the elution diagrams of 
anhydrotetracyclinc; 0, 4-epi-auhydrotetracycline; 
X,  an equal mixture of thc 2 compounds. All 
samples were added in 1.0-ml. vol.; ATC = 200 
mcg., EATC 4- ATC = 100 mcg. each and, EATC 
= 200 rricg., the elution solvent was 0.03 N HCl; 
the Scph3dt.x column in A was 1.8 X 23 mi.; the 
Scphadex column in B was 1.S X 45 cm.; collected 
5-ml. samples. 

G-25. Thc first elution band had the U.V. charac- 
teristics of tetracycline while the second had those 
of anhydrotetracycline and/or 4-epi-anhydrotetra- 
cycline. 
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Fig. 3-The Re1 filtration of tetracycline syrup or1 
Sephadex G-25. Sephadex column, 1.8 x 23 C I ~ . ;  
elution solvent, 0.03 N HCI; 0.5 nil. of syrup (25 
mg./ml. tetracycline HCI) added to column; col- 
lected 5-ml. samples. 
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TC band with the ATC barid under the5c conditions 
required tha t  the column be Icngthcned for their 
adeyu:ttc, sep:imtion. 

Although the main eflect o f  Scphadex is to scliaratr 
molecules with respect to size, some secondary 
effects have bcert rioted. Porath (9) arid Gelntte 
(10) have fourid tha t  lieterncyclic and aromatic com- 
pounds intcract. with the Sephadex bed material 
which results in their delayed elution. The  diffcr- 
enccs in elution rates hetwecn TC and ATC (3s well 
as ATC and EATC) are presumed to be due to a 
similar adsorption phenomenon. 

Of a group of about 50 tetracycline preparations 
analyzed on Sephadex, only about 7 of these cow 
tained degradation products in excess of 1 :% of the 
labeled atnnunt of tctracycline. This figure of lyl 
represents the arbitrary amount (tentative) abnve 
which the samples were analyzed for both ATC and 
EhTC by tlie partition chromatography method (7).  
Figure 3 shows the elution diagram of a tetracyclinc 
syrup containing an  unusually high quantity of  deg- 

3 i j  

radation products. Thc arnount exprissed as 4 T C  
was found to he 4.35 nig./nil. of syrup. T h e  analysis 
of the sarnc prnduct by the partition chroriiatog- 
raphy iurthotl gave a gross value or 4.10 n~g./iiil .  
syrup, most of  which was in thc form of  EATC. In 
gcncral, the analysis of the T C  degradation products 
by Sephadex analysis has been in closc ajireeiiient 
with tha t  by partition chromatogntphy when apprc- 
ciable quantities were present. 
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Synthesis of 1,2 -Diethyl-4- (2 -hydroxyethyl) pyrazolidine 
By MILTON J. K O R N E T  

T h e  reaction of 1,2-diethythydrazine with monomethyl itaconate has been investi- 
gated and  found t o  give a mixture of 1,2-diethyl-4-carbomethoxymethyl-~-pyrazol- 
idinone and its hydrolysis product, the  corresponding acid. Reduction of either the 

ester or the acid affords 1,2-diethyI-4-(2-hydroxyethyl)pyratolidine. 

HE AUTHOR'S interest in compounds which coil- T tain both an alcoholic hgdroxyl group and an 
alkylatcd hydrazine group as necessary interme- 
diatcs in tlie synthesis of nciv medicinals prompted 
the prcparation of the title compound. Recently thc 
synthesis of 1,2-diethyl-3-hydroxymethylpyr;lzoli- 
dine, a inolcculc which embodies the above structural 
features, was accomplished. Estcrification of the 
lattcr alcohol with several aromatic acids afforded 
esters whose hydrochloride salts exhibited local 
anesthetic activity (1). As the first step in the syn- 
thesis of 1,2-diethyl-4-( Z-hydroxyethy1)pyrazolidirie. 
it was decidcd to investigate the reaction of 1,2- 
dicthylhgrlmzirie with an  itaconic acid derivative. 

A large number of reagents have been aclcled to 
itaconic acid and its rsters (2-16). Unsymmetrical 
reagents add contrary to  Markovnikoff's rule and 
the addition may be represented by Scheme I .  

Itaconic acid rcacts with primary amines to  give 1- 
substituted-4-carboxp-X-pyrrolidi1iones ( 1 T ) .  The 
latter are formed hy the addition of thc aminc to  the 
@-carbon of the double bond followed by ring closurc 
t o  the  5-mcmbered ring with the eli~rii~iatiori of a 
niolecule of water. 

In the reaction of 1,2-dietliylhydrazinc, with an 
itaconic acid derivative, ring closure to  either :I 6- or 
A-nicnibered ring is possible. Because o€ this possi- 
bility rrionomethyl itaconatc was utilized. Scpara- 
tion of products could be more easily achieved since 
a mixture would consist of a 5-~nenibered ring methyl 
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CHF-C-CH~COOR + I IA -+ 
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A may he halogen (7-10) 
-SCOCHj (1  1 j 
--SOSa (12 
- 0 6 ~ ~  (i3j 

-CN (15) 
-SR (14) 

-CH(R)NOz (16) 
Scheme 1 

ester arid a fi-nicmbcred ring carboxylic acid. 'Yreat- 
merit of 1 ,L'~diethylliydrctzinr ( I )  with monornethyl 
itaconate ( I  I j afforded a mixture o f  43.9 
diethyl - 4 - carbornethoxyrriethyl - 3 - pyra 
( I V )  and 41.64; of its hydrolysis prodcct, 1,2- 
dietliyl-4-carboxym~tli~~l-3-pyrazolidi1~onc ( 1 V n ) .  
Both compounds gave crystalline picrate derivatives. 
Conipouncl IV can he visualized as arisimr from an 
addition of I to  the P-carhon of the double bond o f  I1 
followed by ring closure ;$in the carboxyl group with 
the elirninatiori of water. The acid (ITIIuj uri- 
doubtedly arises from thc hydrolysis of I V  during the  
course of thc reaction. Elcmcntal aiialyscs and 
infrared spcctra arc in agrcenient with the proposed 
structures for IV and IVa.  That  the isomeric acid, 
(111) which would arise iron1 the addition of I to  
the p-carbon of the double bond of I1 followed by 
ring closure ~ l i u  the ester carbony1 with simultaneous 




