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GE NERAL REGULARITIES IN THE SORPTION OF ANTIBIOTICS OF TilE TETRA-

CYCLIN E SERIES BY IO N —EXCHANGE RE SINS

V. Ya. Vorob ’yeva , L. V. Dmitrenko , G . V. Samsonov

The antibiotics of the tetracycline series (ATE) [Alp] include

tetracycline (TTs) [TLj], oxytetracycline (OTTs) [OTL~] and chh’r-

tetracycline (KhTTs) [XTL~], which are substances which are very
close in the structure of their molecules and In many chemical :iiid

biochemical properties.
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Their value in medical practice is exceeding ly great and can

be compared in the extent of application with penicillin and strep—

tomyc in [1]. The electrochemical properties of ATE have still not

been studied sufficiently, which is connected with the complexity

of’ structure of ATR and their ions , which carry both Fiositive nad

negative ions. The purpose of’ the present article is an analysis

from this point of view of the processes of ion—exchange sorption

of’ ATE Ly anion—exchange and cation—exchange resins under different

1.
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conditions and the exposure of the  main factors which lead to the
grea t  selectivity of APR in comparison with the rival mineral ions.
These questions are of significant interest both from a practical

aspect (for the isolation and purification of the  antibiotics),
and also from scientific (for the purpose of’ exposing the main

regularities of the Interact ion of organic ions with polyelectro—

lytes). A study of these regularities can also be useful for an
• understanding of the ::iechanism of action of ATR in an organism .

1’arthertnore , one of’ the methods of prolonging the action of ATE

can  also be connected with the  formation of complexes with natural
o~ synthetic polymers.

ATR have three p~roups which aie capable of ionization: pK1 —

In the area around 3.3; pK , — in the area of 7.3—7 .7; and pK
3 

in

the area of Ll—9 .7. As was shown by us [2], pK1 and p~
.. . are re—

lated to acid , and pK
3 

— to ba se groupings. Depending or. the value

ot’ t he  p11—solution , the picture of dissociation of ATE can be pre—

s o nt  ed In t h e  f o l l o w i n g  form :

I~• \ I’i’ . .\ I’P • 11

I’ • II
• It “ I

Consequently, in the acid range (pH~~ 3.O) ATR are found In
solution primarily in the form of univalent cations , in the alkaline

range p
~ > 

10.0 — In the form of bivalent anions , and in the inter-

mediate — In the form of zwitterions , carrying one positive (dimethyl—

ammonium group) and one (in the area of p11 
~~— 6 )  or two (in the  area

of p11 8—9) negative charges (correspondingly the alcohol hydroxyl
with the C

3
—atom and the phenol hydroxyl with the C10—at om). Such

a distribution of charges , depending on the pH, makes it possible

to make a selection of lonites for the sorption of these antibiotic s .

The sorbents , capable of’ absorbing APR , should contain only strongly

acid groupings of the sulfo—group type for cation—exchange resins ,

and strongly or moderately basic groupings of the type of tert iary

and quaternary ammonlum bases for anion—exchange i’esins.

2.
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I ni t i a l l y  let us cons ide r  the  i nt e r a c t i o n  of ATR w i th  an ion—
exchange resins. In the  area of pJ I > pK 3, where ATE are two—charge
anions , equivalent ion exchange takes place , in which for 1 mole

of KhTTs 2 moles of C1 are given off Into solution [3, 1 4 ] :

• ‘R\ ~ I \ F I L  . ( I~N L \FI 1 •

With a swit ch to neutral and acid solutions the average total charge
of KhTTs ions changes , the number of negativel y charged groups

drops , which is also observed i i :  the  sorption e xperiment as a les—

sening of the sorption capacity of an ant ibiotic with a lowering

of the pH value of the solution. Figure 1 shows the dependence ,
obtained under dynamic condi ti ons , of the sorDtion capacity of’

F KhTTs on the strongly basic AV—27 resin depending on the pH of the
• s o l u t i on .  It is evident from the  graph that with a lessening of’

the ph value two significant drops of capacity are observed — at

pi~~-3 .3 and 7 .5 , i.e., in areas corresponding to pK1 and pK2 value s
of acid c~roupings of the antibiotic . Analogous results were ob-

t a ined  on the  modera te l y basic  EDE—l O res in  [ 2 ] .  However , it sho uld
be noted tha t  the s e l ec t i v i t y  of sorpt ion of ATE on an ion i t e s  is
not great and capacity is lowered sharply in the presence of’ rival

anions [3], and even when switching from resins which are found in

the base form to the salt forms of anionites [14]. Moreover , in an
a l ka l i n e  medium ATR are not very stable. These factors also spec-

ified the circumstance that considerably greater attention is given
to cation—exchange processes , taking place with the participation

of’ ATR , than to anion—exchange .

Let us consider the main regularities of the interaction of

ATR with cationites. Since ATR are found in the form of cations

only in an acid medium , where they are moreover more stable , 3orp—
tion processes are usually studied with p11<3 using strongly acid

cationites , as a rule containing sulfo groups. With an increase of

p11 and the appearance of’ negative charges on the  ATR molecules ,

the sorption capacity is lowered considerably [2].

3.
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Figure 1. So r n t i on  c a p a c i t y  of KhTTs on the strong ly bas ic  A V —Li 7
:‘esi n , depending  on p11 .
K e y :  (1)  sig g .

The reaction of ion e x c h a ng e , t ak ing  p l ace  with the cart I c i p at  iou
of ATR , for  an acid  medium can be w r i t t e n  in the form :

~~~ ~ I I  .\ F!’ ~ .\ I I ’  I

The c o e f f i c i e nt  of s e l e c t i v i t y  o f s o r p t i o n  K is calculated
using the  ord ina ry  equa t ion  ( 3 )

I, ’ ~i

1 11 1

where ~ AT p + and — concentrations of ant ih iot ic and hydrogen ion
in the  loni te  phase , C 1~~+ and C11 + — con c e n t r a t i o n s  in s o l u ti on .
Subsequen t ly  we will also use the variable X — degree of filling

of the ioriite with ions of antibiotic ~~ “~~ where C,~ —

total exchangt..~ capacity of the lo n it e  (POE) [HOE], and

14 .



— r e L a ~ ly e  d egr e e  of  f i l l i ng  c: ’ t h e  ionit e , whei e

— maxIma::: a::tcun~ of  o rg an i c  ion , c~~~:~b l e  ci’ be I n c  :~~~orPcd by

an i o n i t e  w i t h  a t e n d e ncy  on he pan ci ’ t lie ~‘on ceii ~ rat to :: of

o r g an i c  I o n  in the s o l ut  t on  t o  i n f i n i t y,  and t h e  r I  va i lou: — o

:~er o . The las t  p h e n o m e n on  — the Impos sIbility of filling t i l l  t h e
co rp t  t o n  c e n t e r s  of the  loni t  e — is c o tu i ec  t ~‘d unambiguously w I t h
the J.ensit y of the sorhent m a t r i x , regulat ed by the percent age o Li

c ross— LInking agent  during synt hc~ I s -

oj , 
.
~ ~ ~~~~~~ ~~~~

. ..~~

Fi gure  2 .  Dependence  of the  maximum degree  of f i l l i n g  c f  t h e  l on i t e
(X) on the c o e f f i c i e n t  of swe l l ing  K

~~~ in t h e  case of so rpt  I o n :
1 — OTTs on Dowex 50 lonite; 2 — OTT s en thL SDV—T Icuilt e.

$ 
However , it is more convenient to use the  swel  ii uig ca pac i t y ci’ he
coefficient of swe l l ing  K HaO ~ de f ined  as the  i ’at lo  of t he vo lum e
ct’ the swollen ionite to tue  vc~.ume c the dry [ion ¶ e]  . T IC max-
imum filling of ’ an ionit e with organ i c ¶ on in a spec i t’ic m t  et’val
depends sharply on K

Ha~~~~~ 
as this is shown , for exan~üe , In the

sorpt ion  of TTs on the SES i on  I t e  [3,  p 1141] ci’ ~TTs on t h e  flowex ~~
lonite (Figure 2 — solid curve ) . Tt f o l l o w s  fr om Figure  2 t h a t
noticeable adsorbtion is observed only with K

~~~~> 1.~~, and w i t h
K HaO > (~.O p r a c t i c a l l y  all the  s or p t i o n  ce n t e r s  tir e f i l l e d  w i t h  2TT s .
:~~ Lo tous  r€ suits were :t iso obt ained for the SDV—T louil 1 e Figure 2

broken curve). In the case of in.’omplel. e i’ill tn g  — c~ ‘< o~ I n t o

I-)
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i.

t he  c a l c u l a t ion of the  c o e f f i c i e nt  of s e l e c t i v i t y  K it  is p o s s i b l e
t o  i n tr o d u c e  in pl a ce o f c~ the  va r i ab le  c 0 ’ , and then  we ob t a i n
the  r e l at i v e  co e f f i c i e n t  of s e l e c t i v i t y  of ~o rn t i cu  K ’  [3, p 1 1 42 ] .

In t no case  of ex c h a n g e  of I nor g a n i c  ions  1\ u sua l l y does n o t
I exceed  severa l  u n i t s .  W i t h  sw i t c h i n g to  o rgan ic  ions , tue c e f f i c —

Le nt of s o r p t ion  s e l e c t i v i t y  of such lout s  in r espec t  to  ions of
:::inera l  sal t s changes  in cons iderabl y wider  l i m i t s  and can reach
hand:ecs :uid even t housands  [3, p 1143 ] .  Such an increase of s e l e c—
t I v i t  y can be exp l a ined  by the presence  of an add it ional , apar t
:‘ro::: Lioulortb , i n t e r a c t i o n  between the organic ion — the scrhate ,

and the matrix of the ionite  — the sorbent [5 ,  t3 ] .  The na tu re  of
the  a d d i t i o n a l  i n t e r a c t ion  can be connec ted  w i t h  the  f o r m a t i o n  of
a h y d r o g e n  bo n d , van dci ’ Wa al s  or h y d r o p h o b i c  i n t e r a c t i o n.

It can be assur ::ed that the chemical s t r u c t u re  of both the

so rbed cx’gari i~• ions and the m a t r i x  of the  sorbent  should exer t  a
d e c i s i v e  i n f l u e n c e  on th e  s e l e c t i v i t y  of t h e  s o r p ti o n  i n t e r a c t  ion .
A c t u a l l y  even  t h e  small d L f f c i u nces  in t h e  s t r u c t u r e  of TTs , OTT s
and KhTT s have an i n f l u e n c e  on the selectivity of t he i r  3orDt ~ o It
by t h e same resin. On the Dowex 50 i o n i t e  KhTT s has  a gr e a t e r
se l ec t i v i t y  of sorp t lcn  than  OPTs [7 ] ,  and on the SDV—T ioutite

at ro om t e m p e r a t u r e  ( 2 0 0 ) the  c o e f f i c i e n t  of s e l e c t i v i t y  K i n c r e ase s
w i t h  a s w i t c h  from OPT s to  TTs and KhTT s and is equal  r e s p e c t i v e l y
to :  83, 130 and 160. However , it should be noted that all three
a n t i b i o t i c s  have a r e l a t i v e l y  high degree of s e l e c t i v i t y  of ~o:’r—
t ion  and the  d i scuss ion  concerns  onl y a lessening or a u g m e n t a t i o n
of the add i t iona l  i n t e r a c t i o n.

A change in the chemical  s t r u c t u r e  of t h e  sorh ent  m a t r i x
exer ts  an analogous in f luence  on the  se lect  i vit y  of so rp t ion  . In
this case there is a whole number of possibilities of “ a dj u s t m e n t ”
of an ioni te  for  a given organic  ion for  the  purpose of ’ obt a i n i n g
the most  se lec t ive  adsorpt ion . The main m a t r i x  of t h e  i on i t e  Is
a polyme r , constructed from monomeric units , containing ionogeuii o

groups , and a c ro s s— l ink ing  agcnt . Also the process of’ polymex’i—

zat ion can be conduc ted  in the  presence of some agent , t e logen
for example , leading to the breaking of the reaction of pol y m e r i—

t I



:at I on  and dl srurt ing t he order along he to lvmer chain , I . e •
c:ta uig iuic t he s: nu c t u n e  ci  t he mat  i’ix

ot  us c on s  t de r  sou:ie count: :t : o u t s  h er  ween t h e  si ructux e o I t h e

t o n i t e  and  se l e c t  i v i t y .  P ir st  of ’  a l l  t h e  v e ry  s tr u c t u r e  of  t h e

I 
mono:::e r io  u n i t  of ’ r he po lymer  i t  seJ. Li e xe rt  s a gro at  ro le .  t , i t  it a
st ctt 0:1 :‘: o r t  t h e  i \ — 2 rolysulfostvr ene l o t :  i t  e t o  the rol ysulf oace—

n a r ’h t  : t eno  K~~~t ionit e the coefficient of  SL  ect iv i t  y of sorpt n
of ~ ~TT s Increases fro::: 5 0 t o  2 50 , :1~op : l r en t  ly du o t o  t he  great
add it ional interact ion iv i t h  t lie ut apu t :o Lcne nuclei of th e  ion it  e

t i e  sa:::e “ i i u i e ~ ’ t her e  i s  an i u l c i e a s e  in t h e  c o e f f i c i e n t  of so—
L o o t  i v t t y  o f ’  sorpt  ~~n of 2T Ts Lim o : :: ~~ t o  3~~O f o l l o w i n g  s w i t c h i n g
Lim o::: the Dowex ~t 0 ro lvsul fo or y r e ne  ¶ cu l t  e t an iouii te on a t u se

• of a c o r o Iy :::e~ of  st yr en o w i t h oa l f o o t  y r en e  ( r an t  ial l y  sul f o n a t e d
‘I [ 1  ] )  . ~.videut t Ly h eu : er i c  nu c l e i  , w u i c h  Lb no t  c a r r y  su lfo

or o u p s  , p lay  an im p o r t  ant  ro le  In t ito format lout of an add i t  ional
bo::d L e t  t een OTTs and t h e  sor h en t  : ‘ a tr  i x. ~ heri t e logen  is added
t O  U u t C  po ly su l  t ’~ styi’c ne mat ~x ., SPy— i i o n it  e )  t her e  Is also an
au men t  at  t on  of se lec t  i v i t y  o f ’  oorpt  ¶ on of OTT o w h i c h  is pr cpol ’t  iou : —
al to  the  • :moun t  ci tologL:: hich ¶ s added  du i ’l ng  s y n th e s i s :

~i t n reases f r om  severa l  ~ ~w t t  bout t e l o c : e u i )  to  70 ( w i t h  O O~
t e b ert ) [ 8] . H o w e v e r  , t he ru:  t a. e of t he ma t i’ ix can be changed ,
:nni w i t  h he h e l m  of a ~ : ‘o o o — b  ink tn’: :u’:cnt — i t  s chemica l  ot ruc —

h r u r e , i t s  lengrh .Thus in the pobysulfosty i ene lonit e the suhst Itu—

t l o u t  of  t lie c r o s s— l i  u t k i n c  a gen t  cliviny lben ueui e— ionit e SDV fox ’
dtvlnvl— icu:lte OHS leads to au increase in the  c o e f f i c i e n t  of s e l ec —
t i v i t y  fr o m  22 t o  150 in t ile case ci’ OTTs s o ro t Ion  [8] .  In summing
up these r e su l t s , the  c o n c l us Io n  can be made t h a t  v i r t u a l l y  any
J l s o r d er i ng ,  d i s r u p t i o n  in the r e g u l a r ity  of s t r u c t u r e  of the  io n it e ,
or m t  x ’o duc t  lou t  of new r ad ica l s  i n to  t h e  m a t r i x  of  t he sorben t  , leads

o art increase in the  s e l e c t!  v i t  y of sorot on of ATE due o an
augmen ta t  t o u t  of  t he addi t  ional m t  enac t t on  of the  so rh ent ~~~sorb at e

t y p e .  This i n t e r a c t i o n  Is m a n i f est e d  e s p e c i a l l y well when st ud y I n g
t h e  dependence  of the  s e l e c t i v i t y  of’ ion  e x c h a n g e  (K) on the deg r e e

of  f i l l i n g  of t h e  ionit e with organ  t o  l out  ( X )  . W i t h  an i ncr ea se  of

~~
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Lit Il tag t h e  so rb e d  o rg an i c  tc r : s  t e g l : :  o I n t er ac t :vltb . each  ot h ex
( sor t  at  e — s o r b x r  e iutt e x a c t i o n )  due  to  t h e i r  I a r n e  di:’ L : a  o u t s  and

r ol a :  v e lv  h I g h  c on c e nt r a :  i o n .

F i o u r e  3. Depen denc e of t h e  3 c L ~~ er i vi t y  of sorot  to:: ou t  the relut ly e

deg ree of f Il l  t a g  i o nl t  e d u r i ng  the  s o rp t i o n  of ’ TTs and Kh TTs on
t h e  OHS io nit  e at room t em p e r a t u r e  ( p H  2 . 0 )  it t  t h e  px’ose::ce o f

0.1 ~ a C b .

H o m e  i f  an Interact ion of t h e  sox’hate— sorhat e t vme  le a ds o r e m u l —

s l o t : , t hen  t h i s  alone weakens  the InteractIon of t he  oorheut t— somba te

t y p e  due to  d i srup t  Ion of s t en o c c ’ L i o r r t i t v  and the  s e l e c t i v i t y  of

sorpt ion d rops  w i t h  an increase  c ’ X.  Such a m i c t u r e  wa s  o b s er v e d
earl icr for  a whole ser ies  of  or gan to ~oao [ 9 ,  10] . In F t  ~un’e
a ol:::llar p i c t u r e  is given f c r  the ocrotbon of TTo and KhTT s on
t i l e  SBS ionite.

However , in a number o f  cases the opposite picture can be

observed , when the sox’bate~~ sorbato interaction leads to the artnuc —

t Ion of’ molecules , and then  the  s e l e c t i v i t y  of ion e x c h a n g e  in cr e a se s

w i t h  t h e  f i l l i n g  of the  io n i t e  by ions of o r g a n i c  s u b e t a u i c e s .

8.
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FLoa: e ~ - Dem enden ce  of t h e  select  iv i t y  of 5 o n m t i o n  of TTs , OTs
1 and ThTT s on t h e  r e l a t i v e  f I l l i n g  of th e  io n i t e  SDV—T .
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Fi gure 5. Dependence of the  s e le c t i v i t y  of sorp t ion  of KhTT s on
the Dowex 50x6..E lonite (upper curve ) and OTTs on the p a rt i a l l
s ul f o n a t e d  Dowex 50 i o n i t e  ( lower c u rv e )  on the relative degree
of ’  f i l l i n g  X 1.

9.



On the Dowex 50 polysulf’ostyrene ionite the selectivity of sorption

increases with filling for OTTs for all samples of ionite , and for

KhTTs for strongly swollen samples [7]. For ATE It is possible to

observe both types of selectivity on the SDV—T ionite with a coef-

ficient of swelling of 3.0 (Figure ~4): selectivity increases with

f illing for OTTs and TT s and dro ps f or KhTTs .  In the case of
• KhTTs on weakly swelling Dowex 50 lonite , and also OPTs on partial—

ly sulf’onated Dowex 50 ionite both types of additional interaction

are observe d simultaneous ly: sorbent——sorbate — with a low degree
• of filling the selectivity of sorption drops , and sorbate—sorbate

— with a high degree of filling the selectivity of sorption

increases [7] (Figure 5).

All the considered regularities of ion exchange of ATR on

anionites and cat ionites , and also the factors which determine the
• accessibility of sorption centers and the selectivity of sorption

of ATFL, make it possible to understand the mechanism of ion exchange

and the formation of an additional interaction. These results make

it possible not only to eliminate empirism in the selection of

sorbent s in a number of cases , but also to express specific require—
• ments for the chemical structure of the ionite , intended for

removal of TT5, OPTs and KhTTs with a high degree of selection

of sorption from solutions , which has great practicai. si~xiifica~ce
for the technology of purification of ATE .

CONCLUSION S

1. The main regularities of the interaction of tetracycline ,

oxy and chiortetracycline with anionites and catlonites were re-

viewe d .
2. The pro b lem of the format ion of an additional interac ti on

an an lonite of the sorbent—sorbate and sorbate—sorbate type was

cons idere d, as well as the influence of interaction on the selec—
civity of sorption of ions of the antibiotics of the tetracycline

group .
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ORGANIZATION MICROFICHE ORGANIZATION M IcR0F IcHI:

A2 05 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 EO ].7 AF/RDXTR-W 1

• P344 DIA /RDS -3C 9 E403 AFSC/INA 1
C043 CSAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS I E408 AFWL 1
C510 AIR MOBILITY R&D 1 E410 ADTC 1

LAB/FlO E413 ESD 2
C513 PICATIN N Y ARSENAL 1 FTD
C535 AV IATION SYS COMD 1 CCN 1
C59 ]. FSTC 5 ASD/FTD/NICD 3
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NISC 1 NICD 2
11 300 USAICE (USAREUR ) 1
P005 ERDA 1
P005 CIA/CRS/ADB/SD 1

• NAVORDSTA (5014 1
NASA/K$I 1
AFIT/LD 1
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