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IX

S u m m a r y

A High Per formance  Liquid Chromatography (HPLC) method was developed 

for  the  m e a s u r e m e n t  o f  ox y te t r acy c l in e  and d o x y cy c l in e  in p l asma and 

lu ng  t i s su e  f rom  v a r io u s  s p ec ie s .  All  an im a ls  w e re  dosed  by the

intravenous (IV) route at lOmg/kg IV, except  rats which were dosed by the 

in t ram uscu la r  route ( IM) at the same dose rate. Concent ra t ions  in normal  

rat lung were  found to be s igni f icantly lower  than p la sma concentra t ions .  

Con cen tra t ions  o f  oxyte t racycl ine  in normal  sheep lung were found to be 

lower  in both  apica l  and di aphragmat ic  lobes compared to p lasma,  whi le 

d o x y c y c l i n e  s h o w e d  s i g n i f i c a n t l y  h i g h e r  lung  c o n c e n t r a t i o n s  in both  

areas compared to plasma.

T h e  c o n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  at  1 h o u r  f o l l o w i n g  IV

adminis t ra t ion  in sheep diseased apical  lung lobes  was s imi la r  to p lasma,  

w hich  was s i g n i f i c a n t l y  h ig h e r  than d i a p h ra g m a t ic  lung co n c e n t r a t i o n s  

in the sam e  animal s .  In ca tt le oxy te t ra cycl ine  concen t ra t ion  in d iseased  

lung lobes  w a s  s i m i l a r  to n o rm a l  lung ,  s u g g e s t i n g  a d e q u a t e  d ru g

penetrat ion o f  the d iseased tissue at both 1 and 2 hours.

O xyte t ra cycl ine  appear s  to d is t r ibute  into both normal  and di seased lungs  

o f  v a r io us  spec ie s  at s l ight ly  low er  co nc en t ra t ion  than that  found in 

p lasma.  Doxycyc l in e  appears  to penetra te  normal  lungs of  sheep at h igher  

concent ra t ion than that  found in plasma.
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D is tr ib u t io n  o f  o x y te tra cy c l in e  and d ox y cy c l in e  to n o rm a l  

and d iseased  lung t issue from several species .  

C h a p te r  1. In troduct ion

T h e  t e t r a c y c l i n e  an t ib io t i c s  re su l t ed  f r om  a w o r l d w i d e  se a rc h  fo r  

an t ib io t i c  p ro d u c in g  m ic ro - o r g a n i s m s  ob ta in ed  f rom soil .  C h lo r t e t r ac y c l in e  

was  used first in 1948. The var ious o ther  members  o f  the tet racycl ine family 

have  been used as antimicrobial  agents for  several  decades .  They have been 

used wide ly  in domest ic  animals  for  the t rea tment  o f  infection because  they 

are cheap,  ef fec t ive  and have a wide spectrum o f  activity agains t both gram- 

nega t ive  and gram-posi t ive  bacter ia (Sande and Mandel l ,  1990).

T h e  s t ruc tu re  o f  the te t racycl ines  is based  on a four  m em b ered  r ing 

(F igure  1). Th e di fferent  phys iochemical  proper t ies  o f  the individual  agents  

are ca used by smal l changes  on the side chains .  They are all amphoter ic  in 

nature ,  and have poor  water solubili ty at pH 7.0. The hydrochlor ide salt is the 

fo r m u la t io n  used normal ly  for oral  and parentera l  admin is t ra t ion  and,  wi th 

the e x c ep t io n  o f  ch lo r t e t r acyc l ine ,  all are r eas on ab ly  s table  (P re sc ot t  and 

Baggot ,  1988).

A l t h o u g h  r e s i s t a n c e  to t e t r a c y c l i n e s  is no w  w i d e s p r e a d  in s o m e  

in fect ive  agents ,  they are still the drug o f  choice  in many cases,  especia l ly  

t w he re  a m ix ed  in fec t ion is thou gh t  to be pre sent .  They  are pa r t ic ula r ly  

useful  agains t  C h la m yd ia ,  M y c o p la s m a  an d  Ricket t s iae ,  which are resistant to 

d ru gs  such as the beta lac tams,  whose  ac t ions  af fec t cell wall  forma t ion.  

T e t r a c y c l i n e s  h av e  been used as both  ch e m o t h e r a p e u t i c s  and as in- fe ed  

g r o w t h  p r o m o t o r s .  S e v e r a l  m e m b e r s  o f  the  f a m i l y ,  p a r t i c u l a r l y  

o x y t e t r a c y c l i n e ,  have been used for t r ea tm en t  o f  l ow er  re sp i r a to ry  t rac t 

in fect ion in many species.
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C hlo r t e t racyc l ine  and oxyte t racycl ine  are p rod uc ed  f rom S t r e p t o m y c e s  

S p p . , whi le  the o ther  te t racycl ines  such as do x y cy c l in e  are s em i - syn the t i c  

de r ivat ives .  Th eir  act ion is primari ly bac ter ios ta t ic ,  with the s ite o f  ac tion 

b ei ng at the 30 Svedberg  unit  on bacterial  r ibosomes.  The m ec h a n i sm  o f  

ac tion is by reversible binding to inhibit  the access  o f  tRNA  to the m R N A -  

r ibos ome complex,  thus inhibit ing the addi t ion  o f  amino acids  to the growing  

pep t ide  chain.  Th e ac tion is reversib le  when the  concent ra t ion falls b e low  a 

t h r e s h o ld  level .  The  degree  o f  d ru g ac t ion is th o u g h t  to be  r e la ted  to 

concent ra t ion o f  drug penetrat ing to the site o f  action in the t i ssue,  thus  the 

l ip o p h i l i c  t e t ra cy cl ines  which ache ive  h ig h e r  c o n c en t ra t i o n s  m ay  be  m o re  

active.  Each o f  the tet racycl ines ,  on  a compar i t ive  molecu la r  basis,  is thought  

to be  s im i l ar  for  ac tivi ty agains t  the agent  o f  in fect ion which is present .  

R es i s t an ce  to one tet racycl ine  usual ly confers  res is tance  to the  o t her  d rugs  

in the family (Prescott  and Baggot,  1988; Sande and Mandell ,  1990).

T h e  te t racycl ines  have been s tudied in re la t ion  to thei r  ph ys ica l  and 

b io lo g ic a l  p rope r t ie s ,  pa r t i cu la r ly  in re la t ion  to p h a r m a c o k in e t i c  b e h a v io u r  

in p lasma (Ziv and Sulman,  1974; Baggot,  1980) and lung (Valcke et al., 1990) 

M athem a t i ca l  models  have been used to assess  the concen t ra t ions  l ikely to 

o c c u r  in v a r io u s  t i ssues .  W h e r e  lung t i s su e  c o n c e n t r a t i o n s  h a v e  b een  

measur ed  mos t  studies were carried out in healthy animals  (McKel lar ,  1989).

S tud ie s  carried out  in animals  wi th d is ea se  have concen t ra ted  on the 

p l a s m a  p h a r m a c o k i n e t i c  p ro f i l e  b e tw e en  n o r m a l  an d  d i s e a s e  s t a t e s  in 

v a r io us  species.  Var ious  drugs  have been used in these  s tudies ,  inc luding 

p en ic i l l in  G, o x y te t r acy c l in e  and c h lo r t e t r a cy c l in e  in p igs  (K i l ro y  et  a l . ,  

1990; P i jper s  et al.,  1990;  Z h e n - L i n g  and K i -F a i , 1 9 9 0 ) ,  o x y t e t r a c y c l i n e ,  

c h l o r a m p h e n i c o l  and l i n co m y c in  in ca lv e s  ( B u r r o w s  et al.,  1986),  and 

gen tamic in  in calves  (Hunter et al., 1991).

Va r ious  studies  have measured drugs  in t i ssue ch ambe rs  in an a t t empt  

to deter mine per ipheral  t issue penetra tion,  and the use o f  these ch ambers  is



well  d o c u m e n t e d  (C la rke ,  1989).  O x y t e t r a c y c l i n e  has  been m e a s u r e d  in 

su rg ica l l y  im p la n te d  chambe rs ,  and in d iscre te  body f luids which may be 

easily obtained,  usual ly synovial  fluid (Ziv et al., 1982; Bengtsson et al., 1989; 

B e n g t s s o n  et al., 1991).

T e t r a c y c l i n e  has  b een  s tud ied  in lung us ing  s u r g i ca l l y  c a n n u la t e d  

l y m p h  n o d es  to m easu r e  ef feren t  conc en t r a t i o n  in ly m p h  (C o h en  et a l . , 

1987).  Other  s tudies  have used bronchia l  lavage or  expec to ra t e  col lec t ion to 

m e a s u r e  the  pen e t r a t ion  o f  drug into ex t ra ce l lu la r  s ec re t ions  (H ar tnet t  and 

Marlin ,  1976; Campbel l ,  1980).

T h e r e  are very  few s tudies where  the concen t ra t ion  o f  oxy te t ra cycl ine  

has  been measured in d iseased lung,  and compared  to normal  lung t i ssue and 

p la sm a  concent ra t ions  in the same animal .  Where this type o f  study has  been 

ca rr i ed  out the  conc en tr a t ions  have been measured  at re la t ive ly  long t ime 

in tervals  af ter  adminis t ra t ion  (Ames et al., 1983; Ames  and Patterson,  1985). 

In these  s tudies  the drug was measured dur ing the e l imina t ion phase ,  which 

m a y  n o t  r e f l e c t  the  d i s p o s i t i o n  in t i s su e  d u r i n g  d i s t r i b u t i o n  w h e n  

o x y t e t r a c y c l i n e  i s at  t h e r a p e u t i c  c o n c e n t r a t i o n s .  A l t h o u g h  p l a s m a  

p h a r m a c o k i n e t i c  s tudies  y ie ld  deta i led  data,  they do not  show  the  ini tial  

up take  o f  the drug into lung t issue,  par ticularly in relat ion to the d iseased or  

co nso l idat ed  po r t i ons  o f  the lung.

T h e  use o f  cha mbe rs  crea ted  ar ti f icial ly,  usual ly  sub -d e rm al ,  may  not  

ref lec t  the drug penet ra t ion in other t issues.  Based on area/vo lume ratio the 

t issue cage model  is basically a large interstitial fluid sac, s imi lar  to a d iscrete 

nodule  such as an abscess.  The rate of  penetrat ion o f  ant ibiotic into the cage 

may  no t  re f l ec t  the ra te o f  pen e t r a t ion  in t i s sues  w he re  the  d i f fu s io n  

ar ea /vo lum e ratio may be much lower (Keen,  1989). Th e compar i son  o f  drug 

p en e t r a t i o n  into d is ea sed lung and art i ficia l  c h a m b e rs  may d epe nd  on the 

type  o f  infect ion present ,  and the effect  it has on the s tructural  morpho logy



o f  the lung. It is possible that the penetrat ion of  drug may also be enhanced  

by inf l ammat ion present  in the diseased tissue.

Oxy te t r a cy c l in e  is poor ly  l ipophil ic  in re la t ion  to o t h e r  t e t r a cy c l in e s  

such  as minocycl ine  and doxycycline.  The lat ter  has shown  high b ind ing  to 

p l a s m a  pro te in s  co m pared  to o the r  t e t racycl ines ,  i n c lu d in g  o x y te t r a c y c l in e .  

T h e s e  l ipoph i l i c  p ro pe r t ie s  result  in gr eat er  co n c en t ra t i o n s  o f  d o x y c y c l i n e

in m i lk  co m par ed  to other,  more  hydrophi l ic  te t racycl ines  (Ziv and Su lm an ,

1974).  Minocycl ine  is most  closely related to doxycyc l ine ,  in terms o f  the i r

l i p o p h i l i c  p ro p e r t i e s ,  wh i l e  t e t ra cycl ine  is s im i l a r  to o x y t e t r a c y c l i n e ,  the  

l a t t e r  drugs  b e ing  more  hydrop hi l i c  than the former .  L o w e r  c o n c e n t r a t i o n s  

o f  m i n o c y c l i n e  h a v e  bee n  fo u n d  in p u l m o n a r y  l y m p h  c o m p a r e d  to 

t e t racycl ine  at shor t  t ime per iods  after adminis tra t ion at the sam e dose  ra te 

( C o h e n  et a l ., 1987).  T e t r a c y c l in e  c o n c en t ra t i o n  was  s ig n i f i c a n t l y  h i g h e r

than  m in o cy c l in e  dur ing,  and at 5 minu tes  p os t - i n fu s ion .  It was  h ighe r ,

a l t h o u g h  not  s ign i f i can t ly ,  in all lymph  sam ples  up to 24 hou rs .  T h i s  

su g g e s t s  a g rea te r  concent ra t ing ef fec t  for d o x y cy c l in e  and m i n o c y c l in e  in 

l u n g  t i s sue  c o m p a r e d  to t e t r acy c l in e  and o x y t e t r a c y c l i n e ,  w i th  p o s s i b l e  

b en e f i c i a l  e f f e c t s  on t r ea tmen t  o f  infec t ion i f  h ig h e r  c o m p a r a b l e  t i s su e  

concen tra t ions  can be achieved at lower doses.

Th e  route o f  exc re t ion of  doxycyc l ine  d i ffers  from o the r  t e t ra cy cl ines  

s ince  it is excre ted  via the gas tro- intest inal  route in bi le ra ther than via  the 

k id n ey s .  Th is  may  be useful  in pyrexic  animal s  w he re  d e h y d r a t io n ,  and 

co n s e q u en t  fas ter  drug exc re t ion,  may take p lace ,  or w he re  renal  d a m a g e  

has  occured.  Use o f  te t racycl ines ,  inc luding do xycy c l ine  is con t r a - in d i ca t ed  

in horses ,  whe re  the gas t ro- in tes tinal  tract  is apparent ly  more  susce pt ib l e  to 

a n t i m i c r o b i a l  a s s o c i a t e d  e n t e r o c o l i t i s  ( P r e s c o t t  an d  B a g g o t ,  1 9 8 8 ) .  

D o xycyc l in e  is at present  only l icenced in the Uni ted  K ing do m for  use  in 

dogs.  In future it may be avai lable for t rea tment  o f  lower  rep i ra tory  t rac t  

infec t ion in o ther  domest ic  animals.  Doxycycl ine  achieves  20 -3 5% o f  serum



co n c en t r a t i o n s  in b ro nch ia l  sec re t ion s  in m an (H ar tn e t t  and M ar l i n ,  1976;

Campbel l ,  1980).  The l ipophi l ic  nature of  doxycycl ine  suggests  that  it ought

to ac cumulate  in lung t issue,  a l though the data from the bronchia l  secret ion

studies indicates that  it does  not.

O b j e c t i v e s

The ob jec t iv e s  o f  the  s tudy were to de te rm in e  the  co n c e n t r a t i o n  o f  

a n t i m i c r o b i a l  in p l a s m a  an d  l u n g  t i s s u e  f o l l o w i n g  i n t r a v e n o u s  

a d m i n i s t r a t i o n  o f  o x y t e t r a c y c l i n e  and d o x y c y c l i n e ,  an d  c o m p a r e  d r u g  

co nc en t ra t i o n s  ac h ie ved  b e tw e en  di f fe ren t  species.  A fu r th e r  ob j ec t i v e  was  

to com pare  d ru g  conc e n t r a t i o n s  achieved in p lasma and va ry in g  lung areas  

wi th in  species  and i f  lung patho logy  was observed,  a com par i son  would  be 

made o f  drug conc en tra t ions  in normal  lung t issue with those  anim als  which

showed  gross s igns  o f  lung pathology.
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Figure  1. Bas ic  s t ruc t ure  of  the t e t r acyc l ine  f a mi ly  o f  an t ib io t i cs
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Chapter 2. Materials  and Methods.

Th e methods  publ ished previously  for the m easu r em en t  o f  te t racyc l ines  

were  not considered sat isfactory for the present  studies bec au se  a lower  l imi t 

o f  de tec t ion was soug ht  and a rapid th roug hp ut  o f  s am ples  des i red .  The

m ethod  used was based on a method  devised by Gi lbert  (1986)  us ing High 

P e r f o r m a n c e  Liquid  C h rom atogra phy  (HPLC) .  Thi s  m e thod  was adap te d  to 

fa c i l i t a t e  the  m e a s u r e m e n t  o f  t e t r acyc l ines  in p l a sm a  an d  t i ssue  f r om  a 

range o f  species ,  with reproducible  results.  Absorpt ion at 354nm  was ut il i sed 

to p r o v i d e  lo w  b a c k g r o u n d  r e a d i n g s  w h ich  w e re  i m p o r t a n t  fo r  the  

m e a s u r e m e n t  o f  d rug  in t i ssues,  and a l lowed s imple  ex t ra c t ion  p ro c ed u re s  

and large inject ion volumes.  The method was adapted to sui t  the drug being 

m easu r ed  and the type o f  mater ia l  under  test. The sl ight  a l tera tions  in the 

met hod  required  for  each expe r im ent  are noted in the re levant  chapters.

Standard  labora tory  g lassware  was used in the assays .  The ch emical s  

were  all analyt ica l  grade,  while the organic solvents used were all o f  H PLC  

g ra d e  or  equ ivalent .

Spec ia l i sed  e q u ip m en t  used in the analys i s  o f  sa m p le s  i n c luded  an

U l t ra -Turr ax  T i s sue  D i s in teg ra to r  (Fisons  Ltd,  E n g land)  and S ep -P ak  C18 

ca r t r idges  (Waters  Ltd. ,  England) .  C hromatog ra ph ic  analys is  of  sam ples  was

ca rr i ed  out  on H P L C  sys tems,  normal ly  compris ing  the fo l lowing uni ts.  An 

Isocrat ic Altex 110A pump (Burke Electronics,  Scot land)  connected to e i ther  a 

Negret t i  and Zambr a  342 manual  inject ion valve (Southampton ,  Eng land)  or a 

G i l son 231/401 Au to - in jec to r  system (Scot lab  Ltd.,  Scot land).  Separa t ion was 

ach ie ved  using a 160x5mm stain less  steel co lumn (S hando n Ltd. ,  E ngl and)  

with C l 8 packing material  (ODS-Hypers i l  5 ji , Shandon Ltd.).  A Specta-Physics  

100 or  8450 var iable wavelength  UV detec tor  with 10mm f low cell (Hemel  

Hemps tea d ,  Eng lan d)  was used.  Results  were recorded on a Rikadenki  chart
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r e c o r d e r  ( S c o t l a b  Ltd ,  S c o t l a n d )  for s t o ra g e .  T h e  s o l v e n t  u sed  fo r  

c h r o m a to g r a p h y  var ied  depe nding on the drug being measured.

C h e m ic a ls  and Reagents

All c h e m ic a l s  and organ ic  solvents  were  an h y d r o u s  A n a la r  g ra de  or  

H P L C  Grade,  (F isons  Ltd,  Scot land) unless  s tated.  The  fo l l owing  chemic al s  

w e re  re qu ir ed  for  the assays .  Perc h lo r ic  acid (70% ),  t r i ch lo ro a ce t i c  ac id,  

p h o s p h o r i c  a c id  (6 0 % ) ,  p o t a s s iu m  d i h y d r o g e n  o r t h o p h o s p h a t e ,  p o t a s s i u m  

p e r m a n g a n a t e ,  1 h e p t a n e - s u l p h o n i c  ac id  ( S i g m a  L t d . ,  E n g l a n d )  an d  

a c e t o n i t r i l e ,  g l a s s - d i s t i l l e d  g r a d e  ( R a t h b u r n  L td . ,  S c o t l a n d ) .  M e t h a n o l  

(Analar ,  Fisons  Ltd. ) was redisti l led in the laboratory for H P L C  use. Wate r  for  

H P L C  was redis t i l led  in the presence  o f  po tass ium p e rm angana te  (0 .2%) to 

r e m o v e  p h en o l  res idues .

O x y te t r a c y c l in e  h y d roch lo r id e  (88.7% base)  was ob ta in ed  f rom S ig m a  

Ltd. ,  while the  doxycyc l ine  hydrochlor ide  was donated by Pf ize r  Ltd. ,  for  the 

p r e p a r a t i o n  o f  s tand ards .

S ta n d a rd  so lu t io n s  for  ex t ra c t ion and c h r o m a t o g ra p h y  we re  p r e p a r e d  

in p e r m an g an a te -d i s t i l l ed  water ,  unless  o therwise  stated.  Perchlo r ic  acid was 

pr epared as a 20% v/v aqueous  solution.  Tr ichloroacetic acid was prepared as 

a 10% w/v aq ue ou s  solut ion.  The eluting solut ion for Sep-paks  was prepared 

by m i x i n g  2 2 9 m l  a ce to n i t r i l e ,  6 .12 ml  p h o s p h o r i c  ac id ,  2 . 0 8 g  p o ta s s iu m  

d ih y d r o g e n  o r th o p h o sp h a te  and 0 . 564g of  1-heptane su lpho nic  acid pe r  litre 

o f  water .

Elut ing solution,  wi thout  acetonitrile,  diluted 1:1 with TCA 10%, was used 

in the  p repara t i on  o f  oxyte t racycl ine  standards .  Do xyc ycl ine  s tand ar ds  were  

pr epared in 1:1 wa ter  : acetoni tr ile solution.



Different iat ion  o f  lung areas  

Lu ng s  were d ivided into four anatomical regions based on the left and right 

areas on a vertical  plane and a theore t ical  lateral l ine d rawn  from the base  

o f  the apical lobes (Figure 2). In rat exper iments  the whole  lung was used for  

sampl ing.  In sheep the total lung area for analysis was macera ted ,  mixed,  and 

a 25g al iquot  o f  the slurry stored.  In catt le,  g iven the large lung vo lum e,  a 

randomised  selec tion o f  2cm lung slices were selec ted  for macera t ion,  mixed,  

and a 25g aliquot o f  the slurry stored.

Preparat ion  o f  sam ples  for analys is

In all ex p e r im en ts  p la sm a  was har ves ted  f rom b lood  co l l ec te d  us ing  

M o n o v e t t e s  co n ta in in g  l i th ium hepar in  as an a n t i c o a g u la n t  (S a r s t e d t  Ltd . ,

E n g la n d ) .  S a m p le s  o f  n o rm al  and d i s ea s e d  lu ng  lobes  w e re  m a c e r a t e d

immediate ly  us ing a Moul inex Charlot te 3 mincer  (C omet  Ltd. ,  Scot land).  This  

pro duced  a coarse ho mogena te  conta in ing both l iquid and sol id mater ia l .  All 

sam ples  were  stored at - 2 0 ° C  until  ana lys is ,  wh ich  was  c o m p le t e d  wi th in  

twelve  mon ths  o f  col lec tion.

Analys is  o f  O xyte tracyc l ine  in Plasma

Samples  of  p lasma known to be drug free were forti fied ("spiked") ,  with

a kn o w n  quant i ty  o f  oxyte t r acycl ine .  Th e conc en tr a t ions  o f  o x y te t r a cy c l in e  

in the spiked  pl asm a var ied depending on the s am ples  being m easu red  but 

were  in the range 0.25-25|Xg/ml o f  p lasma.  Stock so lu t ions  (500p.g/ml) were  

p re pa re d  in e lu t ing  so lut ion (wi thou t  acetoni tr i le )  on the  day o f  an a lys i s ,  

wi th  d i lu t ions  for spiking  made  up in 50 : 50 e lu t ing  so lu t io n  (w i th o u t  

acetoni tr i le )  : t r ichloroacet ic acid (10%).  Samples  were  analysed wi th  control  

sp ikes  to det e rm in e  the recovery  of  drug within ea ch  assay.  The  cont ro l  

sp ikes  were  for ti fied with concentra t ions  o f  drug tho ug ht  to en c o m p a s s  the 

range o f  concentra t ions  to be found in samples  determined in the assay.
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The  sam ples  to be assayed were precipi ta ted  with  10% t r i ch lo ro ace t i c  

acid in p las tic tubes  where  sufficient sample was available,  o r  in E p p e n d o r f  

tubes  for low volumes of  sample (Sarstedt Ltd., England).  Th e ratio o f  plasma 

to t r ichloroacet ic acid was 3:2. For  large domest ic  animals  3ml  o f  p las ma was 

used,  whi le  0 .3ml  o f  p l asm a was used for rat samples .  A f t e r  ad d i t ion  o f  

t r i chloroacet i c  acid,  sam ples  were  vor texed vigorous ly  for  30 seconds .  They  

were  then cen tr i fuged at 2000g  for  15 minutes  at 4 ° C ,  the s u p e rn a t an t  was

re moved  and a known quanti ty p laced in a sea led vial  for  in jec t ion  on the 

day o f  ext ract ion.

S a m p l e s  w e re  c h r o m a t o g r a p h e d  us ing  a 5 p  H y p e r s i l  O D S  c o l u m n  

p u m p in g  at l m l /m in .  The mobi le  phase  used for o x y te t r acy c l in e  was  30:70 

a c e to n i t r i l e :w a te r  co n ta in in g  phosp h o r ic  ac id  (5 .1ml) ,  p o t a s s i u m  d i h y d ro g e n  

o r th o p h o s p h a te  (1 .72g)  and 1-heptane  su lphonic  ac id ( 0 .5 6 4 g )  pe r  l i t re  o f  

solvent .  The mob i le  phase  used for doxycycl ine  was 21:79 aceton i t r i le :wate r ,  

with  sal t  co n cen t ra t ions  as above.  The l imi t  o f  de tec t ion  based  on twice

backgro und  noi se  o f  the sys tem was 0.1|Xg/ml or  bet ter .  R eco v e r ie s  o f  drug 

in p lasma for  each species are shown  in the relevant  chapter .

A nalys is  o f  O xyte tracyc l ine  in Lung T issue .

Samples  o f  homogenised lung tissue from re levant  species ,  known  to be 

d r u g  f r ee ,  w e r e  f o r t i f i e d  ( " s p i k e d " ) ,  wi th  a k n o w n  q u a n t i t y  o f

oxy te t ra cy cl ine .  The  co ncent ra t ions  in the spiked lung var ied  d e p e n d in g  on 

the  sa m p le s  b e in g  m easu r ed  but  we re  in the range 0 . 2 5 - 2 5 | i g /g .  S tock

s o l u t i o n s  ( 5 0 0 | i g / m l )  w e r e  p r e p a r e d  in e l u t i n g  s o l u t i o n  ( w i t h o u t  

acetoni t r i le )  on  the day o f  analys is ,  wi th d i lu tions  for spik ing m ade  up in 

50:50 e lut ing solut ion (wi thout  acetonit ri le ) : t r ichloroacet ic acid (10%).

A k now n  quant i ty  o f  minced lung t issue ,  usual ly  5 .0 (± 0 .0 5 )g ,  was

we ighed into a 50ml  ground glass s toppered tube. The lungs  obta ined  from

ind iv idua l  rats  we re  usual ly  h o m o g en i sed  whole ,  g iv i ng  b e tw e e n  l - 2 g  o f
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t i ssue,  whi le lung from larger domest ic  animals  was ho m ogen i sed  wi th the 

domest ic  blender pr ior  to an aliquot o f  5g being added to the tube. Drug was 

added to blank t issue to give spiked samples  at this stage.  Ten mill i l i tres o f  

perchloric acid was added to each tube and the mixture  was homogen ised for 

30 seconds  using the Ul t ra-Turrax t issue d isintegrator .  T h e  tube  was held in 

an ice bath to p re vent  o v e r -h ea t i ng  o f  the sample .  T h e  s upe rna tan t  was 

r e co v e r ed  af ter  c e n t r i f u g a t io n  o f  the  s am ple  at 2 5 0 0 g  in a re f r ige ra ted

ce ntr i fuge  at + 4 ° C .  Sep-paks  were pr imed using 5ml  o f  methanol  then 10ml 

o f  d is t i l led  water.  Supernatants  were loaded onto  the Sep -p ak  at 50| i l  (one  

d rop)  pe r  second.  E lu t ing  solut ion (with  aceton i t r i le )  (0 .5ml)  was used to 

wash  the Sep-pak.  This  was fo l lowed by a fur ther  4ml  o f  e lu t ing solut ion 

(wi th acetonitr ile).  The 4ml  o f  eluate was col lec ted in 10ml plastic tubes  and 

re ta ined for inject ion on the H PLC  system.  Samples  col l ec ted  were s tored in 

s toppered tubes at + 4 ° C  until they were injected. Al though stable for up to 24 

hours ,  the samples  were injected wi thin 12 hours  o f  ext rac t ion.  Th e solvent  

used for  analys is  o f  oxyte t r acycl ine  sam ples  in lung was the same as that

used for p lasma samples .  The l imit o f  detec t ion based on twice background 

noise o f  the system was 0.2p.g/g or better.  Recoveries  o f  drug in lung tissue 

for  each species are shown in the re levant  chapter.

Do xycyc l ine  was ext rac ted  us ing the same ex t rac t ion technique as that

d e s c r ib ed  for  o x y te t ra cyc l ine .

A n a ly s i s  of  result s

Resul ts  were analysed us ing Student 's  T  test for un-paired and paired t-test as 

ind icat ed  in the text.  Pha rm acok ine t ic  data  was der ived us ing a no n- l inea r  

r e g r e s s i o n  c u r v e - s t r i p p i n g  c o m p u t e r  p r o g r a m m e ,  C S T R I P  ( S e d m a n  & 

W a g n e r ,  1976). Conf i rm a t ion  o f  the n u m b e r  o f  ex p o n e n t i a ls  was ob ta ined 

u s i n g  A k a i k e ' s  i n f o r m a t i o n  c r i t e r i o n  ( Y a m a o k a  et a l . ,  1 9 7 8 ) .
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P h a r m a c o k i n e t i c  d a t a  w e r e  o b t a i n e d  u s in g  s t a n d a r d  p h a r m a c o k i n e t i c  

metho ds  (Baggot ,  1977)

I
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Figure 2. Sect ion of  lung area used to def ine t issue  

sam ples  used in sheep (2 left apical  lobes)  and  

cat t le  (3 left apical  lobes)  e x p er im en ts .
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Chapter  3. Oxytetracycl ine  in rat plasma and lungs.

I n t r o d u c t i o n

Rodents,  especial ly rats (Rat tus  rattus),  have been used in many models  

o f  h u m a n  d i s e a s e ,  an d  c o n s e q u e n t l y  a n t i b i o t i c s  h a v e  b e e n  s t u d i e d

extens ive ly  in this species.  They  have been used in the  s tudy o f  var ious  

ant ib io t ic s  in both  normal  and disease  cond i t ions  in m ice  (R en n e b e rg  and 

Walder ,  1988) and rats (Fou met  et a l ., 1989). Rats are particularly sui table for  

low cost  m e th o d  d e v e lo p m e n t  and in it ia l  p ro tocol  d e v e lo p m e n t .  W h e re  

d i sease  cond i t ions ,  such as respi ra tory  mycop lasmos is ,  have  occ urre d  in rat  

p o p u la t io n s ,  o x y t e t r a c y c l i n e  has  been used as the  d ru g  o f  c h o i c e  fo r  

t r e a t m e n t  ( H a r k n e s s  and W a g n e r ,  1977).  A l t h o u g h  c o n c e n t r a t i o n s  o f

ox y te t ra cy cl ine  and te t racyc l ine  have been measured  af ter  oral  do s ing ,  few 

s tud ies  us ing in t ra m uscu la r  or  in t ravenous  in jec t ion have been ca rr ied  out  

in the rat, and where these studies have been under taken,  the concen tra t ion 

o f  oxytet racycl ine in lung t issue has not been est imated (Curl  et al., 1988).

Both o xy te t ra cyc l ine  and t e t ra cy cl ine  have been show n  to be  ac t ive  

a g a in s t  M y c o p l a s m a  p u l m o n i s  in v i t ro  (G a r d n e r  et al. ,  1981) ,  bu t  

t e t r a c y c l i n e  d id  n o t  a c h e i v e  t h e r a p e u t i c  c o n c e n t r a t i o n s  a f t e r  o r a l  

adminis t rat ion  at dose rates o f  300mg/kg by gavage,  and between 0.4 and 4 

g r a m s  p e r  l i tre a d m i n i s t e r e d  in d r in k in g  wa te r  (P o r t e r  et  al . ,  1985) .  

A l t e r n a t i v e  p o s s i b l e  r o u t e s  o f  a d m i n i s t r a t i o n  i n c l u d e  i n t r a p e r i t o n e a l ,

t i n t rave nou s  or  in t ra m uscu la r  inject ion.  Th e in t ramuscu la r  dos ing route  may 

be chosen as the most  conven ient  method to dose large numbers  o f  animals  

on mul t i p le  occas ions ,  es peci a l ly  in expe r im en ta l  an im al s  wh ich m ay  be 

receiving other  drug t rea tmen ts  by other  routes.

In the present  study rats were used as a model  to de te rm ine the 

c o n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  in lung and its r e l a t i o n s h i p  to the  

c o r r e s p o n d i n g  p l a s m a  c o n c e n t r a t i o n  at  v a r i o u s  t im e  i n t e r v a l s  a f t e r
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i n t r a m u s c u l a r  dos ing.  An oxy t e t r a cy c l in e  i n jec tab le  s o lu t io n  (T e r r a m y c in  

Q50,  Pf izer  Ltd.,  England,  50mg/ml)  was chosen to give an inject ion volume 

wh ich  cou ld  be measured  us ing a s t andard ,  com m er ci a l ly  available ,  plas tic 

syr inge ,  and was considered not too large to cause d iscom for t  or extens ive  

t i s su e  d am ag e .  T h e  o x y te t r a cy c l in e  concen t ra t ion  was m easu r ed  in p la sm a  

and lung t i ssue  o f  rats at var ious  t imes fo l lowing in t ramuscu lar  dosing.

Ma t e r i a l s  and methods .

T h i r ty - tw o  ra ts  (ou tb re d cfy s t ra in) o f  know n age and we ig h t  were

dosed wi th  oxy te t r acycl ine  at lOmg/kg  bo dy weigh t  (A ppendix  A). Ant ib iot ic  

was admin is tered  into the Quadr iceps  muscle  o f  the right  rear leg by s low 

in t ram uscu lar  inject ion.  Th e rats were al located into groups  o f  4  animals and 

ki l led  at 1, 2, 4,  8, 24, 48,  72 and 96 hours  af ter  dos ing.  An im al s  were

a n a e s th e t i s e d  at the  ap p r o p r ia t e  s am ple  t ime us ing H a lo th an e  (M ay  and 

Baker ,  England)  and bled by cardiac  puncture.  The animals  were euthanased 

by neck d i s locat ion  and the lungs removed.  No bacter io log ica l  examinat ion 

was carried  out pr ior  to, or after dosing.  The lungs were assessed for disease 

co n d i t i o n  and blot ted  on fi l ter  p a p e r  (W ha tm an  N o . l )  to r em ove  surplus  

b lood from the t issue.  Plasma and lungs were frozen at - 2 0 ° C until  analys is

by the  s t anda rd  o xy te t ra cyc l ine  H P L C  method  as def ined p rev io us ly .  Th e 

lungs  f rom individual  animals were  frozen whole  and not  subjected  to the 

m inc ing  s tep  used for the lungs  o f  larger domest ic  species.  Lung weights  

t were  approxima te ly  l -2g,  which was s igni ficantly less than the 5 grams used 

in t h e  a s s a y  o f  o x y t e t r a c y c l i n e  f rom o t h e r  s p e c ie s .  F o r t i f i e d  sp ike  

c o n c e n t r a t i o n s  were  ad jus ted  acco rd ing ly .
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R e s u l t s  

I n t r a / i n t e r - a s s a y  v a r i a t i o n

In t ra -  and in te r - a ssay  var ia t ion  o f  o x y t e t r a c y c l i n e  c o n c e n t r a t i o n s  in 

rat p lasma were between 70 and 80% and coefficients o f  variation were 5% or  

lower  (Table  1.). These  results are s imi lar  to those  found in o the r  species

us ing the same method o f  analysis (see Chapters 4, 5 & 6).

In t ra-  and in ter -assay var ia t ion  o f  o xy te t ra cyc l ine  co n c e n t ra t i o n  in rat 

lung was  b e tw een  50 and 60% and coeff ic ients  o f  var ia t ion  were  10% or  

lower ,  e x c ep t  at very  low concen t ra t ions  wh ere  in t er -a ssay  v a r i a t io n  was

12.4% (Table 2.).

O x y t e t r a c y c l i n e  c o n c e n t r a t i o n  a f t e r  i n t r a m u s c u l a r  

inject ion in rats.

Oxytet racycl ine  could be detected in rat p lasma and lung up to 24 hours

a f te r  IM in jec t io n  (Tab le  3.).  M ax im u m  p lasm a  c o n c e n t r a t i o n s  (m ea n  =

3.79p.g/ml) were  found at 2 hours,  a l though the m ean  1 ho ur  co nc en t ra t ion  

was  only s l ight ly  lower  (3.71mg/ml) .

T h e  c o n c e n t r a t i o n s  o f  o x y t e t r a c y c l i n e  w hi ch  co u ld  be d e t e c t e d  in

p las m a o f  ra ts  wi thin each t ime group were  s imi lar  (Table  3.), wi th  a low

s t a n d a r d  e r r o r  o f  m e a n  c o n c e n t r a t i o n s  w i t h i n  the  g r o u p s  o f  ra ts .

C o n cen t ra t io n s  gradu al ly  decl ined until  24 hours ,  wh ere  only  2 o f  the 4 

an im a l s  wi th in  the  last  nec ropsy  group  had t race c o n c en t ra t i o n s  o f  drug 

(<0.2p.g/ml).  No oxytet racycl ine was detected in p lasma or lung at 48,  72 or 96 

hours,  and the results for  these animals are not shown in the tables.

Rat  lungs from this exper iment  did not show consol idat ion o f  lung t issue,  or

s ig n s  o f  d i s e a s e ,  in any o f  the lung  ar eas .  T h e  c o n c e n t r a t i o n s  o f

o x y t e t r a c y c l i n e  in lung t i ssue  (Table  4. ) were more  va r ia b le  than those

fou nd  in p l a sm a ,  and co m par i so n  of  the lung and p la sm a  co n c en t ra t i o n s

s h o w e d  3 0 - 4 0 %  less d ru g  in lung t i ssue  (F igure  3). L ungs  c o n ta in e d
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s ignificant ly less oxytet racycl ine (P< 0.05) in all groups  up to 4 hours.  At 8 

h o u r s  lung  c o n c e n t r a t i o n s  w e re  l o w er  bu t  the d i f f e r e n c e  w a s  n o t  

s i gn i f i can t ,  p robab ly  due to the low co n cen t ra t io n s  m easu red .  T h e  Area  

U n d e r  Curve  (A U C) observed values  of  Mean oxyte t ra cycl ine  co ncen t ra t ion  

in p l a s m a  ( 2 8 . 5 | i g /m l .h )  was s ign i f i c an t ly  d i f f e ren t  ( P < 0 .0 5 )  f r o m  the  

A U C (o b se rv ed  values)  o f  Mean oxyte t racyc l ine  concent ra t ion in lung t i ssue  

( 1 7 . 6 j x g / m l . h ) .

D i s c u s s i o n

Analyt ica l  re cover ies  were h igher  in rat lung sp ikes  than in spiked  

lung t issue from other  species  using the same method o f  analysis.  This  may

be  due to the  l o w e r  w e ig h t  of  lung t i s sue  used in the  an a ly s i s  o f

oxy te t r a cy c l in e  conc en t r a t i o n s  in the rat.

W i t h  the  e x c e p t i o n  o f  one  rat in the  e ig h t  h o u r  g r o u p ,  all

co n cen t ra t io n s  o f  oxy te t ra cyc l ine  measured in lung were  lower  than those  

found in plasma.  Al though  the drug concentra t ion in lung t i ssue was  lower

in individua l  an im al s  co m pared  to p lasma,  the var ia t ion  between  an im a ls  

w i th in  groups  was large for concent ra t ions  measured in lung t issue.  Thi s  

m a k e s  in t e rp re t a t io n  d i f f i cu l t  when us ing the m ean  c o n c e n t r a t i o n  f rom 

each group.  Th e concen tra t ions  found in p lasma were com par ab le  to those

found in other  studies  in rats, where a higher dose rate (60mg/kg) ,  of  e i ther  

shor t  o r  long-act ing  formulat ions  of  oxytet racycl ine  was used (Curl  et  al . ,

1988) .

In i n - v i t r o  s tudies  uptake o f  drug into lung tissue was measured as an

index o f  penetra tion,  us ing normal  and diseased lung t i ssue (Fournet  et  al . ,

1989).  This  was carr ied out  by incubat ing areas o f  lung t i ssue in known

co n c en t r a t i o n s  o f  d rug  u n d e r  s t andard  condi t ions .  In nor mal  lung t i ssue ,

9 4 %  o f  the co n cen t ra t ion  found in p l asm a was m easu r ed .  This  was  not

d e m o n s t r a t e d  in sheep in vivo g iven oxyte t r acycl ine  at lOmg/kg by 1M
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in jec t ion ,  whe re  the  co ncen t ra t ion  in lung at 4 hours was gr ea te r  than 

p la sm a  (M cK el la r ,  1989). Th e lower  co n cen t ra t io n s  achieved in both  lung 

and plasma of rats compared to sheep arc probably due to the much

shor ter  hal f - l i fe  o f  oxyte t racycl ine  seen in animals of  lower  body mass  

(Ki rkwood and Widdowson,  1990).

Th e in v i t ro  rat lung pene t r a t ion s tudy (F ourn e t  et a l ., 1989) also

s how ed  that  d i seased  rat lung t i ssue ,  both  bacter ia l  and cancerou s ,  had a 

m u c h  h ig h e r  ra te  o f  drug u p tak e  (1 8 0 % )  c o m p a r e d  to p la sm a .  It is

i n te re s t in g  that  upt ake  o f  t e t ra cy cl ine  into lung was h ighe r  f rom buff er  

than from plasma.  This  was due,  p re sum ably ,  to protein b inding wi th in the 

p l a s m a  g iv ing  a lo w er  free dr ug  c o n c e n t r a t i o n  ava i la ble  fo r  pen e t r a t i o n  

in to  lung t issue.  Th e con cen tra t ion  o f  free drug is thought  to equi l ibra te  

qu ick ly  wi th  t i ssue  fluid,  there fore  an t ib io t ic s  such as oxy te t ra cyc l ine  and

te t r a cy c l in e ,  w h ich  are bou nd  to a l o w er  ex t en t  than d o x y c y c l i n e  and

m in ocyc l ine ,  w oul d  be expe ct ed  to d i f fuse  into t i ssue f luid more  quickly

(Keen,  1989). Thi s  may explain  the more  rapid accumulat ion of  tet racycl ine  

co m pared  to m ino cycl ine  in the cannula ted  lymph nodes  dra in ing the lungs  

o f  sheep (Cohen et a l ., 1987).

Th e  co n c en t r a t i o n s  of  o x y te t r a cy c l in e  found in lung t i ssue ,  a l thou gh  

l o w er  than those  in p lasma,  we re  ab o v e  the serum M in im um  Inhibi tory  

Concent ra t ion (M. I .C .)  of  te t racycline for M y c o p l a s m a  p u l m o n i s  (0.2p.g/ml),  

S t r e p t o c o c c u s  p n e u m o n i a e  (0.4 | ig/ml) and C o r y n e b a c t e r i u m  sp p  (0 .8 | ig /m l )  

for a per iod o f  at least eight  hours  in both lung and plasma (Por ter  et a l . , 

1985).  As te t racycl ine  and oxy te t ra cy cl ine  have s imi la r  ac tivi t ies  it can be 

assumed that the MIC data is appropr ia te  for oxytet racycline in these species 

(Prescot t  and Baggot,  1988).
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Table 1. Intra- and Inter-assay recovery and precision 

of the HPLC method for concentrations of oxytetracycline  

in rat plasma (jig/ml). (n=4).

Concentration Recovery (%) Coefficient of variation(%)

added (jig/ml) Intra Inter Intra Inter

0.5 78.83 80.20 3.21 1.25

1.0 79.47 78.33 0.67 2.08

2.0 75.80 75.75 4.80 2.60

5.0 73.85 73.11 3.53 3.90

t
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Table 2. Intra- and Inter-assay recovery and precision of 

the HPLC method for concentrations of oxytetracycline in

rat normal lung (jig/g, wet wt.). 

I n t e r ) .

(n=4 for Intra, n=3 for

Concentration Recovery (%) Coefficient of variation

added (jig/g) Intra Inter Intra Inter

0.5 54.02 50.78 5.26 12.40

1.0 58.61 56.06 1.70 6.91

2.0 59.22 56.06 1.61 3.59

5.0 56.37 51.48 1.61 8.56



Table 3. Concentration of oxytetracycline (jig/ml) in rat 

plasma (n=4 rats at each time) after administration of 

oxytetracycline at a dose rate of 10mg/kg by the intra-

muscular route.

me (h) Rat No. c o n c . ( | i g / m l )
1 1 3 . 7 2
1 2 3 . 9 4
1 3 3 . 97
1 4 3 . 2 4

Me an ±S EM 3. 71  ± 0 . 1 7
2 5 3 . 2 2
2 6 4 . 7 7
2 7 3 . 4 2
2 8 3 . 7 2

M ea n ±S E M 3 . 7 9 ± 0 . 3 4
4 9 1.91
4 10 1.93
4 1 1 2 . 4 4
4 1 2 2 . 4 0

Me an ±S EM 2 . 1 7 ± 0 . 1 4
8 1 3 1.41
8 1 4 1.17
8 1 5 1.20
8 1 6 1.03

Me an ±S EM 1 . 2 0 ± 0 . 0 8
2 4 1 7 0.11
2 4 1 8 0.21
2 4 1 9 0
2 4 2 0 0

M ea n ±S E M 0 . 0 8 ± 0 . 0 5
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Table 4. Concentration of oxytetracycline(jj.g/g) in 

normal rat lung (n=4 rats at each time) after 

administration of oxytetracycline at a dose rate of 

10mg/kg by the intra-muscular route.

Kill Time (h) Rat No. c o n c . ( | i g / g )
1 1 2 . 1 0
1 2 1.64
1 3 2 . 03
1 4 n s

Mea n ±S EM 1 . 9 2 ± 0 . 1 4
2 5 1.28
2 6 3 . 8 8
2 7 1.82
2 8 1.71

Me an ±S EM 2.1 7 ± 0 . 5  8
4 9 0 . 9 8
4 1 0 1.14
4 1 1 1.85
4 1 2 1.44

M ea n ±S E M 1 . 3 6 ± 0 . 1 9
8 1 3 1.50
8 14 0 . 5 9
8 1 5 0 . 63
8 1 6 0.61

Me an ±S EM 0 . 8 2 ± 0 . 2 2
2 4 1 7 0 .0 7
2 4 1 8 0
2 4 1 9 0
2 4 2 0 0

M e a n ±S E M 0 . 0 2 ± 0 . 0 2

ns  = no s a m p l e  avai lable
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F i g u r e  3.  C o n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  in rat  p l a s m a  
a n d  w h o l e  l u n g  a f t e r  i n t r a m u s c u l a r  i n j e c t i o n  ( 1 0 m g / k g )  
s h o w i n g  e x t r a p o l a t i o n  o f  t h e  e x p o n e n t i a l  l i n e  o f  b e s t  fit.
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Chapt er  4. Oxytetracycl ine  in sheep p lasma and lungs.  

I n t r o d u c t i o n

O x y t e t r a c y c l i n e  is used f r eq uent ly  in s h e e p  fo r  the  t r e a tm e n t  o f

r e s p i r a to ry  con d i t i o n s  such as pas tcu re l lo s is .  T h e r e  are  few sou rc es  o f

in fo rm a t io n  on lung c o n cen t r a t io n s  o f  o x y te t r a c y c l in e  in sheep ,  a l t hough  

s e ru m  and m ilk  co n c en t r a t i o n s  in sheep  and o t h e r  s p ec ie s  hav e been

d o c u m e n t e d  p r e v i o u s l y  (Z iv  and S u l m a n ,  197 4) .  T e t r a c y c l i n e  an d  

m ino cy c l in e  have both been measured  in the p la sm a  and pulmonary  lymph

o f  sheep fo llowing cannula t ion (Cohen et al., 1987).

F ew  s tud ies  have  been ca rr ied  out  to m e as u r e  the  concen t ra t ion  o f

oxyte t racycl ine  in p lasma and lung t issue at var ious  t ime points  (McKel la r  e t  

a l . ,  1988; McKel lar ,  1989). No s tudies  are ava i la b le  wh ich d o cum en t  the

c o n c e n t r a t i o n  o f  d ru g  in d i s e a s e d  o v i n e  l u n g  a f t e r  o x y t e t r a c y c l i n e

a d m i n i s t r a t i o n ,  a l though  s tud ie s  have  been  c a r r i e d  o u t  m e a s u r i n g  the

co ncen t ra t ion  in bronchia l  secret ions in hum ans  ( M acCul loch  et al.,  1974; 

Ruhen  and Tanden,  1975).

T o  p r o v i d e  i n f o r m a t i o n  on the  c o m p a r a t i v e  p l a s m a  an d  lu n g

c o n c e n t r a t i o n s ,  two e x p e r im e n t s  were  u n d e r t a k e n  in s ep a ra t e  g ro u p s  o f

sheep .  The  first  ex pe r i m en t  measured  the c o n cen t ra t ion  o f  o xy te t ra cyc l ine  

in the plasma,  and diaphragmat ic  and apical lobes o f  cl in ical ly normal  sheep 

a t v a r io u s  t ime  in t e rv a l s  fo l l o w i n g  d ru g  a d m i n i s t r a t i o n .  T h e  s ec o n d

e x p e r i m e n t  m ea su r ed  o x y te t r a cy c l in e  in p la sm a ,  n o rm a l  lung  t i s su e  and 

d i s e a s e d  lung,  in individual  anim als  at one  h o u r  a f te r  i n t raveno us  drug 

a d m i n i s t r a t i o n .

Mat er i a l s  and Methods

The  first  oxyte t racycl ine  study (E xpe r imen t  1) was carr ied  out  us ing 

t w e n t y - f o u r ,  one  yea r  o ld ,  c l i n i c a l l y - n o r m a l  female  D o r s e t - c ro s s  sheep.
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T h e s e  had been kept indoors  from birth and sh ow ed  no s igns  o f  d i sease  

before  or at pos t -mortem.  Four groups  of  six sheep were dosed in travenously  

wi th oxyte t racycl ine  at 10 mg/kg (Tcrramycin  Q100,  Pfizer),  and ki l led using

a cap t ive  bol t  pistol at approximate ly  3, 9, 12 and 24 hours (Append ix  B).

B lo o d  was  t aken  from the j u g u la r  vein ,  d u r i n g  s u b seq u e n t  e x a n g u in a t io n ,  

in to l i thium hepa r in  tubes .  The left  apical  and d i aph ra gm at ic  lobes  o f  the

lung  were removed after bleeding out. Samples  were f rozen at - 2 0 ° C, af ter

co a r s e  h o m o g e n i s a t i o n  us ing a dom e s t i c  m i n c e r  as d e s c r ib ed  p re v io u s ly ,  

unti l  analys is  by HPLC.

The second oxytet racycline s tudy (Exper imen t  2) was carr ied out  on ten

D o r s e t - c r o s s  s hee p ,  wi th  a h i s to ry  o f  r e s p i r a to ry  d i s ea se ,  m a n i f e s t  by 

t a c h y p n o e a  an d  co ugh ing .  Th e ten sheep w e r e  dosed  in t r a v e n o u s l y  wi th

o x y t e t r a c y c l i n e  at 10 m g /k g  (T e r ra m y c in  Q 1 0 0 ,  P f izer ) ,  and k i l l e d  at 

approxima te ly  one  hour  af ter  drug adminis t ra t ion  (Appendix  C). P la s m a  and

lung samples  were  taken as in the first exper iment .  Th e lung samples  were

class if ied  according to the degree of  consolidat ion in the t issue.

The di seased t issue was obtained from the apical  lobes,  s ince  there were 

no gross signs o f  disease in any o f  the d iaphragmat ic lobes. T h e  consol idated ,  

d i seased  t i ssue  was d is t inc t  from normal  t issue .  T i s sue  o b ta ined  f rom the 

d i a p h r a g m a t i c  lobes  which showed no sign o f  d i sease  was  d e s c r ib ed  as 

no rm a l ,  a l t hough  o ther  areas,  for ins tance in the apica l  lobes ,  co n ta ined

c o n s o l i d a t e d  t i s sue .  T h i s  d i f f e ren t i a t ion  was m ad e  so le ly  on the  gross  

t m o rp h o lo g ica l  appearance ,  and not on any bac te r io log ical  e x a m in a t io n .  All

t i ssue  obta ined  from diseased lung was from tota l ly  consol idat ed  areas  with 

no 'norma l '  appe a ra nce ,  except  in one  animal  whe re  the apica l  area  was

d e s c r ib e d  as pa r t i a l l y  con so l id a t ed  as some t i ssue  a p p e a re d  no rm a l  on 

m a c r o s c o p i c  o b s e r v a t io n .

No bacterio logical  examinat ion was carried out  at post  m o r te m  s ince  it 

was  cons idered  results would  have been mis leading due to the h igh drug
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c o n c e n t r a t i o n  p re sen t  in the sam ples .  O x y t e t r a c y c l i n e  c o n c e n t r a t i o n s  in 

sheep were measured us ing the HPLC techniques  described previously.

R e s u l t s  

I n t r a / i n t e r - a s s a y  v a r i a t i o n

In t ra -  and i n t e r - a s s a y  e x t r a c t i o n  r e c o v e r i e s  o f  o x y t e t r a c y c l i n e  in 

p l asma,  normal  and diseased lung t i ssue were  tested us ing concen t ra t ions

f rom  0.5  to 1 0 .0 p g /m l  (T a b le s  5, 6 & 7).  P l a s m a  e x t r a c t e d  u s in g

t r i chloroacet i c  acid p recip i ta t ion  gave recover ies  around 75%,  whi le  t i ssues

ex t r a c t ed  us ing the sol id  phase  ex t r ac t ion  t ech n iq u e  gave re co v e r ie s  o f  

approximate ly  45% for both normal  and diseased lung t issue.  There  was litt le 

var ia t ion  in recovery  o v e r  the range o f  concen tr a t ions  measu red  in spiked

plasm a and lung as indicated  by the low coeff ic ient  of  var iat ion.  Since  there 

was no var ia t ion  in recovery between normal  and consol idated  lung, normal  

lung was used to create standard curves for the assay of  all lung samples.

E x p e r i m e n t  1. C o n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  in 

plasma and lung of  normal  animals .

At nec ropsy  no gross pathological  lung les ions  were  found in any o f  the 

an imals  in the study.  The concentra t ion o f  oxyte t r acycl ine  was measured  in 

samples  of  p lasma and apical and diaphragmat ic  lung lobes from animals for

up to 24 hours  fo l lowing in t ravenous  adm in is t ra t ion  (Tables  8, 9 & 10).

t O xy te t ra cycl ine  conc en tr a t ions  were h igher  in p lasma until 24 hours,  when 

they were  s im i l a r  in p l a s m a  and both  lung ar eas  (F ig u re  4).  P l a s m a

conc en t ra t ions  were s ign i f i can t ly  h ighe r  than d iaph ra gm at ic  lobes  at 3 and 

12 h o u r s ,  w h i le  p l a s m a  c o n c e n t r a t i o n s  w e re  s ig n i f i c a n t ly  h i g h e r  than

apical  lobe concentra t ions  at 3, 9 and 12 hours (P<0.05).  In lung t i ssue the

o x y t e t r a c y c l i n e  co n c e n t ra t i o n  was  s ign i f i can t ly  l ow er  ( P < 0 .0 5 )  in apica l  

lobes compared to d iaphragmat ic  lobes at 12 hours.
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No s ign i f i can t  d i f f erence  (P<0 .05)  was observed  at 24 hours  in the 

p l a s m a  or  lung t i ssue measured .  P lasma concen t ra t ions  were greater  than 

those  found in c i ther  area of  lung tissue at all t imes up to 24 hours,  except  

for one animal  in the 9 hour group and one animal in the 12 hour group.

E x p e r i m e n t  2. C o n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  in 

pl asma and lung of  diseased animals  after one hour.

C on cen tr a t ion  o f  oxyte t racycl ine  was m easu red  in the p lasma and lungs 

o f  ten  shee p  one hour  af ter  in t ravenous  dosing .  T h e  lung sam ples  taken 

f r om  the  ap ica l  lobes  we re  con so l id a t ed  in all ca ses .  Mean (± S .E .M . )  

c o n c e n t r a t i o n s  w e r e  9 . 4 7 ± 1 . 2 6  fo r  p l a s m a ,  7 . 0 3 ± 0 . 9 4  fo r  n o r m a l  

d i a p h r a g m a t ic  lobes ,  and 8 .09±1 .14 for  d i s eased  apical  lobes  (Tab le  11). 

P a i r e d  t - t es t  s h o w e d  s ig n i f i can t ly  l o w e r  c o n c e n t r a t i o n s  (P < 0 .05 )  in the  

'n o r m a l '  d i a p h r a g m a t ic  lobes  co m pared  to bo th  d is ea sed apical  lobes  and 

pl asma.  T here  was  no s igni f icant  d i f ference  in drug concent ra t ion between 

pl asma and diseased apical lobes.

C o m p a r i s o n  b e t w e e n  c o n s o l i d a t e d  a p i c a l  an d  n o r m a l - a p p e a r i n g  

d i a p h r a g m a t i c  t i s s u e  c o n c e n t r a t i o n s  o f  o x y t e t r a c y c l i n e  s h o w ed  l in ea r i t y  

( C o r r e l a t i o n  C o-e f f i c i en t  = 0 .994) ,  sug g es t in g  a r e la t ions h ip  b e tw een  the

c o n c e n t r a t i o n  o f  d r u g  in b o th  a r e a s .  A l t h o u g h  o x y t e t r a c y c l i n e  

c o n c en t r a t i o n s  in normal  apica l and di ap h ra gm at ic  lung areas  over  a 24 

h o u r  per iod  are less well  co rre la ted  (C orr e la t ion  Co-ef f ic ien t  = 0 .97) ,  a 

re la t ionship  still  exis ts  between drug concentra t ion in the two areas o f  lung 

m e a s u r e d .

D i s c u s s i o n

The p l a s m a  co n c en t ra t i o n s  o f  oxyt e t ra cyc l ine  found in the s am ples  

from normal  sheep  at var ious  intervals  up to 24 hours are propor t i ona l ly  

h i g h e r  than thos e  resu l ts  repor ted  p re v ious ly  in both  sheep and ca tt le
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serum (Ziv and Su lman,  1974; Bcngtsson et al., 1986) and s imi lar  to those

repor ted for catt le at the same dose rate of  lOmg/kg (B ur row s  et al.,  1986; 

Bengtsson et al., 1989).

Th e s igni f icant ly  h igher  levels of  oxy te t ra cycl ine  found  in p la sm a  at

a lmos t  all t ime points  compared  to lung t i ssue are p ro bab ly  re la ted  to the

p h y s i c o c h e m i c a l  p ro p e r t i e s  o f  o x y t e t r a c y c l i n e .  G r e a t e r  a c c u m u l a t i o n  o f  

o t h e r  t e t ra cyc l ines  in mi lk  has been show n  to be re l a t ed  to l ipoph i l i c

prope r t i es  (Ziv and Su lman,  1974). The s imilar i ty be tween  p l a sm a  and lung

t issues measured at 24  hours  in the present study could be due to the low

co n cen t ra t ions  measured  or  to equ i l ibra t ion between d ru g  and t issues.  The 

s im i la r i ty  in conc en t ra t ion  o f  oxy te t ra cycl ine  between the  9 ho u r  p l a s m a  

and d i a p h r a g m a t i c  s a m p l e s  m ay  be d u e  to g r e a t e r  a c c u m u l a t i o n  in

d i aphra gm at ic  lobes  co m pared  to apical  lobes.  As the  co n c en t ra t ion  in all

d i a p h ra g m a t i c  areas  was low er  than the co r re sp o n d in g  p l a s m a  va lu e s  in 

ind iv idua l  an im al s  it is pr ob able  that  la rger  group n u m b e r s  w ou ld  have  

shown a signi f icant  di fference.  The limited number  of  anim als  used does  not

g iv e  a c l e a r  s t a t i s t i c a l  i n d i c a t i o n  o f  d i f f e r e n c e s  b e t w e e n  the  d r u g  

concent ra t ions  found in blood and lung tissue.

In d i sea sed apical  lung t issue the concentra t ion w ou ld  ap p e a r  to lie

b e t w e e n  the  c o n c e n t r a t i o n s  d e m o n s t r a t e d  in p la sm a  and d i a p h r a g m a t i c  

lobes,  the lat ter  being lower than plasma. This is in contras t  to the results

found in normal  sheep where  the concent ra t ion found in both  lung areas 

were  broadly  s imilar ,  with the apical  lobes lower than d iaphra gm at ic  lobes  

and both  areas  lower  than respect ive  p lasma concent ra t ions .  A l th o u g h  no

measurement s  were made at one hour in p lasma and lung o f  a control  group 

o f  normal sheep,  the d i fferences  seen in the lung areas and plasma would  be 

expected to be s imi lar to those found at later time points  such as 3 and 9 

h o u r s  in E x p e r i m e n t  1. T h e  v a r i a t i o n s  seen in c o n c e n t r a t i o n  o f  

oxy te t ra cy cl ine  between the apical  and diaphragmat ic  lung lobes  in normal
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sheep  may be due to physical  cha rac ter is t ics  o f  the lung t issue,  where  a 

large r  propor t ion o f  the t issue may be made  up o f  bronchioles  in apical  

c o m p a r e d  to d i a p h r a g m a t i c  lobes .  Poor  p e r fu s io n  o f  the c r an i o - v e n t r a l  

(apica l )  lobes have been shown in calves infected  with bov ine  respi ra tory

syncyt ia l  virus.  Where  lung les ions were present ,  these were man i fe s t  by 

ch ron ic  ca tarrhal  p n eum onia  (V erh oef f  et al., 1992).

Whe n  infection occurs  the in f lammat ion may cause  an increase  in the 

p e n e t r a t i o n  o f  o x y t e t r a c y c l i n e ,  r e s u l t i n g  in the  i n c r e a s e  in a p i c a l  

o x y t e t r a c y c l i n e  c o n c e n t r a t i o n  seen af ter  i n t r a v e n o u s  a d m in i s t r a t i o n  at 1 

hour.  It is poss ib le  that  the d i f ferences  seen are due  to changes  in b lood 

p er fus ion levels.  Radionucl ide  imag ing  has shown a d i f ference  in per fus ion

b e t w e e n  d i a p h r a g m a t i c  and ap ica l  lobes  w h ich  are  n o rm a l  o r  ha v e

consol idated  les ions  (Verhoef f  et al., 1992).

The  suggest ion o f  a re la t ionship  between the apical  and d iap hragmat ic  areas 

for  t i ssue  oxy te t ra cy cl ine  concent ra t ion is suppor ted by the cor re l a t i on  c o 

eff icient  values  (>0.95) obtained from the exper iments carried out in normal 

animals over a 24 hour period.

i
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Table 5. Intra- and Inter-assay recovery and precision of 

the HPLC method for concentrations of oxytetracycline in 

plasma of sheep (n=4).

C o n c e n t r a t i o n  Recovery  (%) Coef f i c i ent  of  variat ion (%)

a d d e d  (jj.g/ml) Intra Inter Intra Inter

0 . 5 8 5 . 2 6 7 2 . 3 7 2 . 6 7 3 . 9 5

1 . 0 8 3 . 0 2 7 1 . 6 6 2 . 9 7 6 . 0 1

2 . 0 7 9 . 8 7 7 5 . 1 5 0 . 6 3 4 . 8 3

5 . 0 7 6 . 2 9 7 4 . 4 1 0 . 3 9 3 . 8 0

1 0 . 0 7 9 . 1 0 7 5 . 9 3 0 . 8 6 5 . 6 5

4
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Table 6. Intra- and Inter-assay recovery and precision of 

the HPLC method for concentrations of oxytetracycline in 

normal lung of sheep (n=4).

Concentration Recovery (%) Coefficient of variation (%)

added (jig/ml) Intra Inter Intra Inter

0.5 46.22 44.21 4.37 4.76

1.0 44.30 45.63 2.17 2.52

2.0 44.46 44.76 1.55 4.08

5.0 40.52 45.98 2.69 7.01

10.0 40.84 47.96 2.23 5.74

4
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Table 7. Intra- and Inter-assay recovery and precision of 

the HPLC method for concentrations of oxytetracycline in

diseased apical lung of sheep 1!C

Concentration Recovery (%) Coefficient of '

added (|ig/ml) Intra Inter Intra Inter

0.5 40.02 41.45 8.26 9.17

1.0 45.78 43.82 5.41 5.68

2.0 43.64 46.51 7.65 5.73

5.0 48.33 49.03 3.19 8.99

10.0 43.95 47.18 6.22 6.45

<



Table 8. Concentration of oxytetracycline in normal 

ovine plasma after administration of oxytetracycline at 

a dose rate of 10mg/kg bodyweight by the intravenous 

route .

Time (h) Sheep No. conc.  | ig/ml
3 1 7 . 48
3 2 9 . 5 0
3 3 7 . 8 9
3 4 9.01
3 5 7 . 75
3 6 10 . 06

M e a n ± S E M 8 . 6 1 ± 0 . 4 3
9 7 2.91
9 8 3 . 7 0
9 9 3.21
9 1 0 4 . 0 6
9 1 1 3 . 6 4
9 1 2 3 . 9 6

Me a n ± S E M 3 . 5 8 ± 0 . 1 8
1 2 1 3 3 . 1 0
1 2 1 4 2 . 27
1 2 1 5 1.55
1 2 1 6 2 . 38
1 2 1 7 1.82
1 2 1 8 2 . 55

M e a n± SE M 2 . 2 8 ± 0 . 2 2
2 4 1 9 0.31
2 4 2 0 0 . 3 9
2 4 2 1 0.31
2 4 2 2 0 . 2 4
2 4 2 3 0.41
2 4 2 4 0 . 4 6

Me an ±S EM 0 . 3 5 ± 0 . 0 3
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Table 9. Concentration of oxytetracycline in the apical 

lobes of normal ovine lung after administration of 

oxytetracycline at a dose rate of 10mg/kg bodyweight 

by the intravenous route.

Time (h) Sheep No. conc.  |lg /g
3 1 6 . 38
3 2 6 . 13
3 3 5 . 6 4
3 4 7 . 2 2
3 5 6 . 07
3 6 6 . 4 0

M e a n ± S E M 6. 3  1 ± 0 . 2 1
9 7 3 . 1 0
9 8 3 . 55
9 9 2 . 28
9 1 0 2 . 53
9 1 1 2 . 3 0
9 1 2 3 . 7 6

M e a n ± SE M 2 . 9 2 ± 0 . 2 6
1 2 1 3 1.81
1 2 1 4 1.81
1 2 1 5 1.22
1 2 1 6 1.76
1 2 1 7 1.21
1 2 1 8 1.86

M e a n ±S E M 1.61 ± 0 . 1 3
2 4 1 9 0.41
2 4 2 0 0 . 3 6
2 4 2 1 0 . 3 6
2 4 2 2 0 . 2 9
2 4 2 3 0 . 2 9
2 4 2 4 0 . 2 9

M ea n ±S E M 0 . 3 3 ± 0 . 0 2



Table 10. Concentration of oxytetracycline in the 

diaphragmatic lobes of normal ovine lung after 

administration of oxytetracycline at a dose rate of 

10mg/kg bodyweight by the intravenous route.

Kill Time (h) Sheep No. conc. |ig /g
3 1 6.51
3 2 6 . 85
3 3 6 . 27
3 4 6 . 0 4
3 5 6 . 0 9
3 6 7 . 0 9

M e a n ±S E M 6 . 4 7 ± 0 . 17
9 7 2 . 9 9
9 8 3.41
9 9 2 . 7 9
9 1 0 2 . 7 6
9 1 1 2 . 39
9 1 2 3 . 5 2

M e a n ±S E M 2 . 9 8 ± 0 . 17
12 1 3 2 . 17
1 2 1 4 1.95
1 2 1 5 1.19
12 1 6 1.79
1 2 1 7 1.62
1 2 1 8 2 .13

Me an ±S EM 1.81 ± 0 . 1 5
2 4 1 9 0.41
2 4 2 0 0 . 3 7
2 4 2 1 0 . 4 0
2 4 2 2 0 . 2 9
2 4 2 3 0 . 33
2 4 2 4 0 . 2 9

M e an ±S E M 0 . 3 5 ± 0 . 0 2
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Figure 4. Concentration of oxytetracycline (pg/m!;jig/g)  
after intravenous injection in sheep plasma, apical and 
diaphragmatic lung, showing exponential line of best fit.
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Table 11. Concentrat ion  of oxy te tracyc l in e  in ovine  

plasma (pg/ml)  and normal diaphragmatic  and diseased  

apical lung tissue (pg/g) approximately one hour after  

administration of a single intravenous dose at 10mg/kg.

Animal No. Plasma Normal* Diseased** Time

Lung Lung (mins)

6 4.34 3.74 4.19 65

7 5.21 2.97 3.01 62

8 13.25 11.37 13.33 66

1 1 5.60 4.70 5.43 66

1 3 13.59 10.52 12.87 58

1 5 * * * 13.81 7.61 9.43 58

1 6 13.87 9.86 10.86 59

26 7.96 8.50 9.61 66

28 10.68 5.97 6.48 65

31 6.39 5.05 5.66 58

Mean 9.47 7.03 8.09 62.3

S.EM 1.26 0.94 1.14 1.20

* Diaphragmatic lobes 

** Apical lobes

*** partial consolidation, all others complete consolidation.
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I n t r o d u c t i o n

F e w  s t u d i e s  have  been c a r r i e d  ou t  on d o m e s t i c  s p e c ie s  u s in g  

do xycy c l ine ,  a l though it has been widely researched and extens ively  used in 

man.  Doxycycl ine  is now available for use in animals in the Uni ted Kingdom,  

as a v e t e r i n a r y  p r e p a r a t i o n  m a r k e t e d  f o r  d ogs .  T h e  p r o p e r t i e s  o f  

d o x y c y c l i n e ,  i n c lud ing  g rea te r  l ip id  solub i l i ty  and bet t er  a b so r p t io n  th an

o the r  m e m b er s  o f  the te t racycl ine  group,  suggest  tha t  it may be a useful  

drug in sheep.  Based on its physical  propert ies  it may achieve h igher  lung 

c o n c e n t r a t i o n s  com p ar ed  to p las m a than oxyte t r acycl ine .

M inocyc l ine ,  which has s imi lar  physica l  proper t ies  to doxycyc l ine ,  has  

been m e a s u r e d  in the  p la sm a  and pu lm o n ary  lymph o f  sheep f o l l o w in g

c a n n u l a t i o n  ( C o h e n  et a l ., 1987).  Th e pha r m a co lo g y  and t o x i c o lo g y  o f

d o x y c y c l i n e  h a s  b e e n  r e v i e w e d  in r e l a t i o n  to  m a n ,  a n d  th e  

p h a r m a c o k i n e t i c s  and p ro t e in  b in d in g  c o m p a r e d  to o t h e r  t e t r a c y c l i n e s  

(R iond  and Riviere ,  1988).  In vitro  s tudies  in bovine  lung t issue,  us ing an

H P L C  m e th o d ,  have  been carried  out to de te rmine recove ry  f rom t is sues  

(Riond et al., 1989).

S t u d i e s  h a v e  b e e n  ca r r i e d  ou t  m e a s u r in g  the  c o n c e n t r a t i o n  o f  

d o x y c y c l i n e  in bronch ia l  sec re t ions  in humans  (M a cC u l lo c h  et al.,  1974; 

R u h en  and T anden ,  1975).  Serum and milk concen t ra t ions  in sh ee p  and 

o ther  species  have also been documen ted previously (Ziv and Sulman,  1974).  

C on cen tr a t ion  ratios between plasma and milk have been used as a measu re  

o f  l ip id solub i l i ty  o f  te t racyc l ines ,  inc lud ing do xy cy c l ine ,  which ac h ie ved

h ig h e r  conc en t ra t i o n s  in p lasma and ac cum ulat ion in mi lk  co m p ar ed  wi th  

oxy te t ra cyc l ine  (Prescot t  and Baggot ,  1988).

To  provide  informat ion on plasma and lung concent ra t ions  do xycyc l ine  

was ad m in i s te red  in t ravenously  to sheep and blood sam ples  col l ec ted  until



3 9

the  an im a ls  w e re  k i l led ,  at which t ime lung t i ssue  was ob ta ined .  The 

c o n c e n t r a t i o n  o f  d o x y c y c l i n e  was  m e a s u r e d  in p l a s m a ,  ap i ca l  and 

d i a p h r a g m a t i c  l o b es  o f  c l i n i c a l l y -n o r m a l  sheep  ki l le d  at v a r io us  t ime 

p e r io d s  f o l l o w i n g  adm in i s t r a t ion .

M at er i a l s  and Met hods

Th e ex p e r im e n t  was  ca rr ied  out  on e ighteen Dor se t - cross  sheep kept  

indoors  since weaning.  Three groups o f  six sheep (Groups  A, B and C) were 

dosed  i n t r a v e n o u s ly  wi th d o x y cy c l in e (V ib ran e u s e  10%,  P f i ze r  Ltd,  France)  

at 3 mg/kg,  and kil led at approximate ly 3, 9, and 24 hours  (Appendix  D). 

B lood sam ples  were  col lec ted  f rom the sheep in the 9 hour  and 24 hour  

groups  at 0 .083,  0.25,  0.5, 1, 2, 4, 6 , (6.75h for group B),  8 hours  and at 

s l a u g h te r  to m e a s u r e  p la sm a  d o xycyc l ine  con cen t ra t ion.  S a m p l in g  m e thods  

for  p l a s m a  and lung t i s sue  were  s im i l a r  to tho se  used  in the  sheep 

o x y t e t r a c y c l i n e  e x p e r i m e n t s .

D o x y c y c l in e  was m easu red  us ing the sam e ex t ra c t ion  p ro ced u re  as 

o x y t e t r a c y c l i n e ,  a l th o u g h  the  H P L C  so lven t  co n ta ined  only  70% o f  the 

acetoni t r i le  vo lum e  used for oxyte t racycl ine  as the H PLC retent ion t ime for 

d o x y cy c l in e  was  much shor te r  at s imi lar  acetoni t r i le  concent ra t ion.

R e s u l t s  

I n t r a / i n t e r - a s s a y  v a r i a t i o n

In t ra-  and in ter -as say  ex t rac t ion  recover ies  of  dox y cy c l in e  in p las ma 

and bo th  ap ica l  and d i a p h ra g m a t i c  lung t i s sue  were  d e t e r m in e d  us ing 

concentra t ions  f rom 0.5 to 5.0jig/ml  (Tables 12 & 13). Variat ion in recovery 

was  smal l  in p la sm a  and no rm al  lung over  the rang e o f  co ncen t ra t ions  

measured .  The var ia t ion was from 80 to 90% recovery in p lasma and 51 to 

58% in lung t i ssue.  Drug recovered from both p lasma and lung spikes was
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g r e a t e r  (5%),  than r eco v e r ie s  ob ta ined  in c o r r e s p o n d i n g  o x y t e t r a c y c l i n e  

s p i k e s .

Concentrat ion of  doxycycl ine in plasma and lung areas  

o f  normal  animals .

Most  sheep showed  hyperpnoea for up to 1 hou r  af ter adminis t ra t ion.  

This  was considered to be a reaction to IV dosage with doxycycl ine .  The  two 

an im al s  showing the most  severe s igns  (sheep 7 and 11) f rom the 9 hour  

g roup)  had norm al  lungs at po s t -mort em examina t ion.  Al l o the r  sheep had  

n o rm a l  lungs  on mac roscop ic  exa mina t ion .  B ro n ch o s p a s m ,  h y p o ten s io n  and 

ur t icar ia  have been reported in man after IV dosage wi th doxycycline .

Doxycycl ine  was measured in samples  from animals  for up to 24 hours

in plasma (Tables 14 & 15), and both apical and diaphragmat ic  lung lobes,  

f o l l o w i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n  ( T a b l e  16) .  M e a n  p l a s m a  

conc en tra t ions  at var ious  t ime points  in the 24 hour  group (C) and the 9 

h o u r  g r o u p  (B)  w e re  s i m i l a r  fo r  d o x y c y c l i n e  c o n c e n t r a t i o n s .  T h e  

concent ra t ion o f  drug in plasma and lung in the three ho u r  group (A) lay

between the concentrat ion o f  drug found in the p lasma o f  groups B and C at 

two and four hours.

The samples  from lung and plasma were compared  us ing pai red t-tests.  

C o n cen t r a t io n s  found in both  apica l  and d i ap h ra g m a t ic  lung lobes  were  

s igni ficantly h igher  at 3 hours (P < 0.01) and 9 hours (P < 0.05) than the

concentra t ions  found in plasma.  In all samples  from the animals kil led at 24

t h o u r s  d o x y c y c l i n e  c o n c e n t r a t i o n s  were  b e lo w  the  l im i t  o f  an a ly t i c a l  

de t ec t ion,  with the except ion o f  one animal  which had t race  levels in the 

apical lobe sample (Group C, sheep 13).

Five animals  (Group C) were used to ca lculate pha rmacok inet i c  data o f  

d o x y c y c l in e  in sheep fo l l ow ing  in t rave no us  ad m in i s t r a t ion  (Tab le  17). In 

Group C one of  the sheep (No. 18) received a perivenous dose and was not  used 

for the  ca lcu la t ion  o f  pha rm a cok ine t i c  data.  C o n cen t ra t io ns  o f  drug were
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s imi lar  in the 5 animals used (Figure 5). The data curves  from the five Group

C sheep w h ich  were  used sh ow ed  bes t  fit for  th ree  ex p o n e n t i a l s  us ing

Akaike ' s  formula (Yam aoka et al., 1978).

D i s c u s s i o n

Th e concent ra t ion o f  doxy cyc l ine  in sheep p la sm a  was l ow er  than the 

co n cen t ra t io n  in lung t i ssue ,  whi le  the concen t ra t ion  o f  o x y te t r a cy c l in e  in 

s h e e p  p l a s m a  w as  h i g h e r  than  the  c o n c e n t r a t i o n  found  in lung.  The  

c o n c e n t r a t i o n s  o f  d o x y c y c l i n e  in ap ica l  and d i a p h r a g m a t i c  l o b e s  were  

s igni f icant ly  greater  in the 3 hour  and 9 hour  group than the  concentra t ion 

found in p lasma,  which contrasts wi th the results found in sheep  dosed with 

oxy te t ra cycl ine ,  where  the concen tra t ion in p la sm a  was  h ig h e r  c o m p ar ed  to 

lung,  and s igni f icant ly  d i f ferent  at 3, 9 & 24 hou rs  in m o s t  cases .  The 

in c r e a s e d  c o n c en t ra t i o n  o f  a n t im ic ro b ia l s ,  inc lu d in g  d o x y c y c l i n e  in lung,  

w hich  penet ra te  h ighly  l ipid com par tmen ts  such as mi lk  and a wide  range

o f  o th e r  t i ssues  inc lud ing  lung,  have  been p re v io us ly  d o c u m e n t e d  (Riond 

and Riv iere ,  1988; Ziv & Sulman 1974).  Th e con cen t ra t ion  o f  dox ycy c l ine  

found  in the apica l  lobes  was  l ow er  than the  c o n c en t r a t i o n s  fou nd  in 

d i a p h r a g m a t ic  lobes  f rom individual  animals .  Th is  may  su g g es t  tha t  this 

a r e a  o f  lung  c o n t a i n s  less  g l y c o p r o t e i n ,  w h ic h  is k n o w n  to b ind 

t e t r a c y c l i n e s  to a v a r y in g  extent .  D o x y c y c l in e  and re la ted  t e t r a cy c l in e s  

h ave  been shown to b ind extens ively  to p lasma proteins,  g lycoprote ins ,  and 

l i ver  ho m o g en a te  f rac t ions  co m pared  to the  more  hy droph i l i c  m e m b e r s  o f  

th is  g ro up ,  such as te t ra cyc l ine  and o x y te t r a cy c l in e  (R iond  and Riv iere ,  

1990a; Riond and Riviere, 1988; Cohen et al., 1987)

Th e e l iminat ion hal f  life of  doxycycl ine  ( t l / 2 6 )  of  2.64h found in this 

s tudy  was shor t er  than the value expec ted  given the docum en ted  l ipophi l ic 

p ro p e r t ie s  o f  the drug com p ar ed  to o xy te t ra cyc l ine  and other s  w hich  are 

poor ly  lipid soluble.  The corre lat ion  o f  the data to a t r iexponentia l  decline 

agrees  with a recent study in sheep at a s imi lar dose rate o f  4mg/kg  (Shi e t
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a l . ,  1988),  but not  with a sheep study where  the dose was 20/mkg (Ziv & 

S u l m a n ,  1974)  T h e  h a l f - l i f e  is a lso  s h o r t e r  than the  h a l f - l i f e  o f  

ox y te t ra cy cl ine  in sheep o f  220 minutes  previously  repor ted (K ir kw ood  and 

Widdo wson ,  1990).

E a r l i e r  s tu d ie s  h a v e  s h o w n  l o n g e r  e l i m in a t io n  h a l f - l i v e s  in m an

(1 5.6h) ,  ca t t le  (20h) ,  and par t ic ula r ly  sheep (24.7h)  for  dox y cy c l in e  than 

those found in the present  study (Riond and Riviere,  1988). Recent  s tudies in 

sheep  and related species ,  detai led  below,  have demonst ra t ed  t l / 2 6  c loser  to 

the mean o f  2.64 hours  found at a dose rate o f  3mg/kg in this study. In sheep 

dosed at 4mg/kg the Vo lume o f  Dis tr ibution o f  the central  compar tment  (Vc) 

was 0 .15L/kg (Shi et al., 1988) compared to 0.23 in this study. In pigs dosed at 

20mg/kg  the t l / 2 6  was found to be 3.92 hours,  with Volume o f  Dist ribut ion at 

s teady state (Vd(ss) )  o f  0.47 and total body c lea rance  (Cl) o f  100ml.kg/h

(R io n d  and  R iv ie re ,  1990 a)  c o m p a r e d  to m ean  re su l ts  o f  2 .64  hours ,

0 .48ml /kg/h  and 171ml.kg/h found in this study.  The values  for  t l / 2 6  found 

in dogs  and cats were 4 .56 and 6.99 respectively (Riond et al., 1990).

Reasons  for var ia t ion  in t l / 2 6  and other  values  obta ined are not clear,

a l though  po ss ib le  re asons  for  the d i f f e rence  in m easu red  p h a rm a co k in e t i c  

parameters  may include the use of  varying mathemat ica l  models ,  or  the use 

o f  d i f f e r e n t  a n a l y t i c a l  t e c h n i q u e s .  B i o l o g i c a l  v a r i a t i o n  i n c l u d i n g  

d i f f e ren c e s  in spec ies ,  b o d y w e ig h t  and fo r m ula t ion /dose  a d m in i s te red  may 

p r o d u c e  va r i e d  re su l t s .  T h e  e l i m in a t io n  h a l f - l i f e  o f  d o x y c y c l i n e  and 

t oxy te t ra cycl ine  has been shown to vary depend ing  on bodyweight ,  a l though 

high prote in  b inding o f  do xcyc l ine  in ca ts  can inf luence the resul ts  when 

c o m p a r e d  to o th e r  spec ie s  (R iond  and R iv ie re ,  1990b;  K i r k w o o d  and 

W iddow son ,  1990)

The short  per iod o f  t ime during which doxycyc l ine  could  be measured 

was  unexpe cted ,  with the concent ra t ion at or  below the l imi t  o f  detec tion 

(0. lp .g /ml /g )  for  the as say  by 24 hours .  D o x y c y c l in e ,  g iven  its m ore
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l i p o p h i l i c  p ro pe r t ie s ,  was  ex pec ted  to rema in  for  a l onge r  pe r iod than 

o x y te t r a cy c l in e ,  dosed  at lOmg/kg (C h a p te r  4) ,  w hich  showed  d e t ec t ab l e  

leve ls  o f  0 . 3 p g /m l  or | i g /g  in both  p las m a and lung at 24 hours .  The  

re la t ive ly  h igh co n cen t ra t io n  o f  dox y cy c l in e  in lung t i ssue  does  h o w e v e r  

indicate  that  it may be useful  in the t rea tment o f  infection in this and other  

t issues,  a l though poss ib ly  at a dose rate h igher  than the 3mg/kg used in this 

s t u d y .

<



Table 12. Intra- and Inter-assay recovery and precision of 

the HPLC method for concentrations of doxycycline in 

sheep plasma (jig/ml) (n=4).

Concentration Recovery (%) Coefficient of variation (%)

added (jig/ml) Intra Inter Intra Inter

0.5 89.31 82.85 6.84 6.61

1.0 87.88 83.44 3.20 4.60

2.0 90.70 81.06 4.84 8.26

5.0 89.00 90.93 2.22 3.86

25.0 98.78 103.77 2.83 5.75

i



Table 13 . Intra- and Inter-assay recovery and precision 

of the HPLC method for concentrations of doxycycline in

sheep lung (ng/g wet wt.) nc
Concentration Recovery (%) Coefficient of variation

added (|ig/g) Intra Inter Intra Inter

0.5 49.19 58.74 8.15 9.72

1.0 49.15 52.62 3.82 8.72

2.0 53.94 51.61 2.78 7.28

5.0 54.55 52.41 0.59 11.98
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Table  14. (Group C) Concentrat ion (j ig/ml)  o f  doxycyc l ine  

in sheep plasma up to twenty four hours  after  

adminis trat ion at a dose rate of  3mg/kg  by the 

i n t r a v e n o u s  rout e .

Sheep No. 1 2  3 4

T im e  (h)

0 0 0 0 0

0.083  10.36 10.05 10.05 9.67

0.25 7.10 7.05 6.66 6.88

0.5 5.55 5.59 5.13 5.04

1.0 3.97 4.40 3.76 3.70

2.0 2.56 2.72 2.11 2.09

4.0 1.41 1.42 1.01 0.75

6.0 0.70 0.64 0.45 0.29

8.0 0.43 0.36 0.23 0.15

12 0.15 0.10 0.06 0.05

24 0.05 0 0 0

* Sheep 6 dosed periven ously,

5 6 *  M e a n  S.E.M.

0 0 -

13.70 2.81 10.77 0 .66

8.93 2.41 7.32 0 .36

6.91 1.74 5 .64 0 .30

5.41 1.42 4.25 0.28

3.83 0.85 2.66 0.28

2.15 0.33 1.35 0.21

1.22 0.17 0 .66 0 .14

0.76 0.11 0.39 0.09

0.27 0.08 0.13 0.08

0 0.06 0 _

not used for calculation o f  means.

I
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Table  15.  

doxycycl ine  in 

admini s trat ion

Group B

(Groups A and B) Concentrat ion (pg/ml)  of  

sheep plasma up to three and nine hours after  

at a dose rate of  3mg/kg  by the intravenous  

r o u t e .

Sheep No. 1 2 3 4 5 6 M e a n S.E.M.

T im e  (h)

0 0 0 0 0 0 0 -

0.083 10.47 11.24 10.38 9.79 11.80 12.09 10.96 0.33

0.25 5.59 7.63 8.04 6.85 7.77 7.28 7.19 0.33

0.5 3.90 5.35 6.34 4.96 5.92 5.11 5 .26 0.31

1.0 3.48 4 .04 4.78 4.28 4.23 3.82 4.11 0.16

2.0 2.52 2.50 2.91 2.08 2.64 2.27 2.49 0.11

4.0 1.13 1.27 1.23 0.92 1.14 1.15 1.14 0.04

6.75 0.36 0.48 0.41 0.28 0.31 0.49 0.39 0.03

8.0 0.29 0.33 0.26 0.18 0.19 0.34 0.26 0.03

9.0 0.16 0.32 0.21 0.15 0.17 0.31 0.22 0.03

Group A

Sheep No. 1 2 3 4 5 6 M e a n S.E.M.

Tim e  (h)

3.0 1.35 1.65 1.22 1.90 1.83 1.21 1.53 0.11

4
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Table 16 Concentrat ion of  doxycycl ine at 3, 9 and 24 hours in
sheep plasma (pg /ml ) ,  apical and d iaphragmat ic lobes  ( p g /g ,

wet wt.) of normal lung after administration at a dose rate of
3mg/kg by the intravenous route.

G r o u p A n i m a l k i l l P l a s m a A p i c a l Di a
A N o . t i m e ( h )

1 3 1.35 1 . 52 1.71
2 3 1.65 2.01 1 . 94
3 3 1.22 1.98 2 . 0 9
4 3 1.90 2 . 2 0 2 . 2 8
5 3 1.83 2 . 2 4 2 . 2 2
6 3 1.21 1.80 1.83

M e a n - 1.53 1.96 2.01
S.E.M. - 0.11 0.11 0 . 0 9

G r o u p A n i m a l k i l l P l a s m a A p i c a l Dia
B No. t i m e ( h )

1 9 0 . 1 6 0 . 4 2 0 . 3 5
2 9 0 . 3 2 0 . 4 0 0 . 3 5
3 9 0.21 0 . 2 5 0 . 2 4
4 9 0 . 15 0 . 33 0 .31
5 9 0 . 1 7 0 . 2 2 0 . 2 6
6 9 0.31 0 . 6 2 0 . 5 6

M e a n - 0 . 2 2 0 . 3 7 0 . 3 4
S.E.M. - 0 . 03 0 . 0 6 0 . 0 4

G r o u p A n i m a l k i l l P l a s m a A p i c a l D ia
C No. t i m e ( h )

1 2 4 0 . 05 0 . 1 2 0
2 2 4 0 0 0
3 2 4 0 0 0
4 2 4 0 0 0
5 2 4 0 0 0
6 2 4 0 . 0 6 0 0

M e a n - 0 0 0
S.E.M. - - - -

Apical = Apical lobes; Dia = Diaphragmatic lobes



Table  17. Pharmacokinet i c  parameters  based on a three  

c o m p a r t m e n t  mode l  m ea s u r e d  af ter  i n t r a v e n o u s

adminis trat ion of doxycycl ine at 3 mg/kg to Group c.

S h e e p  no .  

P a r a m e t e r s

1 2 3 4 5 M e a n  S . E . M .

B l ( t l / 2 6 ) h 4.37 2.09 1.94 2.10 2.69 2.64 0.45

B2(t  1/2 dist .  )h 0 .94 0.63 0.53 0 .82 0.61 0.71 0 .076

B 3 ( t l / 2 a l p h a ) h 0.08 0.08 0.07 0.10 0.08 0 .082 0.005

C 'p o  (p g /m l ) 14.2 13.8 14.8 12.4 19.7 14.98 1.24

A U C o b s ( p g / m l . h ) 18.2 17.8 14.2 13.0 26.6 17.96 2.38

V c ( m l / k g ) 2 E 265 233 227 253 161 228 18.0

V d ( a r e a ) ( m l / k g ) 841 47 4 528 5 4 6 399 558 75.2

V d ( s s ) ( h / m l / k g ) 641 441 47 4 4 7 0 38 4 4 8 2 42.8

K 3 1 / h 0.29 0.86 0.86 0.50 0.82 0.67 0.12

K 1 3 / h 0.38 0.29 0.52 0.20 0.51 0.38 0.06

K 2 1 / h 3.27 3.48 4.06 2.30 3.85 3.39 0.30

K 1 2 / h 4.53 5.02 5.56 4.20 4.22 4.71 0.26

K e l / L 0.73 0.76 1.00 0.92 0.74 0.83 0.05

C l . B ( m l / k g . h ) 155 165 203 222 112 171.4 19.2
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Figure 5 Concentration of doxycycline, after intravenous 
injection, in sheep plasma (}ig/ml), and apical and 
diaphragmatic lung (jig/g), showing exponential line 
of best fit.
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C h a p t e r  6 O x y t e t r a c y c l i n e  c o n c e n t r a t i o n s  in b o v i n e

l u n g  

I n t r o d u c t i o n

O x y te t r a cy c l in e  has  been s tudied more  ex tens ive ly  in ca t t l e  than  in 

o t h e r  spec ies .  S tu d ies  ca rr i ed  out  have in c luded  those  w h e re  a c l in ica l  

r e sp o n se  to the  t r ea tm en t  was m easu red ,  w h e re  p h a r m a c o k in e t i c s  in both  

no rm al  and di seased animals  were de termined ,  and in a l imi ted  n u m b e r  o f

s tudies ,  w he re  co n c en t ra t i o n s  o f  o x y te t r acy c l in e ,  and o the r  d rugs ,  in the  

lung t issue o f  normal  and infected animals  were measured .  Few s tudies  have

be e n  u n d e r ta k en  wh ere  the up take  o f  o x y te t r a cy c l in e  in lung t i s su e  has  

been  co m pared  in normal  control  animals  and pneum onic  animals .

W h e re  s tudies  were  carr ied  out  prev io us ly ,  co m p ar in g  oxy te t r a cy c l in e  

in normal  and diseased t issue,  the numbers  o f  animals  were re la t ive ly  smal l 

and the con cent ra t ion  of  drug was measured at the end o f  pha rmacokinet ic  

ex p e r im en t s ,  when  conc en t ra t ions  we re  low (A mes  et a l ., 1983; A m es  and 

P a t t e r s o n ,  1985 ) .  T h e  d r u g  c o n c e n t r a t i o n s  f o u n d  in t h e s e  s t u d i e s  

d e m o n s t r a t e d  a c c u m u l a t io n  o f  o x y t e t r a c y c l i n e  af te r  24  and 48 h  in the 

d is ea sed  area o f  the lung,  compared  to e i ther  no rmal  appear ing  lung f rom

the same animal  or co m pared  to control  animals  which were  not  in fected  

(Ames et a l ., 1983; Ames and Patterson,  1985).

A f t e r  i n t r a v e n o u s  ( I V )  a d m i n i s t r a t i o n  t h e  c o n c e n t r a t i o n  o f  

o x y t e t r a c y c l i n e  in l u n g s  f rom p n e u m o n i c  a n i m a l s  w as  s i g n i f i c a n t l y

d i f f e r e n t  c o m p a r e d  to n o r m a l ,  n o n - i n f e c t e d  c o n t ro l  a n i m a l s  bu t  no t

s igni f i cant ly  d i f f erent  to the n o rm a l -ap p ea r in g  areas o f  the in fected  lungs  

f rom the sam e an im al ,  w h ich  had a c o n c e n t r a t i o n  i n t e rm ed ia t e  to the

control  and diseased lungs  (Ames et a l . t 1983).  Af te r  in t ram us cu lar  in ject ion 

o f  o x y te t r a cy c l in e  the co n c en t ra t io n  in m ac r o s c o p i c a l l y - a f f e c t e d  lung was

found to be s igni f icant ly  di fferent  to that in n o rm a l -a ppea r ing ,  lung from
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the sam e animals  at both 24 and 48h,  but was not s igni f icant ly  d i fferent  to

the  c o n c e n t r a t i o n  in a non- i n fe c ted  co nt ro l  group  (A m e s  and Pa t t e rs on ,  

1985) .

T h e  re as ons  fo r  the  d i sc repanc ies  in the  two p r e v io u s  s tud ies  are 

un clea r .  O x y te t r acy c l in e  may have been ac cumula t ing  at a d i f f e re n t  ra te in 

normal  and di seased lung t issue,  with drug di ffus ing slowly into and out  of

the  d i s ea se d  t i ssue  co m pared  to normal  t issue.  Thi s  would  p roduc e  gre at er

c o n c e n t r a t i o n s  in d i seased  t i ssue  in the  la t er  e l im in a t io n  p h ase .  I f  the  

no rm a l  and d isea sed  lung t i ssue  accumulated  d rug  at the  s a m e  ra te af ter

in j ec t ion ,  the  mos t  p ro b a b le  ca use  o f  the  i ncreas ed  co n c e n t r a t i o n  in the 

d iseased lung was that  the condi t ions  present  in the pn eu m onic  area o f  lung 

p re v en ted  re le ase  o f  the drug from the t i ssues .  A na ly s i s  in no rm a l  and 

d i s e a s e d  l u n g  t i s s u e  at  s h o r t  t i m e  p e r i o d s  a f t e r  o x y t e t r a c y c l i n e

a d m i n i s t r a t i o n  w e re  e x p e c t e d  to sh o w  w h e th e r  d ru g  a c c u m u l a t e d  at  a 

d i fferent  rate in normal  or  diseased t issues.  The fo l lowing s tudy was des igned 

to d e t e r m in e  w h e th e r  the rate o f  up tak e  o f  oxy te t r a cy c l in e  in app aren t ly  

n o r m a l  o r  d i s e a s e d  l u n g  d i f f e r e d ,  by m e a s u r i n g  o x y t e t r a c y c l i n e  

c o n c e n t r a t i o n  at shor t  t ime p e r io d s  fo l lo w in g  IV a d m i n i s t r a t i o n  at the

m a n u f a c t u r e r ' s  r e c o m m e n d e d  dose rate ( lO mg/kg) .

M a t e r i a l s  and Met hods

T w e n ty  six animals  were used in the study (Appendix  E),  a l located into

t fo ur  g ro u p s  c o m p r i s in g  two control  groups  and two d i sease d  groups .  All 

a n i m a l s  w e r e  t r ea ted  at a dose  rate o f  lO m g/kg  p r i o r  to s l a u g h te r .  

T e r ra m yc in -L A  (200mg/ml)  was used to provide  a small  dose  vo lume for IV 

a d m in i s t r a t i o n  (P f ize r  Ltd,  E n g land)  Each animal  was  k i l le d  as nea r  as 

poss ib le to the target time allotted to that animal.  If  an animal  was l ikely to

have a pneumonic  condi tion it was allocated to one of  the d iseased groups.
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The four groups were as follows;

1. Group A. Control  animals killed one hour after dos ing (n=7).

2. Group B. Control  animals kil led two hours after dos ing(n=7) .

3. Group  C. Pneumonic  animals kil led one hour after dosing(n=6) .

4. Group D. Pneum onic  animals kil led two hours  after dosing(n=6) .

S a m p le s  o f  b l o o d  we re  tak en  d u r in g  ex s a n g u in a t io n  u s i n g  l i th ium  

h e p a r i n  M o n o v e t t e s  ( S a r s t e d t  L td ,  E n g l a n d ) ,  fo r  e s t im a t io n  o f  p l a s m a  

oxy te t r a cy c l in e  co nc en t ra t ions .  These  were s tored at -2 0°  C unt i l  ana lysed.  

L u n g s  were  r em oved  and a l located  to one o f  the  fou r  g ro ups  p re vious ly

d e s c r i b e d ,  ba se d  on e l a p s e d  t ime  f rom d o s i n g  and the  m a c r o s c o p i c  

ex am in a t io n  o f  lung t issue .  The lungs  were sec t ioned into four  areas  and

p ro c e s s e d  as de sc r ib ed  p re v io u s ly  in the genera l  m at er ia ls  and m e th o d s  

section (Chapter  2). Lungs  from Groups  A ( l h  control),  C ( l h  d iseased)  and D 

(2h di seased)  had s am p les  taken f rom the four  areas  o f  lung p re v io us ly  

d e s c r ib ed  (F igure  2, C h a p te r  2). L u n g s  f rom G ro u p  B (2h co nt ro l )  had

s a m p le s  taken f rom only  two areas o f  lung,  the right  apica l  and r ight  

d iaphragmat ic  regions.  In the d iseased groups (C&D),  where a lung area was 

found to be affected,  only diseased t issue was taken for drug analysis.

The method of  analys is  for  both p lasma and bovine  lung was  the same 

as that  used for o ther species and is descibed previously in the mater ia ls  and 

m e thods  section (C hap ter  2). Intra- and inter- assay var ia t ions  we re  tes ted  

u s i n g  the  s t a n d a r d  fo r m a t  o f  4 r e p l i c a t e s  at fo u r  c o n c e n t r a t i o n s  o f

o x y t e t r a c y c l in e  wi th in ,  and b e tw e en  assays  (Ta b le s  18, 19 & 20).  The

c o n c e n t r a t i o n s  used were  se lec ted  to e n c o m p a ss  the range found  in the 

s am ples  o f  p lasma,  normal  control  lung,  and diseased t i ssue analysed,  and 

ranged from 0.5 to 25.0| ig /ml .
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R e s u l t s

Of the twenty-s ix animals used in the exper iment  twelve were found to 

have les ions  thought  to be associa ted with pn eumonic  cond i t ions  (App end ix  

E).  No bacteriological  assessment  was carried out  after necropsy s ince it was 

cons ide red  that  the resul ts  obta ined may have been m is lead ing  due to the  

h i gh  co n c en t ra t ion  o f  ant ib io t ic  present .

T h e  a n im a l s  in the  p n e u m o n i c  g r o u p s  had  c h r o n ic  b r o n c h o -  o r  

s u p p u r a t i v e  p n e u m o n ia s ,  c o m p r i s in g  ne c ro t i c  ar eas  o f  lung  wi th  v a r io u s  

a m o u n t s  o f  pus  present .  Som e  anim als  were  found to have other  d is ea se  

c o n d i t i o n s  p re sen t  at pos t -m ort em  e x a m in a t io n  ( A ppend ix  E).  L u n g s  were  

d iv id ed  in to four  areas ,  ca l le d  left  and r ight  apica l  and left  and r ight  

d i a p h r a g m a t i c ,  as in p re v io u s  e x p e r im e n t s ,  wi th  r e p r e s e n t a t i v e  p o r t i o n s  

tak en  from each.  The areas  o f  d iseased lung were located in the smal ler ,  

apical  lung lobes in almost  all the pneumonic  cases.

I n t r a / i n t e r - a s s a y  v a r i a t i o n

Recovery  o f  oxyte t racyc l ine  from plasma,  normal  and diseased lung in 

spiked sam ples  was s im i la r  to recover ies  reco rded in o the r  species .  Mean 

int ra-assay recover ies for p lasma varied from 74 to 81%, with a Coeff icent  of  

Var ia t ion  o f  less than 5% ove r  the range o f  conc en tra t ion s  tested.  Mean 

in ter -assay recover ies var ied from 73 to 77% with a Coeff icent  o f  Var ia t ion 

o f  less than 8% ove r  the range o f  concen tr a t ions  tes ted.  Mean in t ra-assay 

r eco ver ie s  for  normal  lung var ied from 43 to 55%,  wi th a Coef f ic ent  o f  

Var i a t ion  o f  less than 7% over  the range o f  co n c en t ra t ions  tested.  Mean 

in ter -assay recover ies varied from 43 to 47% with a Coeff icent  o f  Variat ion 

o f  less than 11%. Int ra-assay recover ies for d iseased lung var ied from 42 to 

47%,  wi th a Coeff icent  of  Variat ion of  less than 4%.  Inter -assay variation was 

42 to 48 % with a Coefficent  of  Variation o f  less than 5% over  the range of  

c o n c e n t r a t i o n s  tes t ed .
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C o n c en t r at i o n  of  o xy te t racyc l i ne  in p l a s m a  and lungs  

of  n o rm al  and diseased animals .

(a) G ro up  A ( l h  control) .  Mean concen tra t ion  o f  oxyte t ra cycl ine  in

p lasm a was  17.17pg/ml,  with mean concentra t ions  in the 4  areas o f  lung of

b e t w e e n  14.80 and 1 5 . 5 8 p g /g  (T a b le  21).  T h e r e  was  no s t a t i s t i c a l ly

s i g n i f i c a n t  d i f f e ren c e  b e tw e en  c o n c e n t r a t i o n s  in d i a p h r a g m a t i c  lobes  and 

p lasma.  T h e  apical  lobe co ncen t ra t ions  were  s ig n i f i can t ly  lo w e r  (P<0 .05 )  

than  p l a s m a  co n c en t ra t i o n s .

(b) Group  B (2h control).  The mean concentra t ion o f  oxy te t racycl ine  in

p la sm a  was  11 .18pg/ml ,  wi th mean  co ncen t ra t ions  in the right  apica l  and

d i a p h r a g m a t i c  lobes  be ing  14.66 and 14.02p.g/g (T a b le  22)  re sp ec t ive ly .  

P la sm a  concen tra t ions  were s igni f icantly lower  (P<0.05)  than those  in apical  

an d  d i a p h ra g m a t i c  areas .  T here  was  no d i f f e r e n c e  b e t w e e n  the  2 h o u r  

cont ro l  g ro up  right  apical  and right d iaphr agm at ic  lung conc en tr a t ions .

(c) Group  C ( l h  diseased).  The mean concentra t ion of  oxyte t racycl ine  in

p l a s m a  w a s  16 . 5 5 | i g / m l ,  and m ea n  c o n c e n t r a t i o n s  in the  ap ica l  and 

d iaph ra gm at ic  lobes were between 13.44 and 13.93jig/g (Table  23).  P lasma 

c o n c en t r a t i o n s  in d is ea sed  animals  were s igni f ic an t ly  h ig h e r  (P <0 .05)  than

the concen tra t ions  found in the areas of  apical  d iseased lung measured ,  but

not  in d iaphragm at ic  areas of  lungs with normal  appearance  obta ined from

the s am e  animals .  E leven  of  the 12 apical  lobes ,  and 2 o f  the  12 

d iaph ra gm at ic  lobes had consol idated  t issue in which the drug concentra t ion 

was  m easu red .  T h e r e  were  no di f f e rences  in o x y te t r acy c l in e  co ncen t ra t ion  

between any o f  the lung areas measured at 1 hour.

(d) G ro u p  D (2h diseased).  The mean concen tra t ion o f  oxyte t racyc l ine  

in p l a s m a  was  8 .1 4 p g /m l ,  and m ean  co n c e n t r a t i o n s  in the  apica l  and 

diap hragm at ic  groups  between 8.96 and 9 .13j ig /g (Table 24).  There  were no
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s i g n i f i c a n t  d i f f e r e n c e s  in o x y t e t r a c y c l i n e  c o n c e n t r a t i o n  b e tw e en  p l a s m a  

and any o f  the 4 lung areas measured,  whether  normal or diseased.  Eleven of  

the  12 apical  lobes,  and 2 o f  the 12 d iaphragmat ic  lobes  had conso l ida ted  

t i ssue  in which the drug concentra t ion was measured.

V ari a t i on  in p l as ma  and lung c on ce n t r a t i o n  b e t w e e n  

g r o u p s .

In ter -g ro up  var ia t ion  in ox y te t ra cy cl ine  concen t ra t ion  at one  and two 

hours  and between normal and diseased groups  was measured us ing S tu den t ’s 

t - t e s t .

T h e r e  were no s ign i f i can t  d i f f e ren ces  in p l a sm a  d ru g  c o n c e n t r a t i o n  

between Group A (1 h control ) and Group C (1 h diseased) or  Group B (2 h

cont ro l )  and Group  D (2h diseased).  There  were  no s igni f icant  d i f f e rences

between Group A (1 h control ) and Group C (1 h diseased) for any o f  the 4 

lung areas  in which drug was measured.  There  was no s igni f icant  d i f ference  

bet w een  the 1 hour  and 2 hour  control  groups  for any o f  the 4  lung area 

d ru g  conc en tr a t ions .  C om par i son  between  the 1 hour  and 2 hou r  d i sea sed

g ro u p s  sh o w ed  s ign i f i cant ly  lower  oxy te t r a c y c l in e  co n c en t ra t i o n s  in 3 o f  

the 4 lung areas (P<0.05) ,  whi le the left apical  areas were not  s igni f icant ly  

d i f f e r e n t  (P =0 .09) .  The  increased  c o n c en t ra t i o n  found in the apica l  and 

diaphragmat ic  lobes of  the control 2 hour  group (Group B) com pared to the

diseased 2 hour  group (Group D) was close to s igni f icance  (P=0.05 for 

 ̂ d iaphragmat ic  lobes,  P=0.06 for apical lobes).

D i s c u s s i o n

T h e  va r i a t io n  in co n c e n t r a t i o n  o f  o x y t e t r a c y c l i n e  w i th in  in d iv id u a l  

animals  between lung and plasma samples  was not large, whi le the var ia t ion  

between  the animals  found in each o f  the control  and di seased groups  was 

cons ide rab le .  The var ia t ion  in t ime o f  kill af ter  drug adm in i s t r a t ion  may 

have  been a con tr ibut ing factor,  and the d i f ferences  could also be due to
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in te r - an ima l  var ia t ion ,  es pecia l ly  whe re  o ther  d isease  con d i t i o n s  may have 

b een  p re sen t .

In the one  hour  control  group (Group A) the apical  lobe  areas  in the

ind iv idua l  control  gro up  an im al s  sh ow ed  s ign i f ican t ly  l o w er  co n c en t r a t i o n s  

than plasm a,  whi le  the d iaph ra gmat ic  lobes  were not  s igni f icant ly  d i fferent .  

Thi s  is the opposi te  to the  si tuat ion found in sheep lung,  whe re  the apical  

lobe concent ra t ion o f  oxyte t r acycl ine  was c loser  to the p lasm a concent ra t ion

c o m p a r e d  wi th  d i a p h r a g m a t ic  lobe  co n cen t r a t io n .  T h e  lack o f  s ig n i f i can t  

d i f f e r e n c e  b e tw een  o x y te t r a cy c l in e  co n c en t ra t ions  in the  1 h o u r  cont ro l

and d i sease d  g ro ups  s u g g es t s  that  o x y te t r acy c l in e  p en e t r a t e s  the  d i s ease d

lung  t i ssue at a s imi lar  rate to normal  tissue. Th e s imilar  concent ra t ions  o f  

d r u g  in p l a s m a  and lu n g  s u g g e s t  d ru g  c o n c e n t r a t i o n  e q u i l i b r a t i o n  is 

complete .  Perfus ion ratios between both sides o f  lung have been show n to 

r e m a in  cons tan t ,  even  w h en  d i sease  is pre sent  ( V e r h o e f f  e t a l.,  1992) ,  

a l though  pe rfus ion pat t erns  for  d i f f erent  lung areas may vary.  A po ss ib le  

ca u se  o f  the  s ign i f i can t  d i f f e rence  between  p las m a and apica l  lung lobe  

conc en t ra t ion  is reduced uptake  or  fas ter  c learance  o f  o xy te t ra cyc l ine  f rom 

the apical  lobes. This may be due to the physical st ructure of  the apical areas 

whe re  more  ca r t i laginous  and less parenchymal  t issue is pre sent ,  or  apica l  

areas  could  have lower  perfus ion ra t ios compared  wi th d iap h rag m at ic  lung 

l o b e s .

In Group C ( l h  diseased),  o f  the 4 areas of  diseased lung measured,  only 

4 the  2 co n so l id a ted  apical  areas  s how ed  s igni f icant ly  l o w er  c o n c e n t r a t i o n s  

than  those  m easu red  in p lasma.  I f  the  d is ea sed lungs  had no rm al  lung 

perfus ion pat terns  then only the apical lobes would have been expected to be 

s igni f icant ly  lower.  This  suggests  that  the uptake o f  drug into apica l  lung 

t i ssue  is less than uptake  into d iaph ra gm at ic  t issue whe th e r  the t i ssue  is 

d i seased or  normal .
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During the short  sampl ing t imes used in this study the concent ra t ions

o f  oxyte t racycl ine  achieved in d iseased lung at 2 hours  (Group D) does  not 

su g g es t  drug accum ula t io n  to the ex ten t  seen in normal ,  co n t ro l  animal

lungs  (Group B), or it occurs  over  a longer  t ime per iod in d is ea sed  lung. 

S im i l a r  co n c en t ra t i o n s  we re  seen in lu ng  and p l a s m a  in the  two hou r  

d i seased group.  However ,  the concent ra t ions  measured  in the  2 hou r  control  

g r o u p  s h o w e d  s i g n i f i c a n t l y  h i g h e r  o x y t e t r a c y c l i n e  c o n c e n t r a t i o n s  

c o m p a r e d  to p l a sm a .  T h i s  d i f f e r e n c e  s u g g e s t s  tha t  o x y t e t r a c y c l i n e  is 

accumulat ing more  rapidly,  or is not being depleted to the same extent  as in 

the  lung t i s su e  o f  d i s e a s e d  an im a l s .  It is p o s s i b l e  tha t  u p t a k e  o f  

o x y te t r a cy c l in e  may  have been s lo w er  in d i s eased  lung t i s sue ,  wi th  the 

re lease  o f  the drug du r i ng  the e l imina t ion phase  also s lower .  T h i s  could  

ac co un t  for the h igher  oxyt e t r acycl ine  co nc en t ra t ions  seen in d is ea sed lung 

at l a t e r  s a m p l i n g  t imes .  In o t h e r  s tu d i e s  the  p l a s m a  o x y t e t r a c y c l i n e

concen tra t ion in pneumon ic  ca lves  has  been shown to be lower  o v e r  a 24

hour  t ime per iod  co m pared  to a no n-d i sea sed  t rea ted group (A m es  et a l . ,  

1983),  and this could  result  in lower  concen t ra t ions  in the lung t i ssue o f  

d i seased  animals .

It has  been re por ted  p re v io us ly  that  p h a r m a c o k in e t i c  p a r a m e t e r s  of

o x y t e t r a c y c l i n e  w e re  a l t e r e d  in c a l v e s  d u r i n g  e x p e r i m e n t a l l y - i n d u c e d

p n e u m o n ic  pas teu rc l los is .  In one  s tudy B(Beta) was  inc reased ,  t l /2B  was 

reduced and K12 (uptake  from the centra l  co m par tm en t)  was reduced ,  but

not  s ignif icant ly (Burrows et al., 1986). An earl ier  study descr ibed a decrease 

in B(Bcta) for oxytet racycline in diseased animals  (Ames et al., 1983) and it is 

unc lea r  why these d i f ferences  occurred.  In the lat ter  study a thi rd decline 

phase  from 12 hours  a l t e r  ad m in i s t r a t io n  was used for c a lc u la t io n  of

e l i m i n a t i o n  k i n e t i c s  T h i s  p h ase  is u s u a l l y  a s s o c i a t e d  wi th  low 

concern  ra t ions  "e l im inated  from poor ly pe r fu se d  t i ssue" or i o m p a r lm en t s  

when d r u g  is lightly hound, for example,  in hone (Burrows et al.. 1986). This
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may ac coun t  for  the increased conc en t ra t ion  dem o n s t r a t e d  at 24 and 48 

hours  in diseased lung t issue (Ames et al.,  1983; Ames and Pat terson,  1985).

An i n c r e a s e d  V o l u m e  o f  D i s t r i b u t io n  may e x p l a i n  the  l o w e r  p l a s m a

co n c e n t r a t i o n  in d i sease d  ca lves  and h ighe r  re s id u es  in d i s e a s e d  t i ssue ,  

caused  by an increase  in t l /2B, or  e l iminat ion o f  o xy te t ra cyc l ine  f rom the 

p lasma,  where  C1(B), the excret ion o f  the drug,  was unaffec ted.  The  increased 

v o l u m e  o f  d i s t r i b u t i o n  w as  e x p l a i n e d  by b e t t e r  p e n e t r a t i o n  o f  

o x y t e t r a c y c l in e  into d i s eased  lung t i s sue  caused  by in f l a m m a t i o n  o f  the  

p n e u m o n i c  co m p a r e d  to no rmal  lungs ,  a l thoug h this is co n t r a ry  to the

f indings  in this s tudy.

T h e  pene t ra t ion  o f  oxy te t ra cyc l ine  into lung t i ssue  in d i seased  ca tt le  

may not  be as rapid as the accumulation of  drug in normal  t issue due to a

c h r o n ic  r a th e r  than ac u te  i n f l a m m a t o r y  co n d i t i o n ,  o r  the  p r e s e n c e  o f  

d is cr e te  pocke ts  o f  d iseased t issue as reservoirs  o f  bacter ia l  infec t ion.  Th is

m ay  result  in a lag phase  before  increase  in co n cen t ra t io n  c o m p a r e d  to 

norm al  lung t issue.  Use o f  inf lammat ion models  in ca lves  (Bengt sson  et al . ,  

1991)  to tes t  the  d i s t r i b u t i o n  o f  o x y t e t r a c y c l i n e  h av e  s h o w n  e a r l i e r

o x y t e t r a c y c l i n e  a c c u m u l a t i o n ,  h i g h e r  d i s t r i b u t io n  an d  f a s te r  e l i m i n a t i o n  

f rom t is sue  cages  in jec ted  wi th l i p o p o ly sacch a r id e  i r r i tant .  O t h e r  s tud ies

us ing  bacter ia l  innocula tes ,  have  shown decreased uptake  in infect ed  cages  

( B e n g t s s o n  et al.,  1991).  W here  bac ter ia l  in fec t ion is p re sen t ,  wi th  the 

format ion o f  necrotic t issue in t issue cages , there may be delayed uptake  due 

to p o o r  pene t r a t ion or  bac ter ia l  deg rada t ion  o f  the drug,  and th is  may

expla in  the s imi lar f indings  in the present  study,  where  oxy te t ra cycl ine  was 

measured in consol idaicd  tissue.

Il is possible that uptake of  oxylc t racycl ine into inlcctcd .  chronical ly-  

inf lamed lung tissue in catt le is a complex equil ibrium,  where many factors 

influence the concentra t ion found at a par ticular  time point af ter dos ing.
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T a b l e  IS. Intra-  and Inter -assav  rec ov e ry  and prec i s ion o f

the H P LC  me th o d  for c on c e n t r a t i o n s  o f  o x y t e tr a cy c l i ne  in

b ov i n e  p las ma ( jag/ml) .  (n = 4) .

Concentration Recovery (%) Coefficient of variation (%)

added (jag/m I) Intra Inter Intra Inter

0 . 5 8 1 . 1 0 7 6 . 3 6 4 . 7 3 1 . 6 8

1 . 0 7 8 . 8 1 7 7 . 4 3 1 . 9 7 2 . 0 9

2 . 0 7 4 . 2 3 7 6 . 5 7 3 . 2 1 5 . 4 3

5 . 0 7 6 . 5 4 7 7 . 4 9 2 . 3 6 2 . 9 0

2 5 . 0 7 7 . 8 2 7 2 . 8 7 2 . 2 0 7 . 5 7

i



T a b l e  19.  Intra-  and  I n t er -a s s a y  r e c o v e r y  and prec i s ion  o f

the  H P L C  m e t h o d  for c o n c e n t r a t i o n s  o f  o x y t e t r a cy c l i n e  in

n o r m a l  b o v in e  lung ( p g / g ,  wet  wt . ) .  (n=4) .

C oncentrat ion  Recovery (%) Coefficient o f  variation ( %)

added ( p g / g ) Intra Inter Intra Inter

0 .5 4 8 . 4 9 4 4 . 2 3 6 . 4 7 7 .0 1

1 .0 5 5 .0 1 4 4 . 5 6 1 .3 6 6 . 6 9

2 .0 4 2 . 2 4 4 2 . 9 3 1 .0 4 1 .1 6

5 .0 4 3 . 2 3 4 4 . 0 3 2 . 6 7 5 . 2 5

2 5 . 0 4 3 . 5 9 4 6 . 8 9 0 . 5 7 1 0 .8 3



T a b l e  20 Intra-  and  I nt er -a ss ay  r ec o ve r y  and pr ec i s io n  o f

the  H P L C  m e t h o d  for c o n c e n t r a t i o n s  o f  o x y t e t r ac yc l in e  in

d i s e as e d  bo v i ne  l ung  ( | i g /g ,  wet  wt. ) .  (n=4) .

C oncentrat ion Recovery (%) Coefficient of  variation (%)

added ( | i g / g ) Intra Inter Intra Inter

0 .5 4 7 . 3 9 4 6 . 8 0 3 . 4 2 4 . 2 6

1 .0 4 9 . 0 2 4 8 . 3 8 2 . 9 4 2 . 8 5

2 . 0 4 6 . 4 2 4 6 . 6 4 2 .9 7 1 .3 6

5 . 0 4 2 . 3 6 4 2 . 6 7 3 . 9 9 3 . 0 5

2 5 . 0 4 3 . 1 8 4 4 . 9 3 2 . 9 9 3 . 5 6

I
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Table  21. Group A. C oncentration  o f  oxytetracycline  in normal

bovine plasma ((xg/ml) , apical and d iap h ragm at ic lung lobes

(H-g/g) app rox im ate ly  one hour after adm inis trat ion of  drug a

lOmg/kg by the in trave nou s route.

C a s e  No.  T i m e p l a s m a L ef t  Ap . R i g h t  A p . L e f t  Dia. R i g h t  D ia

( h ) *

1 1  1.05 14.78 12.63 13.64 11.92 12.31

1 3  1.00 15.66 11.32 11.45 11.72 12.48

1 4  1.00 14.16 10.95 11.24 13.23 12.06

2 9  1.08 17.40 12.52 16.17 12.66 16.60

3 0  1.10 19.02 16.46 17.30 13.84 12.42

3 4  1.00 19.24 20.46 18.07 21.71 21.43

3 5  1.21 19.93 19.24 17.71 21.76 21.76

n=7

M e a n  1.06 17.17 14.80 15.08 15.26 15.58

± S . E . M  0.03 0.81 1.36 1.03 1.57 1.54

Ap = Apical lobe

Dia = Diaphragmat ic 

* Time is expressed

lobe

as a decimal fraction o f  hours

i
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Table  22. Group B. Concentration of  oxytetracyc line  in 

norm al  bovine plasma (pg /m l) ,  ap ical  and d iap h ragm at ic  

lung lobes (jig/g) ap p ro x im a te ly  two hours  after  

a d m in is tra t io n  of  drug at lOmg/kg by the in travenous

r o u t e .

C a s e  No.  T i m e  p l a s m a  L e f t  A p .  R i g h t  A p .  L e f t  D ia .  R i g h t  D ia .

2 0

( h ) *

2.22 11.22 . 11.65 . 11.28

2 2 2.40 9.72 - 11.72 - 12.38

2 3 2.48 9.39 - 10.48 - 11.25

2 5 1.97 15.58 - 23.01 - 20.72

2 6 2.02 12.29 - 20.76 - 19.53

2 7 2.17 6.09 - 6.48 - 7.11

3 2 1.78 13.99 18.58 18.50 16.07 15.86

n=7

M ea n  2 .15 11.18 - 14.66 - 14.02

± S . E . , M 0 . 09 1.19 _ 2.30 1.85

Ap = Apical lobe

Dia = Diaphragmat ic lobe

* T im e is expressed as a decimal fraction o f  hours



Table  23. Group C. Concentration of  oxytetracyc line  in 

diseased  bovine p lasma (j ig /ml) ,  ap ica l  and d ia p h r a g m a t ic  

lung lobes ( | ig /g )  a p p ro x im a te ly  one hour a fter  a d m in is tr a t io n  

o f  drug at lOmg/kg by the intravenous  route.

C a s e  No. T i m e  p l a s m a  L e f t  Ap.

6

( h ) *

1.33 8.67 8.41d

8 1.00 19.62 16.81 d

9 1.00 18.86 12.93d

1 0 1.00 15.14 12.89d

1 2 1.05 14.37 9.46d

1 5 1.00 22 .66 20.44d

R i g h t  A p .  L e f t  Dia .  R i g h t  D ia .

8 .50d 9.17 10.15d

17.32d 18.38 15.66d

11.68d 13.38 13.20

13.76d 12.91 13.08

13.19 12.76 10.92

16.20d 16.96 19.37

n = 6 

M e a n  1.06 

± S . E . M 0 . 0 5

16.55

1.88

13.49

1.84

13.44

1.30

13.93

1.35

13.73

1.38

d deno te s  concen tra t ions  measured in consol idated  t issue.  

Ap = Apical lobe 

Dia = Diaphragmat ic lobe

* T im e is expressed as a decim al fraction o f  hours
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Table  24. Group D. Concentration of  oxytetracyc line  in 

diseased bovine p lasma (j ig /ml) ,  apical  and d ia p h ra g m a t ic  

lung lobes (pg /g )  ap p ro x im a te ly  two hours  a f ter  

adm in is tra t ion  o f  drug at lOmg/kg by the in travenous  route.

C a s e  No.  T i m e  p l a s m a  L e f t  Ap.  R i g h t  A p .  L e f t  D ia .  R i g h t  Dia .  

( h ) *

7 1.92 8.98 1 1.40d 10.15d 10.86 10.30d

1 8 1.92 8.80 8.41d 9.09d 12.81 12.30

2 4 2.33 10.57 13.89d 13.87d 14.52d 12.52

2 8 2.12 11.56 10.52d 8.57d 7.56 7.00

3 1 1.97 3.58 3.87d 4.52d 3.46 4.60

3 3 2.00 5.40 6.67d 7.06 5.60 5.92

= 6 

l e a n 2.04 8.14 8.96 8.88 9.13 8.77

S . E . M 0.06 1.44 1.35 1.28 1.75 1.38

d denotes  concen tra t ion s  measured  in consol idated  t issue.  

Ap = Apical lobe 

Dia = Diaphragmat ic lobe

* Tim e is expressed as a decimal fraction o f  hours

i
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Chapter 7. G enera l  D iscuss ion

C o n c e n t r a t io n s  o f  o x y te t r a cy c l in e  were  m easu red  in rat,  sheep  and 

ca t t l e ,  w h i le  d o x y c y c l i n e  was m e a s u r e d  on ly  in sh ee p  in th is  s tudy .  

Com par ison  was made between plasma and lung concentra t ions ,  wi th var ious 

lung areas  d i fferent ia ted  in the larger  species.

U s in g  High P e r f o r m a n c e  L iq u id  C h r o m a t o g r a p h y  as the  m e th o d  o f  

analys is,  a fas t and accura te  th rou gh put  o f  s am ples  was ach ieved,  with  a 

l imi t  o f  det ec t io n  o f  0 .1 | ig /m l  in p l a s m a  and 0 .1 | ig /g  in lung t i s sue ,  

p r o v i d i n g  s i m i l a r  o r  g r e a t e r  s e n s i t i v i t y  th an  m i c r o b i o l o g i c a l  a s s a y  

(u n p u b l i s h ed  Data).  The  recovery  o f  te t ra cyc l ines  f rom lung t i s sue  we re  

adequate for this study,  but has recently been improved us ing a Photo  Diode 

Array detec tion system (Rionde et al., 1989).

C oncen tr a t ions  of  oxyte t r acycl ine  in rat p lasma were  re la t ive ly s im i l ar  

to those found previously (Curl et al., 1988).  The  concent ra t ions  measur ed  in 

lung w e re  lo w er  than p las m a af ter  in t r av en o u s  adm in i s t r a t ion ,  and large 

var ia t ions  were seen in the concent ra t ions  achieved in the t issue,  a l though 

c o n c e n t r a t i o n s  w e r e  m a i n t a i n e d  a b o v e  th e  M i n i m u m  I n h i b i t o r y  

C on cen t ra t ion  (MIC) o f  succ cp t ib le  bacter ia l  spec ies  for at leas t  8 hour s  

(Prescot t  and Baggot,  1988).  The concen tra t ion  o f  oxy te t ra cy cl ine  af ter  IM 

inject ion was also above the te t racycline serum MIC for three pa thog ens  in 

rats,  M y c o p l a s m a  p u l m o n i s  ( 0 .2 | i g /m l ) ,  S t r e p t o c o c c u s  p n e u m o n i a e  

 ̂ (0 . 4 | ig /ml)  and C orynebac ter ium  spp. (0.8pg/ml)  for a minimum per iod o f  8 

hours  (Por te r  et al.,  1985).  Th e method  o f  a d m in i s t r a t io n  was re la t ive ly  

s im p le ,  g iv in g  ad e q u a te  c o n c e n t r a t i o n s  o f  d ru g  in the  t a rg e t  t i ssue .  

In t r amuscu la r  inject ion has advantages  in that accura te doses  can be given,  

unl ike  oral  feeder sys tems,  where dosing cannot  be moni to red,  and the dose 

achieved in p lasma in most  cases  is lower  than the MIC of  co m m o n  rat
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p a t h o g e n s  (P o r te r  et al.,  1985). Th e method  is su i table  for smal l  animal  

n u m b e r s  where  acute infection requires im med ia te  response .

C o n c e n t r a t i o n s  o f  o x y te t r a c y c l in e  in sheep  p l a sm a  af te r  in t r av e n o u s  

admin i s t r a t ion  were  s imi lar  to those measured  in p revious  s tudies  in ca tt le 

( B u r r o w s  et al . ,  1986; B en g t s s o n  et al . ,  1989 ) ,  a l t h o u g h  they  were  

prop or t iona l ly  h igher  when compared to sheep given a larger  dose  rate (Ziv 

& Sulman,  1974). Concentra t ions in lung were s imi lar up to 12 hours  to those 

in shee p  admin is te red  oxyte t racycl ine  by the in t ra m uscu la r  route (M c K e l l a r  

et al.,  1988; McKellar ,  1989),  a l though at 24  hours  the concentra t ions  in lung 

were only 30%,  suggest ing that a depot  prepara tion given IM would  be more  

sui tab le  than IV adminis t ra t ion ,  for pract ical  purposes .

T h e  higher  concentra t ion found in p lasma com pared to apical  areas ,  but  

not  d i a p h r a g m a t i c  lobes ,  in normal  sheep  b e tw e en  3 and 24 h o u r s  is 

prob ab ly  due to the s tructure  of  the apical lobes.  Thi s  d i fference  is seen in

n o r m a l  ca t t le  at 1 hour ,  wh ere  conc en t ra t i o n s  o f  o x y te t r a cy c l in e  in the  

apica l  lobes  are also s igni f icant ly  lower  than in p lasma.  The  d i f fe rence  in 

s t ructure  of  the upper  lobes may be responsible for the fact that these lobes

are the most  common site of  infection based on the h ighe r  p rop or t ion  of  

d iseased  t issue in apical  compared to d iaphragmat ic  lobes (Dungw orth ,  1993). 

The perfus ion pattern of  the apical lobes would appear  to be lower  based on 

r a d io n u c l id e  s tudies  car r ied  out in infected  ca lves  a l though  no di f f e re nce

was  seen in d iseased compared  to normal  ca lves  (V e rh o e f f  et al.,  1992).

t P e rf us ion  pat terns in lung change in d i sease  condi t ion s  wi th l ow er  b lood 

flow to the d iseased t issue,  which may result  in local hypoxia  in af fec ted  

t i ssues (Clercx et al., 1989; Sheehan et al., 1992).

In shee p ,  the o x y t e t r a c y c l i n e  co n c e n t r a t i o n  in d i a p h r a g m a t i c  lobes ,  

which appe ared  normal ,  was s igni f icant ly  lower  than diseased apical  lobes  

from the same animal ,  and lower  than plasma concen tra t ions  of  drug.  The 

higt icr  co n c en t r a t i o n  in apica l  c o m p ar ed  to d i a p h ra g m a t i c  lobes  is the
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o p p o s i t e  s i tua t io n  to that  found in norm al  sheep,  which su g g es t s  that

o x y t e t r a c y c l i n e  is a c c u m u l a t in g  in d i seased  lung t i s sue  in sh ee p .  Thi s  

a c cu m u la t io n  may be due to acute in f l am m at ion  ca used  by the in fect ive  

a g e n t .  H o w e v e r ,  th is  s i t u a t i o n  is d i f f e r e n t  in c a t t l e ,  w h e r e  h i g h e r  

conc en tra t ions  were  found in normal  t issue,  and where  the d isease  condi t ion  

was thought  to be chronic in most,  if not all cases.

T h e  con cen t ra t ion  o f  dox ycyc l ine  in sheep was h igher  in lung t issue 

co m pared  to p lasma.  The concentra t ion o f  drug in normal  animals ,  a l though 

s igni f icant ly  h ig h e r  in apica l and d iaphragm at ic  lobes co m pared  to p lasma,  

showed a s imi lar pat tern to the oxyte t racycl ine studies,  where  the apical  lobe 

c o n c e n t r a t i o n s  w e r e  c l o s e r  to the  p l a s m a  c o n c e n t r a t i o n  t h a n  the

d i a p h r a g m a t i c  l o b e  c o n c e n t r a t i o n s .  T h e  p h a r m a c o k i n e t i c  p a r a m e t e r s  

measured,  including t l /26 ,  Vc and Cl were similar  to recent studies (Shi et a l ., 

1988; R ionde  and Riviere ,  1990a) but did not ref lect  the values  found in 

earl ier  studies (Ziv and Sulman,  1974). The half-life of  the drug was found to 

be s h o r t e r  than that  reported  previously  a l though this could  be b ecau se  o f  

p o o re r  sens i t iv i ty  in the  present  s tudy which m eant  that  the  d is t r ibu t i on  

phase  was  not com plete ly  def ined.  Th e concentra t ions  achieved do,  however ,  

i n d ica te  tha t  the drug would  be useful  for the t re a tme n t  o f  re sp i r a tor y  

condi t ions  given at a higher dose rate, possibly as a pr iming dose o f  lOmg/kg 

and a 12 hour  maintenance  dose of 5mg/kg,  to give values  which would  be 

double the MIC for at least 6 hours,  and more than the MIC for at least  hal f 

the d o s i n g  in te rva l  o f  s u s c e p t i b l e  r e s p i r a to ry  p a t h o g e n s  (P r e s c o t t  and

Baggo t ,  1988).  The co n c en t r a t i o n s  ac heivcd at the presen t  dose  ra te of  

3mg/kg  are lower  than the recommended  MIC values for suscept ib le  species 

at 9 hours,  and a s ingle  24 hour dose would  probably  not g ive adequate  

therapeut ic  concen t ra t ions  o v e r  that t ime per iod.

No di f ference  in oxytc i r acycl inc  concentra t ion was found in s am ples  of 

apica l  or  d i ap h rag m at ic  lung t i ssue when co m p ar in g  normal  and disea sed
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ca t t l e .  S ig n i f ic an t  d i f f e r e n c e s  did o cc u r  when the lungs  o f  both  we re  

c o m p a r e d  to p lasma.  T h e  conc e n t r a t i o n  m easu r ed  in p l a s m a  o f  no rm al  

anim als  was h igher  than apical  but not d iaphragmat ic  lung t issue.  However ,  

unl ike  sheep,  the con cen tra t ion  found in the apical  lobes  was s igni f icant ly  

l o w e r  than p l a s m a  in G r o u p  C ( l h  d i sea sed) .  T h i s  s u g g e s t s  tha t  lung 

co n c en t ra t i o n s  were  not  as high in d i seased co m pared  to no rm al  lung in

ca t t le .  The  concen t ra t ion  o f  oxy te t ra cy cl ine  in G ro up  D (2h d i seased )  is 

s im i l a r  in p las ma and both  apical  and diap hragm at ic  lobes , whi le  the lung 

conc en t ra t i o n  is g reate r  than pl asma in G ro up  B (2h cont rol ) .  T h i s  also  

suggest s  that  ox yt e t r acycl ine  does not accumulat e  in d iseased lung t i ssue  as 

q u i c k ly  as n o rm a l  t i ssue .  Mean p l a s m a  co n c e n t r a t i o n s  in G ro u p  A ( l h  

control )  are s imilar  to those o f  Group C ( l h  d i seased)(17.17 and 16.55p.g/ml

re spect ively ) ,  whi le the p lasma concentra t ions  in G ro u p  B (2h control )  are 

h i g h e r  than  th o s e  o f  G r o u p  D (2h d i s e a s e d ) (  11.18 an d  8 . 1 4 j i g / m l

respect ively) .  The half - li fe o f  oxyte t racyc l ine  has p revious ly  been found  to 

be shor ter  in pneumonic  animals  (Ames et a l ., 1983),  which may account  for 

the re la t ive ly  lower  co ncen t ra t ions  found in ca tt le  d i seased lung t i ssue ,  if 

the drug is less available for uptake in lung o f  diseased compared to normal  

animals .

The di fferences  seen between diseased lung in sheep and ca tt le  may be 

exp la i ned  by the type of  pneumon ia  present  in each species.  The diseased 

lung t i s su e  found in sheep was  o f  uni fo rm  co n s i s t en cy ,  ty p i f i ed  by a 

t co l l apsed  s t ructure  co m pared  to normal  lungs,  but  wi th no ves ic les  or  pus

presen t .  T h e re  did not  appe ar ,  on gross  pa tho log ica l  ex a m in a t io n ,  to be

ch a n g es  which would  result  in changes  of  lung v ascu la r  s t ru ct u re ,  apar t

from col lapse of the alveolar  mass.  The pathology of  the ca tt le diseased lung 

t issue was di fferent  in appearance  to the above with accumulat ion o f  pus and

ce l lu lar  debr is,  accompanied by discre te ves icles  up to 2cm in d iameter .  The 

di f fe rences  seen in the normal  lung areas arc more  di ff icul t  to comprehend.
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It is pos s ib le  that  c hanges  occur ,  poss ib ly  due  to m echan i sms ,  inc luding 

i n f l a m m a t i o n ,  w hich  re d u ce  or  del ay  up t ak e  o f  o x y t e t r a c y c l i n e  in the 

no rm a l -a ppea r ing  lung t i ssue of  d i seased ca tt le in the 2 hour  group. The 

low er  b lood f low seen wh en areas  o f  lung are poor ly  pe rfus ed  may be 

responsible  for the lower  uptake  o f  oxyte t racyc l ine  in d iseased catt le lung at 

2 hours.

The p las m a and t i ssue  concent ra t ions  o f  oxy te t ra cycl ine  in all species,  

i nc luding  those  whe re  d i sea sed  t i ssue  was m e a s u r e d ,  are above the  MIC 

required  for  succept ib le  pathogens ,  such as A c t i n o b a c i l l u s  sp ( 0 . 2 5 p g / m l ) ,  

H a e m o p h i l u s  p l e u r o p  n e  u m o  n i a e  ( 0 .8 p g /m l ) ,  or  M y c o p l a s m a  b o v i s  

(0.4 | ig /ml)  for  a min imum per iod o f  at least  twelve  hours,  a l though resistant  

s t rains in these  and o the r  com m on  patho gens  have  been repor ted  (Prescot t  

& Baggot,  1988). The data suggests that an IM dosage regime,  possibly with a 

loading bolus  IV dose,  may give more  prolonged therapy,  and may permit  an 

acceptable  24 hour  dos ing routine.

A l th o u g h  changes  in drug pen e t r a t i o n  m ay  o cc u r  in d i sea se d  lung 

t i ssues the concen tra t ion  measur ed  in these  t i ssues  is still above the MIC 

requi red  fo r  t r ea tm en t  o f  su scep t ib le  species .  T h i s  does  no t  n eces sa r i ly  

ref l ec t  the  co n cen t ra t io n  found at the  s ite o f  in fe c t io n ,  w hi ch  may be 

in t racellular .  It would  be in teres t ing to measure  drug concen tra t ions  in the 

intercel lular  fluid, the usual site o f  infection (Bazra and Cuchural,  1985).
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C o n c l u s i o n s

1. Oxytet racycline accumulates  in the lung tissue of  rats, sheep and catt le at a 

lower  concentra t ion compared to p lasma after IV and IM dosing,  but not  to a 

s ig n i f i can t ly  lower  level .

2. Doxycycl in e  concent ra t ions  in norm al  lung o f  sheep af ter  IV dos ing  are

s ig n i f i can t ly  h ig h e r  in bo th  apica l  and d i a p h ra g m a t ic  lob es  c o m p a r e d  to 

p lasm a,  a l though  e l im in a t io n  o f  the d rug  appears  to be  m o re  rapid  than

p r e v i o u s l y  re p o r ted .

3. O x y t e t r a c y c l i n e  c o n c e n t r a t i o n  a f t e r  IV d o s in g  in ca t t l e  n o r m a l  and 

di seased lung t issue is s imilar .  Al though concent ra t ion o f  o xy te t ra cyc l ine  in 

d iseased lung may be s igni ficant ly lower  in some cases at shor t  t ime per iods,  

both  n o rm a l  and disea sed  lung co ncen t ra t ions  were  a roun d 10-20% lower  

t han  p l a s m a  co n c en t r a t i o n s .

4. In the crude t issue homogenates  of  lung t issue tested,  normal  and diseased 

lung d ru g  conc en t ra t ions  o f  o xy te t ra cyc l ine  in ca tt le and sheep a f te r  IV

admin is t ra t ion  were above the MIC for some com m on  respi ra tory  pathogens  

for at least  eight  hours.

t
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A ppendix  A. Dosing regime,  experim enta l  data and 
n ec r o p sy  t imes for rats a d m in is tere d  o x y te tra cy c l in e  
(50m g/m l)  by the in tra -m uscu lar  route at 10 mg/kg  

b o d y  w e i g h t .

Rat  No. W e i g h t ( g ) Sex D o s e ( m

1 650 m 0.13

2 800 m 0.16

3 600 m 0.12

4 600 f 0.12

5 950 m 0.19

6 55 0 m 0.11

7 500 f 0.10

8 350 f 0.07

9 600 m 0.12

10 650 m 0.13

11 40 0 f 0.08

12 550 m 0.11

13 4 5 0 f 0.09

14 4 5 0 f 0.09

15 500 f 0.10

16 4 5 0 f 0.09

17 350 f 0.07

18 600 m 0.12

19 4 0 0 f 0.08

20 550 m 0.11

21 650 m 0.13

22 40 0 f 0.08

23 55 0 m 0.11

24 50 0 f 0.10

* Kill T im e(h )  *Actual  T im e(h )

1.00 1.00

1.00 1.03

1.00 1.08

1.00 1.14

2.00 2.12

2.00 2.12

2.00 2.13

2.00 2.15

4.00 4.01

4 .00 4.06

4 .00 4.09

4.00 4.13

8.00 7.53

8.00 7.56

8.00 7.58

8.00 7.59

24.00 24.10

24.00 24.10

24.00 24.10

24.00 24.10

48 .00 48 .00

48.00 48 .00

48.00 48 .00

48.00 48 .00

*T im cs are expressed  as decimal fractions o f  hours.
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Appendix  B. W eight  and necropsy  t imes for sheep  

a d m in is ter e d  ox y te tr a cy c l in e  at lOmg/kg  by the intra-

venous  iroute .

S a m p l e Sheep No. Tag No. W e i g h t Actual  T

T i m e ( h ) (kg) (h)

3 1 16 39 2.88

3 2 17 34 2.87

3 3 25 37 3.12

3 4 26 27 3.22

3 5 27 30 3.12

3 6 28 37 3.12

9 7 21 39 9.32

9 8 22 41 9 .40

9 9 23 35 9.27

9 10 24 34 9.28

9 11 2 25 8.80

9 12 3 34 8.80

12 13 4 28 11.54

12 14 5 35 11.93

12 15 6 35 11.45

12 16 7 39 11.75

12 17 8 31 11.40

12 18 9 41 11.47

24 19 10 34 23.82

24 20 1 1 43 23.83

24 21 12 39 23.80

24 22 13 34 24.20

24 23 14 36 24.38

24 24 15 34 23.88

*T im es are expressed as decim al fractions o f  hours.



A ppendix  C. Weight,  dose and necropsy t imes  for sheep  

with d ise a se d  apica l  lobes a d m in is tered  o x y te tr a c y c l in e

at lOmg/kg by the intravenous route .

S heep  no. Tag No, W e i g h t Dose (ml) Actual  Kill
( k g ) T i m e ( m i n s )

1 6 21 2.1 65

2 7 2 4 2.4 62

3 8 25 2.5 66

4 11 19 1.9 66

5 13 2 4 2.4 58

6 15 25 2.5 58

7 16 22 2.2 59

8 26 22 2.2 66

9 28 21 2.1 65

10 31 22 2.2 58

i



Appendix  D. Weight,  dose and necropsy times for sheep  

adm in is tered  d o x ycyc l in e  at 3 m g/kg  by the in tra-venous  

r o u t e .

G r o u p /  
T im e (h) 
A / 3

Animal No. 

1

Tag No. 

78 6

W e i g h t
( k g )
36

Dose (ml) 

5 .4

Actual  Kill 
T im e (h)* 
2 .98

A / 3 2 788 31 4.6 2.98

A / 3 3 789 34 5.1 2.98

A / 3 4 797 34 5.1 2.98

A / 3 5 798 36 5.4 2.98

A / 3 6 799 35 5.2 2.98

B / 9 7 785 33 5.0 8.79

B / 9 8 790 33 4.9 8.79

B / 9 9 792 27 4.1 8.79

B / 9 10 800 33 5.0 8.79

B / 9 11 999 31 4.7 8.79

B / 9 12 1000 25 3.7 8.79

C / 2 4 13 787 31 4.6 23.92

C / 2 4 14 791 37 5.5 23.90

C /2 4 15 793 20 3.1 23.92

C /2 4 16 794 33 5.0 23.90

C /2 4 17 795 35 5.3 23.92

C /2 4 18 796 33 4.9 23.90

* l imes arc expressed  as decim al fractions o f  hours.
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A p p e n d i x  E. Cl in i ca l  p a t ho l og i ca l  d i a gn os i s  for cat t l e  dosed
wi th  o x y t e t r a c y c l i n e  and ki l led at s hor t  t ime  p er i ods

f o l l o w i n g  o x y t e t r a c y c l i n e  a d m i n i s t r a t i o n .

Case No. G r o u p B r e e d W e i g h t

( k g )

P a th o lo g ic a l  D iagnos i s

11 n orm al  l h A y r s h i r e 230 n i 1

13 n orm al  l h A y r s h i r e 185 n i 1

14 norm al  l h A y r s h i r e 195 n i 1

2 9 norm al  l h S i m m e n t a l 230 p e r i c a r d i t i s

30 norm al  l h F r i e s i a n 290 n e p h r i t i s

34 no rm a l  l h A y r s h i r e 300 n i 1

35 n orm al  l h A y r s h i r e 320 n i 1

2 0 norm al  2h A y r s h i r e 140 n i 1

22 norm al  2h A y r s h i r e 150 n i 1

23 norm al  2h A y r s h i r e 155 n i 1

25 no rm al  2h A y r s h i r e 80 p y e l o n e p h r i t i s

26 norm al  2h A y r s h i r e 150 n i 1

27 no rm al  2h S i m m e n t a l 42.5 n i 1

32 norm al  2h L i m o u s i n X 320 n i 1

6 diseased l h F r i e s i a n 300 c h r o n i c  b r o n c h o p n e u m o n i a

8 di seased lh L i m o u s i n 24 0 ch ro n ic  s u p p u ra t iv e  p n eu m .

9 di seased l h u n k n o w n 225 c h r o n i c  b r o n c h o p n e u m o n i a ?

10 di seased lh A y r s h i r e 135 d i c t y o c a u l i a s i s ?

12 diseased lh A y r s h i r e 185 c h r o n i c  b r o n c h o p n e u m o n i a

15 diseased lh F r i e s i a n 400 n c c r o t i s i n g  b r o n c h o p n e u m o n i a

7 diseased 2h A y r s h i r e 140 c h r o n i c  b r o n c h o p n e u m o n i a

18 diseased 2h L i m o u s i n 120 chron ic  sup pu ra t ive  pneum.

2 4 diseased 2h C h a r o l  ais 245 ch ron ic  suppura t i ve  pneum.

28 diseased 2h A y r s h i r e 178 b r o n c h o p n e u m o n i a ?

31 diseased 2h A y r s h i r e 260 b r o n c h o p n e u m / e m p h y s e m a

33 diseased 2h H i g h l a n d 100 b r o n c h o p n e u m o n i a ?


