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F a t t y  change  in the  l iver  r e su l t ing  f rom p a r e n t e r a l  a d m i n i s t r a t i o n  of 
t e t r acyc l ine  has  been  wel l  d o c u m e n t e d  f rom cl in ica l  e x p e r i e n c e s  in m a n  
(24) and  f rom e x p e r i m e n t a l  obse rva t ions  in  l a b o r a t o r y  an ima l s  (17, 26). 

E l e c t r o n - m i c r o s c o p i c  obse rva t i ons  of h e p a t o c y t e s  gave  ind ica t ion  tha t  
s tea tos is  was  i n d u c e d  b y  i.p. a d m i n i s t r a t i o n  of h igh  leve ls  of t e t racyc l ine .  

In  ra ts  t r ea t ed  wi th  100 mg/kg ,  t yp i ca l  fa t ty  c h a n g e  was  p r o d u c e d  w h e n  
the  t r e a t m e n t  was  i nc r ea sed  to 300 mg/kg;  f ine fat  d r o p l e t s  also accumu-  
l a t ed  in  the  space  of Disse  (10). 

Wi th in  6 hrs  of a d m i n i s t r a t i o n  of s t e a togen  (Cc14) t he re  was  a m a r k e d  
fall  in l iver  v i t a m i n  B12 levels  (15). Kasbekar  et al. (15) sugges t ed  t ha t  the  
s tea to t ic  po i son  p r o b a b l y  acts  b y  p r o v o k i n g  a t e m p o r a r y  re lease  of vit- 
a m i n  B12 f rom ce l lu lar  pa r t i c l es  to p lasma .  

P r o t e c t i o n  b y  v i t amin  B12 aga ins t  fat  a c c u m u l a t i o n  in the  l iver  was  
o b s e r v e d  in  e x p e r i m e n t a l  l iver  in ju ry  b y  c a r b o n  t e t r a c h l o r i d e  (21) and  in 
t h y r o t o x i c  an ima l s  (14). 

I t  was  found  tha t  t hy ro tox i cos i s  resu l t s  a lso  in a v i t a m i n  B12 de f i c i ency  
in  b l o o d  and  in l iver  and  its m i t o c h o n d r i a l  f rac t ion  (14). 

The  f u n d a m e n t a l  m e t a b o l i c  dev ia t ion  caus i ng  fa t ty  d e g e n e r a t i o n  has  
no t  ye t  been  wel l  unde r s tood .  An a t t e m p t  has  b e e n  m a d e  here  to show the 
m a j o r  d e r a n g e m e n t s  p r e c e d i n g  fat a c c u m u l a t i o n  by  te t racyc l ine .  

M a t e r i a l s  and m e t h o d s  

Male and female Sprague-Dawley rats weighing 85-100 g were divided into four 
different groups. 

First group was the control group. 
Groups 2 and 3 were trea{ed with three intraperitoneal injections of tetracycline 

(120 mg or 250 mg/kg). 
Group 4 was treated with tetracycline plus vitamin B12. Vitamin B12 was 

administered (i.m.) 3 hours before tetracycline (i.p.) three times in three consecutive 
days. 

The animals were killed in the next day after the 3rd injection, samples of fasting 
blood were taken for lipid analysis. 

The livers were carefully dissected out, and weighed pieces were homogenized 
in a glass homogenizer. The total lipid was extracted with chloroform-methanol 
(2:1) according to Folch (9). 

Aliquots of the extract were used for estimation of cholesterol, triglycerides and 
phospholipids. 
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Total cholesterol was estimated in the liver by the method of Sackett (22) and in 
the serum by cholesterol-kit reagents of Merk. 

Triglycerides in both serum and liver were estimated by triglycerides-kit rea- 
gents of BioM6ri~ux. 

Phospholipids was estimated in both serum and liver according to the method of 
King (16). 

The turbidemetric method of serum total lipids was used by total-lipid kit 
reagents of BioM6ri~ux. 

Resul t s  and d i scuss ion  

T r e a t m e n t  of S p r a g u e  D a w l e y  ra ts  w i t h  120 or  250 m g  t e t r a c y c l i n e  pe r  
k g  b o d y  wt.  pe r  day  for two  or  t h r ee  d a y s  c a u s e d  fa t ty  l iver  i n  75 % of the  
a n i m a l s  s tud ied .  The  a c c u m u l a t e d  l i p id  w a s  m a i n l y  t r i g lyce r ides  
(Tab les  1, 2). 

T h e s e  doses  are  a p p r o x i m a t e l y  tw ice  a n d  fou r  t i m e s  t he  r e c o m m e n d e d  
m a x i m u m  dose  for m a n  (18). 

I n  ra t s  t r e a t ed  w i t h  120 m g / k g  t e t r acyc l ine ,  t he  l ive r  to ta l  cho l e s t e ro l  
i n c r e a s e d  a n d  the  p h o s p h o l i p i d s  t e n d  to decrease ,  w h i l e  s e r u m  to ta l  
cho l e s t e ro l  a n d  p h o s p h o l i p i d s  of t r e a t ed  a n i m a l s  w e r e  n e a r l y  t he  s a m e  as  
t h o s e  of u n t r e a t e d  c o n t r o l  ( tab les  2, 3). 

S t u d i e s  w i t h  H - l a b e l e d  p a l m i t i c  ac id  i n d i c a t e d  t ha t  t e t r a c y c l i n e  m a y  
ac t iva t e  p h o s p h o l i p a s e s  so t h a t  h e p a t i c  t r i g l yc e r i de s  are  s y n t h e s i z e d ,  
wh i l e  p h o s p h o l i p i d s  are  d e g r a d e d  (13). 

I n  t he  p r e s e n t  w o r k  n o  d i r ec t  r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  dose  
of t e t r a c y c l i n e  a n d  h e p a t i c  a c c u m u l a t i o n  of t r i g lyce r ides  ( table  1). 
A l t h o u g h  l ivers  of ra ts  t r e a t e d  w i t h  t he  h i g h  d o s e  of t e t r a c y c l i n e  a p p e a r e d  
u n i f o r m l y  pa le  yel low.  

E l e v a t e d  s e r u m  t r i g l y c e r i d e  was  f o u n d  p r e d o m i n a n t l y  i n  ra ts  t r e a t e d  
w i t h  t he  sma l l  dose  of t e t r a cyc l i ne ,  wh i l e  t h e r e  was  no  o b v i o u s  d i f f e r ence  
b e t w e e n  s e r u m  t r i g lyce r ide  of ra ts  t r e a t e d  w i t h  t he  h i g h  dose  of t e t racy-  
c l ine  a n d  c o n t r o l  rats.  

Table 1. 

Control 
Tetracycline 

120 mg/kg 250 mg/kg 

Liver total 3.86 
Lipid • O.47 
rag/% (10) 

Liver T.G. 5.22 
mg/g • 1.17 

(10) 

Serum T.G. 25.45 
mg/% • 5.20 

(9) 

8.65*) 
• 1.60 

(8) 

44.49*) 
__ 6.83 

(6) 

90.7*) 
_+ 23.3 

(8) 

7.8") 
__ 1.6 

(6) 

40.5*) 
+_ 15.6 

(6) 

24.4 
• 8.4 

(5) 

*) Significant 
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Table 2. Liver lipid levels. 

Total lipid Triglycerides Cholesterol Phospho- 
(mg/g liver) (mg/g liver) (rag/100 g lipids 

liver mg/g 

Control 3.86 5.22 186.26 21.12 
• 0.47 • 1.17 • 43.65 • 5.02 

(10) (10) (7) (7) 

Tetracycline 8.65 44.49 219.51 16.99 
120 mg/kg • 1.64 + 6.83 • 93.40 4.24 

(8) (6) (10) (10) 

P < .05 < .05 > .05 > .05 

Tetracycline + Vit. B12 5.80 19.12 300.26 18.24 
• 1.22 • 7.92 __ 120.80 • 3.13 

(10) (10) (14) (13) 

P < 0.5 < 0.5 < 0.5 < 0.5 

T h u s  t he  sma l l  dose  of t e t r a c y c l i n e  p r o d u c e d  fa t ty  l iver  w i t h o u t  affect- 
i n g  t he  ra te  of s ec r e t i on  of hepa t i c  t r i g lyce r ides ,  w h i l e  the  h i g h  dose  
c a u s e d  a b l o c k  in  t he  re lease  of h e p a t i c  t r i g l y c e r i d e s  i n to  p l a sma .  

F a t t y  l ive r  has  b e e n  v i e w e d  b y  L o m b a r d 1  (19) as t he  r e su l t  of a n  
i m b a l a n c e  b e t w e e n  t he  ra te  of s y n t h e s i s  a n d  t h e  ra t e  of u t i l i z a t i on  of 
h e p a t i c  t r ig lycer ide .  U n d e r  th is  c i r c u m s t a n c e  t he  a c c u m u l a t i o n  of t r ig ly-  
ce r ide  in  t he  h e p a t o c y t e s  is a c c o m p a n i e d  b y  l o w e r e d  c o n c e n t r a t i o n s  of 
t r i g lyce r ides  a n d  l i p o p r o t e i n s  in  the  p l a sma .  T h e  p r o b a b i l i t y  t h a t  a b l o c k  
i n  t he  re lease  of l i p o p r o t e i n  in to  p l a s m a  w o u l d  be  a m a j o r  m e c h a n i s m  i n  
fa t ty  l ive r  was  the  r e a s o n  for seve ra l  s t ud i e s  of the  effect  of t e t r a c y c l i n e  o n  
p r o t e i n  syn thes i s .  

Y e b  a n d  S h l l s  (25) f o u n d  t h a t  t e t r a c y c l i n e  d e c r e a s e d  i n c o r p o r a t i o n  of 
l a b e l e d  a m i n o  ac ids  i n to  p r o t e i n s  in  a n u m b e r  of o rgans .  

Table 3. Serum lipid levels (mg %). 

Serum total Serum ~ Serum total Serum 
lipid triglycer- cholesterol phospholipids 
(mg/dl) ides (mg/dl) (mg/dl) (mg/dl) 

Control 24.77 25.45 59.68 141,33 
_ 52.8 +_ 5.20 8.80 • 38.20 

(7) (9) (8) (8) 

Tetracycline 388.8 90.7 57.21 149.8 
120 mg/kg • 48.0 • 23.3 • 20.50 • 34.2 

(9) (8) (9) (12) 

P < .05 < .05 > .05 > .05 

Tetracycline + 329.55 49.22 57.36 142.34 
Vit. B12 • 60.40 • 16.10 • 11.50 __ 39.60 

(12) (12) (13) (8) 

< 0.5 < 0.5 > 0.5 > 0.5 
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Evidence  of impaired  secret ion of tr iglycerides and very low densi ty  
l ipoprote in  (VLDL) was fur ther  substant ia ted  by Breen et al. (3) in a s tudy  
of perfused livers f rom rats t reated with tetracycline.  The specific nature  
of the b lock in tr iglyceride or V L D L  synthesis  and secret ion remains  
uncertain.  

Recently,  Gray et al. (10) us ing the electron mic roscope  s tudied the 
effect of te tracycl ine on ul t ras t ructure  and l ipoprotein secret ion in rat 
hepatocyte .  They  found  that  fat droplets  of 0.1-0.5 ~tm accumula ted  in the 
space of Disse of. hepa tocytes  in rats t reated i.p. with 300 mg /kg  of 
te t racycl ine hydrochlor ide.  

This change  was not  observed  in similar rats t reated wi th  100 mg/kg.  
One hour  after an injection of 300 mg/kg,  the antibiotic concent ra t ion  

was 10 t imes greater in the liver than  in the serum. In  rats t reated with 100 
mg/kg,  no concent ra t ions  above  200 pg g were observed  dur ing  a 48 hr  
post inject ion period. 

In  the hepatocyte  of rats t reated with 300 mg/kg  it was p r e s u m e d  that  
as the antibiotic concent ra t ion  rose above 200 ~g/g nascent  very  low 
densi ty  l ipoprotein complexed  rapidly  with it. The complexed  l ipoprotein 
was channeled  in dilated smoo th  endoplasmic  re t icu lum (SER) in the 
m a n n e r  of l iposomes to the sinusoidal  surface and d ischarged from vesi- 
cles into the space of Disse. 

Thus  in the present  work  the high blood and tissue concent ra t ions  of 
te tracycl ine play a pr ime role in the b lock of hepatic  secret ion of trigly- 
cerides in rats t reated with 250 m g  per  kg. 

Nevertheless Breen et al. (4) found  that  depressed hepat ic  secret ion of 
tr iglyceride accoun ted  only  for 30-50 % of accumula ted  hepat ic  trigly- 
ceride, indicat ing that  addit ional  mechan i sms  mus t  be involved in the 
p roduc t ion  of the tr iglyceride-r ich fatty liver in response  to tetracycline.  

Where protect ion by  vi tamin B12 was s tudied in the present  work,  the 
vi tamin was given i.m. (50 ~g/animal) 3 hours  before the injection of 120 
rag tetracycl ine per  kg b o d y  wt. 

Lipid abnormali t ies  caused by  tetracycl ine improved  by  Vitamin B12. 
Thus  both  hepat ic  and se rum total lipid and tr iglycerides were signifi- 
cant ly  lower than those  of rats t reated with tetracycline,  a l though  hepat ic  
total  cholesterol  was significantly increased as in case of te t racycl ine only. 
Hepat ic  and se rum phosphol ip id  were nearly the same as those of the 
control  (tables 2, 3). 

Repor ts  have appeared  in the li terature reviewed by Arns te in  (1, 2) 
suggest ing that  v i tamin B12 migh t  play some part  in the metabol i sm of 
lipids by  animals. 

Ferguson,  Rigdon,  and Couch (8) had repor ted  histological  evidence for 
the occurrence  of fat ty livers in the vi tamin B~2-deficient chick embryo.  

In  rabbits  wi th  acute  hepat ic  injury due to CC14, B12 showed  a m a r k e d  
effect in prevent ing  increase in liver fat con ten t  f rom the injury. In normal  
rabbits  B~2 had not  any remarkable  inf luence on the liver fat con ten t  (20). 

In  y o u n g  rats on a s teatogenic diet f rom wean ing  vi tamin 812 exerts  a 
l ipotropic act ion to the 60th day of the experiment .  In adult  rats the 
l ipotropic effect is not  seen with vi tamin 812 alone, but  only if L-cyst ine is 
added  to the v i tamin  (6). 
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T h e  l i po t rop i c  effects  of v i t a m i n  B12 va r i ed  w i t h  the  a m o u n t  a d m i n i s -  
t e red ,  t he  r o u t e  of a d m i n i s t r a t i o n ,  a n d  t he  d i e t  t a k e n  (11). 

D u B u y  a n d  S h o w a c r e  (7) d e m o n s t r a t e d  b y  u s e  of the  f l u o r e s c e n t  
p r o p e r t y  of t e t r a c y c l i n e  t h a t  t he se  a n t o b i o t i c s  c o m b i n e  spec i f ica l ly  w i t h  
the  m i t o c h o n d r i a  of l i v i n g  cells, e i t h e r  i n  t i s s u e  c u l t u r e  or i n  f resh  p repa ra -  
t i o n s  f r o m  v a r i o u s  o rgans .  T h e y  also c o n f i r m e d  t h a t  o x i d a t i v e  p h o s p h o r y -  
l a t i o n  was  d e c r e a s e d  b y  t e t r a c y c l i n e  u n d e r  the  c o n d i t i o n s  of the i r  s tud ies ,  
b u t  t h a t  o x y g e n  u p t a k e  of m i t o c h o n d r i a  was  n o t  c h a n g e d .  S u b s e q u e n t l y ,  
d e g e n e r a t i v e  c h a n g e s  were  ve r i f i ed  in  t h e  m i t o c h o n d r i a  of He la  cel ls  
e x p o s e d  to a n  a n t i b i o t i c  c o n c e n t r a t i o n  of 100 ~tg/ml a n d  h i g h e r  (12). 

I m p a i r m e n t  of m i t o c h o n d r i a l  i n t e g r i t y  c o u l d  e i t he r  ar i se  f r o m  or be  t he  
cause  of d e p l e t i o n  in  l ive r  v i t a m i n  B12 a n d  g l u t a t h i o n e .  A role  for  the  
s u l p h y d r y l  g r o u p  a n d  g l u t a t h i o n e  i n  t h e  p r o t e c t i o n  of ce l lu l a r  m o r p h o l o g y  
has  b e e n  p o s t u l a t e d  (23). 

B u t t u r l n i  et  al. (5) s u g g e s t e d  t h a t  v i t a m i n  B~2 m a y  exe r t  i ts  ant i -  
s t e a t o g e n i c  a c t i o n  b y  i n c r e a s e  in  g l u t a t h i o n e .  

A c c o r d i n g  to K a s b e k a r  (15) p r o t e c t i o n  a g a i n s t  fat  a c c u m u l a t i o n  b y  
v i t a m i n  ]312 is n o n - s p e c i f i c  a n d  m a y  be  d u e  to a n  effect  o n  the  m a i n t e n a n c e  
of m i t o c h o n d r i a l  in tegr i ty .  

Summary  

The effect of vi tamin BI~ on the metabolic alterations due to tetracycline toxicity 
was studied experimentally on laboratory animals. 

Treatment of Sprague-Dawley rats with 120 or 250 mg tetracycline (i.p.) per kg 
per day for two or three days caused an accumulat ion of lipids, mainly triglycerides 
in the liver of 75 % of animals studied, while phospholipid level tend to decrease. 

These doses are approximately twice and four t imes the recommended max- 
imum dose for man. 

In  the present work no direct relationship was observed between dose of 
tetracycline and hepatic accumulation of triglyceride, although livers of rats treated 
with 250 mg tetracycline]kg appeared uniformly pale yellow. 

Elevated serum triglyceride was found predominant ly in rats treated with 120 
mg/kg, while there was no obvious difference between serum triglyceride of rats 
treated with 250 mg tetracycline and control rats, indicating a block in the release of 
hepatic triglycerides. 

Where protection by vitamin B12 was studied, the vitamin was given i.m. (50 ~g/ 
animal) 3 hours before the injection of 120 mg tetracycline per kg. 

There was a good evidence that lipid abnormalities caused by tetracycline 
improved by vitamin B12. 

Thus both hepatic and serum total lipid and triglycerides were significantly 
lower than those of rats treated with tetracycline, although hepatic total cholesterol 
was significantly increased as in case of tetracycline only. 
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