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ABSTRACT 

W e  have i n  t h e  p r e s e n t  experimental  s tudy i n v e s t i g a t e d  t h e  
i n f l u e n c e  of c i g a r e t t e  smoking on some n u t r i t i o n a l  parameters 
of t h e  po rc ine  i n t e r v e r t e b r a l  d i s c .  

The r e s u l t s  from t h e  a c u t e  smoking tes t s  show a s i g n i f i c a n t  
r educ t ion  i n  s o l u t e  t r a n s p o r t .  D i f fus ion  of s u l p h a t e ,  oxygen and 
methyl glucose w a s  reduced by 30-40 p e r  c e n t .  This e f f e c t  was 
ob ta ined  a f t e r  exposure t o  smoke f o r  20-30 minutes. A smoking 
pe r iod  of t h r e e  hours  reduced t h e  t r a n s p o r t  e f f i c i e n c y  t o  about 
50 p e r  c e n t .  The e f f e c t  of smoking decreased when t h e  exposure 
ceased.  The concen t r a t ion  g r a d i e n t s  were c l o s e  t o  normal a f t e r  

2 hours "recovery".  
These f i n d i n g s  suggest  t h a t  c i g a r e t t e  smoking no t  on ly  s i g n i -  

f i c a n t l y  a f f e c t s  t h e  c i r c u l a t o r y  system o u t s i d e  t h e  i n t e r v e r t e b r a l  
d i s c ,  where t h e  most pronounced e f f e c t  i s  t h e  r educ t ion  i n  s o l u t e  
exchange c a p a c i t y ,  b u t  a l s o  s i g n i f i c a n t l y  d e t e r i o r a t e s  t h e  c e l l u -  
l a r  uptake ra te  and me tabo l i t e  product ion wi th in  t h e  d i s c .  

INTRODUCTION 

I n  a l a r g e  avascu la r  s t r u c t u r e  such as t h e  i n t e r v e r t e b r a l  
d i s c ,  s o l u t e  t r a n s p o r t  occu r s  predominantly v i a  d i f f u s i o n  ( 6 , I l ) .  

Therefore ,  t h e  e f f i c i e n c y  of s o l u t e  d e l i v e r y  from t h e  blood 
c a p i l l a r i e s  and t h e  c a p a c i t y  of d i s c  v a s c u l a r  bed and dimensions 
of t h e  d i s c  system are f a c t o r s  of s p e c i f i c  importance. P a r t i c u l a r -  
l y  i n  t h e  case of  l a r g e  human d i s c s  where t h e  balance between 

n u t r i e n t  u t i l i z a t i o n  and supply i s  p r e c a r i o u s ;  any loss i n  blood 
v e s s e l  c o n t a c t  o r  r educ t ion  i n  blood flow a t  t h e  pe r iphe ry  o f  
t h e  d i s c  could l e a d  t o  n u t r i t i o n a l  d e f i c i e n c e s  and build-up of 
waste p roduc t s  ( 6 ) .  

91 



Severa l  f a c t o r s  may be of p o t e n t i a l  r i s k  cons ide r ing  blockage 

of  c a p i l l a r i e s  o r  v i a  d i r e c t  a c t i o n  on t h e  c a p i l l a r y  w a l l  inducing 

c o n s t r i c t i o n  and consequently a f f e c t i n g  t h e  blood flow ( 2 , 4 ) .  

Such a r i s k  f a c t o r  i s  c i g a r e t t e  smoke ( 9 , 1 2 ) .  

Smoking has  a l s o  been regarded t o  be a p o t e n t i a l  r i s k  f a c t o r  

f o r  i n i t i a t i n g  low back pa in  ( 3 , l O ) .  These epidemiological  s t u d i e s  

eva lua ted  u n f o r t u n a t e l y  only t h e  s u b j e c t i v e  symptoms of  low back 

pa in  and no t  any s t r u c t u r a l  changes; t h e r e f o r e  t h e  conc lus ions  of 

such s t u d i e s  can be c o n t r o v e r s i a l  ( 8 ) .  

I n  t h e  p r e s e n t  s tudy it w a s  considered important t o  i n v e s t i g a t e  

whether o r  no t  smoking could a f f e c t  t r a n s p o r t  of  n u t r i e n t s ,  i n t o  

t h e  i n t e r v e r t e b r a l  d i s c ,  and t o  what e x t e n t  smoking a f f e c t s  t h e  

metabol ic  p r o p e r t i e s ,  s i n c e  n u t r i t i o n  of t h e  d i s c  c r i t i c a l l y  

depends upon an adequate blood v e s s e l  supply t o  i t s  pe r iphe ry .  

-MATERIAL AND METHODS 

I n  t h i s  s tudy  w e  used t h e  domestic p i g  (Sus Sc ro fa )  a s  t h e  

experimental  animal. Nine female and s i x  male animals were in -  

c luded i n  t h e  experiments,  having an average age and weight of 

1 .5  ( range 1.3-2.0) y e a r s  and 90 ( range 70-120)  kg r e s p e c t i v e l y .  

The animals w e r e  p r i o r  t o  su rge ry  seda ted  v i a  an in t r amuscu la r  

i n j e c t i o n  of  Ketalar ( P a r k e  Dav i s ) .  For g e n e r a l  a n e s t h e s i a  w e  have 

used Hypnodil (LEO, Sweden) ( 0 . 1  mg/kg body weight) . 
A f t e r  i n t u b a t i o n  t h e  animals w e r e  v e n t i l a t e d  i n  an Engstroem 

r e s p i r a t o r .  An a d d i t i o n a l  pumping system w a s  a t t a c h e d  t o  t h e  

r e s p i r a t o r  so t h a t  t h e  smoke could be i n h a l e d  ( F i g . 1 ) .  Smoking 

t i m e  f o r  one c i g a r e t t e  was on average 4.5k0.5 minutes.  

blood gases  and i n t r a d i s c a l  oxygen t e n s i o n s  were measured c o n t i -  

nously v i a  oxygen probes introduced i n t o  one c e n t r a l  a r t e r y ,  v e i n  

and i n  an i n t e r v e r t e b r a l  d i s c  i n  t h e  lumbar r eg ion  ( 5 , 6 ) .  

During t h e  t e s t i n g  t i m e  ( r ang ing  from 20-30 minutes t o  3 hours)  

The c i g a r e t t e s  used w e r e  each c o n t a i n i n g  16 mg of t a r ,  1 . 2  mg 

of  n i c o t i n e  and 13 mg of  carbon monoxide. 

A f t e r  t h e  smoking pe r iod  r a d i o a c t i v e  i s o t o p e s  (S -35  as sodium 

s u l p h a t e  and H-3  as methyl g lucose )  (Radiochemical Centre ,  

Amersham, England) ,  t e t r a c y c l i n e  and f l u o r e s c e i n  (Sigma Co., M i s s .  

USA) w e r e  in t roduced in t r avenous ly .  The animals were s a c r i f i c e d  
a t  15 minutes,  1 hour and 2 hours a f t e r  t h e  i n f u s i o n  and t h e i r  

s p i n e s  w e r e  t h e r e a f t e r  f rozen  i n  s i t u  and exc i sed  f o r  a n a l y s i s .  

Twelve age and weight matched animals served as a c o n t r o l  group. 
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These animals were kept in their cages having free access to fresh 
air and food. 

EXPERIMENTAL SYSTEM AND PROCEDURES 

/ 

GASES OXYGEN TENSION 

Fig.1. Schematic drawing of the experimental set up. The cigarette 
was attached to a pumping system which allowed smoke to enter via 
the air flow from the Engstroem respirator. From blood samples the 
tracer distribution could be investigated. The continous oxygen 
tension measurements were obtained from probes inserted into cen- 
tral arteries, veins and nuclei of the intervertebral disc. 
Biopsies from relevant areas were collected from in situ frozen 
spines. 

Concentration gradients of solutes and metabolic properties 
were analysed according to standard procedures (6). 

The radioactivity was counted in a Packard-Tri-Carb (3320) 
liquid scintillation spectrophotometer (Packard Instrument Co.). 
Correction for quenching was performed by the external standacd 
method. 

Standard procedures were used to calculate the mean and 
standard deviation ( S . D . )  in the different groups. The Mann- 
Whitney ranking test was used for comparison between different 
groups. 

RESULTS 

When the animals were exposed to smoke the blood vessels 
reduced their efficiency and there was a considerable constriction 
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of t h e  c a p i l l a r i e s  ( F i g . 2 ) .  These r e s u l t s  w e r e  deduced from photo- 

graphs of h i s t o l o g i c a l  s e c t i o n s  a f t e r  i n t r avenous  t e t r a c y c l i n e  
and f l u o r e s c e i n  i n j e c t i o n s .  This s i t u a t i o n  w a s  predominantly pre-  
s e n t  i n  t h e  c e n t r a l  nucleus area; s i m i l a r  e f f e c t s  w e r e  a l s o  found, 
bu t  t o  a lesser e x t e n t ,  i n  t h e  p e r i p h e r a l  area of  t h e  annulus 
f i b r o s u s .  S o l u t e  t r a n s p o r t  w a s  s i g n i f i c a n t l y  reduced a l r e a d y  a f t e r  
20-30 minutes of exposure (5-8 c i g a r e t t e s ) .  

NUTRITIONAL ROUTES 

vertebral body 

.................................................................................................... : 

+ + 
~ ................................................................................................... 
i Exposed to smoke 

disc 

cartilage 

vertebral body 

blood 
vessle 

Fig.2 N u t r i t i o n a l  r o u t e s  i n  t h e  i n t e r v e r t e b r a l  d i s c .  Normally, 
most of  t h e  s o l u t e s  and m e t a b o l i t e s  e n t e r  t h e  d i s c  v i a  t h e  very 
c e n t r a l  p o r t i o n  of t h e  v e r t e b r a l  end-p la t e  and v i a  t h e  pe r iphe ry  
of t h e  annulus f i b r o s u s  ( 5 ) .  
Included i n  t h e  f i g u r e  are two drawings showing t h e  s i t u a t i o n  of 
t h e  c a p i l l a r y  bed i n  t h e  normal s i t u a t i o n  and a f t e r  smoke exposure 
f o r  3 hours.  Drawings w e r e  made from photographs of h i s t o l o g i c a l  
s e c t i o n s  a f t e r  intravenous i n j e c t i o n s  of  t e t r a c y c l i n e  and f l u o r e -  
s c e i n .  

Transport  of  s u l p h a t e  (Table I ) ,  methyl glucose (Table 1 ) and 
oxygen (Fig.3)  showed s imi l a r  r educ t ion  p a t t e r n  (18-50 p e r  c e n t ) .  
There was a f a i r l y  slow dec rease  wi th  i n c r e a s i n g  t i m e  a f t e r  t h e  
i n i t i a l  smoking pe r iod  f o r  a l l  tracers i n v e s t i g a t e d  and t h e  decay 
w a s  not  l i n e a r .  The recovery t i m e  a f t e r  smoke exposure (& t h e  
t i m e  f o r  t h e  oxygen t e n s i o n  i n  t h e  d i s c  t o  r each  95% o r  more of 
t h e  i n i t i a l  t e n s i o n  l e v e l )  w a s  longer  f o r  t h e  charged s u l p h a t e  
molecule than  f o r  t h e  uncharged methyl glucose and oxygen (Table 2). 
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Table 1 .  Transport  of  i no rgan ic  s u l p h a t e  and methyl glucose i n t o  
t h e  c e n t r a l  p a r t  of  t h e  d i s c  (nucleus pulposus)  w a s  s i g n i f i c a n t l y  
reduced i n  r e l a t i o n  t o  t h e  c o n t r o l  group (pt0.05)  a f t e r  being ex- 
posed t o  smoke f o r  20-30 minutes and 3 hours  r e s p e c t i v e l y .  F o r t h e  
ino rgan ic  s u l p h a t e  a s i g n i f i c a n t  r educ t ion  d i f f e r e n c e  w a s  found 
between s h o r t  and long exposure t i m e  ( ~ ( 0 . 0 5 ) .  Included i n  t h i s  
tiable are a l s o  t h e  s i t u a t i o n s  b e f o r e  and a f t e r  smoking exposure.  
Transport  i n t o  t h e  nucleus o f  t h e  c o n t r o l  group w a s  normalized 
and set t o  1 0 0 % .  The recovery pe r iod  w a s  performed by i n h a l a t i o n  
of f r e s h  a i r .  
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c 
0 

al 
d 

CONTROL GROUP 20-30 minutes 3 hours  2 hours 

NOT EXPOSED EXPOSURE EXPOSURE RECOVERY 

Not exposed 
0 Oto- o/ 0-0 -0-0 - - -- - - 

o--------. ------ 

\ 

0 
a\ 

\ 0 

INORGANIC 100% 7955% 6557% 9523% 

SULPHATE (p<O. 05) (p<O. 05) (N.S.) 

METHYL 100% 7028% 5059% 9723% 

(p<O. 05) (p<0.05) (N.S.) GLUCOSE 

0.4 Exposed to smoke 

p c 0.05 pc0.05 pc0.05 

0.0 ' 8 I /- 
0 10 20 30 LO 50 60 180 

Time (min) 

Fig.3 Oxygen t e n s i o n  measurements ob ta ined  i n  t h e  c e n t r a l  p a r t  
of t h e  nucleus pulposus.  The r educ t ion  w a s  s i g n i f i c a n t  a f t e r  30 
minutes of smoke exposure ( ~ ( 0 . 0 5 ) .  

The metabol ic  p r o p e r t i e s  of t h e  c o n t r o l  d i s c  (nucleus pulposus) 
r evea led  s i m i l a r  p a t t e r n  as d i d  t h e  t r a n s p o r t  p r o p e r t i e s .  The ce l l  
r e a c t i o n  a c t e d  i n  an anaerobic  d i r e c t i o n .  Already a f t e r  20-30 

minutes t h e  oxygen t e n s i o n  decreased,  whereas t h e  l a c t a t e  con- 
c e n t r a t i o n  inc reased  ( F i g . 4 ) .  The o rgan ic  s u l p h a t e  uptake ra te  
w a s  a l s o  a f f e c t e d  by some 35 f 1 2  p e r  c e n t  du r ing  t h e  s h o r t  
exposure t i m e .  The s i t u a t i o n  a f t e r  t h r e e  hours w a s  even more 
pronounced (48 5 15 pe r  c e n t )  a l though t h e r e  w a s  no l i n e a r  
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r e l a t i o n  with t i m e .  

7 -  

6 -  

5- 

4 -  

T a l e  2 .  Recovery t i m e  f o r  d i f f e r e n t  s o l u t e s  i n  t h e  nucleus pulpo- 
s u s  of t h e  i n t e r v e r t e b r a l  d i s c .  Recovery t i m e  was de f ined  as t h e  
t i m e  necessary t o  r each  95 pe r  c e n t  of t h e  i n i t i a l  (normal) va lue .  
Mean v a l u e s ,  S . D .  and number of d i s c s  analysed (N) are given.  
For t h e  s h o r t e r  exposure t i m e  8 animals w e r e  used whereas f o r  t h e  
3 h r s  exposure t es t s  7 animals were employed. 

EXPOSURE TIME RECOVERY TIXI?, (minutes)  

i n  minutes  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oxygen 

( s u l p h a t  e )  (methyl g lucose)  (Probe) 
35s 31-1 

Exposed to smoke 
0 

cce 

OeO 

0 _----- 0 
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0 

20 - 30 58 2 1 1  (N=13) 42 5 8 (N=12) 37 5 6 ( N = 1 7 )  

180 116 14 (N=16) 93 10 (N=15) 89 10 (N=15) 

N.S. peO.05 pe0.05 

I ,  /- 
0 10 20 30 LO 50 60 180 

Time (min 1 
Fig.  4 Concentration of l a c t a t e  i n  t h e  nucleus pulposus.  Already 
a f t e r  a smoking pe r iod  of h a l f  an hour,  t h e  product ion and t r a n s -  
p o r t  of l a c t a t e  o u t  of t h e  system are n o t  i n  balance.  The accumu- 
l a t i o n  of lactate ,  a f t e r  6 0  minutes and 3 hours of smoke exposure,  
i s  s i g n i f i c a n t l y  higher  i n  comparison t o  t h e  c o n t r o l  group 
( ~ ( 0 . 0 5 ) .  

DISCUSSION 

The c a p i l l a r y  network, underneath t h e  hya l ine  c a r t i l a g e  of t h e  
v e r t e b r a l  body, i s  under normal p h y s i o l o g i c a l  c o n d i t i o n s  w e l l  
developed and cove r s  80-90 pe r  c e n t  of t h e  c o n t a n t  area between 
c a r t i l a g e  and t h e  v e r t e b r a l  body ( 6 , I l ) .  I n  animals ,  which n o t  

p rev ious ly  had been exposed t o  smoke, t h e  blood rheology and meta- 
b o l i t e  concen t r a t ions  were a f f e c t e d .  These e f f e c t s  w e r e  s i g n i f i c a n t  
a l r e a d y  a f t e r  20-30 minutes of exposure and inc reased  w i t h  t i m e .  
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The recovery t i m e  w a s  no t  a l i n e a r  func t ion  wi th  exposure t i m e  
which impl i e s  t h a t  a l r e a d y  a s h o r t  smoking pe r iod  r e q u i r e s  a 
r e l a t i v e l y  long recovery pe r iod  i n  o r d e r  t o  normalize t h e  s o l u t e  
concen t r a t ion  g r a d i e n t s .  

The d i f f e r e n c e  between s u l p h a t e  and glucose t r a n s p o r t  sugges t s  
t h a t  t h e  t r a n s p o r t  r o u t e s  are a f f e c t e d  d i f f e r e n t l y  as methyl 
glucose p e n e t r a t e d  f r e e l y  i n t o  t h e  d i s c  according t o  t h e  exchange 
a r e a ,  whereas t h e  s u l p h a t e  i s  excluded by t h e  charged proteo-  
glycans and a f f e c t e d  by t h e  metabol ic  demands (6,7,11).  I n  t h e  
nucleus high concen t r a t ions  o f  n e g a t i v e l y  charged proteoglycans 
are p r e s e n t ,  which are r e p e l l i n g  a n e g a t i v e l y  charged s o l u t e  a s  
s u l p h a t e  b u t  i gnor ing  n e u t r a l  molecules.  Of s p e c i f i c  i n t e r e s t  w a s  
t h e  c e l l  r e a c t i o n  shown by t h e  s u l p h a t e  uptake.  These very quick 

c e l l u l a r  r e a c t i o n s  i n  t h e  nucleus do indeed i n d i c a t e  t h a t  t h e  
i n t e r v e r t e b r a l  d i s c s  are s e n s i t i v e  t o  an a f f e c t e d  r h e o l o g i c a l  
surrounding. The concen t r a t ion  of lactate inc reased  c o n s t a n t l y  
over  t h e  3 hour pe r iod ,  a s i t u a t i o n  which i s  of  s p e c i f i c  i n t e r e s t  
as accumulation of a c i d i c  p roduc t s  i n e v i t a b l y  l e a d s  t o  an un- 
hea l thy  cascade of  e v e n t s  i nvo lv ing  lowering of t h e  Ph, i nc reased  
a c t i v i t y  of p r o t e o l y t i c  enzymes, s t r u c t u r a l  breakdown, i n s t a b i l i t y  
e tc .  Therefore ,  t h e  i m p l i c a t i o n s  €o r  t h e  c e n t r a l  d i s c  r eg ion  are 
n o t  favoured by t i m e .  Furthermore,  when blood v e s s e l s  are c l o s e d  
o r  c o n s t r i c t e d ,  t h e  exchange area w i l l  be decreased and t h e  t r a n s -  
p o r t  of n u t r i e n t s  t o  t h e  ce l l s  as w e l l  as d i s p o s a l  of  waste pro- 
d u c t s  w i l l  no t  be adequate .  D i s c  ce l l s  could e i t h e r  d i e  o r  n o t  be 
a b l e  t o  m e e t  t h e  f u n c t i o n a l  energy demands r e q u i r e d  i n ,  f o r  
example, ma t r ix  product ion.  

W e  should p o i n t  o u t  t h a t  t h e  r e s u l t s  ob ta ined  i n  t h i s  i n v e s t i g a -  
t i o n  on ly  can be e x t r a p o l a t e d  w i t h  extreme p recau t ion  t o  t h e  
human s i t u a t i o n .  The e f f e c t s  w e r e  found i n  animals a f t e r  a s i n g l e  
exposure t o  smoke and may n o t  r e p r e s e n t  e f f e c t s  of ch ron ic  smoking. 
Furthermore, i n  t h i s  experimental  set up it w a s  no t  p o s s i b l e  t o  
measure t h e  surrounding c a p i l l a r y  blood flow. I t  i s  t h e r e f o r e  not  
p o s s i b l e  t o  e v a l u a t e  whether t h e  changes found i n  t h e  d i s c s  are 
caused merely by a reduced blood flow caused by t h e  n i c o t i n e  
induced v a s c u l a r  c o n s t r i c t i o n  o r  i f  t h e r e  may be an a d d i t i o n a l  
e f f e c t .  These f i n d i n g s  demonstrate,  however, t h a t  c i g a r e t t e  
smoking a f f e c t s  t h e  c i r c u l a t o r y  system o u t s i d e  t h e  i n t e r v e r t e b r a l  
d i s c  as w e l l  as c e l l u l a r  uptake rates and me tabo l i t e  product ion 
w i t h i n  t h e  d i s c .  By reducinq t h e  t r a n s p o r t  of s u b s t r a t e s  i n t o  t h e  
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d i s c  and waste products  o u t  of  t h e  system, t h e  i n e v i t a b l e  conse- 
quence over  a longer  pe r iod  of  t i m e  w i l l  be d e f i c i e n t  n u t r i t i o n  

l e a d i n g  t o  degene ra t ive  metabol ic  p rocesses ,  enzymatic degradation, 

i n s t a b i l i t y  and probably t o  back pa in .  
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