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A definite re la t ionship  has  been  found between the dose of isoniazid and i t s  concentra t ion in 
media  and t i s sues  of the body, as well as a connection between the isoniazid concentra t ion in 
the s e r u m  and t i s sues .  The concentra t ion of isoniazid in pathological  foci can thus be d e t e r -  
mined at va r ious  t imes  a f t e r  admin is t ra t ion  of the compound. 

In the chemothe rapy  of tubercu los i s ,  the s ea r ch  continues for  the mos t  effect ive methods of t r ea tmen t :  
is it bes t  to give daily doses  of chemotherapeu t ic  subs tances  all at once [1, 8, 12], to give them by con-  
tinuous in t ravenous  drip [9, 10], to inject  i soniazid  in t ravenous ly  f rom a syr inge  [5], to use  an in te r rupted  
method of t r e a t m e n t  [3, 11], or  to use  high doses  of isoniazid at the uppe r  l imi t  of to le rance  [2, 7] ? These 
m a t t e r s  tes t i fy  to the effor ts  being made by inves t iga to r s  to d i s cove r  the mos t  ra t ional  method of use  of 
chemotherapeu t ic  subs tances  to obtain a speedy and las t ing  cure  of pat ients  with tuberculos is .  

The therapeut ic  effect  is  l a rge l y  dependent on the level  of the bac te r ios t a t i c  concentra t ion of an t ibac-  
t e r i a l  compounds in the affected t i s sues  of the body. It is genera l ly  accepted  that  isoniazid,  which p o s s e s s e s  
high pene t ra t ing  power ,  readi ly  pene t r a t e s  into smal l  foci of tuberculous  inf lammat ion  [4, 13]. However,  
it is found in the contents  and walls  of cavi t ies  in a much lower  concentra t ion than in the blood se rum,  in 
lung loci, and in unaffected lung t i s sue  [6, 7]. At tempts  have been made to i n c r e a s e  the concentra t ion of 
isoniazid in the contents and walls of cav i t ies  by inc reas ing  the dose of the compound slightly. Manthei 
e t a l .  [13], in expe r imen t s  on infected guinea pigs,  showed that with doubling the dose of isoniazid (2.8-5.6 
mg/kg) ,  i ts  concent ra t ion  in infected t i s sues  is  i nc reased  only by  1.2 t imes .  According to T e m m e r e  [4], 
the use  of l a rge  doses  of isoniazid (5-10 mg/kg) does not produce  a p ropor t iona l  i nc r ea se  in i ts  concen t ra -  
t ion in the blood and t i s sues .  

The object  of the p r e s e n t  invest igat ion was to study changes in the concentra t ion of isoniazid in the 
blood s e r u m  and t i s sues  depending on the dose of the compound and the method of its admin is t ra t ion  and 
also to de t e rmine  the excre t ion  of i soniaz id-H 3 following dally ora l  and in t ravenous  admin is t ra t ion  of the 
compound for  7 days.  In addition, i t  was hoped to es tab l i sh  a mathemat ica l  re la t ionship  between the i so -  
niazid concentra t ion  in the blood s e r u m  and t i s sues ,  including t i s sues  affected by tuberculos is .  No such 
expe r imen ta l  data  could be found in the l i t e r a tu re .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 59 heal thy female  ra t s  and 12 infected with tuberculos is ,  weighing 
i50-200 g, and on 10 heal thy guinea pigs and 12 guinea pigs infected with Mycobac te r ium tuberculos is ,  
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TABLE 1. Concentration of Isoniazid-H 3 in Animals after  Ad-  
minis trat ion for  7 Days in Daily Doses of 0.45 m C i / k g  (0.3 
mg/kg),  M �9 m 

Mode of 
adminis- 

a~L~. 1 lung 

Concen~ation of isoniazid-H s in % of total dose administered 
(numerator) and in pg/g tissues denominator) 

rats 

liver blood serum blood serum 

guinea pigs 

tung liver 

0,044_+0,005 0,050"+0,002 
0,003"+ 0,001 0,003_+ 0,00v ~ 
0,033_+ 0,002 0,061"+ 0,002 
0,003_+0,002 0,005_+ 0,001 

�9 0,070+_0,001 0,082_+ 0,002 0,028-+0,003 0.018-+0.001 
*rally 0,004--- 0,0011 0,005"+ 0,002 0,002"+ 0.001 0,001-+ 0,002' 
ltra- 1_0,095"+0,0021 0,132-+_0.003 0,016-+0,002 0,013_+0,002 
venously 0,008+_ 0,002 0,01 t -+ 0,003 0,001+_ 0,001 0,004-+ 0,002 
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Fig. 1. Change in concentrat ion of isoniazid-  
H 3 in blood se rum and t i ssues  of ra ts  following 
oral  administrat ion of different doses of the 
compound. 1) Blood serum; 2) lung; 3) l iver.  
Abscissa,  dose of isoniazid-H 3 administered 
(in mCi/kg) ; ordinate,  concentration of isoni-  
azid-H 3 (pulses/min/g) .  Logari thmic scale.  

weighing 250-300 g. The animals were infected by in-  
jection of a 3-week culture of M. tuberculosis ,  s t rain 
Boy-8, into the lungs, in the rats  in a dose of 1 0 m g  in 
0.2 ml of a mixture of pet ro leum jelly and lanoline, and 
guinea pigs in a dose of 5 mg, in 0.1 ml physiological  
s aline. 

Isoniazid-H s was given by mouth to 25 rats  in 
doses of 0.3, 1.5, 3, 4.5, and 6 mg/kg,  with activit ies of 
0.45, 2.25, 4.5, 6.75, and 9 mCi/kg body weight. The 
animals were killed by decapitation 1 h af ter  adminis-  
t ra t ion of the compound, the t ime when the concent ra-  
tion of isoniazid-H 3 in the blood se rum and t i ssues  of 
ra ts  reaches  its maximum [6]. Isoniazid-H 3 was in-  
jected intravenously into 24 rats  in a dose of 0.3 mg/kg,  
with activity of 0.45 mCi/kg body weight, and these 
animals were sacr i f iced after  5, 15, 30, and 45 min and 
1, 2, and 6 h. Isoniazid-H 3 was given by mouth daily 
for 7 days to five rats  and five guinea pigs and injected 
intravenously daily for 7 days (five rats  and five guinea 
pigs) in a dose of 0.3 mg/kg  with activity of 0.45 mCi/kg 
body weight. These animals were sacr i f iced 24 h after 

administrat ion of the compound. Isoniazid-H 3 was given by mouth to 12 rats  and 12 guinea pigs in doses of 
5, 10, 20, and 150 m g / k g  with activity of 0.45 mCi/kg body weight, and these animals were sacr i f iced  after 
1, 2, and 6 h. The blood serum,  lungs, l iver ,  cavities,  and loci were investigated. Samples were prepared  
by the method of Meade and Stiglitz [14]. The specimens were counted in a Belin ' C a r b o t r i m e t e r "  - a 
liquid scintillation counter working at 1600 V and -8~  The resul ts  of measurements  of radioactivi ty were 
expressed in pulses /min ,  as percentages  of the total activity administered,  and in p g / g  t issues.  

R E S U L T S  

Analysis  of the data showed that with an increase  in the dose of isoniazid by 5, 10, 15, and 20 t imes,  its 
concentration in the blood serum,  lungs, and l iver  does not increase  in a l inear  fashion but proport ional ly  
to the logari thm of the dose of the compound (Fig. 1). In other words,  the relationship between the dose 
of isoniazid-H 3 and its concentrat ion in the liquid media and t issues of the body is such that its concent ra-  
tion at any t ime af ter  adminis t rat ion of the compound can be determined. The relationship canbe  expressed 
by the formula  

y = a + bx, (1) 

where y is the concentrat ion of isoniazid-H 3 in the test  object; x the dose of isoniazid-H3; a is a constant for 
a given straight  line, reflecting the initial point for counting; and b is a constant reflecting the angle of 
slope of the straight  line. Since the values of a and b are always known and are  constant for each straight  
line, knowing the dose of isoniazid administered,  this formula  can be used to calculate its concentrat ion in 
any tes t  object. 
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Fig.  2. Diagrams of isoniazid-H 3 concentrat ions in blood se rum (2), 
intact lung (3), a tuberculous focus (1), and a cavity in the lung (4) 
after  oral  adminis t rat ion of the compound. Abscissa ,  dose of i son ' -  
azid-H 3 adminis tered (in mg/kg) ;  ordinate,  concentrat ion of isoni-  
azid-H 3 (in,g/g). Logarithmic scale. 
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Fig. 3o Concentration of isoniazid-H 3 in 

blood se rum and t i ssues  of healthy rats  af ter  
o ra l  (thin lines) and intravenous (thick lines) 
administrat ion of 0.45 mCi/kg  isoniazid-H 3. 
1,4) Liver;  2, 6) blood serum;  3, 5) lung. 
Absc i s sa ,  t ime after  injection; ordinate,  con-  
centrat ion of isoniazid-H 3 (pulses/min/g) .  

However, it is only in the blood se rum of each 
patient that the physician can always obtain the isoniazid 
concentration, and in the t i ssues  he can only determine 
it in pos tmor t em material .  It is important ,  therefore ,  
that i f  the isoniazid concentrat ion in the se rum be known, 
it can be determined also in the t issues ,  especial ly those 
affected by tuberculosis ,  and this can easi ly be calculated 
f rom the following formula:  

y = a @ b x  + c, (2) 

where y, x, a, and b have the values indicated above (1); 
c is the distance through which the s t ra ight  line re f lec t -  
ing the level of concentrat ion of isoniazid in the t e s t  
t issue is displaced upward or  downward. 

Besides the formula  given above (2), the isoniazid 
concentrat ion in affected t i ssues  of the body can also be 
determined graphically,  if its concentrat ion in the blood 
se rum is known (Fig. 2). These graphs show that after  
1 h the isoniazid concentrat ion in the blood se rum is 
higher  than in the contents of a cavity but lower than in 

proaching its concentration in a focus of infection, 
and lower than in the focus (P < 0.001), and after 6 
higher than in the cavity (P < 0.001). 

a focus of infection (P< 0.001), while af ter  2 h it is ap- 
although as before it remains  higher than in the cavity 
h it is close to its concentrat ion in the focus and slightly 

A s imi la r  relationship can also be induced clinically for determining the concentrat ion of isoniazid in 
foci and cavities,  knowing its concentrat ion in the blood serum.  
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Exper imen t s  on 24 ra t s  showed that  when isoniaz id-H 3 was injected in t ravenously ,  i ts  concentra t ion 
in the s e r u m  reached  a max imum af te r  5 rain and in the t i s sues  a f t e r  15 rain. This indicates  rapid r e d i s -  
t r ibut ion of i son iaz id-H 3 and high pe rmeab i l i t y  of cell  m e m b r a n e s  to this compound. The concentra t ion of 
i son iaz id-H 3 in the lung and l ive r  at the peak  per iod was close to i ts  concentrat ion in the blood se rum.  
El iminat ion of isoniazid-tt3 f r o m  the blood s e r u m  took p lace  somewhat  more  rapidly than f rom the body 
t i s sues ,  so that  a f t e r  6 h the i son iaz id-H 3 concentra t ion in the lung and l ive r  was higher  than in the blood 
s e r u m  (P < 0.001; Fig. 3). 

The i son iaz id-H 3 concentrat ion in the blood s e r u m  and body t i s sues  at the peak  per iod  a f te r  i n t r a -  
venous inject ion was 2.5 t imes  h igher  than the max imal  level  of i ts  concentrat ion a f t e r  ora l  a d m i n i s t r a -  
tion. La ter ,  however ,  i t  fell  more  rapidly than af ter  ora l  adminis t ra t ion  (Fig. 3). 

During daily in t ravenous  and oral  admin is t ra t ion  of i soniaz id-H 3 to guinea pigs and ra t s  for  7 days, 
i t  was found that a f t e r  24 h i soniaz id-H 3 could be detected in the blood s e r u m  and t i s sues  only in negligible 
amounts  (Table 1). 

A definite ma themat i ca l  re la t ionship thus exis ts  betwen the dose of isoniazid and i ts  concentra t ion in 
the media  and t i s sues  of the body within the invest igated dose range  (0.45-9 mCi/kg) .  A connection was also 
found between the isoniazid concentra t ion in the blood s e r u m  and in the body t i ssues .  On the bas i s  of these  
exper imenta l  data, the cl inical  study of the re la t ionship  thus obtained can be recommended ,  so that  the con-  
centra t ion of the compound canbe  de te rmined  in a r ea s  affected by the d i sease ,  knowing i ts  level  in the 
blood s e rum.  
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