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(A) Animal studies
Pharmacokinetics of rifampicin/rifampicin + INH in 

normally nourished and undernourished rats

I. Influence of undernutrition and/or drug treatment 

on the growth pattern of rats

i) Effect of post-weaning undernutrition on body weights

At 17 weeks of age, the mean body weights of rats fed 
22% casein diet (normal protein; NP) and those fed 7% 
casein diet (lo\-/ protein; LP) were 238,3 and 161,5 g 

respectively. Thus, 14 weeks of post-weaning undernutri- 

- tion produced significant decrease in mean body weight.

Following the administration of rifampicin 50 mg/kg, 
twice weekly for 6 weeks to rats of 11th to 17th week of 
age, the mean body weight was 264,9 g. The comparable 

value for LP group was 187.8 g which was significantly 
lower than that of the former group (Table-16, Fig.1).

Following a six week long concurrent administration 
of INH (50 mg/kg daily) and rifampicin (50 mg/kg, twice 
weekly), the mean body weights in NP and LP groups were 
225.1 g and 157,2 g respectively (Table-16, Fig.1).
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Effect of undernutrition and/or drug treatment 
on mean body weights of rats. Treatment time in weeks 
is depicted on the abscissa and mean body .weight in
gms on the ordinate. Upper panel and lower panel 
show data of rats fed normal protein and low respecti­
vely. The drug treatment was started at the end of 
eighth week of the dietary treatment as pointed out by 
the arrow. Unshaded histograms ( *Q ), vertically

hatched histograms (
( m

) and diagonally hatched
) histograms depict mean values of untreated,

rifampicin treated and rifampicin + INK treated 
groups, respectively. Vertical bars represent the 
SEM. Figures in parentheses indicate the number of 
rats.
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ii) Effect of undernutrition and/or drug treatment on the tissue 
weights of rats

Table-17 presents the mean weights of liver, lung and 
kidney, before and after the drug treatment given to NP 
and LP groups.

At 15th week of the dietary treatment, the mean liver 
weight of the NP group was 7.8 g compared to that of the LP 
group which was 4.5 g (P < 0.01). Post-weaning protein

"1

deficiency did not produce any significant decrease in the 
mean lung or kidney weights.

Under similar experimental conditions, drug treatment, 
either with rifampicin, or rifampicin + INH, did not induce 
any changes in the tissue weights in NP or LP groups.

II. In vitro absorption study

The amount of rifampicin absorbed by the intestinal 
loops during all the time brackets was significantly higher 
in loops obtained from NP groups (Table-18a, Fig.2, n = 8).
The total amount of rifampicin absorbed in 4 hours was signi­
ficantly higher in NP group than that observed in LP group 
(40.7 +1.5 and 23.5 + 2.3 ug/ml in NP and LP groups, 
respectively).
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Table-18a: In vitro absorption of rifampicin in isolated
intestinal loops of rats

Group Mean
body
weight(gmsl

Rifampicin concentration ug/ml Total
ugabsor­

ption
15 30 60 90 120 240

NP 212.0 7.0 8.7 7.9 6.6 6.3 4.1 40.7
± 3,7 , +0.5 +0.6 +0.5 ±0.5 +0.8 4 0 » 3 ±1.5

LP 133.1 3.8* 4.6* 5.3* 4.8* 3«1* 1.9 23.5*
± 3.1 +0•4 ±0.8 ±0.6 • +0.4 +0.7 +0.5 ±2.3

* P <.0.01 compared with the corresponding NP group

Table-18b: In vitro absorption of rifampicin <
in isolated intestinal loops of rats

Group Mean
body
weight(gms}

Rifampicin 2concentration ug/ml/cm Total
ugabsor­

bed.
15 30 60 90 120 240

NP 217.5 1.7 2.1 2.0 1.6 1.6 1.4 10.2
±0.1 ±0.1 ±0.1 40. 2 +0 ft 2 + 0 e 1

LP 158.7 1.0* 1.3* 1.3* 1.2 0.7* 0.4* 6.0*
±0.1 ±0,2 40 * 3 4 0 ® 2 4*0 * 2 ±0.1 ' ±1.1

P < 0.01 0.05 0.01 N.S. 0.01 0.05

* P< 0.01 compared with the corresponding NP group



Fig„2

Effect of undernutrition on in vitro 
absorption pattern of rifampicin in intestinal 

loops of rats. Time in minutes is depicted on 
the abscissa and mean concentration of rifampicin 
(ug/ml) is depicted on the ordinate. Lines
joining open circles ( 0---© ) and closed circles

( •--if) represent normal protein and low protein
groups respectively. Vertical bars represent 
the SEM (n = 8).



150

FIG.-2

O-----o NP GROUP

1 LP GROUP

30 SO 90 
MINUTES

120 24-0HA O
t

k
> 

oa

M
S/

 m
l



J,K

X-

■*^RA■v
J £
,<r

'<
In order to eliminate the bias of available surface ■&,

. i," , >
• • , • i -

for absorption, in four additional experiments, the absor 
ption of rifampicin was expressed as ug/ml/sq cm absorbing 
surface. The amount of rifampicin absorbed per sq cm in 
all the time brackets except at 90 min was significantly 
higher in the NP group (Table-18a, n =* 4).

III. Effect of undernutrition on the serum rifampicin 
concentration in rats

(i) Acute treatment with rifampicin alone

From the data obtained at various intervals following 
one dose of rifampicin as described in ‘’Materials and 
Methods”, the following results were observed -

The maximum serum rifampicin concentration was observed 
at 2 hours in both the NP and LP groups and the maximum 
concentration reached was significantly (P < 0.01) higher in 
the NP group (24.2 + 1.7) than in the LP group (15®5 + 0.5) 
(Table-19, Fig.3A, upper panel).

The rate of absorption in the NP group was significantly 
greater than in LP group resulting in increased AUC (0-20) 
in the NP group, although it was not statistically signi­
ficant (212.8 + 5.6 and 196.6 +7.1 in NP and LP groups, 
respectively). Blood levels at 1 and 2 hours indicate the 
rate of absorption.
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Effect of undernutrition on the serum 
concentrations of rifampicin (ug/ml) at 
different time points (hrs). Time in hours 
is depicted on the abscissa and mean serum 
levels of rifampicin (ug/ml) are depicted on 
the ordinate. Panel A shows data of rats 
treated with rifampicin alone and panel B shows 
data of rats treated with rifampicin + INH.
The upper and lower panels represent data of 
rats following acute and chronic drug treat­
ment respectively. The lines joining open
circles ( ©---© ) and closed circles ( #—• )
represent mean serum concentrations of rifam­
picin for normal protein and low protein groups 
respectively. Vertical bars represent the 
SEM (n = 4).
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From 5 to 20 hours, nearly identical serum levels were 
found in the NP and LP groups. Levels at 10 hour sample 
time were too high to he considered as the ’tail-end’ of 

the curve. Thus, correct elimination rate constant could 
not be calculated.

(ii) Chronic treatment with rifampjcin alone

On perusal of the data obtained at various times 
(1,2,5,10 and 20 hours), following the last dose administra­

tion, the maximum serum rifampicin concentration was obser­

ved to occur at 2 hours, and there was no significant 
(P > 0.05) difference between NP (19*9 + 2.7) and LP groups 
(16.3 + 1.0; Table-19, Fig.3A, lower panel).

Although, the rate of absorption in NP group was 

greater than in LP group, this difference was statistically 
not significant. In a separate series of experiments done 
on NP and LP groups after a single dose of rifampicin and 

blood sample collected at 72 hours, it was found that serum 
levels in both groups were extremely low indicating that 
hardly any rifampicin was left over to produce a cumulative 
concentration from previous doses. Thus, the difference in 
blood levels at 12 hours appears to be clearly due to the 

effect of 12th dose feeding with almost ho contribution 
due to previously accumulated rifampicin. It would have 
been better to study rifampicin blood levels at 72 hours



after the last hut one dose to determine the true contri­
bution of blood levels of rifampiein gt the last dose.

The AUC (0-20) was significantly higher in the NP 
group than in the LP group (202.3 +6.6 and 137.2 + 10,2 in 
NP and LP groups, respectively; P<- 0.01).

Due to a limited number of blood serum sampling time 
points, correct elimination rate constants could not be 
calculated. Levels at 10 hour sample time were too high to 
be considered as the ’tail-end* of the curve. Looking at 
the ’tail-end’ of the time-concentration curves, it however, 
appears that elimination rates are identical between NP and 
LP groups. Blood levels of rifampiein at 10 and 20 hour 
post-rifampicin administration were significantly higher in 
NP group compared to LP group.

On chronic rifampiein administration, serum rifampiein 
concentrations tended to be lower in both NP and LP groups 
than those after acute administration. However,.statistically 
significant differences between the two groups were noted in 
LP group after drug administration at 5, 10 and 20 hours.

(iii) Treatment with single dose of rifampiein + INH

Following a single oral dose of rifampiein (50 mg/kg) 
along with INH (50 mg/kg), the maximum serum rifampiein 
concentrations were observed at 2 hours ( 18.8 + 1.6 and
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12.5 + 1.3 in NP and LP groups, respectively). In the NP 
group, the serum rifampicin concentrations were higher than 
those of LP group at all the time points' studied, although 
the differences’were statistically insignificant (Table-*19» 
Fig.3B; upper panel).

The relative AUC (0-20) of NP group was 223.6 +18.5 
and that of LP group was 202.8 + 13.4. The difference with 
respect to AUC was also statistically insignificant. In 
comparison with the result following single oral dose of 
rifampicin alone, concurrent administration of' INH along with 
rifampicin decreased the serum rifampicin levels at all the 
time points in the LP group except at 2 and 20 hours where 
the levels were not significantly higher. In the NP group, 
although administration of INH decreased the serum rifampicin 
concentration compared to that found after rifampicin treat­
ment alone, the difference was not significant.

(iv) Chronic treatment with rifampicin + INH

Six weeks of chronic treatment with rifampicin 
(50 mg/kg, twice weekly) and INH (50 mg/kg, daily) resulted 
into a variable pattern of serum rifampicin concentration, 
with apparently higher but statistically insignificant 
levels in NP group at 1, 2 and 5 hour and in LP group higher 
levels at 10 and 20 hours. In both the groups, the maximum
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concentration was found at 2 hours* The relative AUCs 
(0-20) were 206.7 + 14.2 in NP and 197,3 ±6.6 in LP 
group (P > 0.05) respectively.

In comparison to the rifampicin chronic treatment alone, 
when rifampicin was administered with INH chronically in 
LP group, significantly lower concentration was observed 
at 1 and 2 hours and higher concentrations were observed 
at 10 and 20 hours. No such differences were observed in 
the NP group (Table-19, Figa>3B, lower panel).

In the IP group, chronic treatment with rifampicin 
+ INH resulted in significantly higher serum rifampicin 
concentrations at 5, 10 and 20 hours than those found after 
a single dose treatment with rifampicin + INH. There was 
no statistically significant difference in the NP group 
at any of the time points studied,

IV. Effect of undernutrition on the tissue distribution 
of rifampicin tissue 1 z

Tissue distribution of rifampicin after drug admini­
stration, acute or chronic, with or without INH is divided 
under three headings -

a) Deeper compartments - liver, kidney and heart
b) Highly vascular central compartment - lung
c) Miscellaneous compartment - spleen and skeletal 

muscle.
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i) Acute treatment with rifampicin alone

a) Rifampicin levels in the liver, kidney and heart

In the LP group, the concentrations in the liver at 
1,5,10 and 20 hours were significantly higher (Table-20,
Fig.4).

In the kidney, significantly highef levels were observed 
at 2,5, 10 and 20 hours. However, considering the low rate 
of absorption (as seen in blood levels at 1 hour) there

ft
appeared to be a remarkable concentration even at 1 hour 
(Table-21, Fig94),

In the heart, the concentrations at 1,2,10 and 20 hours 
were significantly higher (Table-22, Fig04).

b) Rifampicin levels in lung

Being a highly vascular organ, the lung is considered 
to be in the central compartment. The pattern of lung 
rifampicin levels was similar to that of blood, peak concen­
tration occuring at 2 hours. Inspite of low peak serum 
concentration in LP group peak lung levels were similar in 
NP and LP groups. On the whole, the graph exhibited 
pattern like that of serum concentration and the pattern 
of higher tissue concentration in the LP group (Table-23).
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Fi£t4
Effect of undernutrition on the tissue 

concentrations of rifampicin following acute 

treatment with rifampicin. Time in hours is 

depicted on the abscissa and mean tissue concen­
trations of rifampicin (ug/100 mg) are depicted 

on the ordinate. The lines Joining open
circles ( ©---© ) and closed circles ( •—• )

represent tissue concentrations of rifampicin 
for the normal protein and low protein groups 
respectively. ’ Vertical bars represent the 
SEM (n = 4).
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16G
Rifampicin levels in spleen and muscle

It appears that spleen (Table-24) and muscle (Table-25) 
are probably deeper compartments. As in the case of heart 
muscle, much less spleen concentration of rifampicin was 
observed. However, a clear pattern did not emerge between 
LP and NP groups. Peak levels were obtained at 5 hour 
interval in both the tissues.

ii) Chronic treatment with rifampicin alone

There was an apparent increase in AUC values of rifam­
picin in all the tissues after chronic treatment. However, 
all were statistically insignificant (P ;> 0.05). There was 
no significant difference in the concentrations of rifam­
picin in the liver of either NP or LP groups at any time 
point. In the liver, the maximum rifampicin concentration' 
was observed at 5 hour after the administration of the last 
dose in both the groups (24,16 + 1,5 and 21.2 + 0.87 in the 
NP and the LP groups, respectively! Table-20),

The if* group had higher kidney levels of rifampicin 
at all the five time points studied (1,2,5,10 and 20 hours) 
with statistically significant difference at 2,5 and 10 hours 
only (Table-21, ffig®'5). As in the liver, in the heart also 
there \tfas no significant difference in the concentration of 
rifampicin in either group (Table-22, Fige5),
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Effect of undernutrition on the tissue 

concentrations of rifampicin following chronic 
treatment with rifampicin. Time in hours is 
depicted on the abscissa and mean tissue concen­
trations of rifampicin (ug/100 mg) are depicted 
on the ordinate. The lines joining open
circles ( ©---© ) and closed circles ( •---• )
represent tissue concentrations of rifampicin 
for the normal protein and low protein groups 
respectively. Vertical bars represent the SIM 
(n = 4).
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Lung being a highly vascular organ followed the pattern 
of serum rifampicin concentration. There was no significant 
difference in the concentrations of rifampicin in either 
group- following chronic treatment or single dose of rifam­
picin (Table-23, Fig„5).

The spleen rifampicin concentrations were significantly 
lower in the NP group as compared to LP group at all the 
time points (Table-24, Pig.5)® In the skeletal muscle, 
the differences were insignificant (Table-25, Fig.5).

iii) Acute treatment with rifampicin + INH
a) In the liver, rifampicin concentrations in the LP 

group were higher at 1,2,5,10 and 20 hours (significant 
difference at 20 hours). The maximum concentrations were 
found at 5 hours (Table-20, Fig.6). In the kidney, the LP 
group had significantly higher concentrations at 10 hours. 
The maximum concentration was observed at 2 hours in the HP 
group and at 5 hours in the LP group ('Table-21, Fig.6).

In the heart, the concentration was significantly 
higher at 2 hours in the LP group. The NP group showed the 
maximum rifampicin concentration at 5 hours (Table-22,
Fig.6).

b) In the lung, the concentration resembled that found 
in serum. The peak was reached at 2 hours in both NP and LP



Fig. 6
Effect of undernutrition on the tissue 

concentrations of rifampicin following rifampicin 
+ INH acute treatment. Time in hours is depicted 
on the abscissa and mean tissue concentrations of 
rifampicin (ug/100 mg) are depicted on the ordinate. 
The lines joining open circles ( ©-—@) and closed
circles ( •-- • ) represent tissue concentrations
of rifampicin for the normal protein and low 
protein groups respectively. Vertical bars 
represent the SEM (n = 4).
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groups and there was no significant difference between 
these values. The LP group had higher rifampicin concen­
tration at 10 and 20 hours (Table-23, Fig.6).

c) In the spleen (Table-24, Fig.6) and skeletal muscle 
(Table-25, Fig.6), much less tissue concentrations were 
obtained as in the heart muscle; however, there was no 
significant difference between the concentration in the NP 
and the IP groups except 5 and 20 hour.

iv) Chronic treatment with rifampicin INH

a) In the liver and kidney, the LP group showed higher 
rifampicin concentrations at all the time points studied.
For the liver the differences were statistically significant 
at 20 hours (Table-20, Fig.7) and for the kidney at 2 and
20 hours (Table-21, Fig.7). In the liver, the maximum concen-. 
tration was reached at 5 hours while in kidney, it was at 
2 hours. In the heart, the concentration was significantly 
higher in the NP group at 10 hours. The maximum concentra­
tion was reached at 5 hours in the NP group and at 2 hours 
in the LP group (Table-22, Fig.7).

b) At sampling points, 1,2,5 and 20 hours, the NP 
group had higher lung rifampicin levels. The NP group showed 
significantly higher levels for the lung at 1,5 and 20 hours 
(Table-23, Fig.7).



Fig. 7

Effect of undernutrition on the tissue 
concentrations of rifampicin following rifampicin 
+ INH chronic treatment. Time in hours is depicted 
on the abscissa and mean tissue concentrations of 
rifampicin (ug/100 mg) are depicted on the ordinate.
The lines joining open circles (©---©) and closed
circles ( #—• ) represent tissue concentrations 

of rifampicin for the normal protein and low 
protein groups respectively. Vertical bars 
represent the SEM (n = 4).



TI
S

S
U

E
 C

O
N

C
E

N
TR

A
TI

O
N

 OP
 R

IF
A

M
P

/C
IN

 (M
$/

lO
O

 m
$)

t

170

FIG.-7

RIFAMPICIN + INH 
CHRONIC TREATMENT

HEART

time(hours)



177
c) In the spleen (Table-24, Fig.7) and skeletal muscle 

(Table-25, Fig.73 like that in the liver and kidney, the 
LP group showed higher rifampiein concentrations at 1,2,5 
10 and 20 hours; however, they were statistically insigni­
ficant. In the skeletal muscle, the maximum concentration 
was reached at 5 hours and in the spleen at 2 hours.

The tissue concentrations obtained in brain and 
intestine are excluded because of inconsistency of result®.

V. Effect of undernutrition on the urinary excretion of 
rifampiein

i) Acute treatment with rifampiein alone

At all the elimination time points of 12, 24, 48 and 
72 hours, the urinary excretion of rifampiein (as percentage 
of the dose administered) was significantly greater in the 
LP group than that in the NP group (Table-26, Fig.8). 
However, when expressed as ug/ml/kg, the urinary excretion 
was found to be significantly higher in the NP group than 
in the LP group (Table-27, Fig.9).

ii) Chronic treatment with rifampiein alone

At 12, 24, 48 and 72 hours, the urinary excretion of 
rifampiein (as percentage of the dose administered) was 
significantly greater in the LP group than that in the NP 
group (Table-26, Fig,8). The pattern of urinary excretion
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Fig. 8

Effect of undernutrition on the urinary 
excretion of rifampicin. Time in hours is 
depicted on the abscissa and excretion of 
rifampicin as percentage of dose administered 
is depicted on the ordinate. Panel A shows data 
for rats treated with rifampicin alone and panel B 
shows data for rats treated with rifampicin + INH.
The upper panel and the lower panel represent data 
of rats following acute and chronic drug treatments
respectively. The lines joining open circles (0---@)
and closed circles ( ©---© ) depict mean values of
rifampicin in normal protein and lower protein 
groups respectively. Vertical bars represent SEM.
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lis.,9

Effect of undernutrition on the urinary 
excretion of rifampicin. Time in hours is 
depicted on the abscissa and excretion of rifam­
picin as ug/ml/kg is depicted on the ordinate.1 
Panel A shows data for rats treated with rifampicin 
alone and panel B shows data for rats treated with 
rifampicin + INH. The upper panel and the lower 
panel represent data of rats following acute and 
chronic drug treatments respectively. The lines
joining open circles ( ©---© ) and closed circles
( «---9 ) depict mean values of rifampicin in
normal protein and lower protein groups respectively. 
Vertical bars represent SEM.
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remained the same even when expressed as ug/ml/kg 
(Table-27, Fig.9)*

iii) Acute treatment with rifampicin + INH

At 12, 24, 48 and 72 hours, the urinary excretion of 
rifampicin expressed as percentage of the dose administered 
was significantly higher in LP group (Table-26, Fig.8), 
Although the values were higher for the NP group than the 
LP group when expressed as ug/ml/kg, they were statistically 
insignificant (Table-27, Fig.9).

iv) Chronic treatment with rifampicin + INH

The excretion of rifampicin expressed as percentage of 
the dose administered was significantly higher in the LP 
group than in the NP group (Table-26, Fig.8). When expressed 
as ug/ml/kg, the urinary excretion was higher in the NP than 
in the LP group (but statistically insignificant; Table-27, 
Fig.9).

The urinary excretion of desacetyl rifampicin was' 
decreased after chronic treatment with rifampicin. After 
chronic treatment, the excretion of desacetyl rifampicin as 
percentage of the total rifampicin excretion was higher in 
the LP group of rats at 12, 24 and 48 hours (Table-28).



1 i r
0 t i i
*r| 1 i i
-P t ( i VO CM » rH rH
0) l 1 CM 1 • 0 i t e
P i 1 r» i CM i CO CO
a
v

i
f

1 i
i

co +1 i CO +l
fS
a) i -P 1

i
j i

1 C 1 i i
fi I CD | l i

*H 1 £ 1 i i
0 l 43 I i VO CO i CO si*

•H i id 1 <0 1 • • i • 9
P i 0) | M* I CM rH i r- CO
£ 1 P 1 I CM + [ i co -H
iu f -P | I i

IH 1 | 1 i
-H 1 0 » 1 i
M 1 *pi 1 t i

i a 1 I i a*
H 1 0 1 1 CO CM i o CO
id I S-i 1 1 • • i • •■P I XI 1 CM 1 T-l i o rH
0 i a 1 i rH +| i CM . -H
■P i 1 I i

i t 1 1 i
p i { 1 i
0 l X) 1 1 i

i 1 i i %
a) i I 1 CO LO t CO <$
D> i 1 CM 1 • <8 i • 9

id t r-i | o o i VO rH
•p
Q

i
i

l I
f

rH +1 « 1—s +1
H<0 i I

1 i
0 i l i
p i 1 i
0) i 1 t
a i 1

t
l

m i
1
1 i

a) i ! 1 i VO CO
i 1 CM 1 • • t • *

a i I r~ l VO co i in CO
•H i I « CO -H i CO +1
O i 1 i i

■H i 1 l i
a i I i i
e i 1 i
rd i +> t i i
p i a 1 i i
•H 1 0) 1 i CM i m CO
P i g I CO 1 9 9 i 9 •» +> 1 ^ i in CO i CO CM

*0 I to i i <o +1 i -H
0) 1 0) I i i
•P 1 p I i i
id 1 -p 1 i i

*p 1 1 i i
!> 1 0) 1 l i
■p 1 -p 1 i CO rH > VO
O i p 1 <j* i • • i ♦ *0 I o ! CM 1 CO CM i VO rH
(0
id

r td I
t

1
1

CM +1 i CM +1

<U i i I1 1 i
<0 i 1 1 i

l (d 1 1 i
P l 1 1 i
0 i 1 1 i

i 1 I CM GS i ■rH c-
C5 l I CM I 9 9 i • 9

0 l r H i o o i rH rH
i l i CM -H i CM +1

.p l i i
0) i i i
P i i i
o i i i
K i i i
M i i O j O

i a i rH i rH
• • i i i

CO
i
i

i
i ti

CM i >i i i
1 t p t j

id 1 to a i i

1-j i -P p i CU i Pi
A

i a) 0 i ** i
id I •H p i »
B I fl a i i

185

"■3

LTvO
m

o

,v
p-l



18 G
v) Effect of undernutrition.and/or drug treatment on 

hepatic microsomal enzyme system

Neither undernutrition nor the drug treatment could 
modify the liver or the microsomal protein content signifi­
cantly (Table-29).

Protein deficiency reduced the cytochrome P-450 
concentration to 36.54^ of the control value (Table-30a)9 
Cytochrome P-450 concentration was apparently increased in 
both NP and LP groups following drug treatment but the 
increase was not significant (P 0„05). Protein deficiency 
also lowered the cytochrome b^ concentration to 0.41 + 0.01 
from 1.18 + 0.16 umoles/mg microsomal protein in the untreated 
group and to 0,49 + 0.04 from 1.19 + 0.04 umoles/mg micro­
somal protein in the treated group.

Although, in both the NP and LP groups, there was 
increase in the cytochrome b^ content, it was statistically 
insignificant (Table-30b).

(B) Human studies
I. Studies in patients of pulmonary tuberculosis

The main focus of the present study was to see the
effect of nutritional status on the rifampicin pharmaco­
kinetics. Ne found that more than 95% patients of pulmonary 
tuberculosis attending the Government hospitals covered in
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/

Table-29 : Effect of undernutrition and drug treatment on 
the microsomal and liver protein of rat

Group Liver protein 
mean + SEM (mg/g~liver)

Microsomal protein 
mean + SEM (mg/g liver)

Untreated treated Untreated treated

Normally 166.0 167.0 5.3 5.4
nourished + 5.1 +0.7 ±0.3NP group

Undernourished 177.0 170.0 6.1 6.0
LP group ± 8.1 Hh 4*6 +0.3 CM•

o+1

P N.S. N.S. N.S. N.S.
P 1 N. s. N. s.

P 2 N. s. N. s.

i

P = NP vs LP
P^ = Np group untreated vs treated
P^ = LP group untreated vs treated

\
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Table~30a ;s Effect of undernutrition and drug treatment
on the cytochrome P-450 content of rat liver

Group Cytochrome P-450 content uraoles/mg 
microsomal protein (mean + SEM)

Untreated Treated

Normally 
nourished 
NP group

1.53, + 0.2 1.69 ± 0.1

Undernourished, 0.57 + 0.10 0.95 ± 0.20
LP group

P 0.001 0.001

P1 N. S.

P2 N. S.
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Table-3Ob s Effect of undernutrition and drug treatment: 
on the cytochrome b^ rat liver

Group Cytochrome b,- umoles/mg microsomal 
protein (mean + SEM)

Untreated Treated

Normally
nourished,
NP group

1.18 + 0.16 1.19 + 0.04

Undernourished,
LP group

0.41 + 0.01 0.49 + 0.04

P 0.001 0.001
P1 N. S.
P2 N. S.

P as NP VS LP
ss NP untreated vs treated

P2 = LP untreated vs treated
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this study had nutritional score below 0.18, Therefore, 
it became imperative to divide the available patients into 
two subgroups for comparison,

A, patients having nutritional score 0,14 or below 
0,14 i.e. comparatively more undernourished

B, patients having nutritional score above 0,14 i.e,
comparatively less undernourished.
»

Table-31a presents the anthropometric data of under­
nourished patients (n = 12) of pulmonary tuberculosis. There 
was no significant correlation between nutritional score and 
total proteins ( V* = 0.5, *t’ =1.82), There was signifi­
cant direct correlation between nutritional score and serum 
albumin ( r - 1.05, *t* = 3.32).

A. Relationship between nutritional score and serum 
rifampicin concentration (n = 12).

Table-31b presents serum rifampicin concentrations 
(ug/ml) at different time points in undernourished patients 
of pulmonary tuberculosis (n = 12). In this preliminary 
study, it became evident that as the nutritional score 
decreased, it took longer for individual serum rifampicin 
levels following single oral dose (10 mg/kg) to reach the 
maximum. Apparently the values of Cmax kept bn decreasing 
with decreasing nutritional score. Although, there was high 
degree of variability in the serum rifampicin concentrations



Ta
bl
e-
31
a 
s A

nt
hr
op
om
et
ri
c 
pr
of
il
e 

of
 u
nd
er
no
ur
is
he
d 
pa
ti
en
ts
 o
f

l—
'l CD

Al
bu
mi
n

(g
/1

®0
 m
l)

t-•fA
4
•IA

CM
•fA

CM
•IA

IA
•fA
O

«•fA
o•tA

r-®tA
VO

•IA 3.
4 IA

©tA
o•fA

fA
«fA

90*0+

To
ta
l

10 3•H0)PO
Uft

<“N
'a

ooV-SsbO
CO
•LA
V•VO

VO
•IA
4

•IA
O
•VO

00
IA
4
•IA

IA
•IA

CM
•VO

00
•tA
O
•VO
4
®IA

00
®IA
V
a

o+1

Nu
tr
it
io
na
l

<s
uoo10

VOVO
T"•O

VOVO
•o

4VO
v-•o

CMIA
V•O

oo4
T~so

IA4
T“«o

IA4
V“•O

CM•4
®O

T“-4
•O

T*4
•O

o\IA
.O

tA
V.O

IA
T“•o

fAOO
•o■H

He
ig
ht

wI o
VO
V*

c-lA
V”
4IA
V“
4IA
T“

o
VO

CM
vO
x~

coIA
V*

IA
<rs

VO
VO
f"

o
VO
T““

V*
VO

r~
IAIA
V

o•c-*4
r~

o•CM
V+1

p
XIbO•H©> v**

-4*4 \—4 CT\IA
VO
IA

COfA
CO
IA

VO
IA 4IA

ON
fA

VO
tA

VO
fA fAtA

IA
.

fA
o\ao+1

0)bQ
<

r>»
cou
cdo> CV1fA oIA CM

4 o\
CM

OIA C-4 T“IA
VO
IA fA4

CM
IA

VO
~4 IA-4

IA
eO

fA
•CM
+i

Ri
fa
mp
ic
in

■P©30)pw•H3
S-a
cd

a1 O44
O
T*4

O<7\IA
©
VO
IA

O00IA
©oofA

O
VO
fA

O4fA
001 fA

O
VO
fA

©voIA
OtAIA

o•IAt>fA
00
co*
+i

A •ois •■v- •CM OIA •-4" •IA <»VO •C- «CO •CTv
*OT

•T*T"
•CM

r~
3
cd©S
m
m

pu
lm
on
ar
y 
tu
be
rc
ul
os
is
 (
n 
= 
12
)



192

Table-31b : Serum concentration of rifamplcin at
different time points In undernourished 
patients of Table-31a

Sr.
No.

Serum rifampicin concentration (ug/ml)

1 2 4 6 8

1. 17.5 25.0 23.1 15.0 10.8

2. 11.7 18.8 15.0 9.'2 6.8

3. 13.3 20.8 10.8 8.3 5.8

4. 6.7 11.7 9.2 5.4 3.3

5. 8.3 15.0 14.2 8.3 1.7

6. 8.8 10.3 11.7 6.7 3.3

7. 3.8 9.8 7.5 4.2 1.7

8. 4.2 8.1 9.2 5.8 2.7

9. 9.8 12.5 14.2 12.9 6.7

10. 2.8 7.5 13.3 12.5 6.8

11. 3.3 9.2 13.4 10.8 9.2

12. 2.5 6.3 13.3 11.7 5.8

Mean 7.7 12.9 12.9 9.2 5.-4-
S.E. +1.4 +1.7 +1.2 +1.0 +0.8
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reached, subjects having nutritional score above 0,14 
showed preponderance for Tmax of 2 hours and those having 
nutritional score below 0,14 had Tmax of 4 hours,

B, Pharmacokinetic parameters

Anthropometric data of 25 patients where 15 patients 
(group A) were more undernourished with nutritional scores 
below 0,14 and 10 patients (group B) were comparatively 
less undernourished with nutritional score between 0,18 
and 0,14, are presented in Table-32a.

The mean body weights of these two subgroups were signi 
ficantly different from each other (P < 0,001); however, 
the serum total protein and albumin concentrations did not 
show significant difference between the two subgroups.

Among the pharmacokinetic parameters studied, serum 
half-life, maximum concentration reached and apparent 
volume of distribution (aVd in litres) were higher in group 
B than in group A; on the other hand, the Tmax and elimina­
tion rate constant were higher (P < 0,05) in group A as 
compared to group B (Table-32b),

Table-32 shows the urinary excretion of rifampicin 
following single oral dose (10 mg/kg) in group A and group 
B, The urinary volume was higher in group A than in group 
B (P 0.05), The urinary excretion of rifampicin (mg/day)
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Table-32b $ Pharmacokinetic profile of rifampicin in

patients of pulmonary tuberculosis

(mean 4- SEM values)

Group n Co aVd(e) Cmsoc
(ug)

Tmax
(hr)

tV2 Elimina­
tion rate 
constant

A 15 18, 2 18.1 10,4 2.7 2.6 0.4
+1.2 +1.5 +0.2 +0.5 +0.0

mm •

B 10 14,9 26.7 12.9 2.1 4.9 Q% 2
♦1.9 +1.5 +2.1 +0.2 +0,0
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Table~32c s Urinary excretion of rifampicin in patients of

pulmonary tuberculosis administered, rifampicin

Group n Urine volume (ml, mean + 
SEM)

mg/day 
(mean + 
SEM) “

Excretion rate (mg/ml/24 hours) 
(mean ± SEM)

A 15 450.0 154.8 0.35
±20.9 ± 0.3 ±0.02

B 10 332.0 121.5 0.37
±15.1 ± 3.8 ±0.01

•\
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was higher in group A than in group B (P < 0.05). When 
the data were expressed as mg/kg/day, the same pattern 
was maintained. The excretory rate in either group was 
not statistically different from each other,

C, Drug interaction

Tables-33» 34 and 35 present the effect of concurrently 
administered antitubercular drugs on rifampicin pharmaco­
kinetics, a, presents anthropometric data; b, mean serum 
rifampicin levels and c, corresponding values of urinary 
excretion, at different time points, in different study 
protocols (i to iv).

There was no statistically significant difference in 
serum rifampicin concentrations at various time points when 
rifampicin was administered alone (study-±) or with INH 
(study-ii), or when the third drug was streptomycin 
(study-iii) or ethambutol (study-iv) or pyrazinamide 
(study-v) (b of Tables-33, 34 and 35)*

The urinary excretion of rifampicin (mg/day) and the 
excretion rate in all the above studies was also not 
statistically significant (c of Tables-33, 34 and 35).

II, Studies in healthy volunteers
Table-36 presents data of normally nourished, healthy 

volunteers (n = 6), a, presents anthropometric data; 
b, serum rifampicin concentration (ug/ml) at different
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Table-3§a; Anthropometric data of patients of pulmonary 
tuberculosis, (mean ± SEM values, n = 10)

Rifam-
picin
admini­
stered(mg)

Age(years) Weight(kg) Nutri­
tional
score

Total 
proteins (g/100 ml)

Albumin (g/100 ml)

379.0 44.0 37.9 0.15 ' 5.9 3.2
+19.3 +3.2 +2.0 ±0.8 ±0*1 +0.0
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Table-3ab : Serum rifampicin concentration in patients

of pulmonary tuberculosis (ug/ml, mean + SEM)

Study Hours after drug administration
Ho. ------------------------------------------------------------------

Y2 2V2 4 8 12 24

i) Rifam- 6.1 10.9 10.7 7.2 3.5 1.3
picin
alone +0.6 +1.3 +1.9 j+'1.0 +0.8 +0.5

ii) Rifam-
cf.f

6.7 11.7 && 5.8 3.3 u
picin 
+ INH +0,6 +0.9 +0. 8 +0.9 +0.5 +0.2

iii) Rifam- 4.5 10.6 9.9 ' 6.1 2.6 1.1
picin 
+ INH +0.5 +0.6 +1.1 +0. 8 +Q.4 +0.1
+ stre 
ptomy- 
cin
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Table-33c i Urinary excretion of rifampicin

Study Urine mg/day Excretion rateNo.- volume (mean + SEH) (mg/ml/24 hours)
(ml, mean (mean + SEM)+ SEM) •

i) Rifam- 690.0 141.5 0.2picinalone +15.3 ± 3.8 ±3.0

ii) Rifam- 731.0 146.3 0.2picin + INH ±20.9 ± 3.9 ±2.2

iii) Rifam- 686.0 145.5 0.2picin - . + INH- ±27.6 ± 4.3 ±3.1
+ stre­ptomycin
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Table- Anthropometric data of patients of pulmonary 
tuberculosis (n = 8) (mean + SEM values)

Rifam-picin
admini­stered(mg)

Age(years) height(kg) Nutri­tional
score

Total
proteins(g/100.ml)

Albumin (g/100 ml)

371.3 37.1 37.1 0,15 6.4 3.2
+14.2 +1.9 +1.9 +0.005 +0.1 ±0,1
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Table-3§i>s Serum rifampicin concentration in patients

of pulmonary tuberculosis (ug/ml mean + SEM)

Study Hours after drug administration
No. --------- --- ------- —------------272 8 12 24

i) Rifam- 20.0 11.1 4.3 2.5
picin
alone +3.0 +2,5 +0.6 +0.5

ii) Rifam- 16.7 9,3 3.3 2, 0
picin 
+ INH +2.3 +2.0 +0. 8 +0.8

iii) Rifam- 17.9 8„0 3.4 0.9
picin 
+ INH ±3.0 ±2.0 +0.8 +0.2
+ etham- 
butol
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Table-34c s Urinary excretion of rifampicin in patients
of pulmonary tuberculosis

Study Urine volume mg/day Excretion
No. . . (ml,mean + SEM) (mean + SIM) rate (mg/ml/ 

24 hours)(mean + SEM)

i) Rifam- 532.5 140.0 0^3
picin
alone +21.0 + 7.4 +0.01

ii) Rifam- 482.3 146.4 0.3
picin 
+ INK +30.5 + 7.7 +0.03

iii) Rifam- 518.8 143.3 0.3
picin 
+ INH +14.7 + 7.4 +0.01
+ etham- 
butol
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Table-35a: Anthropometric data of patients of pulmonary
tuberculosis (mean + SEM values, n = 8)

Rifam-
picin
admini-
stered(mg)

Age(years) Weight(kg) Nutri­
tional
score

Total 
proteins (g/100 ml)

Albumin (g/100 ml)

386.3 41.9 39. 3 0.2 6.2 3.0
+11.7 +5.3 +1.4 +0.°°7 +0.1 +0.6
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Table-35b: Serum rifampicin concentration in patients

of pulmonary tuberculosis (ug/ml, mean + SEM)

Study
No.

Hours after drug administration
2V2 8 12 24

i) Rifam- 17.0 9.5 6.4 2.0
picinalone +3.0 +2.5 +1 * 8 +0.6

ii) Rifam- 15.7 9.5 6.1 1.6
picin 
+ INH +2.9 +2.5 +2.1 +0.4

iii) Rifam- 17.5 8.4 4.0 0e 6
picin 
+ INH +2.4 +1.7 +1.4 +0.1
+ pyra- zinamide
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Table-35c 3 Urinary excretion of rifampicin in patients

of pulmonary tuberculosis

Study Urine volume mg/day Excretion rate
No. (ml,mean + SEM) (mean + SEM) (mg/ml/24 hours) 

(mean ± SEM)

i) Rif am- 516.3 136.2 0.3
picinalone ±59.7_ ± 6.7 ±0.02

ii) Rifam- 488.8 126.9 0.3picin + INH ±57.6 ±6.3 ±0.01

iii) Rifam- 503.1 134.3 0.3picin + INH ±45.2 ± 5.9 +0,03
+ pyra- zinamide



207

Table-36a3 Anthropometric data of healthy volunteers

(mean +'SEM values, n = 6)

Rifam-
picin
admini­
stered(mg)

(ytfrs) Weight(kg) Nutri­
tional
score

Total 
proteins (g/100 ml)

Albumin (g/100 ml)

572.5
+40.9

29.7
±2.1

57.3
+4.7

0.2
±°.°1

7.3
+0.1

3.8
±°.1
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Table-36c s Urinary excretion of rifampicin of

healthy volunteers

Study
No.

Urine volume (ml,mean ± SEM)
mg/day 

(mean ± SEM) Excretion rate (mg/ml/24 hours) 
(mean ± SEM)

i) Rifam- 796.7 165.8 0.2
picin
alone ±62.3 ±16.0 ±0.02

ii) Rifam- 801.2 149.8 0.2
picin 
+ INH ±55.1 ±11.6 ±0.01

iii) Rifam- 
picin 
+ INH 
+ etham 
butol

963.3
±90.1

166.3
±15.1

0.2
+0.02
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time points; c, urinary excretion of rifampicin following 
single oral dose (10 mg/kg). There were no significant 
differences among studies i, ii or iii in either serum 
rifampicin concentration or urinary excretion of rifampicin.

f

Table-37 presents data of undernourished healthy 
volunteers (n = 5). a, presents anthropometric data* b, 
serum rifampicin concentration (ug/ml); c, urinary excretion 
of rifampicin following single oral dose (10 mg/kg). There 
were no significant differences among studies i, ii or iii 
in either serum rifampicin concentration or urinary excre­
tion. The mean AUCs of normally nourished, healthy volun­
teers were significantly higher than mean AUCs of undernou­
rished volunteers (Table-38).

Table-39 and figure-10 present comparison of pooled 
data of all groups studied namely -

a) undernourished patients of pulmonary tuberculosis 
(n - 15)

b) comparatively better nourished patients of 
pulmonary tuberculosis (n = 10)

c) normally nourished healthy volunteers (n = 6)
d) undernourished healthy volunteers (n = 5).

III. Percentage binding of rifampicin to serum proteins
The type of serum protein fraction that binds rifam­

picin in particular was investigated. Amongst the five
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Sable-57a : Anthropometric data of undernourished
volunteers (mean ± SEM values, n = 5)

Rifam-
picin
admini­
stered(mg)

Age(years)
Weight(kg) Nutri­

tional
score

Total
proteins(g/100 ml)

Albumin (g/100 ml)

390.0 30.4 39.0 0.2 7.6 4.2
± 7.0 ±4.5 ±0.8 ±0.004 +0a2 ±0®1



Ta
bl
e-
37
b:
 S

er
um
 r
if
am
pi
ci
n 
co
nc
en
tr
at
io
n 
in
 u
nd
er
no
ur
is
he
d 
vo
lu
nt
ee
rs
 (

ug
/m
l 
me
an
 +
 S
£M
)

ro V—* ro

St
ud
y 

Ho
ur
s 
af
te
r 
dr
ug
 a
dm
in
is
tr
at
io
n

No
. 

--
--
--
--
--
--
--
--
--
--
--
--
--
--
--

--
--
--
--
--
--
--
--
--
--
--
--

¥2
 

1 
2 

4 
8 

12
 

24

i)
 H
if
am
pi
ci
n 

5.
6 

7.
8 

11
.2
 

8e
9 

5.
8 

3.
0 

1.
9

al
0n
e 

+0
.9
 

+1
.3
 

+1
.1
 

+1
.0
 

+0
.8
 

+0
.6
 

+0
.5

ii
) 
Ri
fa
mp
ic
in
 

5.
4 

8.
5 

10
.7
 

8.
6 

5.
8 

3.
1 

1.
8

+  
XN
H 

+0
.8
 

+1
.1
 

+1
.4
 

+0
.8
 

+0
. 6
 

+0
.4
 

+0
.1

ii
i)
 R
if
am
pi
ci
n 

5.
4 

7.
5 

10
.8
 

8.
8 

5.
5 

3.
1 

1.
9

+ 
IN
H 
+

et
ha
mb
ut
ol
 
±°

‘8
 

±°
‘9
 

±1
-0
 

±°
-6
 

±°
*6
 

±°
»2
 

±0
*3



213

Table-57c : Urinary excretion of rifampicjn of under­

nourished volunteers

Study
No.

Urine volume (ml,mean + SEM)
mg/day (mean + SEM) Excretion rate (mg/ml/24 hrs, 

mean + SEM)

i) Rifam- 534,0 110.8 0®'2
picin
alone +48.1 ± 5.7 +0.03

ii) Rifam- 536.0 109.8 0.2
picin
+ INH ±39.7 + 3.8 +0.03

iii) Rifam- 574.0 124.0 0.2
picin 
+ INH +40.7 + 6.8 +0.02
*1- etham 
butol
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TABLE-78

AUCs in volunteers

Study Undernourished Well nourished
No.

i) Rifampicin 
alone

ii) Rifampicin 
+ INK

iii) Rifampicin 
+ INH + 
ethamhutol

32.9 46.7
±3.5 +3.5

31,8 43.6
+3.3 +2.8

31.9 44,2
+2,8 +1.6
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Fig.10
Effect of undernutrition on the mean serum 

concentrations of rifampicin at different time 
points. Time in hours is depicted on the abscissa 
and mean serum levels of rifampicin (ug/ml) are 
depicted on the ordinate. The lines joining open
circles (o---© ) and closed circles ( •---• )
represent serum concentrations of rifampicin for 
normally nourished (n = 6) and undernourished 
volunteers respectively and those joining open
triangles ( A---A ) and closed triangles ( A—A )

represent serum concentrations of rifampicin for 
comparatively less undernourished (n = 10) and 
comparatively more undernourished (n = 15) patients 
of pulmonary tuberculosis. Vertical bars represent 
the SEM,
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serum protein fractions, viz. albumin, alpha^, alpha2, 
beta and gamma, merely albumin and alpha2 fractions were 
involved in the binding of the antibiotic. The data 
suggested that, in vivo at 4 hour interval, 4.67 +0.1 
gms/dl of albumin binds to 424 ug of rifampicin (Table-40a).

Moreover, in vitro at the same time interval, rifam­
picin was exclusively bound to albumin and not to alpha2.
In vivo, the percentage of rifampicin bound to alpha2 
protein fraction was 79.9 + 1,6.

At 24 hour interval, there was no binding of rifampicin 
either to albumin or to alpha2 protein fractions. However, 
there was binding to albumin at 24 hours in in vitro 
experiments. Thus, 48.89 gms of rifampicin was bound to 
4.55 gm/dl of albumin. Furthermore, the binding concentra­
tions of rifampicin was relatively higher with alpha2 
protein fraction than with albumin (Table-40b, Fig.11).

The rifampicin binding to fibrinogen was found to be 
.. .variable'^ ranging from 3 to 18$.
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ELECTROPHORETIC PATTERN OF 
SERUM - R! FA M PIC IN.

IN VIVO IN VITRO

FASTING
ALB cC2 ALB oC2

MEAN
gms/dl

% ?
467 0-52 465 052

RIFAMPICIN
Alb

4 HOURS 
<2 ALB eCg

MEAN
gms/dl

% 2.i... ... %
424- 1BS6 59376 NIL
20’0 79 9 ™ rn n-

RIFAMPICIN
ALB

24 HOURS 
oC;2 ALB cCz

MEAN
NIL NIL 40891 67930

PERCENTAGE 23-0 76-9


