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Paracetamol (Acetaminophen; N-acetyl-p-amlnophenol) has analgesic and anti-
pyretic actions similar to those of aspirin (Beaver. 1966) but has no antiinflammatory
activity (Glrdwood. 1976). It Is an effective drug for relief of mild or moderate pain
and Is a suitable substitute for aspirin when the latter Is used for analgesic or antipyretic
purposes. It is clearly preferable to aspirin for patients who are allergic to aspirin.
who have haemophilia or other disorders of blood coagulation. who are being treated
with oral anticoagulants and who suffer from peptic ulcer (Koch-Weser. 1976).

In marked contrast to the safety of paracetamol used in proper doses stands the
very serious hepatotoxicity ~sociated with overdosage of the drug (Proudfoot and
Wright. 1970; Prescott et. al.. 1971). The hepatotoxicity Is dose-dependent and has
been attributed to a covalently bound toxic metabolite. the N-hydroxyl derivatiVe.
The liver may be injured by a single dose of 10g and doses of 25 g can be fatal (Koch-
Weser. 1976). It has been suggested'that Intoxication occurs when the production
of the toxic metabolite excee~s the capacity of available glutathione for its Inactivation
(Prescott et al.. 1971; Mitchell et al.. 1974; Glrdwood. 1976).

Although paracetamol is used commonly. few quantitative data regarding its
distribution are available. Colorimetric (Daly et al.. 1972).electrc.metric (Shearer et
al.. 1972) and spectrophotometric (Helrwegh and Fevery. 1967; Gurtoo and Phillips.
1973) methods have been utilized to determine paracetamol from body fluids.

The present study was undertaken to Investigate the uptake of paracetamol
into brain and liver of rats and to correlate the concentration in these organs with
that in blood.

MATERIALSAND METHODS

Paracetamol was obtained as crystalline powder and solutions made as required.
All other chemicals used were of analytical reagent grade.
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Long-Evans rats of either sex weighing between 150 to 200 g were used. Six
groups of 6 rats each were selected. Three groups of 6 rats were administered 30 mgl
kg and the other three groups given 50.mg/kg paracetamol orally using a soft polythene
tube attached to a syringe. The tube was slowly passed through the mouth and oeso-
phagus to the stomach. The rats In Individual groups were decapitated at 45 mln, 6 hr
or 24 hr. The blood was collected in centrifuge tubes and serum separated; the liver
and brain removed immediately (within 2 mln), quickly rinsed In cold normal saline.
blotted dry and stored at-208C until analysis. The serum was analysed the same day.
The liver and brain were homogenized (lg/5ml) in normal saline In a glass homo-
genizer before analysis.

Determination of free paraceta.mol from serum and tissue homogenates was based
on the method described by Helrwegh and Fevery (1967). A measured quantity (3 ml)
of diluted serum or homogenlzea tissue (brain or liver) was taken In a 50 ml shaking
tube and shaken with 30 ml Isoamyl alcohol and ether (1.5: 98.5) mixture on a hori-
zontal shaker for 30 min. The total organic phase was removed and extracted mechani-
cally with 3 ml of 0.1N NaOH for 5 min. The alkaline extract (2 ml) was acidified
with 0.5 ml of 12N HCI and the mixture kept In a boiling waterbath for 40 min.
The reaction tubes were covered with glass marble to prevent evaporation. The
acid extract was reacted at room temperature with 0.25 ml of 0.2% NaNOz. After
20 min. 0.25 ml of 1% ammonium sulphamate was added. This was followed In 3 mln by
I ml sodium acetate (50 % w/v). I ml of I"" % N-(I-naphthyl) ethylenediamine and
6 ml ethanol. After each addition, the solutions were carefully mixed. Finally, the
reaction tubes were closed and kept in dark at least for 4 hr for complete development
of colour. Absorbance was read In a spectrophotometer (Beckman, Model B) at
620 nm. The actual concentrations of paracetamol was estimated by consulting a previo-
usly constructed standard curve prepared by using different concentrations of the
pure drug.

A series of experiments were carried out to determine the recovery of para-
cetamol from serum and homogenized tissues (brain and liver) of rats. In these
experiments known amounts of paracetamol were added to the serum and tissue homo
genates from untreated rats which were then analysed for recovery of paracetamol.

~ESULTS

Table-I shows the recovery of paracetamol from serum and tissue homogenates
of rats. The mean recovery from serum. brain and liver were 102,95 and 98% respec-
tively.
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TABLE-I-Recovery of paracetamol from serum and tissue homogenates (brain and
liver) of rats. The results represent mean ::J:SD of 6 rats. Figures in parenthesis
express %recovery of the drug.

The concentration of paracetamolln serum, brain and liver of rats at 45 mln, 6 hr
and 24 hr after oral administration of 30 mg{kg or 50 mg{kg of the drug are shown In
Tables-II and III. Peak level of the drug was reached in serum, brain and liver at 45
min. At <IIItimes, the concentration of the drug In brain and liver was significantly
(P <0.01) higher than in serum. The concentration in the liver was slightly greater
than in the brain. The drug level attained in Serum and tissues (brain and liver) Was
dose dependent as evidenced by higher levels with 50 mg{kg doses compared to 30 mg{
kg doses.

TABLE-II-Concentration of paracetamol In serum and tissues (brain and liver) of rats
at 45 min, 6 hr and 24 hr after oral administration of 30 mg{kg of the drug. The results
represent mean :I: SD of 6 rats.

Amount of paracetamol Amount recovered
added to serum or tissue

homogenates (brain or Serum Brain Liver
liver) ug{ml or ug{g

12.50 13.46::J:1.32 12.12:1:1.50 13.00i: 1.48
(108) (102) (104)

50.00 51.12:1:1.30 47.46:1:1.23 50.84:1:2.12
(102) (95) (101)

100.00 97.54+ 1.93 89.53:1:1.45 90.00:1:1.43
(97) (89) (90)

Mean: 102 95 9.8

Time
Concentration (ugjm I or ug{g)

Serum Brain Liver

45 mln 15.24 19.14- 20.35-

:I: 1.24 :I: 0.85 :I: 1.25

6 hr 9.56 12.17- 14.30-

:I: 1.31 :l: 0.82 :I: 1.20

24 hr 4.86 6.49- 7.38-
:!:: 0.12 :I: 0.53 :I: 0.42

- P <0.01 In relation to serum
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TABLE-ill-Concentration of paracetamol In serum and tissues (brain and liver) of rats
at 45 mln, 6 hr and 24 hr after oral administration of 50mg/kgofthe drug. The results
represent mean :f: SD of 6 rats.

The disappearance of paracetamol from brain and liver followed similar pattern.
At 24 hr after oral doses (30mg/kg or 50 mg/kg). the levels in the brain and liver represen-
ted 33 to 36 %of the peak concentration attained in these organs.

The mean ratios. concentration of paracet~mol in serum/concentration of parace-
tamol in brain (S/B) and concentration of paracetamol in serum/concentration of parace-
tamolln liver (S/L) maintained similar relationship with doses of 30 mg/kg or 50 mg/kg
at 45 mln, 6 hr or 24 hr as shown in Table-IV. With Increase of dose, the drug concen-

tration in serum, brain and liver rose proportionately resulting in similar SIB and S/L
ratios.

TABLE-IV-Serum/Brain (S/B) andSerum/LiVer (S/L) ratio of paracetamol at 45 min,
6 hr and 24 hr after oral administration of 30 mg/kg or 50 mg/kg of the drug to rats.

Time
Concentration (ug/ml or ug/g)

Serum Brain LiVer

45 mln 19.24 24.58- 26.07-
:f: 0.81 :f: 1.27 :f: 1.22

6 hr 15.08 19.05- 22.18-

:I: 0.37 :f: 0.85 :f: 1.20

24 hr 6.02 8.06- 9.1.2-

:I: 0.75 :f: 0041 :f: 1.12

- p <0.01 in relation to serum

Serum/Brain (S/B) ratio Serum/Liver (S/L) ratio
Time

30 mg/kg 50 mg/kg 30 mg/kg 50 mg/kg--
45 mln 0.79 0.78 0.15 0.14

6 hr 0.78 0.79 0.67 0.68

24 hr 0.75 0.75 0.66 0.66
-
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DISCUSSION

Paracetamol was determined from serum, brain and liver of rats. The drug was
converted to p-amlnophenol after differential extraction and acid hydrolysis. In strongly
acidic medium, p-aminophenol was diazotlzed to p-dlazc,phenol and the diazonium salt
was then coupled with N-( I-Naphthyl) ethylenediamine in the presence of ethanol. The
blue colour formed was estimated spectrophotometrically.

The quantitatiVe recovery of paracetamol (Table-I) from serum and tissue homoge-
nates (brain and liver) suggest the applicability of the procedure to other tissues as well.
The percent recovery of the drug from serum In the present study agree with the results

of other workers (Daly et aI., 1972; Shearer et aI., 1972; Gurtoo and Phillips, 1973).

The concentration of paracetamol in brain and liver was dose-dependent and rea-
ched a high level quickly: peak levels were obtained 45 mln after oral administration

ofthe drug. At all times (45 mln, 6hr or 24 hr), the concentration of the dr~g in brain
and liver w'ere significantly higher (P <0.01) than In serum (Table-II and III). These results
Indicate that paracetamol with a molecular weight of 151obViously crosses the biological
membranes Including the blood-brain barrier easily. The quick attainment of high level
In the brain agrees with the rapid onset of analgesic and antipyretic actions of the drug.
On the other hand, the quick attainment of high level of the drug In the liver may run
the risk of formation of large quantities of the toxic metabolite, the N-hydroxyl deriva-
tive, which may exceed the capacity of the available glutathione for its inactivation.

Ttlls may explain the quick onset of hepatic injury with a single large dose of the drug
(Proudfoot and Wright, 1910; Prescott et aI., 1911; Mitchell et al., 1974; Glrdwood,
1976).

The similar SIB and S/L ratios of paracetamol at 45 min, 6 hr and 24 hr with 30
mg/kgor 50 mg/kg doses of the drug (Table-IV)suggest that the serum levelof the drug
Is IndicatiVe of its concentration In brain and liver.

SUMMARY

The time- and dose-dependent uptake of paracetamol into the brain and liver of
rats was investigated and correlated with the serum levels of the drug. The results
showed a rapid entry of paracetamol into the brain and liver : peak concentration of
the drug was reached in these organs at 45 min after oral administration. The concen-
trations in the brain and liver were significantly higher (P <0.01) than in serum. The
quick attainment of high concentration In the liver may explain the rapid onset of
hepatotoxicity with a single large dose of the drug.
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