
Biochemical PhamscoIogy, Vol. 18, pp. 633443. Pergamon Press, lF69. Printed in Great Britain 

DISTRIBUTION, EXCRETION METABOLISM AND 
LOCALIZATION OF A NEW ANTI-INFLAMMATORY 

DRUG: NIFLUMIC ACID, LABELLED WITH l*C* 

B. CLASSON, A. BENAKIS and M. STROLIN-BENEDETTI 

Laboratoire du ~etabolisme des Medicaments, Ecole de Mkdecine, Geneva, Switzerland 

(Receiwd 1 October 1968; accepted If October 1968) 

Abstract-The metabolism of the 14C-niflumic acid? specific activity 16 mc/mM has 
been studied in the rat, after intraperitoneal administration. With doses of 50 rag/kg, 
the blood level is of 75 I+g/ml at the 1st hr, and of 6 pg/ml at the 24th hr. The product 
is nearly all bound to the plasma proteins. The liver retains, after 1 hr, 4 per cent of the 
injected activity and the stomach O-5 per cent only traces (@OS per cent) have been 
detected in the brain. The technique of autoradiography in the mouse, after admini- 
stration of the product per OS and i.p. confirms these results. About 5 per cent of W!Os 
is found with respect to the injected activity, after 12 hr. The radioactivity eliminated in 
the urine is about 2 per cent of the injected activity after 1 hr, reaches 30 per cent at the 
12th hr, is practicahy completed after 24 hr. The radioactivity found in the faeces is 
generally of the order of O-01 per cent. 

Five catabotites were found by paper chromatography in the urine. Nifiumic acid is 
not eliminated unchanged, and the greatest quantity appears to be conjugated ghrcu- 
ronide. One of the catabolites, after paper chromatographic study in various systems, 
corresponds to 2-aminonicotinic acid. Possible metabolic pathways of the Niflumic 
acid discussed. 

NIFLUMIC acid : (trifluoro-methyl-3-phenylamino)-2 nicotinic acid was described by 
Hoffmann and Faurel in 1966. It is a pyridic isotere of the ffufenamic acid and its 
anti-inflarntr@ory and analgesic activity has been clearIy shown in the rat by Boissier, 
Fichelle-Pagny and Horakova.2 This product is now currentIy used in human therapy. 

The marking of the Niflumic acid by W has been done to carry out the metabolic 
research. This synthesis is described by Colombini, Deganello, Benakis and Stroiins 
The following reactions are used in the preparation of this compound from labelled 
COe, according to the five steps of Fig. 1. 

A product is obtained having a specific activity of 16 mc/mM. This product is 
purified by preparative paper chromatography with a n-butanol-pyridine-He0 sat. 
NaCl system. The structure of the product has been verified by eIementary analysis, 
paper chromatography and i.r. spectrometry. The radiochemical purity is evaluated 
at 99.9 per cent by paper chromatography.4 

* ~~uni~tion presented at the IUPAC 2nd In~mation~ S~posi~ “P~~~uti~ 
Chemistry”, Mtinster {Gerry), 22-26 July, 1968. 

_t Ni&_ril@ UPSA, 157 Av. des GrMlons, Gennevihiers, France. 
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FIG. 1. Synthesis of labelled Niflumic acid. 

Male Wistar rats of 110 g average weight, received a dose of about 50 mg/kg of 
1GNiflumic acid of roughly 1 mc/mM sp. act., by i.p. injection. 

After receiving the dose, the animals are placed in a metabolic cage and the expira- 
tory CO2 is collected, as well as the faeces and the urines. These last are collected cold 
and immediately frozen. 

To determine the blood rate as a function of time, the blood is taken by puncture of 
the cavernous sinuses. In order to establish a balance-sheet of drug distribution and 
excretion, groups of 3 animals are sacrificed under light ether anesthesia by cardiac 
puncture of the blood at l-, 3-, 6-, 9-, 12 and 24”hr intervals after administration of the 
drug. The main organs are removed and the interstitial liquid is collected. The residual 
of the animal is equally kept, under the denomination “carcass”. 

The radioactivity is measured by liquid scintillation (spectrometers: Packard Tri- 
Carb 3002, Beckmau L&200@. According to the nature of the sample, the following 
techniques for measuring the radioactivity have been adopted: 

For the expiratory 14CO2 the technique of methanolic ethanolamine absorption 
(20/80 v/v), with an air flow of 500 ml/min during 1 hr through 10 ml of this 
solution. Sample of 1 ml, measured with 10 ml of toluene, PPO, POPOP. Correc- 
tions by the internal standard technique. 
The blood radioactivity is measured on samples of 10 ~1 solubilized by 0.1 m.l of 
Hyamine (molar solution in methanol). Scintillation system: toluene, PPO, 
POPOP. 
The wine radioa~ti~ty is measured by liquid scintillation. Samples of IO ~1; scinGl- 
ating system: dioxane, ethanol, xylol, naphthalene, PPO, POPOP (ESLA). Correc- 
tions by the internal standard technique. 
The radioactivity of the organs and of thefieces, after desiccation and powdering, 
is measured on 10 mg samples in suspension with Cab-0-Sil; scintillation system: 
toluene, PPO, POPOP. 
For the “CCIYRZD” : combustion of samples of 100 mg by the “oxygen-Flask” 
technique, absorption of the CO2 formed by 15 m_l ethanolamine/methano1(20/80, 
v/v), samples of 1 ml measured in 10 ml of toluene, PPO, POPOP. Corrections by 
the internal standard technique. 
For the catabolites separation, the technique of descending chromatography on 
Whatman No. 1 paper. The chromatographic systems used in this work are: 
(a) ~-bu~nol-meth~ol-water (90~10~100, v~v/v): Cl 
(b) ~-butanol-pyridin~H20 sat.NaCl(40~80~60, v~v~v~: Xsl 



The ra~~a~ti~ty of the ~~umatog~s is measnred and recorded by a ga&ow 
windowless GM counter; the counting e&ziency is about 10 per cent. Quantitative 
determination of the active sectors is made by elution and measurement of radio- 
activity by liquid scintillation. 
The catabolites separations are equally carried out by micro-extraction on 0.06 ml 

urine samples, followed by paper chromatography of the ethereous and chlorofornzio 
extracts. 

Enzymatic attacks of the ghrcuro and sulfa-conjugations have been carried out by 
the gastric juice of Helix Pomatia in an acetic acid-sodium acetate buffer at pH 
54; incubation at 37”; extraction in an acid medium and chromatography of the 
hydrulysis products. 
Two techniques have been used for the determination of the quantity of drug botmd 

to the plasmatic proteins : 
The ammonium sulfate technique is used to precipitate the plasmatic proteins in 
blood of wh.iGh the figured elements have been separated by centrifugation at 
4000 r-pm. The proteins precipitated are then separated by centrifugation at 50,000 
rpm (centrifuge Beckman Spinco L 50). The radioactivity of the de-proteinized 
plasma is measured by liquid scintillation in the ESLA sctintillating system. The 
plasmatic proteins are put in aqueous solution and their radioactivity is measured 
in the ESLA scintillating system after addition of Hyamine. 
Sephadex G-25 gel has been used in a 9 x 300 mm column containing 5 g of gel 
equilibrated with a phosphate buffer at pH 7.4. One ml of plasma is used, the 
elution being done with the phosphate buffer. Two ml fractions are collected; on 
these, the protein concentration is measured by spe~romet~ (&ret technique) and 
the radioactivity by liquid scintillation. 
In the studies of the protein liaisons in vitro, 1 ml of plasma is incubated at 37” far 

4 hr, with quantities of Niflumic acid between 8 and 30 pg. After incubation the plasma 
is treated with the same technique as used for experiments in vivo. In the case of 
lyophylized human plasma “Versatol” (albumine 63 Xi globuline 37 %), a solution of 
6.9 per cent is prepared. 

For the studies by autoradiography, we have used the technique described by 
Ullberg and his col1aborators.s 

The mice receive doses of 6 mglkg Niflumic acid. The radioac~vjty injected is of 
the order of 4 +$animal. The product is given i.p., or per OS. The animals are then 
Sam-ificed by freezing at - 80” in an a~tone~~boice mixture_ They are then cut up 
by a microtome (Jung, Hn 40) at IO”, in sections of 30~ thickness, parallel to the 
sagital plane of the animals. For each animal, at least 30 sections are obtained. 

These sections are stuck on an adhesive support and desiccated at - 30” for 3 days. 
They are put on Kodirex Kodak film and left in contact for 7 days. The blackening of 
the film corresponds to the localization of the radioactivity. 

RESULTS 
Localization and distribzctioPs in rats after adminiMW2on of N@nic acid 

Table 1 gives the radioactivity, expressed in pg of W-Niflumic acid, found in the 
organs, in the interstitial liquid and in the “carcass” for 15 animals, sacrificed ia 
groups of three, 1,3,& 9 and 12 hr after i.p. ~d~nistration of WXZflumi~ acid, 

Table 2 gives the radioactivity found in organs, in expiratory CC&, in bIood, in 
urines, in faeces and in %arcassff as percentage of the injected radioa~~~. 
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These results permit a balance to be dressed: injected ra~oactivi~~r~o~ti~ty 
found. 

As the radioactivity levels found after 12 hr in the organs were in such small 
quantities, experiments to establish an evahration over a longer period were not 
deemed necessary. 

Blood rate 
The quantities found in the blood are expressed in pg of W-Niffumic acid for 1 ml 

of blood. 
Figure 2 gives the curve of the drug half-life established on the average of the five 

experiments and for a period of 24 hr. The average is of 75.2 pg/ml at the 1st hr, 
falling to 32.4 at the 3rd to 14-4 at the 6th, to 9.8 at the 9th, to 8-O at the 12th and to 
5.8 pg/rnl at the 24th hr after administration. 

; A ;1 Ih 1; 24 
Time (hr) 

FIG. 2. Blood rate ofthe W-Niflumic acid in the rat, after administration of a single dose of 50 mg/kg. 

After separation of the figured elements, the totality of the radioactivity is found in 
the plasma. 

Degree of binding between the Nipumic acid and the plamatic proteins 
The degree of binding between the Niflumic acid and the plasmatic proteins has 

been studied in the rat in uivo, after injection of 50 mglkg i.p. in animals sacrificed 1, 
3,9 and 12 hr after admi~st~tion. 

The degree of liaison has equally been measured by incubation in vitro with rat 
plasma, guinea pig and rabbit plasma, as well as human plasma and “Versatol” 
(lyophilized human plasma containing 63 % albumine and 37 % globuline). Different 
quantities of Niflmnic acid have been incubated with the same plasmatic volume. 

Table 3 gives the percentage of Niflumic acid bound to the plasmatic proteins, after 
passage of 1 ml of plasma on a Sephadex G-25 column. 

Figure 3 gives the relation between the radioactivity and the plasmatic proteins 
recovered in the elution fractions after separation in a Sephadex column. 

~~ioactivity in the expiratory CO2 
The 14COz has been measured every hour in the balance es~blishi~ experiments up 

to the 12th hr after a~i~stration. For one experiment, measures were taken every 
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hour up to the 60th hr, and equally during 1 hr every day up to the 17th day after 
administration of the product. The quantity of radioactivity found at the CO2 level 
represents, as an average and for an observation of 12 hr, 5 per cent of the injected 
activity. 

TABLE 3. PERCENTAGE OF BINDING OF THE NIFILJMIC ACID WITH THE PLASMA PROTEINS, 
in viuo AFTER ADMINISTRATION OF A smcm DOSE OF 50 mg/kg IN Tr31 RAT, AND in vitro 

IN VA.RIOUS SPECIES 

Binding of the Nitlumic acid with the plasmatic 
proteins in uivo 

Species hr 
Per cent bound 

Precipitation Sephadex 

86.6 
Rat : 

83.6 
1000 - 

192 
97,7 
- 9z5 

Binding of the Niflumic acid with the plasmatic 

Species 
proteins in vitro 

pg incubated Per cent bound 

97.6 
Man 1E 97-7 2;z 97-6 

Rabbit 26 iE 
26 97.7 

Guinea Pig 26 98.2 
8 95.4 

94.9 
Rat ;: 95.4 

195 loo.0 

22! 
loo.0 

Versatol 95.2 

80 

60 % OF RADIOACTIVITY 

40 

20 

0 

20 

40 

60 

80 %OF PLASMATIC PROTEINS 

Pro. 3. Percentage of radi~cti~ty and plasmatic proteins found in the fkctiort, after passage of rat 
plasma on Sephadex cohtmn. 
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Figure 4 gives the radioactivity of the expiratory WOZ as a function of time, ex- 
pressed in percentage of the activity measured over 36 hr, in the rat. Generally, these 
graphs show a regular repartition of this elimination during the fkst 12 hr of observa- 
tion, WOa elimination then decreases exponentially up to the 60th hr. At that 
moment, the radioactivity eliminated by the CO2 in 1 hr only represents 0.1 per cent 
of the activity actually injected. 

MJECTIOW 6 12 18 24 30 36 
Q Time (hr) 

FIG 4, Expiratory WOe in the rat after administration of WAUhnnic)ztcid. 

The radioactivity eliminated in the CO2 during 1 hr 17 days after administration is 
only about 30 ppm of the injected activity. 

Urinary el~i~tio~ 
The measure of the ra~oac~~ty is carried out on every miction of the animal, the 

rhythm varying according to individual factors. The radioactivity eliminated this way, 
with respect to the injected activity, is found to be about 2 per cent at the 1st hr, 
reaching 10 per cent at the 3rd hr, 15 per cent at the 6th br and then stabilizing at about 
30 per cent for observations between 9 and 12 hr. 

Figure 5 gives a typical elimination for an animal whose urinary radioactivity has 
been measured during 36 hr. These values are expressed as percentage of the total 
activity measured. For most of the experiments, the maximum radioactivity elimina- 
tion occurs between the 4th and the 8th hr. After 36 hr, the radioactivity found at the 
urinary level only represents 0.2 per cent of the injected activity. 

12 18 24 30 36 

Time (hr) 

FIG. 5. Urinary radioactivity in the rat after administration of 1%Niifhmic acid. 

Faecal e~i~i~tion 
The radio~ti~ty found in the faeces (for 7 rats in the 15 ex~riments~ does not 

exceed O-7 per cent of the injected activity. Generally it is in the range of 0.01 per cent. 



Tfie recording of the urims radioa~~ity after paper chromatography indicates the 
presence of three a&ye sectors. Figure 6 represents the recording of the rad~oac~v~ty 
un ~~omato~~rne of 041 ml of urine ~i~rn~~at~ at the 5th hr, for a rat hav&g 
received 50 mg/kg of Niflumic acid i.p. 

For this recording, sector B represents 80 per cent of the radioactivity eliminated 
at that hour, sector A 10 per cent and sector C about 15 per cent. 

Figure 7 gives the formation rate of these three sectors, measured on mictions up to 
the tZth hr after ~dm~nist~tion of a single dose of 50 mg/kg of W2-Ntiu.mic acid in 
the rat, 

After elution of sectors A, B and C from the chromatogramme shown in Fig. 6, 
the eluates were again chromatographed in various systems, System X-61 separates 
sectors A and B into two other sectors. Sector C does not give any new separation. 
Therefore, one can con&de on the existence of at least 5 radioactive catabolites, 
None of the & on paper ~~oma~graFhy of these 5 sectars ~o~es~onds to the .& of 
the unchanged IWumic acid. The attack by glucuronidase and arylsulfatase of the 
Helix Fomatia gas&% juice, or by spon~~us hydrolysis due to the normal presence 
of ~u~~u~idas~ in the rat urine, changes sector B in two products; one of these 
represents the Niiumic acid identiGed by i-r. spectrometry after ~~orofo~ extraction 
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from the urine, The Niflumic acid, therefore, conjugates with the glucuronic acid at 
the carboxyhc group. 

In the X-61 system, sector A separates in two active sectors; the Rf of one of these 
corresponds to the Rf of the 2-aminonicotinic acid in paper chromatography. 

Catabolites in the blood 
The radioactivity in the blood is entirely due to the Niflumic acid. This has been 

shown after freeing the Niflumic acid bound to the plasmatic proteins by the urea. Its 
structure has been confirmed by the Rf values in different systems. 

Catabolites in the farces 
The faeces have been extracted by ether in acid medium. The paper c~omato~aphy 

of the ethereous extract indicates the presence of at least 4 catabolites. 

Catabolites in the organs 
Some of the organs, like liver and stomach, have been extracted by ether and by 

chloroform equally in acid medium. After chromatography, these two extracts indicate 
that the greatest amount of radioactivity is not likely to be the unchanged product. 

Localization of the W-Nipumic acid in the mouse by autoradiography 
A first batch of I5 animals received i.p. 6 mg/kg (4 w) of l*C-Niflumic acid and were 

sacrificed in groups of three, 30 min, 1, 3,6 and 9 hr after a~nis~ation. A second 
batch of 15 animals received the Niflumic acid per OS : the same dose and the same 
activity as the first batch, and equally as that one, they were sacrificed 30 min, 1, 3,6 
and 9 hr after administration. 

Figure 8 shows a representative whole-body autoradiogram of a mouse injected i.p. 
with W-Niflumic acid (6 mg/kg, 4 w) and sacrificed 30 min later. The dark areas 
show the localization of the radioactivity in the various organs. 

In Fig. 9 one can observe whole-body autoradiograms of mice, sacrificed in groups 
of three, 30 min, 1, 3, 6 and 9 hr after administration of W-Niflumic acid (6 mg/kg, 
4 PC) i.p. and per OS. One can see the localization of the radioactivity as function of the 
time, as well as a different time-dependence of localization for different ways of 
a~nis~ation, 

In the case of an i.p. injection, the localization is fairly ~~orrn during the 1st hr of 
survival of the animal. From the third hour, the radioactivity decreases and is local- 
ized in the liver, the kidneys, the stomach, the bladder and the intestines. These last 
two organs still present some radioactivity at the 9th hr. 

In the case of oral administration, a very strong activity is naturally observed in the 
stomach and the intestines, radioactivity persisting up to the 9th hr. The other organs, 
such as the liver, show a radioactivity fairly higher, at the same hour, than for animals 
treated i.p. It can be said that, at the brain level, the radioactivity is practically null 
for all our experiments. 

DISCUSSION 

For the metabolic study of Nifl~c acid, we chose to label the carboxylic group. 
This allowed us to study a certain number of possible pathways, notably the formation 
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of expiratory 14COs. This loss, which represents 5 per cent of the quantity injected 
during a period of 12 hr, is not very large but is sufhciently significant when one 
considers that the carboxylic group is common to several anti-intlammatories, such 
as acetylsa licylic acid, indomethacin, flufenamic and mefenamic acids, Ibufenac 
which could metabolise in the same way. 

For therapeutic doses and i.p. administration, the half-life of the drug in the rat 
is of 3 hr. This observation agrees with the active pharmaceutical action of the product. 
Experiments in uivo on rats and in vitro on other animals show that Niflumic acid is 
almost completely bound to plasmatic proteins. Thus, this quasi-total link is not in 
conflict with the therapeutic action. 

It is through the urine that most of the radioactivity is eliminated (about 30 per cent 
during a 12 hr observation period). After the maximum point of elimination is reached 
-which happens between the 4th and 8th hr, the radioactivity eliminated in this way 
decreases exponentially, until it reaches a very low level even after 36 hr. As to the 
faecal level, the radioactivity measured is almost negligible. According to our pre- 
liminary results, the one found in the biliary extraction is similarly negligible. 

The localization in the organs, observed either by autoradiography in mice or by the 
balance-sheet experiments in rats (measure of the radioactivity organ by organ as a 
function of time) confirms that Niflumic acid, like many drugs, accumulates prefe- 
rentially in the liver. The persistence of its activity at this level indicates that metabolic 
transformations occur there. The renal distribution is not uniform: one observes a 
greater concentration in the medullar region as shown by autoradiography. As one 
could expect, given the pharmaceutical class of the product, we found only slight 
traces in the brain. A relatively small amount in the other organs can be attributed to 
the vascularization of the blood. The results obtained in the balance sheet experiments 
show without doubt a general evolution in the localization and elimination as a func- 
tion of time. The difference observed between the quantities injected and the quantities 
recovered must be attributed to the techniques employed in this type of research, 
without reducing the value of the information to be drawn from the distribution and 
elimination of the product in the organism. 

The study of the chemical structure of the five catabolites found in the urine-a 
study effected by paper chromatography, by enzymatic attacks and by extractions at 
different pH, leads us to suggest the following possible schema of metabolic pathways. 

The split of the carboxylic group is indicated by the presence of r4COs. It leads as a 
result to the formation of decarboxylized catabolites, which consequently cannot be 
followed by tracer techniques. The conjugation in the carboxylic group by glucuronic 
acid was shown by the formation of the free product either through enzymatic attack 
in vitro, or by a similar reaction by the urinary glucuronidase. The presence of the 
2-amino-nicotinic acid is born out by the agreement of the Rf with synthetic 2-amino- 
nicotinic acid in numerous chromatographic systems. The formation of this 2-amino- 
nicotinic acid presumes that Niflumic acid divides at the amino stage to give trifluoro- 
methylbenzene. By analogy, the rupture of the amino stage could also lead to the 
formation of nicotinic acid and trifluoromethylaniline. Hydroxylic products are 
suggested in the schema since the extractions of catabolites in the urine reveal the 
presence of components with phenolic characteristics. These are all the more probable, 
since Williamson et al.,6 working on flufenamic acid, found in the urine both of rats 
and man hydroxylated products of this acid in ortho of the CFs group and in meta of 



FIG. 8. Representative whole-body autoradiogram of a mouse injected i.p. with 1Q2-Niflumic acid 
(6 mg/kg, 4 PC) and sacrificed 30 min later. 

FIG. 9. Whole-body autoradiograms of mice sacrificed in groups of three, 30 min, 1, 3, 6 and 9 hr 
after administration of %I-Niflumic acid (6 mg/kg, 4 PC) i.p. and per OS. 

Representative autoradiograms of each group (at least 30 sections/animal). 
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Fro. 10. Possible metabohc pathways of 1~GNiiumic acid. 

the carboxylic group. Further work is being undertaken to confirm the schema of 
metabolic pathways suggested for Niflumic acid. 
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