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Summary. The pharmacokinetics of the novel anticancer 
agent, flavone acetic acid (FAA) were investigated in 
Balb-c mice treated with i.v. doses of 100 mg/kg or 300 rag/ 
kg, using an HPLC assay. The kinetics of disappearance 
from plasma was monoexponential and dose-dependent. 
After 100 mg/kg, the plasma peak level was 250+ 11 .ag/ 
ml, tl/2 was 0.5 h, and AUC was 309 lxg/ml per h. After 
300 mg/kg, the plasma peak level was 710+_57 txg/ml, tl/2 
was 2.1 h, and the area under the curve (AUC) 1771 .ag/ml 
h. Mouse plasma protein binding of FAA was about 70%. 
As is the case with plasma, in all tissues analyzed, the FAA- 
AUC values were disproportinately greater after 300 mg/  
kg than after 100 mg/kg. The highest drug concentrations 
were found in the liver and small intestine; concentrations 
were intermediate in lung, heart, and spleen, and lowest in 
brain. Less than 5% of the FAA dose was eliminated as un- 
changed drug in the stool. Total excretion of FAA as un- 
changed drug in the urine collected up to 96 h after drug 
treatment corresponded to 75% and 60% of the i.v. doses 
of 100 and 300mg/kg, respectively. A minor fraction 
of FAA dose, corresponding to 1% and 6% of the two 
doses, was eliminated in the urine as a FAA glucuronide 
or sulfate. 

Introduction 

Flavone acetic acid (FAA) is a novel anticancer agent that 
has recently entered phase II clinical trials. In preclinical 
screening it has shown a peculiar spectrum of activity 
against murine tumors, being much more active on slow- 
growing tumors than on fast-growing ones [3, 4, 6, 7]. For 
example, it is curvative for mouse colon 38 and pancreatic 
adenocarcinoma 03, but has only marginal activity against 
L1210 or P388 leukemias. 

The dosage schedule appears crucial for its antitumor 
activity in mice. Initial pharmacokinetic studies indicated 
that effective plasma levels are very close to the toxic ones; 
in addition, nonlinear pharmacokinetics of FAA in mice 
has been suggested [9]. 

No information is available on the metabolism of this 
drug. A better understanding of the metabolism and phar- 
macokinetics of FAA is needed as a basis for correct stud- 
ies on its mode of action and also for rational clinical in- 
vestigation of this drug. In the present study we investi- 
gated the pharmacokinetic properties of FAA in Balb-c mice. 
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Materials and methods 

Animals and treatments. Male and female Balb-c mice 
(24+2 g) obtained from Charles River (Italy) were used. 
FAA was kindly provided by Dr P. Briet, Lipha, Lyons, 
France. The drug was dissolved in 5% NaHCO 3 and ad- 
ministered as a bolus injection over 30 s at doses of 100 
and 300 mg/kg. 

Sample collection. Animals were killed before and 5, 15, 30 
min and l, 2, 4, 8, 16, and 24 h after treatment. At each 
time plasma and tissues (liver, kidney, small intestine, 
spleen, brain, heart, lung, and epididymal adipose tissue) 
were collected separately from four animals. Urine and 
stools were collected from mice in metabolic cages at dif- 
ferent intervals up to 96 h. Urine was collected in tubes 
containing 200 ~xl 4 N HC1. The urine and stools of six 
mice were pooled at each collection time for drug mea- 
surement. All samples were immediately frozen at - 20 ° C 
until analysis. 

Protein-binding studies. Plasma protein binding was deter- 
mined by equilibrium dialysis at 37 ° C. Undiluted plasma 
(250 ~1) taken from animals 2 h after treatment with 100 
and 300 mg/kg i.v. was dialyzed for 15 h against isotonic 
Krebs buffer (pH 7.4) in Teflon containers separated by a 
cellulose membrane with an average pore radius of 24 A 
(Dianorm System). Dialysis was also carried out with plas- 
ma against isotonic Krebs buffer containing different con- 
centrations of FAA. After 15 h the drug was assayed in the 
liquids on both sides of the membrane. Each protein-bind- 
ing fraction value was the mean of four determinations. 

Metabolic incubation. Mice liver microsomes were homog- 
enized in 0.25 M sucrose to give a 20% homogenate. The 
9000 g supernatant was prepared by differential centrifu- 
gation. Microsomes were obtained after addition of CaC12 
[8] and resuspended in phosphate buffer. Samples of 5, 10, 
100, and 200~tg/ml were incubated with microsomes 
equivalent to 0.22 g liver/ml of incubation medium (phos- 
phate buffer). The incubation medium was fortified with 
3 m M  MgC12 and cofactors. The reaction was started by 
adding the drug and carried out at 37°C under shaking 
and under air or nitrogen flow. At the end of incubation 
period, the mixtures were processed as for biological 
fluids. 

Analytic assay. FAA was quantified by a modification of 
the Kerr et at. HPLC method [5]. Briefly, 50 or 100 al plas- 
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ma or urine was added  to 0.5 ml H20, 200 lxl 5% TCA, and 
50 or 100 txl 3-methylftavone-8 carboxyl  acid as internal  
s tandard  (100 p~g/ml), k indly  p rov ided  by Dr D. Nardi ,  Re- 
cordati ,  Milan,  Italy. F A A  was extracted with chloro- 
fo rm: i sop ropano l  (1 : 1) and  then mixed at room tempera-  
ture for 1 h. The precipi ta te  and  the aqueous phase were 
sedimented by centr ifugation for 15 rain at 3000 rpm. The 
organic  layer was then removed and dr ied under  vacuum. 
The samples were resuspended in 200-600 ktl methanol.  
Tissues were homogenized (in water  1:5 or 1:10) and 0.5 
or  1 ml of  the homogenate  was processed as descr ibed for 
biological  fluids. Extracts were injected into a Waters  
Model  6000 A HPLC equipped  with a UV detector  set 
at 254 nm. Separat ion was per formed using an isocratic 
solvent system of  0.001 M phosphor ic  ac id :ace toni t r i le :  
e thanol  (60:30:10) at a flow rate of  1 m l / m i n  with a 
25-cm-long C181xBondapak column (Water  Assoc., New 
York,  NY). 

Recovery was about  95% and sensitivity was 100 n g / m l  
and 200 ng /g  for p lasma and tissue samples, respectively. 
The curve was l inear in the range 0 .01-40 txg/ml; CV less 
than 10%. 

The presence of  conjugates with glucuronic acid or sul- 
fate was determined by collecting urines in tubes containing 
200 Ixl 4 N HC1. Urine was injected directly in the HPLC,  
the peak at t r ibutable to glucuronic or sulfate conjugate 
was collected and incubated overnight at 37 ° C with 0.5 ml 
0.1 M acetate buffer (pH 4.6) and with or without adding 
10 pJ [~-glucuronidase-arylsulfatase (from E. eoli K12, 
Boehringer Biochemical  Robin,  Milan,  Italy). After  the in- 
cubat ion period,  the samples were injected in the HPLC 
and F A A  derived from F A A  conjugate quantified. During 
the incubat ion,  in the sample controls without [3-glucuroni- 
dase-arylsulfatase,  a 10% spontaneous  degradat ion  of  the 
conjugate was observed. 

Pharmacokinetic analysis. The results were processed using 
a one-compar tment  open model  after i.v. adminis t ra t ion 
described by the equation C = A e -c~t, where C is the con- 
centrat ion at t ime t, A is the intercept  on the ordinate  at 
t ime zero, and  c~ the slope of  the exponent ia l  segment. All  
pharmacokine t ic  parameters  were processed using a nonli-  
near  fitting procedure  using the weighted least-squares cri- 
terion and a microcomputer  program.  The half-life and to- 
tal clearance were computed  as follows: 

d / z =  0.693/ct C1 = D o s e / A U C  

Results 

Figure 1 shows the F A A  disappearance  curve from p lasma  
of  Balb-c male and female mice after i.v. doses of  100 or 
300 mg/kg.  At both doses and in both sexes, the rate of  
d i sappearance  appeared  to be monoexponent ia i ,  the elimi- 
nat ion rate being faster after 1 0 0 m g / k g  than after 
300 mg/kg.  As can be seen in Table 1, higher tl/2 and lower 
clearance values were found after the dose of  300 mg/kg .  
The peak p lasma levels after 300 m g / k g  were approxi-  
mately 3 times those after 100 mg/kg ,  while the A U C  was 
about  six times greater. 

After  repeated daily doses, F A A  concentrat ions  in 
p lasma and liver at 15 min and 2 h were not  statistically 
different  from those after the first dose, suggesting that af- 
ter mult iple  doses the drug does not  accumulate  or induce 
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Fig. 1. FAA plasma disappearance curves in female ( . . . .  -) and 
male ( ) Balb-c mice treated with 100 (©) and 300 ( 0 )  
mg/kg i.v. 

Table 1. Plasma pharmacokinetic parameters of animals treated 
with 100 and 300 mg/kg FAA (flavone acetic acid) i.v. 

Dose (mg/kg) 100 300 

Peak (gg/ml) 250_+ 11 710+ 57 
tV2 (h) 0.5 2.1 
Total body C1 (ml/h per kg) 320 169 
Renal CI (ml/h per kg) 240 101 
AUC0~ = (lxg/ml per h) 309 1771 

Table 2. Levels of FAA in plasma and liver of mice after single or 
repeated doses 

Plasma Liver 

15 min 120 min 15 rain 120 min 

Group A 123_+10  3.2_+0.8 161_+15 15_+2 
GroupB 142_+ 9 6.7_+3.3 185_+ 6 13_+2 
Group C - 4.0_+0.8 - 13+1 

Balb-c male mice were each given a single i.p. dose of 100 mg/kg 
(group A), or pretreated for 14 days with 50 mg/kg i.p. and then 
on day 15 given a last i.p. dose of 100 mg/kg (group B), or pre- 
treated for 14 days with 100 mg/kg per day i.p. (split into two in- 
jections of 50 mg/kg); on day 15 they received a last i.p. dose of 
100 mg/kg (group C). In groups B and C, FAA concentrations 
were determined only after the last dose. Each group consisted of 
5 mice. No statistical differences were found between the groups 
(Dunnett's test) 

changes in drug el iminat ion (see Table 2). The concentra-  
t ions of  F A A  in p lasma and b lood  were essentially the 
same (data  not shown). 

As can be seen in Table 3, p lasma protein  b inding  of  
F A A  was between 60%-80%; values were similar for plas- 
ma  from FAA-t rea ted  mice or after addi t ion  of  F A A  to 
mouse plasma. The fraction of  F A A  bound  to p lasma pro-  
teins also did  not  vary over a range of  concentrat ions be- 
tween 5 and 300 txg/ml. 



Table 3. In vitro and in vivo plasma protein binding of FAA 

In vitro FAA concentration ~tg/ml % Binding ~ 
5 69 

50 80 
100 73 
200 66 
300 66 

In vivo FAA i.v. dose mg/kg Time % Binding b 
100 5 min 73 ± 8 

120 min 76±4  

300 5 min 70±7 
120 min 64±6 

Protein binding was evaluated in two samples for each concen- 
tration and the mean values are reported 
b Values represent the mean + SE of four Balb-c male mice 

Figure 2 illustrates FAA concentrations in mouse tis- 
sues at different intervals after drug injection and Table 4 
summarizes the tissue pharmacokinetic parameters. The 
drug disappeared from tissues much more slowly after 
300 m g / k g  than after 100 mg/kg .  FAA A U C  values in all 
tissues were disproportionately greater at the higher dose. 

The pattern of  distribution was similar with both doses. 
The highest drug concentrations were found in liver, kid- 
ney, and small intestine; intermediate concentrations were 
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found in lung, heart; and spleen and the lowest drug levels 
were in brain (Fig. 2). 

The data concern ing  urinary excret ion  o f  F A A  are 
s h o w n  in Table  5. Ur ine  was  co l l ec ted  with  200 F1 o f  4 N 
HC1 because of  the presence of  the conjugate metabolite, 
which undergoes degradation at alkaline or neutral pH 
(G. G. Chabot, personal communication).  The total excre- 
t ion of  FAA (unchanged drug plus FAA glucuronide or 
sulfate) after 96 h, accounted for approximately 75% and 
60% of  the respective i.v. doses of  100 and 300 mg/kg.  At 
the dose of  100 mg/kg ,  most urinary drug el imination oc- 
curred within 16 h. However, after 300 mg/kg ,  a signifi- 
cant proportion of  drug was also excreted in the intervals 
between 16 -24  h and 2 4 - 4 8  h. FAA conjugate accounted 
for 0.86% and 6.7% of  the total doses of  100 and 300 rag/ 
kg, respectively. 

Fecal excretion of  FAA as unchanged drug in the 48 h 
after i.v. administration accounted for 4.8% and 3.8% of  
the doses of  100 and 300 mg/kg ,  respectively. 

No  HPLC peaks attributable to FAA metabolites were 
seen in either plasma or tissue extracts. 

Discussion 

The pharmacokinetics of  FAA appear to be dose-depen- 
dent in mice. Drug clearance was twice as high follow- 
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Fig. 2. FAA tissue disappearance curves in male Balb-c mice treated with 100 (©) and 300 ( 0 )  mg/kg i.v. [Panel A shows FAA concen- 
trations in liver, kidney, small intestine, and lung; panel B shows FAA concentrations in spleen, heart, brain, and adipose tissue] 

Table 4. Tissue pharmacokinetic parameters of animals treated with 100 and 300 mg/kg i.v. FAA 

Dose (.ug/kg) 100 300 

Peak t V2 A U C  0 ~ = P e a k  t 1/2 AUC 0 ~ 
( u g / g )  (h) ( t t g / g  - h) 0 x g / g )  (h) ( i xg /g  • h) 

Liver 321 ___ 15 1.0 611 596 + 14 2.6 2716 
Kidney 177 + 8 0.9 303 557 + 56 3.0 2766 
Small intestine 183 + 31 1.1 419 459 + 57 4.4 2210 
Lungs 188 _+ 33 0.6 167 359 ± 28 1.6 796 
Heart 99± 6 0.5 105 340___23 2.2 886 
Spleen 96 ± 6 0.5 73 255 ± 13 2.2 563 
Adipose tissue 35± 3 0.8 45 74± 8 3.1 269 
Brain 10± 2 0.9 11 28+ 2 1.6 69 
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Table 5. Urinary excretion of FAA (as unchanged drugs plus con- 
jugate metabolite - % of the total dose) in animals treated with 100 
and 300 mg/kg 

Interval (h) Dose (mg/kg) 

100 300 

0 -  8 55 34 
8-16 17 10 

16- 24 1.3 9.6 
24-48 0.6 5.2 
48-72 0.6 0.4 
72 - 96 0.2 0.4 

0-96 74.7 59.6 

ing an i.v. dose of  100mg/kg  as after an i.v. dose of  
300 mg/kg.  

Even though few data on the kinetic properties of  FAA 
are available so far, there are other indications of  nonli- 
near pharmacokinetics of  FAA in mice [2, 9]. The phenom- 
enon appears to occur regardless of  sex (see Fig. 1), the 
strain of  mice, or the presence of  a tumor, since Bissery et 
al. suggested dose-dependent kinetics of  FAA in C57B1 
mice bearing advanced colon 38 [1]. The dose-dependent 
kinetics of  FAA may explain why a small increase in the 
dose may result in disproportionately greater toxicity [9]. 

As in plasma, FAA concentrations were disproportion- 
ately higher in tissues after 300 than after 100 mg/kg.  
Therefore a saturation of  tissue distribution can be ex- 
cluded as a possible mechanism at the basis of  the nonli- 
near pharmacokinetics of  FAA in mice. The highest con- 
centrations were found in organs that may well be asso- 
ciated with drug elimination, such as kidney, liver, and 
small intestine. The high concentrations seen in liver and 
small intestine, together with the observation that less than 
5% of the FAA is eliminated as unchanged drug in the 
feces, suggest there may be some enterohepatic circulation 
of  FAA. 

It was of  interest to investigate whether FAA was pre- 
sent in the brain and if so in what amount, because the 
drug may be of  potential use in tumors or metastases of  the 
CNS and also because neurological side-effects appear to 
be its dose-limiting toxicity. 

The concentrations found in brain were much lower 
than those found in other tissues, indicating that the drug 
does not cross the blood-brain barrier efficiently. Howev- 
er, the concentrations achieved after 300 mg/kg,  which 
gave a peak level o f  about 30 Ixg/g, appeared high enough 
to exert toxicity, which was manifested in these animals as 
lethargy lasting a few minutes after drug injection. Alter- 
natively, some unidentified metabolite able to cross the 
blood-brain barrier could be responsible for these neuro- 
logical side-effects. This possibility appears unlikely, and 
in fact we could not detect any metabolite of  FAA in plas- 
ma or tissues of  mice treated with the drug. In addition, no 
metabolism was detected in vitro, incubating FAA with 
fortified mouse liver microsomes or with the supernatant 
of  9000 g mouse liver fraction in the presence or absence 
of  oxygen (data not shown). Therefore, the dose-depen- 
dent kinetics of  FAA are apparently not due to saturation 
of  its metabolism. In the urine, however, we found a con- 
jugate of  FAA that was converted into the parent drug up- 
on incubation with [~-glucuronidase arylsulfatase. As al- 

ready shown by Chabot et al. [2], this metabolite is unsta- 
ble at neutral or alkaline pH. Since a much greater relative 
amount  of  this metabolite was eliminated after the higher 
dose than after the lower dose (6% vs 1%), it can be ex- 
cluded that the saturation of  conjugation may play a role 
in the FAA dose-dependent kinetics. The relatively greater 
conjugation of  FAA after 300 mg/kg  than after 100 mg/kg  
may be related to the much higher and longer lasting levels 
of  FAA in the liver in mice receiving the higher dose. 

In mice, plasma protein binding of  FAA corresponded 
to about 70% of  the total drug concentration at both doses 
investigated. Binding of  FAA to human plasma protein is 
higher, reaching about 90% (J. Collins, personal communi- 
cation; and data from this laboratory, not shown). 

Renal excretion appears to be a major route of  elimi- 
nation of  FAA in mice. Within 96 h of  injection, the 
amount  of  FAA recovered in the urine corresponded to 
75% and 60% of the doses of  100 and 300 mg/kg  respec- 
tively. The lower proportion of  FAA excreted after 
300 rng/kg, particularly in the first 16 h, may help to ex- 
plain the lower clearance found with this dose. As drug 
protein binding is similar at both doses, presumably simi- 
lar glomerular filtration of  FAA occurs. Saturation of  tu- 
bular secretion therefore appears to be the most likely 
mechanism of the dose-dependent kinetics of  FAA. 
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