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A B S T R A C T  

In oneology,  part icularly in pediatric malignancies,  high doses (5-10 g /m 2) o f  the oxazaphosphor ine  
i fosfamide play an impor tan t  role in the t rea tment  o f  sarcomas.  Pharmacokine t ic  data ofifost~amide and  its 
metabol i tes  in these eases are scanty.  Consider ing the special demands  of  the determinat ion o f  ifosfamide 
in p lasma o f  young  children, a very sensitive capil lary gas ch romatograph ic  method,  requiring only 50 HI of  
p lasma,  has been developed.  This  bioanalysis  o f  i fosfamide shows good linearity and accuracy  in the 
concentra t ion  range 10 ng to 100 Itg per  ml o f p l a s m a  and 25 ng to I mg  per  ml of  urine. The  absolute  limits 
o f  detection in p lasma and urine are 2 ng/ml  and 5 ng/ml, respectively. The  stability of  var ious solut ions of  
i fosfamide and t rofosfamide  was tested and  proved to be sat isfactory,  except for i fosfamide in p lasma and 
urine kept  in the refrigerator.  The  validity of  the method  for pharmacokine t ic  purposes  is shown in the ease 
o f  one patient.  

INTRODUCTION 

Ifosfamide [IF, 3-(2-chloroethyl)-2-(2-chloroethylamino)tetrahydro-l,3,2- 
oxazaphosphorine 2-oxide] is a structural analogue of  cyclophosphamide (CP), a 
drug widely used in cancer chemotherapy (Fig. 1). IF as a single agent or in 

0378-4347/91/$03.50 © 1991 Elscvicr Scicnce Publishcrs B.V. All rights rcscrvcd 



i22 

//o R 
X ,N / 2 
I N'R3 
R. I 

G. P. KAIJSER et al. 

ifosfarnide 
Cyclophosphamide 
Trofosfamide 
2-dechtoroethylifosfamide 
3-dechloroethylifosfamide 

RI 
CH2CH2CI 

H 
CH2CH2CI 
CH2CH2Cl 

H 

112 
CH2CH2Ci 
CH 2CH L:~:31 • 
CH2CH2CI 

H 
CH2CH2CI 

II 3 

H 
CH2CH2Cl 
CH2CH2Cl 

H 
H 

Fig. I. Structt, rcs of ifosfim~ide, cycloplaosphamide, trofosfamide, 2-dechlorocdlylifosfimaide and 3-de- 
chloroethylitbsfitmide. 

combination chemotherapy is often part of  the treatment of various cancers. The 
drug is inactive p e r  se; it needs to be activated by liver enzymes to 4-hydroxyifos- 
famide, which is in equilibrium with aldoifosfamide. This compound is metabo- 
lized to ifosfamide mustard, a strongly alkylating product [1,2]. During the me- 
tabolism of IF some toxic metabolites are formed, of which acrolein is believed to 
be responsible for the urotoxic properties of IF [3,4] and chloroacetaldehyde for 
the neurotoxic symptoms [5]. Because of the formation of  these highly toxic 
metabolites the importance of therapeutic drug monitoring is clear. 

In Ewing's sarcoma and soft tissue sarcoma, the response rate and proportion 
of patients surviving with complete remission have been increased by 15-20% 
with an ifosfamide-containing regimen [2,6]. Also, in pediatrics IF plays an im- 
portant role in the treatment of sarcomas, often with the application of high doses 
( 5 - 1 0  g / m 2 ) .  

For the determination of  IF in plasma a number of gas chromatographic (GC) 
[7-19] and high-performance liquid chromatographic (HPLC) methods [20-23] 
are available. However, in the case of GC only a few investigators use a capillary 
column [13,18,19] with the advantage of lower limits of detection and better 
resolution. Because of  the supposed thermal instability of CP and IF, a deriv- 
atization method was thought obligatory [8,10-12,14,19]. However, for the last 
several years it has proven to be possible to determine IF and CP underivatized 
[13,15-18,24]. 

The aim of  our study was to develop a simple and sensitive method requiring 
only microvolumes of plasma in order to make it applicable for pharmacokinetic 
drug monitoring in children. The method described here needs only 50 gd of  
plasma, making it suitable for IF determination in a few droplets of blood taken 
from the fingertip. 
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EXPERIM ENTAL 

Chemicals 
IF, t rofosfamide (TF), 2-dechloroethylifosfamide (2-DCIF) and 3-dechlo- 

roethylifosfamide (3-DCIF)  were kindly donated by Asta Pharma  (Frankfurt ,  
Germany).  

Analytical-reagent-grade sodium hydroxide and ethyl acetate were purchased 
from Merck (Darmstadt ,  Germany)  and were of  the highest purity available. 
Ethyl acetate was distilled before use. All other chemicals were of analytical grade 
and used as received. Throughout  the study distilled water was used. 

Instrumentat ion 
A gas chromatograph  ( H R G C  5300, Carlo Erba Instruments,  Milan,  Italy) 

equipped with a split-splitless injector and nitrogen-phosphorus-select ive flame 
ionization detection (NP-FID)  was used. Separation was achieved on a capil lary 
column (CP-Sil 8 CB, 25 m x 0.32 m m  I.D., film thickness 0. i2 pro, Chrompack,  
Middelburg,  Netherlands)  with the applicat ion of  the following temperature pro- 
gramme. The starting temperature of  the column was 120"C a n d  was raised to 
200°C at 40*C/rain. The column temperature was held at 200°C for 8 rain. 

The chromatograph  was operated under the following conditions: temper- 
ature at the injection site, 175"C; temperature of the detector, 275"C; carrier gas, 
helium, at a flow-rate of  3 mJ/min; flow detector gases, air at 300 ml/min,  hydro- 
gen at 30 m!/min, make-up gas, hel ium at 30 ml/min;  split injection, where the 
split depends on the concentrat ion in the sample. The detector was connected to a 
Model  DP 700 integrator (Carlo Erba Instruments).  

For  GC measurements  with mass spectrometric (MS) detection a F innigan  700 
ion trap detector (Finnigan MAT,  San Jos6, CA, USA) was used, operated in the 
chemical  ionization mode with isobutane as the chemical ionization reagent gas. 
The manifo ld  temperature was mainta ined  at 200"C and the temperature of the 
transfer line was held at 260°C. The detector was operated in the automatic  
reactic.:- en~trol (ACR) mode. 

Plasma procedure 
The internal s tandard used was TF. Solutions of  T F  and IF in water with 

various concentrations were employed. 
A 50-~d sample of p lasma was transferred into a polypropylene Eppendor f  

cup. An equal amoun t  of  water, 10 #1 o f a  1 M sodium hydroxide solution and 25 
,1 e f  ~ TF  sg!ution were added. The cups were closed and the solutions were 
vortex-mixed for 15 s. Next, 500 P! of  ethyl acetate were added. The mixture was 
placed on a vortex mixer for 1 min followed by centrifugation at 3000 g for 1 rain. 
The organic layer was transferred into a 700-pl glass vial (Chromacol ,  London,  
UK)  and evaporated to dryness under a gentle stream of nitrogen at ambient  
temperature.  The dry residue was dissolved in 20 pl of  ethyl acetate and the vial 
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closed w i t h  a na tura l  r u b b e r - P T F E  c r imp  cap.  A 1-/tl a l iquot  o f  the  I F  solu t ion  
was injected into the gas c h r o m a t o g r a p h  under  split  condi t ions .  F o r  the concen-  
t ra t ion  range 1-1000 ng IF  per ml  o f  p la sma ,  a split  o f  1:10 was used; for the 
concen t ra t ion  range  ! - I00 Itg I F  per  ml  o f  p l a s m a  the spli t  had  to be 1:100. 

Samples  for the ca l ib ra t ion  curves were composed  o f  50 I~1 of  drug-free  h u m a n  
p lasma ,  to which  different  a m o u n t s  o f  an  IF  solut ion in water  were added .  This  
quan t i t y  was supp lemen ted  with dist i l led water  to m a k e  up to 100 td. Ca l ib ra t i on  
samples  were treated ident ica l ly  to the co r r e spond ing  pa t ien t  samples ,  y ie ld ing a 
final solut ion o f  ! 3 5 / d ,  which  was then  equal ly  processed.  

Urhle procedure 
Urine  samples  were treated in the same way  as p l a sma  samples .  In the whole  

concen t ra t ion  range (10 ng to 1 mg  IF  per ml)  5 0 / d  o f  ur ine were used. F o r  the 
different  concen t ra t ion  ranges,  the dry  residue was dissolved in different  quan t i -  
ties o f  ethyl acetate: 

F o r  10 ng to 100 /tg IF  per ml: the residue was dissolved in 20 itl o f  ethyl  
acetate. 

Fo r  100 to 1000 ltg IF  per  ml: the organic  layer  was separa ted  f rom the ur ine  
layer  and  1 ttl of  this layer  was injected into the gas c h r o m a t o g r a p h ,  w i thou t  pr ior  
evapora t ion  and  reconst i tu t ion.  

Fo r  the concen t ra t ion  range  10 ng to 1 /tg IF  per  ml  a split  rat io o f  1:25 was 
used, and  for the range  1 -1000 / tg  the split  rat io was 1:100. 

Cllemical stability 
Standa rd  solut ions  o f  IF  and  T F  in water  at concen t ra t ions  o f  10 and  100 

ng/ml ,  and  in ethyl  acetate at  a concen t ra t ion  o f  10 i tg/ml,  were kept  in the 
refr igerator  (4°C) for eight  weeks, af ter  which  t ime they were analyzed .  

Before analysis ,  solut ions  o f  IF  in p l a s m a  at concentr~Aions o f  I00 ng /mi  and  
10 ltg/ml, and in urirte at concen t ra t ions  o f  10 and  300 pg/ml ,  were left at  r oom 
. . . . . . . . .  • . . . . .  x ~ _  . 1LI I~7  / l l ; 1 1 1 ~ l t O t l . U J t  ~ ' - l "  ~ , . . , J  ¢ lL l lVo t  1 1 1  I k l t l ~  l l ~ , ~ , / . ~ l , t  ~. z - v  ~ . ~ 1  t t : l l l p e i  a t u ~ e  ~ o [  5 h and  stored i l l  .1 . . . . .  : . . . . . . .  

for four  and  eight weeks. P l a s m a  and  ur ine samples  o f  the same concen t ra t ions  
were also kept  at r o o m  t empera tu re  for 2 h af ter  p repa ra t ion  o f  the  sample .  T h e n  
the samples  were stored in the freezer ( - 2 0 ° C )  for four  weeks. Before ana lyz ing  
the samples ,  they were kept  at  r oom t empera tu re  for  ano t he r  2 h. 

The  s tabi l i ty  o f  p l a sma  samples  con ta in ing  100 ng /ml  and  10 ttg/ml I F  af ter  30 
min  in a water  ba th  wi th  a t empera tu re  o f  60*C was tested, as this p rocedure  has  
been advoca ted  for inac t iva t ion  o f  viruses [25]. 

G C - M S  
G C - M S  studies were pe r fo rmed  with a so lu t ion  o f  1 l tgfml I F  in e thyl  acetate,  

o f  which  1 /tl was injected us ing  a spli t  ratio o f  1:10. The  same  t empera tu re  
p r o g r a m m e  as descr ibed above  was appl ied.  
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Patient samples 
The method described above was used to determine the plasma concentrat ion 

of  IF in a seven-year-old pat ient  treated for soft tissue sarcoma with a 24-h 
infusion of  increasing dose on three consecutive days (day 2, 2 g/m2; d a y  3, 3 
g/m2; and day 4, 4 g/m 2) with concomitant  adminis t ra t ion of  sodium 2-mercapto- 
e thanesulphonate  (mesna). On day 1 carboplat in  (500 mg/m 2) was given by in- 
fusion over 4 h. 

Samples were taken on day 1, before start ing the infusion of  carboplat in,  and 
on days 2, 3 and 4, 5 min before start ing the (new) infusion o f  IF and 3.5 h after 
the start  of  the (new) infusion. The last sample was taken on day 5, when the 
infusion was stopped. The results are graphically presented in Fig. 2. 

R E S U L T S  A N D  D I S C U S S I O N  

The GC methods  presently available for the determinat ion of  underivatized I F 
have the disadvantages of  needing rather  large plasma samples (at least 1 ml [15]) 
or having high detection limits (100 ng/ml [15]). The lowest sample volume re- 
ported for the determinat ion o f  underivatized CP in plasma is 100 ltl [26], but  this 
implies a detection limit of  25 ng/ml CP. The lowest detection limit reported for 
the determinat ion of  derivatized CP in plasma is 10 ng/ml using 200 Id of  plasma 
[13]. 

Extract ion 
Burton and James [23] described an H P L C  method for IF-containing plasma 

samples using solid-phase extraction (SPE). A l iquid-l iquid extraction (LLE) was 
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Fig. 2. Concen t ra t ion- t ime  curve in plasma o f  a patient receiving a three-day cont inuous  infusion with 
increasing doses o f  IfZ-. 
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preferred for this assay b~causc of the low cost without  loss of  recovery. More- 
over, SPE appeared to be as t ime-consuming as LLE. 

The use of  ethyl acetate as th~ extraction solvent brings about  the danger of  
coeluting many  endogenous plasma and/or  urine compounds.  However, the use 
of  N P - F I D  diminishes the interference .~f coeluted compounds  to such an extent 
that for urine a split injection of 1:25 suffit.."s to el iminate all possible interfering 
urine components.  

Chromatography 
Fig. 3 shows a typical chromatogram for the assay of  li-' in a patient p lasma 

sample. Fig. 4 shows a chromatogram from a spiked urine samp!~. The retention 
times for IF and T F  are 4.65 and 7.35 min,  respectively. Unfort~,nately, the 
drug-free plasma sample showed a component  peak at the retention time ,~f" IF. It 
was not possible to separate this peak from the IF peak by varying the chroi;:a- 
tographic conditions. When using a split ratio of  at least 1:10 for plasma samples 
the interfering plasma peak is absent. 

Two metaboli tes of  IF appear  in the plasma chromatogram.  By compar ing the 
GC properties of  2 -DCIF and 3-DCIF (Fig. 1) with those of the two compounds  
eluted at 2.91 min (M l) and 3.24 min (M2), it could be concluded that 2 -DCIF  
and M i and 3-DCIF and M2 possess identical G C  properties. These observations 
are not inconsistent with the assumption that M i is 2 -DCIF and M2 is 3-DCIF.  
These metabolites are currently under investigation, and this subject will be dealt 

A 

Time (rnin) 

5-1 = 
IF 7.31 

4.61 

B 

i i ~ i : J i i i . 

0 2 4 6 8 
T ime  (min)  

Fig. 3. chromatogram of(A) a drug-free p]asm.'~ sample and (B) a patient's plasma sample containing 14 
pg of IF per ml of plasma (split i:100). Two metabolites of IF are also shown (MI, M2). 
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with in a subsequen t  paper .  In ur ine samples  these same metabol i tes  could  also be 
detected. 

Figs. 3 and  4 show that  the re tent ion t imes o f  IF  and  T F  differ to such an 
extent  that  an i so the rmal ly  operated gas c h r o m a t o g r a p h  m a y  be considered.  
W h e n  IF  is the on ly  c o m p o u n d  o f  interest,  it m a y  even be the method  of  first 
choice. However ,  in an early stage of  the research, it seemed possible to determine  
s imul taneous ly  two metabol i tes  o f  IF  when app ly ing  the advocated  tempera ture  
p r o g r a m m e  and  carr ier  gas velocity. The  possibi l i ty  o f  ana lyz ing  more  than  one 
c o m p o u n d  in one run was preferred to a reduct ion  in the t ime of  analysis .  The 
studies using G C - M S  showed  that  the peak at 4.65 min  consists of  a c o m p o u n d  
with a molecu la r  mass  o f  260 and  con ta ins  two chlor ine  a toms  (Fig. 5A). The 
spec t rum o f T F ,  eluted at 7.35 min ,  also showed the pa t te rn  o f  the intact  molecule  
(Fig. 4B). These  results prove that  unchanged  IF  and  T F  were eluted by GC ;  IF  
and  T F  proved to be more  s table than  C P  under  G C  condi t ions .  The observa t ion  
that  unchanged  IF is eluted by G C  is consis tent  with the f indings o f  Lambrech t s  
et  al. [24]. 

V a l i d a t i o n  

P"~r the de t e rmina t i on  of  IF  by means  o f  a G C  method ,  C P  is very often used 
as the inte,n-1 s tandard .  Lambrech t s  et  al.  [24] and  De Brui jn  et  al .  [27] have 
a l ready  repor ted tnt~ :n*ra-alkylat ion o f  CP dur ing  the G C  procedure,  leading to 
two peaks  for CP. Owing  to tn= .:='.c-rtainty su r round ing  the thermal  instabi l i ty  
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Fig. 4. Chromatogram of(A) a drug-free urine sample and (B) a spiked urine sample containing 500 ng of: 
IF per ml of  urine (split 1:25). 
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of  CP, the therrnal ly more  s table o x a z a p h o s p h o r i n e  T F  was chosen  here as the 
in ternal  s t andard .  

The  results o f  the ca l ib ra t ion  g raphs  for the va r ious  concen t r a t ion  ranges  in 
p l a sma  and  urine are shown in Tables  I and  II, respectively.  

Percentages  recoveries o f  k n o w n  quant i t i es  o f  I F  in p l a s m a  and  ur ine  were 
calculated for each ca l ib ra t ion  curve at a concen t r a t ion  in the midd le  o f  the g r a p h  
by m e a s u r i n g  the absolute  quan t i ty  o f  IF  recovered,  us ing a cal i l - ra t ion curve o f  
IF  in ethyl  acetate. The  recovery o f  I F  f rom p l a sma  and  ur ine  in the var ious  
ca l ib ra t ion  ranges  is shown in Tab le  II l .  

The  accuracy,  intra-  and  in ter-assay precis ion were de t e rmined  in the midd le  
o f  the var ious  decades  o f  the whole  concen t r a t i on  range  for p l a s m a  and  ur ine an d  
are s u m m a r i z e d  in Tables  IV and  V, respectively.  

To de te rmine  the in t ra-assay  precis ion,  five ana lyzed  samples  wi th  a concen-  
t ra t ion in the midd le  o f  the ca l ib ra t ion  g raph  and  measu red  on  the same day  were 
compared .  To de te rmine  the in ter -assay precis ion a sample  wi th  a concen t r a t ion  
in the midd le  o f  the decade under  s tudy  was quant i f ied  on five subsequen t  days.  

The  l imit  o f  detect ion (s ignal- to-noise  rat io o f  3:1) when  using a split  rat io o f  
I:10 and  an  inject ion vo lume o f  I ltl appea r s  to be 2 ng I F  per ml  o f  p l a s m a  and  5 
ng IF  per ml  o f  urine,  using a 50-#1 sampi~:. 

The  presented procedure  appear s  to be a sui table  m e t h o d  o f  de t e rmin ing  IF  

T A B L E  1 

E Q U A T I O N S  O F  C A L I B R A T I O N  C U R V E S  F O R  T H E  A N A L Y S I S  O F  I F  I N  P L A S M A  (n --  10) 

C o n c e n t r a t i o n  r a n g e  C u r v e  fit C o r r e l a t i o n  

I - 1 0  n g / m l  y---- 0.35( 4- 0.04) + O. 15(=t= 0.0 l ) x  r a = 0 .9982 
10-1 O0 n g / m l  y = 0.46( -4- O. 16) + 0.06(  4- O.O02)x r 2 = 0.9993 
! 0 0 - 1 0 0 0  n g / m l  y = 0.01 ( 4- 0.00 I)  + 0.002( • 2- I O-  S)x r 2 = 0.9993 

1 - 1 0 / ~ g / m l  y =  - 0.03( 4- 0.03) + O. 10(=1= O.O02)x r 2 ---- 0.9991 

I0 - l O 0 / t g / r n l  y=O.Ol (= l :  0 .018) + 0 .01(  =1= 3 . i 0 - 4 ) x  rZ = 0.9992 
O v e r a l l  cu rye  3' = - 0.03 ( 4- 0.04) + 0.26(-4- O . O 0 2 ) x  r z = 0.9998 
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T A B L E  11 

E Q U A T I O N S  O F  C A L I B R A T I O N  C U R V E S  F O R  T H E  A N A L Y S I S  O F  I F  IN U R I N E  (n = 10)  

Concentration range Curve fit Correlation 

I 0 - I 0 0  n g / m l  .r = 0.05(4-  0.018) + 0.01( 4- 6 . 1 0 - 4 ) x  r2 =0 .9991  

100-1000 n g / m l  3' ---- 0.003( 4- 0.002) + 0.001 ( 4- 2- I 0 - s )x r -~ = 0 .9994 
! - 1 0  l~g/ml y---- - 0.004( 4- 0.002)-I- 0.014( 4- 2 . 1 0 -  4)x r 2 =  0.9991 
1 0 - I 0 0  l tg /ml  3,---- - - 0 . 0 9 ( 4 - 0 . 0 1 7 ) + 0 . 0 2 1 ( 4 -  3 . 1 0 - 4 ) x  rZ = 0.9996 
100-  1000 l tg /mi  y = 0.05( 4. 0 .019) + 0.002(-L. 3. I 0 -  S)x r 2 = 0 .9994 

Overall curve .i . =  - 0.09( 4- 0.09) + 0.03( 4- 4 . 1 0 - * ) x  r 2 = 0.9995 

levels in biological  fluids. The  reported detect ion  limits o f  IF o f  2 ng /ml  in p lasma 
and 5 ng /ml  in urine have been establ ished using the lowest  split ratio possible .  

Because  this m e t h o d  o f  analysis  covers  a large concentra t ion  range,  it was  not  
poss ible  to use a single IF and T F  stock so l r t ion .  For  every decade  o f  the concen-  
tration range, IF so lu t ions  o f  four different concentra t ions  and a single T F  so lu ,  
t ion were used.  T h e  IF so lut ions  were prepared from two  s tock so lut ions .  In this 
way  it was  poss ible  a lways  to add the same a m o u n t  o f  the T F  so lut ion  and no  
more  than 5 0 / d  o f  an IF so lut ion .  

Chemical stabiliO, 
T h e  concentra t ions  o f  IF and T F  in water  and ethyl  acetate and the concentra-  

t ions o f  IF in p lasma and urine, used to test the chemical  stability o f  IF and TF,  
were chosen  in accordance  with the concentra t ions  o f  IF in pat ient  samples  and 
the so lut ions  o f  IF and T F  used for the determinat ion  o f  IF. The  so lut ions  o f  IF 
and T F  in water  s h o w e d  no  loss o f  IF after eight weeks.  The  loss o f  IF from 
plasma and urine so lu t ions  was not  signif icant under  the invest igated storage 
cond i t i ons  except  for the storage at 4"C; after four weeks  the maximal  loss o f  IF 
from plasma so lut ions  was  10%, whereas  no  loss o f  IF from urine so lut ions  was 

T A B L E  I I I  

R E C O V E R Y  O F  I F  F R O M  P L A S M A  A N D  U R I N E  01=  10) 

Concentration Recovery from plasma (%) Recovery from urine ( % )  

5 n g / m l  92.5 4- I0 .0  N . D . "  
50 n g / m l  91.3 4- 5.7 94.0 4- 5.2 
500 n g / m l  86.9 4- 4 .7  92.8 4- 4.2 

5 t~g/ml 86.4 4- 1.9 84.4 -~ 2.4 
50 / tg /ml  94.9 4- 2.7 88.9 4. 1.9 
500 l ig /ml  N . D .  " 86.2 4- 3.1 

N . D .  = not determined, 
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T A B L E  IV 

A C C U R A C Y ,  INTRA-  A N D  I N T E R - A S S A Y  P R E C I S I O N  O F  T H E  D E T E R M I N A T I O N  O F  IF  IN 
PLAS MA ( n = 5 )  

Concent ra t ion  Accuracy lntra-assay Inter-assay 
(%) precision (%) precision (%) 

5 ng/ml 85.9 2.2 4.8 
50 ng/ml 96.3 2.5 2.8 
500 ng/ml 101.2 2.6 2.9 
5 I tg /ml  99.2 ! .2 2.0 
50 itg/ml 95.2 2.3 2.5 

seen. Af te r  eight weeks at  4°C ca. 15% o f  I F  was lost f rom the p l a sma  samples  
and  ca. 10% f rom the urine samples .  Pa t ient  samples  should therefore  be kept  in 
the freezer to prevent  any  loss of  IF.  

P a t i e n t  s a m p l e s  

The p la sma  sample  taken  before  s ta r t ing  the I F  infusion and  af ter  the car-  
bopla t in  infusion showed no interfer ing peaks  o f  ca rbopla t in .  N o r  does mesna  
a p p e a r  in the c h r o m a t o g r a m .  The g r a p h  o f  the pa t ient  samples  shows a no rma l  
pa t t e rn  except for the last m e a s u r e m e n t ,  which is higher than  expected.  This m a y  
indicate tha t  the IF  present  is too much  for  the mic rosomal  liver enzymes  to cope 
with,  result ing in sa tu ra t ion  o f  the enzymat ic  system and  a high p l a sma  concen-  
t ra t ion  of  IF. 

C O N C L U S I O N  

The presented me thod  is simple, fast  and  economic  because o f  a low-cost  
ext rac t ion procedure  and  G C  wi thou t  p r io r  der ivat iza t ion.  The  m e t h o d  is suit- 

T A B L E  V 

A C C U R A C Y ,  INTRA-  A N D  I N T E R - A S S A Y  P R E C I S I O N  O F  T H E  D E T E R M I N A T I O N  O F  IF IN 
U R I N E  (n = 5) 

Concentra t ion Accuracy Intra-assay Inter-assay 
(%) precision (%) precision (%) 

50 ng/ml 101.9 5.9 5.9 
500 ng/ml 98.9 1.6 1.9 
5 ltg/ml I00.0 1.7 1.8 
50 ltg/ml 98.1 0.9 1.3 
500 itg/ml 99.4 1.9 2. I 
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able for the determinat ion  o f  IF in chi ldren because  only very little plasma is 
needed.  Wi th  detect ion limits o f  2 ng /ml  IF  in p lasma and 5 ng/ml  IF in urine,  it 
can be used for kinetic  measurements .  With  this m e t h o d  o f  analysis  two metabo-  
lites o f  IF, poss ibly  2 - D C I F  and 3 - D C I F ,  can be detected in plasma.  Studies  are 
in progress to cnrnp!ete the. identJfic.t.lo.n..n.nd ana!ysis o f  these..~nd other metabo-  
lites. 
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