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Summary 

The distribution of methotrexate (MTX) to intersti
tial fluid has been studied by determination of MTX 
in peripheral lymph from the leg and in plas~a after 
parenteral administration to 6 patients. Peak concen
trations of MTX in lymph appear 0.5 to 3.25 h after 
peak concentrations in plasma. Maxim~ concentra
tions in lymph are 16 to 48% lower than in plasma. 
MTX concentration ratios lymph/plasma were higher 
than 1.0 (1.0-2.8) in 4 patients, and lower than 1.0 
(0.2-0.8) in 2 patients. 12 to 34% of MTX was 
protein bound in lymph, but the variation in the 
ratio of bound to free MTX per g lymph protein 
was only 0.13 to 0.18. The patients with a lymph/ 
plasma MTX ratio above 1.0 will have high and 
favourable MTX concentrations for distribution to 
tumours in peripheral tissue, while in the patients 
with a low ratio conditions for distribution are less 
favourable. The results indicate that pharmacokinetics 
of MTX are in accordance with a two or multicom
partment model with varying distribution characteris
tics. The present observations indicate that distribu
tion of MJ'X is blood flow limited, but the influence 
of permeability cannot be excluded. 

Methotrexate (MTX) is widely used in the 
treatment of various malignant neoplasms (1). 
The last decade the interest in MTX has been 
renewed because of therapeutic success with 
large doses followed by administration of leu
covorin (citrovorum factor) (2). However, the 
therapeutic efficacy and the pharmacokinetics 
of MTX vary (2, 3). The recommended dosage 
schedules are partly based on our knowledge 
about the pharmacokinetics ofMTX (4). 

Pharmacokinetics of MTX is characterized by 
a low rate of distribution (5). By using large 
doses of 1y1TX as infusions, high plasma con
centrations of MTX are achieved in the infu
sion period. This should be favourable for 
distribution to tumours located in peripheral 
tissues (6). 

The peripheral tissues are exposed to the ef
fective MTX concentrations in interstitial fluid. 
The distribution of MTX between peripheral 
lymph reflecting interstitial fluid, and plasma 
has never been in~estigated. The purpose of 
this study has been to evaluate the relationship 
between MTX plasma levels and the levels of 
MTX in peripheral tissues at different times 
after administration. MTX concentration and 
protein binding in peripheral lymph and MTX 
concentrations in plasma have been determined 
after parenteral administration of MTX. 

Patients and Methods 

Six male patients (age 33-60 years) treated for 
various malignancies gave their informed con
sent to participate in this study. Five patients 
received 25-100 mg MTX i.m. and 1 patient 
received 3 ,800 mg MTX as a 4 h infusion with 
subsequent administration of leucovorin (citro
vorum factor) 15 mg i.v. and 9 mg i.m. 4 h 
after end of infusion and 9 mg orally /6 h for 
72h. 

A lymph vessel on the leg was cannulated be
fore administration of MTX and lymph was 
collected according to a method described 
previously (7). Lymph was collected in a 
practically closed system. The patients were 
allowed to move freely after cannulation en
suring an ample lymph flow. In the S patients 
receiving low doses of MTX as intramuscular 
injections in the morning, lymph was collected 
for 2 h periods that day and thereafter for 4 li 
periods. Blood was obtained at the end of 
each collection period. Concentrations of MTX 
in lymph samples were plotted according to 
the midpoint of collection period, and in plasma 
at the time of blood sampling. In the patient 
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Tab. 1 Peak MTX concentrations in phlsma and lymph 

Time of 
peak pla'>ma 
concentration 

Patient Dosage ha) 

a 25 mg i.m. 2 
b 25 mg i.m. 2.25 
c 50mgi.m. 1 
d 100 mg i.m. 2 
e 100mg i.m. 3~75 
f 3,800 mg/4 h inf. 

a)Time after administration 

who received high dosage MTX as an i.v. in
fusion in the afternoon, lymph collection was 
started the next morning at the same intervals 
as in the other patients. During the night 
lymph was collected in batch to avoid disturb
ing the patients. 

Plasma was separated immediately and samples 
of plasma and lymph kept at -20 oc until 
analysis. 

MTX in plasma and lymph was determined by 
the competitive variant of a binding assay (8) 
with minor modifications. Recovery of MTX 
from lymph and plasma was identical. Heparin 
was added to some lymph samples to avoid 
clotting. Lymph and plasma samples were as
sayed in duplicate. 

Binding of MTX to lymph was determined by 
equilibrium dialysis (9). 0.3 ml of lymph 
obtained at different times after MTX adminis
tration with 1·10-11 mole 3 H-MTX added 
was dialyzed against Krebs-Ringer bicarbonate 
buffer in an atmosphere of air with 5% col for 
18 hat 20-22 °C with standard shaking. pH and 
protein content (10) were determined before 
and after dialysis. 

Results 

The log plasma and lymph MTX concentration 
-time curves for the individual patients (Fig. 
1 a-f) show that course of the curves appear 
quite similar. However, the peak plasma con
centrations after low doses of MTX are 
reached 0.5 to 3.25 h before peak concentra
tions in peripheral lymph. The peak lymph 
concentrations of MTX were 50 to 80% of the 
respective peak plasma concentrations (Table 1 ). 

Time of peak Peak concentration 
lymph concentration 
ha) 

ratio lymph/plao;ma 

3 0.6 
3.25 0.8 
1.5 0.5 
3 0.8 
7 0.7 

The rate of decline in MTX concentrations in 
plasma and peripheral lymph varies in the in
dividual patients and also among the patients. 
The results in Table 2 show that the MTX con
centration ratios lymph/plasma for each patient 
vary with time without any distinct pattern. 
These concentration ratios are higher than 
1.0 in 4 patients (Fig. 1, b, d, e and f) and 
less than 1.0 in 2 patients (Fig. 1, a and c) 
after peak concentrations were achieved. 
MTX binding in lymph ranged from 12 to 34%. 
The average ratios of 

B/F•l (Bound MTX • 1 ) 
P Free MTX lymph protein concentration 

from the individual patients were 0.13-0.18 
(Table 3). Binding varied between patients 
and between the different lymph samples ob
tained from each patient. Binding was similar 
at different concentrations of MTX and at dif
ferent times after administration. 

Discussion 

A later appearance of peak MTX concentration 
in lymph than in plasma after intramuscular 
injection confirms the observation and theoreti
cal prediction of late appearance of peak con
centrations in many peripheral tissues (11). 
The interstitial fluid concentration of MTX will 
be critical for drug concentration in tissues. 
Therefore, the infusion period and the subse
quent interval before administration of leuco
vorin should be sufficiently long to achieve 
adequate tissue concentrations of MTX. 

The results show that in some patients the 
lymph MTX concentrations exceed the plasma 
levels after peak concentrations were reached. 
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Tab. 2 Methotrexate concentration ratios lymph/ 
plasma 

Time after MTX-administration, h 
~ Patient 5 10 20 30 40 50 60 

~ a 0.8 0.7 0.2 s. 
b 1.7 2.2 1.8 2.4 

a. c 0.7 0.4 0.6 c 
& d 1.1 1.4 1.0 1.7 1.1 0.8 - 2.0 

1.4 0 
;:::: 
tiS ... 

e 0.9 1.8 2.8 2.0 
f 1.0 1.8 1.5 1.4 

Tab. 3 Binding of methotrexate in ly~ph 

Per cent .!!_ • ~ (g-.l)C 
Patient bound MTXa F p 

a 22 (19-26) 0.16 ± 0.03 
b 34 (24-44) 0.14 ±0.02 
c 20 (16-23) 0.13 ± 0.04 
d 12 (10-16) 0.15 ± 0.03 
e 25 (10-33) 10.13 ±0.02 
f 16 ( 9-20) 0.18 ± 0.05 

aMean (range) bB, F and P represent concentration 
of bound MTX, unbound MTX and total protein 
in the lymph cMean ±so 

a 25 mg i.m. 
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Fig.1a Plasma (•) and lymph (0) concentrations of 
methotrexate after parenteral administration. 
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This could be explained by a lag in the collec
tion of lymph. However, in some of our patients 
this lag would have to be around 5 hours to ex
plain the observed concentration differences, 
also, MTX in high concentrations was measur-
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ed in the lymph shortly after administration. 
When visualizing the lymph vessel with dye in
jected in the foot before cannulation the dye 
arrives on the leg within minutes. Late ap
pearance of peak concentration and the high 
lymph/plasma concentration ratios indicate 
that the interstitial tissue fluid, reflected by the 
peripheral lymph, is a compartment separated 
from the central plasma compartment, and 
characterized by restricted distribution and 
redistribution rates (12). The observed distribu
tion pattern may be explained by tissue bind
ing, low permeability between tissue fluid 
and plasma and/or low blood flow (12). 

The collected lymph in this study was drained 
from skin, subcutaneous tissue and muscular 
fasciae (7) characterized by a low blood flow 
at rest dependent on the muscular activity (13). 

Lymph/plasma concentration ratios vary with 
time without any distinct pattern in these pa
tients. This may be explained by Yarying acti
vity and blood flow in these patients who 
moved freely with intervals of resting after 
cannulation. The observed distribution charac
teristics of MTX and MTX concentration ratios 
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are indicative of an anticipated blood flow
limited multicompartment behaviour of MTX 
(11). 

MTX is appr. 50% bound in serum (unpubli
shed results) and the lower degree of binding 
observed in lymph can be explained by the 
lower protein concentration in lymph. The 
ratio between bound and free MTX in lyl!!ph 
was similar in all patients when corrected for 
differences in protein concentratipn of lymph, 
and could not explain the concentration dif
ferences between plasma and lymph. 

In two patients the distribution pattern of 
MTX was different with MTX concentration 
ratios lymph/plasma lower than 1.0 after peak 
concentrations were achieved. This may be 
explained by different and lower binding 
characteristics in interstitial tissue, increased 
blood flow or increased permeability. This 
distribution pattern produces lower total 
MTX concentration in interstital fluid and 
may decrease the resultant drug concentrations 
in peripheral tissues compared with the pa
tients with higher concentration ratios lymph/ 
plasma. 

The present study indicates that the distribu
tion pattern of MTX to peripheral tissues is 
variable. In some patients the MTX concen
trations in interstitial fluid are higher than in 
plasma, and consequently favourable for dis
tribution of MTX to tumours in peripheral tis
sues. In other patients the MTX concentrations 
in interstitial tissue are lower thari plasma levels, 
and thereby unfavourable for peripheral tissue 
distribution. This variation in distribution of 
MTX may be important when the dosage of 
MTX is determined. 
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