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Lipophilic amide derivatives of methotrexate (MTX) were synthesized by covatent linkage to dimyristoylphos- 
phatidylethanolamine (DMPE). These derivatives were characterized by infrared spectroscopy, thin-layer chromatography and 
calorimetrically as MTX--y-DMPE @?I, MTX+DMPE (0 and MTX-qy-diDMPE (D). The in vitro release of free drug from each 
of the conjugates was determined by HPLC after incubation in phosphate buffer pH 7.4 at 3T”C. MTX-diDMPE (D) was most 
stable whilst the mono-substituted derivatives (B and C) released free drug more readily (trs% = 10, 2.1 and 1.3 days, respectively). 
The susceptibiii~ of Mu-gamma-DMPE to hydrolysis under more physiological conditions was aiso investigated. In fresh human 
plasma and in the presence of high esterase concentrations (10 U/ml), the rate of hydrolysis was increased ftlDI 19 and 1.7 h). 
Furthermore, MTX was liberated from its MTX-y-DMPE derivative more rapidly at alkaline pH values than under acidic 
conditions (pH 8.7, tl,,% = 1.4 days and pH 2.3, t,s% = 11 days). 

Introduction 

Methotrexate (MTX) is used in the treatment 
of rheumatoid arthritis @A) (Kremer and Lee, 
1986; Rose et al., 1990; Shiroky et al., 1991). The 
exact mechanism and site of action of low dose 
MTX in RA are uncIear, although the beneficial 
effects of MTX may be related to its ability to 
inhibit synovial cell turnover and impair re- 
sponses to histamine and other vasoactive sub- 
stances (Brooks et al., 1990). Controlled clinicai 
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studies with MTX in patients with RA have not 
only demonstrated its efficacy, but have also 
high-lighted the frequency and severity of the 
side effects which are related in part to its non- 
specific action (Furst and Kremer, 1988). 

MTX is given in weekIy oral doses of 5-1.5 mg 
in RA (Furst and Kremer, 1988; Sinnett et al., 
1989; Fries et al., 1991; Sany et al., 1990). The 
drug has also been administered intra-articularly 
6.a) to control the synovitis in arthritic joints, but 
the results have generally been disappointing, 
possibly because adequate concentrations of drug 
could not be maintained in the joint @any et al., 
1990). Improved uptake of liposomal 13H]MTX 
by the inflamed synovium and reduced clearance 
from the joint compared with free [ 3H]MTX were 
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noted following i.a injection in rabbits (Foong 
and Green, 1988). Thus, Iiposomal conjugation 
should improve the efficacy and reduce the side 
effects of MTX when delivered directly into the 
joint cavity. Following intravenous administra- 
tion, liposomes accumulate within the inflamed 
paw tissue of rats with adjuvant-induced arthritis 
and within the actively inflamed joints of patients 
with RA (Williams et al., 1986, 1987; O’Sullivan 
et al., 1988). Thus when liposomal characteristics 
are defined for optimal localization, a drug such 
as MTX may be targeted to the site of inflamma- 
tion following entrapment. 

The in vitro cytotoxic effect of liposomes pre- 
pared with three MTX-dimyristoylphosphatidy- 
lethanolamine (DMPE) derivatives has previously 
been demonstrated (Hashimoto et al., 1985a; Noe 
et al,, 1988). Those authors showed that these 
liposomes containing either the MTX-y-DMPE, 
MTX-a-DMPE or MTX-diDMPE blocked DNA 
synthesis to different extents and concluded that 
liposomes prepared with the MTX-y-DMPE con- 
jugate were most active. In contrast, lo-fold lower 
concentrations of free MTX were required to 
give the same degree of inhibition (Hashimoto et 
al., 1985a). The greater potency of MTX was a 
reflection of the fact that free drug enters cells by 
a different, more efficient, pathway than that of 
the liposomes. Furthermore MTX-y-DMPE was 
not degraded extracellularly (Hashimoto et al., 
1985a) but had to undergo intracellular metabo- 
lism to exert optimal inhibition of L1210 cell 
proliferation (Kinsky et al., 1987). Thus liposomes 
containing MTX-DMPE are non-toxic until they 
arc endocytosed by the cell, consequently such a 
system might be employed to reduce the systemic 
side-effects reported with low dose MTX therapy 
in the treatment of RA. 

In this paper we describe the synthesis, isola- 
tion and characterization of three MTX deriva- 
tives of DMPE. The release of MTX from the 
y-derivative was quantified by a high-pressure 
liquid chromatography (HPLC) method and char- 
acterized in buffer pH 7.4, fresh human plasma 
and in the presence of esterase, at 37°C. In addi- 
tion, the effect of changing pH upon drug release 
from the conjugate is described at the same tem- 
perature. 

laterals and Methods 

Chemicals 
Conjugation reagents were of Analar grade 

and obtained from Sigma Chemical Co., U.K. 
These included DMPE, triethylamine, N,N’-di- 
cyclohexylcarbodiimide, N-hydroxysuccinimide 
and methotrexate. Solvents were HPLC grade, 
and had been dried by storage over molecular 
sieve (sodium alumino-silicate beads l/8 inch 
diameter). 

Synthesis and p~~~c~tio~ of MTX-DMPE deriua- 
t&es 

The synthesis of three MTX-DMPE deriva- 
tives was achieved by following methods previ- 
ously described by Hashimoto et al. (198513). All 
reagents and solvents were of the highest purity 
and dried before use to facilitate the conjugation 
reaction. The resulting conjugates, MTX-r- 
DMPE, MTX-a-DMPE and MTX-cY,y-diDMPE 
were separated on 10 analytical thin-layer plates 
(Silica gel, 60 A, 20 x 20 cm, 0.2 mm thickness 
with fluorescent indicator 254 nm; Sigma Chemi- 
cal Co.) eluted with a solvent system containing 
chloroform : methanol : water (70 : 30 : 5). These 
spots had R, values of 0.49, 0.58 and 0.65, re- 
spectively. Each spot gave a positive test for phos- 
pholipid using the Stewart assay (Trudinger, 1970; 
Stewart, 1980). Unconjugated methotrexate had 
an R, value of 0.21 and gave a negative result 
when tested for phospholipid. The resulting bands 
were individually scraped from the plates, sus- 
pended in 5.0 ml chloroform : methanol (1: 1) and 
passed through a sintered glass filter under vac- 
uum. The filtrates were reserved and stored at 
- 20°C. 

Linkage of MTX to the phospholipid was con- 
firmed by infrared spectroscopy. Spectra were 
run on a Perkin Elmer 681 infrared spectropho- 
tometer using a sodium chloride cell (2.5 mm X 

4.0 mm). 

Effect of pH on the hydrolysis of MTX-y-DMPE 
Phosphate citrate (Mcflvaine) buffers were 

prepared at pH values ranging from 2.3 to 8.7. 
400 ~1 of each conjugate solution (in chloro- 
form : methanol 1: 1) was dihrted to 50 ml with 



the respective buffer solutions and incubated at 
37°C for 24 h. At l-h intervals, 200~~1 aliquots 
were removed and analysed for free methotrexate 
by the HPLC method described. Percentage 
methotrexate release was determined following 
complete hydrolysis of the conjugate upon addi- 
tion of sodium hydroxide (1.0 Ml. 

Release rates for both MTX-DMPE and 
MTX-diDMPE conjugates in buffer pH 7.4 at 
37°C were quantified. In addition, the effect of 
pH upon drug release from the MTX-y-DMPE 
derivative at 37°C was investigated. 

Hydrolys@ of MTX-y-DMPE in the presence of 
esterase 

Since a series of hydrolytic enzymes are found 
in a physiological environment, the effect of one 
such enzyme upon MTX cleavage from the conju- 
gate was investigated in buffer pH 7.4 at 37°C. 

Test solutions were prepared as above with the 
addition of 10 U/ml esterase (Sigma Chemical 
Co., EC 3.1.1.1, from porcine liver; 1 unit will 
hydrolyse 1.0 pmol of ethyl butyrate to butyric 
acid and ethanol per min at pH 8.0 at 25°C). This 
enzyme is present in most tissues but has highest 
activity in the liver. Free methotrexate released at 
various time points was determined as above. 

Hydrolysis of MTX-y-DMPE in fresh, pooled hu- 
man plasma 

30 ml fresh blood from four healthy volunteers 
was collected into EDTA-coated vials. These were 
centrifuged at 2500 rpm for 15 min. The plasma 
was pooled and 4.0 ml aliquots taken for the 

TABLE 1 

Characterisation of MTX and MTX-DMPE derivatives 
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hydrolysis experiment. 600 ~1 of the y-derivative 
was measured into a glass tube and evaporated to 
dryness before addition of the fresh plasma. The 
sample was mixed and incubated at 37°C in a 
water-bath for 24 h. 200 ~1 volumes were re- 
moved at 15min intervals, diluted with 200 ~1 of 
methanol and frozen immediately in liquid nitro- 
gen before being stored at -70°C. Samples were 
thawed prior to analysis by an HPLC method. 

HPLC assay for methotrexate in buffer solution 
An LKB Bromma HPLC system with 2152 LC 

controller, 2150 pump, 2151 variable wavelength 
detector and 200 ~1 loop was used. 

200+1 samples were injected directly onto an 
HPLC column (Hichrom S50DS2, 250 mm X 4.6 
mm) which was eluted with 0.067 M phosphate 
buffer, pH 6.8, containing 30% methanol. Flow 
rate was set at 1 ml/min. The column effluent 
was monitored at 305 nm with peak areas quanti- 
fied using a computing integrator (Jones Chro- 
matography). MTX concentrations were deter- 
mined after comparison with a standard curve, 
which was linear over the concentration range of 
lo-O.01 pg/ml, prepared on each day of assay. 
MTX was eluted after 5 min, whilst MTX-cw- 
DMPE, MTX-diDMPE and MTX-y-DMPE had 
retention times of 18, 24 and 28 min, respectively. 

HPLC assay for MTX in human plasma 
Hydrolysis samples were thawed before dilu- 

tion with 100 ~1 phosphate buffer, pH 6.8. Each 
sample was mixed thoroughly before centrifuga- 
tion at 13000 rpm for 10 min. 450 ~1 of super- 

Sample Rr % yield f SD. % yield a DMPE : MTX Release in 
ratio buffer, pH 7.4 h 

A 0.21 12.00 f 4.0 60.00 - 

B 0.49 42.00 + 9.0 17.50 0.98 2.1 days 
C 0.58 15.00 f 5.0 7.50 1.20 1.3 days 
D 0.65 23.00 + 8.0 9.40 2.06 10 days 

a Data from Hashimoto et al. (1985b). 
A, MTX; B, MTX-y-DMPE; C. MTX-wDMPE; D, MTXa,y-diDMPE. % yield is expressed as mean + S.D. for separate 
conjugate batches (n = 3). 
ht ,,,s, time required to release 10% of total MTX from each conjugate at 37°C. 
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natant was then transferred to ultrafiltration units 
(EMIT-system 1, Syva) which were centrifuged at 
3100 rpm for 30 min. This final ultrafiltration 
step was included to prolong column life by 
avoiding the possibility of on-column plasma pro- 
tein precipitation. The coefficient of variation for 
the extraction procedure (n = 5) was 6.1% and a 
sample recovery of 92% was attained. 100 ~1 of 
filtrate was diluted with 100 ~1 buffer, pH 6.8, 
and loaded directly onto the HPLC column as 
described above. 

Results 

Conjugate synthesis and characterization 
Following the reaction of MTX with DMPE in 

the presence of N, N ‘-dicyclohexylcarbodiimide 
and N-hydroxysuccinimide, free drug and three 
MTX-DMPE derivatives were consistently sepa- 
rated by TLC. They had retention factors of 0.21 
(A), 0.49 (B), 0.58 (0 and 0.65 CD), respectively. 
Each band contained varying percentages of MTX 
(determined by HPLC method and UV spectrom- 
etry), namely 12% (A), 42% (B), 15% (Cl and 
23% (D) (Table 11, but only bands B-D gave a 
positive test for phospholipid, by Stewart assay 
(Trudinger, 1970; Stewart, 1980). Bands B and C 
had a phosphoIipid/MTX ratio of 1: 1 and were 
characterized as MTX-y-DMPE and MTX-w 
DMPE, respectively. D contained two DMPE 
residues per MTX molecule and was identified as 
the MTX-a,y-diDMPE derivative. 

100 
1 

Fig. 1. Infrared spectrum for MTX-DMPE derivatives. 

TABLE 2 

Interpretation of infrared spectrum for MTX-DMPE 
conjugates(deriued after comparison with standard methotrexate 
and DMPE samples) 

Wavenumber Spectral assignment of band 
(cm-‘) 

3600-3200 

2960,292O 
and 2850 

1670 and 
1630 

1450 and 
1360 

840 

broad band associated with primary 
and secondary amide stretch. 

strong sharp bands characteristic of 
C-H stretch of the carbon skeleton of 
the phospholipid. 

amide I and amide II carboxyl stretch 
vibrations and N-H deformation. 

two bands associated with C-H deformation 
of alkane, CH ,-CH ,-CH 2 assigned 
to phospholipid. 

very characteristic C-H out of plane 
deformation of para-substituted 
benzene-assigned to aromatic 
portion of MTX molecule. 

In each conjugate the amine group of the 
phospholipid is attached to MTX via an amide 
linkage. This was confirmed by infrared spec- 
troscopy, which was carried out on each deriva- 
tive (Fig. 1). Characteristic amide stretch bands 
were observed (3600-3200 cm- ‘1 whilst peaks at 
1670 and 1630 cm-’ were assigned to amide I 
and amide II carbolryl stretch and N-H deforma- 
tion. Strong bands at 2960, 2920 and 2850 cm-’ 
were assigned to C-H stretch of the carbon skele- 
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0 MTX-alpha-DMPE 

Fig. 2. Characterization of MTX-DMPE conjugate formation 
over a 24 h period. 
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ton of DMPE (Table 2). The infrared spectra for 
conjugates B-D were identical. 

The conjugation reaction was monitored over 
a 24 h period. At specific time intervals 40 ,ul of 
reaction mixture was removed, separated by TLC, 
individual bands isolated and percentage conju- 
gation at each time point determined, the results 
being presented in Fig. 2. Upon addition of MTX 
to the phospholipid solution, the MTX-diD~FE 
derivative formed immediately, accounting for 
20% of the total MTX in the reaction mixture. 
However, at this same instance, approx. 80% of 
MTX was still present in its free form, which was 
reduced to 14% after 3 h. After 24 h constant 
stirring at 4O”C, there was little difference with 
19% unbound MTX remaining. Therefore, the 
optimal reaction time is 3 h which is in agreement 
‘with that adopted by Hashimoto et al., (1985b) 
for conjugate synthesis, although at this time point 
these researchers found 60% of the MTX was 
present in its free form. In our improved proce- 
dure all reagents were kept as dry as possible and 
HPLC grade solvents were used: this factor may 
have contributed to the better conjugation effi- 
ciency observed. In one batch where Analar grade 
reagents were utilized, 80% of MTX remained 
unbound after 3 h, 14% was present as the y-de- 
rivative, 4% as the a-derivative and 2% as the 
diDMPE substituent. 

Hydrolysis of MTX-LMPE in buffer and plasma 
The stability of both mono- and di-substituted 

MTX-DMPE was studied in McIIvaine buffer, 
pH 7.4, at 37°C. The three phospholipid conju- 

6 

I A MTX-gamma-L%PE 

* MTX-aiphe_OMPE 
6 0 MTX-BDMPE 

~~ 
0 5 10 15 20 25 

Time (hrs) 

Fig. 3. Release of MTX from its mono-DMPE and diDMPE 
derivatives in buffer pH 7.4 at 37°C. 

0 1 2 3 4 5 6 

Time (hrs) 

Fig. 4. Hydrolysis of MTX-y-DMPE in the presence of buffer, 
carboxylic ester hydrolase and fresh human plasma at 37°C. 

gates were stable to hydrolysis, OX-diDMP~ 
(D) being most stable with 10% of the totai MTX 
released (t,,,) after 10 days. The mono-sub- 
stituted derivatives (B and C> had substantially 
shorter t,,, values of 2.1 and 1.3 days, respec- 
tively (Fig. 3). 

The susceptibili~ of ~~-~-DMP~ to hydrol- 
ysis under more physiological conditions was also 
investigated. In fresh human plasma the rate of 
MTX release from its phospholipid conjugate was 
raised (t,,, = 19 h), whilst in the presence of 
high esterase concentrations (10 U/ml) the hy- 
drolysis rate was increased further (t,,, = 1.7 h, 
Fig. 4). 

Finally, the effect of changing pH upon MTX 
release from MTX-y-DMPE was investigated. 
When examined over a 6 h period, MTX was 
liberated more rapidly at pH 8.7 than at pH 2.3 
0 iO% = 1.4 and 11 days). At pH 7.0, 6.0 and 4.0 
the times for 10% MTX release were 3.6, 6.3 and 
8.7 days, respectively (Fig. 5). 

. pH2.3 
q pH4.0 
0 pH5.0 

0 pn7.0 
. pH3.7 

Time (hrs) 

Fig. 5. Effect of pH on the hydrolysis of IvlTX-y-DMPE at 
37°C. 
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Discussion 

Methotrexate contains two carboxylic acid 
groups in the glutamyl portion of the molecule. 
Thus, under the synthetic conditions employed, 
three MTX-DMPE conjugates might be ex- 
pected, viz., two mono-substituted derivatives 
where DMPE was attached either to the (Y- or 
the y-carboxyl group and MTX-diDMPE where 
one DMPE residue is attached to each of the 
acid functionalities (Fig. 6). 

When examined by TLC, MTX and its three 
MTX-DMPE derivatives migrated as discrete flu- 
orescent entities having retention factors of 0.21 
(A), 0.49 (B), 0.58 CC> and 0.65 CD), respectively. 
Following complete hydrolysis in aqueous alkali, 

the amount of free MTX released from each 
band was quantified by the HPLC method de- 
scribed above. The y-derivative was formed pref- 
erentially, containing 42% of total MTX, whilst 
A, C and D contained 12, 15 and 23% MTX, 
respectively. Only bands B-D gave a positive test 
for phospholipid (Stewart assay). Bands B and C 
had a phospholipid ratio of 1: 1 whilst D con- 
tained two DMPE residues per MTX molecule. 

The a-carboxyl group of MTX is a much 
stronger acid (pK, = 3.36) than the y-carboxyl 
group (pK, = 4.70) (Rosowsky and Forsch, 1982). 
Thus, in MTX-y-DMPE the more polar (Y- 
carboxylic acid group is free and would retard the 
chromatographic movement of the derivative in a 
hydrophobic environment. Consequently bands 

0 
II 

)I-rH-C-N" -7” 

3 W 

a C-OH 
I 

NH2 I 
CH2 

y A-OH 

II 
0 

0 

II 
H2C - 0 - C - (CH2)r2 - CH3 

I 
0 

II 
HC - 0 - C - (CH2),2 

I II 
- CH, 

NH2 - (CH2)2 - 0 - P - 0 - CH2 0 

I 
OH 

Fig. 6. Structures of (A) methotrexate and (B) dimyristoylphosphatidylethanolamine. Either the a-, y- or both glutamyl carboxyl 
groups are attached via amide bonds to the amino group on DMPE. 
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A-D can be assigned to MTX, MTX-y-DMPE, 
MTX-wDMPE and MTX-cy,y-diDMPE, respec- 
tively. 

These findings are in agreement with those 
previously reported by Hashimoto et al. (1985b). 
However, we obtained better conjugate yields, 
42% of the MTX-JJ-DMPE compared to 17.5% 
being present after 3 h reaction. Similarly, the 
reaction of MTX with diethyl L-glutamate in the 
presence of peptide bond-forming agents such as 
N,N’-dicyclohexylcarbodiimide was investigated 
(Rosowsky and Yu, 1978). This gave three ester 
derivatives, namely, the MTX y-L-glutamate di- 
ethyl ester, a-L-glutamate diethyl ester and cu,y- 
bis(L-glutamate tetraethyl ester). The tetraethyl 
ester was separated by solvent extraction in chlo- 
roform whilst the more polar diesters were sepa- 
rated by TLC. The faster moving component of 
the diester mixture was the least acidic cu-deriva- 
tive with the free r-COOH group. 

In each MTX-DMPE conjugate synthesized, 
the amine group of the phospholipid is attached 
to MTX via an amide linkage. This was con- 
firmed by infrared spectroscopy; the spectra ob- 
tained for each conjugate (B, C and D) were 
identical. 

The conjugation reaction was monitored over 
a 24 h period, and the optimal reaction time for 
MTX-y-DMPE synthesis was 3 h. This incubation 
time is consistent with that adopted by Hashimoto 
et al. (1985b), although, by modifying the latter 
method slightly MTX-y-DMPE yield was dou- 
bled. In this improved procedure all reagents 
were kept as dry as possible and HPLC grade 
solvents were used; these factors may have con- 
tributed to the better conjugation efficiency ob- 
served. 

Similar observations were made by Fan et al. 
(1991) who studied the interaction of MTX with 
dihydrofolate reductase. This involved the synthe- 
sis of a fluorescent derivative of MTX by cou- 
pling the (Y- or y-carboxyl of the glutamate moi- 
ety via a diaminopentane spacer, to fluorescein 
isothiocyanate (Gapski et al., 1975; Fan et al., 
1991). The original procedure describing the syn- 
thesis of such a fluorescent derivatives resulted in 
low yields (15%) of an impure mixture of isomers 
(Gapski et al., 1975). Fan et al. (1991) found that 

the overall yield of the two isomers depended 
upon the synthetic conditions employed. Anhy- 
drous reaction conditions and dry reagents cou- 
pled with a 1.5 molar excess of carbodiimide/N- 
hydroxysuccinimide relative to MTX gave yields 
of 7 and 44% for the (Y- and y-derivatives, re- 
spectively. 

Though the synthesis and characterization of 
MTX-DMPE (B-D) have been described previ- 
ously (Hashimoto et al., 1985b), little attention 
has been paid to the in vitro release behaviour of 
MTX from such derivatives. The three phospho- 
lipid conjugates were stable to hydrolysis in McII- 
vaine buffer, pH 7.4, at 37°C. MTX-diDMPE (D) 
was more stable than the mono-substituted deriv- 
atives (B and C) (t,,,, = 10, 2.1 and 1.3 days). 

At pH 7.4, MTX is 99% ionised and exists in a 
dianionic form. Thus, the uptake of folates is an 
electrostatically unfavourable interaction between 
the ionized glutamate carboxylic acid functionali- 
ties and the negatively charged cell membrane, 
such that the species actually penetrating the cell 
membrane may be undissociated (non-charged), 
this represents only a minute fraction of the total 
extracellular drug concentration (Rosowsky and 
Forsch, 1982). 

y-Monoamides of MTX have been synthesized 
as potential prodrugs of MTX or as active agents 
in their own right. Modification of the y-carboxyl 
in MTX does not greatly affect binding to the 
target enzyme dihydrofolate reductase (DHFR). 
Thus, even if formation of free MTX did not 
occur from the monoamide inside the cell, these 
derivatives might still inhibit tumour cell growth. 
An important consequence of the y-substitution 
in MTX is that the replacement of the negative 
charge in the glutamate side chain by a hy- 
drophobic group may favour uptake into the cell 
via a different mechanism (Rosowsky et al., 1986). 
In the case of classical antifolates with a gluta- 
mate side chain, the efficiency with which they 
are converted to non-effluxing polyglutamate 
metabolites is a major determinant of their ability 
to be transported across the cell membrane and 
to accumulate in cells (McGuire and Coward, 
1984; Rosowsky et al., 1991). 

The release of MTX following hydrolysis of 
MTX-J+DMPE in fresh human plasma and in 
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esterase (10 U/ml) was more rapid (t,,,, = 19 
and 1.7 h) than in buffer pH 7.4 (t,,,, = 48 h) at 
the same temperature. Previously, the in vivo 
hydrolysis, in mouse plasma, of the y-amide bond 
in a benzylamide derivative of MTX was investi- 
gated and was insignificant over a 2.5 h period 
(Rosowsky et al., 1986). A variety of enzymes are 
present in human plasma or serum. Carboxylic 
acid ester hydrolases (EC 3.1.1.) are a group of 
enzymes which attack molecules such as simple 
esters, fats and phospholipids. Choline esterase 
and lipase are enzymes of this class predomi- 
nantly found in human serum, and have enzyme 
activities of approx. 1.9-3.8 and 0.14 U/ml, re- 
spectively, at 25°C (Willis, 1985). Thus, the es- 
terase concentration used to study the stability of 
MTX-y-DMPE is in excess of those normally 
found in human plasma. The experiment demon- 
strates the susceptibility of the conjugate to enzy- 
matic cleavage resulting in the liberation of free 
drug. 

Finally, the effect of changing pH upon MTX 
release from MTX-y-DMPE was investigated. 
MTX was liberated more rapidly at pH 8.7 than 
at PH 2.3 (t,,, = 1.4 and 11 days). 

In this paper we describe an improved method 
for the synthesis of MTX-r-DMPE with a view to 
liposomally incorporating the conjugate and in- 
vestigating its effect in vitro upon inflammatory 
cell populations and in vivo against experimental 
models of rheumatoid arthritis. The y-derivative 
is relatively stable to hydrolysis in fresh human 
plasma but release of MTX from the conjugate is 
dependent upon hydrolytic enzyme concentra- 
tions. At physiological pH the conjugate releases 
free MTX (t,,, = 2.1 days) more rapidly than at 
the more acidic pH values found within the lyso- 
some (pH 4.0, t,,, = 8.7 days). Thus, degradation 
of the conjugate within the lysosome is likely to 
be dependent upon lysosomal enzyme activity and 
not pH. 
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