
1190 Journal of Medicinal Chemistry', 1973, Vol. 16, No. 10 Notrs 

that described for the preparation of 2-chloroadenosine 5'-phos-
phoromorpholidate was carried out ii. ' 'ch 2-chloroadenosine 
was substituted for 2-chloro-AMP. Chromatography of the water-
soluble reaction product in i-Pr20-EtOH-H20 (25: Unsaturat­
ed)17 on a cellulose column separated 2-chloroadenosine and the 
fluorescent material. Evaporation of fractions containing the lat­
ter product gave a crystalline solid, 2-morpholinoadenosine, 
which was recrystallized from water as needles: mp 245-246°; 
Am«x (0.1 N HC1) 260 nm U 15,700). 299 (7800): \ m a s (0.1 N 
NaOH) 261 nm (c 13,000). 284 (8000). Anal. (C14H2oN605) C, H, 
N. 

Guinea Pig Taenia Coli Preparation. Strips of taenia coli 
were dissected and mounted in organ baths in modified Krebs so­
lution containing hyoscine as described.6 Muscle activity was re­
corded with an isotonic lever writing on a smoked drum. ATP and 
triphosphate analogs were added to the bath to give concentra­
tions of 0.10-10 nM. Dose-response curves were plotted for six dif­
ferent concentrations over this range, each point representing the 
mean of at least four observations. Molar potencies were obtained 
from the antilog of the difference between the pD2 values for the 
analog and ATP.18 
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Recent years have witnessed an expanding interest in 
the clinically advantageous pharmacological properties of 
"prodrugs" or drug derivatives exhibiting the phenomenon 
of latentiation.2 The synthesis3 of a series of lipophilic 

t This investigation was supported by Research Grant C6516 from the 
National Cancer Institute, National Institutes of Health, U. S. Public 
Health Service. 

long-chain alkyl esters of the antitumor agent 1-ri-D-
arabinofuranosylcytosine (ara-C) with superior therapeu­
tic properties as immunosuppressive and antileukemic 
agents in experimental animals4 provides but one notable 
illustration of this approach to drug design. While laten­
tiation was achieved in this instance via esterification of 
an alcohol function in the parent molecule, the converse 
strategy of esterifying a carboxy group with a long-chain 
alcohol appears to have received sparse attention in the 
literature. In the work reported here, some potential la­
tent derivatives of the second type were prepared, in the 
form of a series of heretofore undescribed alkyl esters 
of 4-amino-4-deoxy-AT10-methylpteroylglutamic acid 
(amethopterin. methotrexate, MTX), another cancer che-
motherapeutic agent in widespread clinical use.5-6 The 
structures of eight such MTX esters are shown in Table I, 
together with six others derived from 3'.5'-dichloro-4-
amino-4-deoxy-iV10-methylpteroylglutamic acid (3 ' ,5-
dichloromethotrexate, DCM).i The latter were viewed with 
particular interest because of the possibility that their en­
hanced lipophilicity might favor passage across the blood-
brain barrier and thereby lead to agents useful for the 
treatment of tumors of the central nervous system. 

Esters of both MTX and DCM were obtained in excel­
lent yield via a facile procedure for direct esterification 
adapted from the early work of Hutchings and coworkers8 

who esterified folic acid in 65% yield by reaction with 0.1 
N HC1 in anhydrous methanol at room temperature for 24 
hr. In the present study, esterification was achieved via 
any of four modifications of this method, the choice of 
variant being dictated mainly by the chemical reactivity 
and water miscibility of the particular alcohol selected. 
Examples of each procedure are given in the Experimen­
tal Section and yields are presented in Table I. A surpris­
ing and significant aspect of the findings reported here is 
the apparent stability of the 4-amino group of MTX under 
moderately strenuous acid conditions. 

Esterifications proceeded rapidly at room temperature 
when either MTX or DCM was stirred in low-molecular-
weight primary alcohols containing 0.25 N HC1 (methods 
A and Cl. Reaction mixtures tended to remain heteroge­
neous with MTX but became homogeneous almost imme­
diately when DCM was used, in accord with the expected 
enhancement of lipophilicity by 3'.5'-dichloro substitu-
ents. Although uniform reaction times of 24 or 48 hr were 
generally employed for the sake of convenience, thin-layer 
chromatography revealed disappearance of the starting 
material after a much shorter time. For example, in one 
experiment involving the dibutyl ester 5, work-up after 
only 6 hr produced a yield not significantly different from 
that obtained with other primary alcohols after longer in­
tervals. 

With secondary alcohols or long-chain primary alcohols 
such as 1-octanol, reactions at room temperature gave 
poor yields. Two procedural variants were developed in 
order to surmount this problem. In the first of these 
(method B), involving for example the diisopropyl ester 4. 
water generated during the esterification was removed 
continuously by azeotropic distillation with benzene, the 
reaction being run in a Soxhlet apparatus containing mo­
lecular sieves in the thimble. This method was successful 
with 1-pentanol but failed with 1-octanol, apparently be­
cause hydrogen chloride is sparingly soluble in boiling 
mixtures of benzene and 1-octanol and therefore is easily 
lost. Accordingly, for the synthesis of esters 12 and 13, an­
other variant (method D) was devised which involved 

t A referee has kindly called the author's attention to a recent abstract 
describing MTX and DCM esters as substrates for liver aldehyde oxidase: 
see Wolpert. et a/ 7 
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Table I. Physical Constants of 4-Amino-4-deoxy-JV10-methylpteroylglutamate Esters 

Compd 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

R 

C2H5 
C2H5 
7l-C3H7 
i -CH, 
71-C4H9 
W-C4H9 
1-C4ri9 
71-C5H11 
s-CsHu 
i-CsHn 
2-C 5H„ 
M-C8Hn 

n-C 8 H„ 
E t O C H 2 C H 2 

X 

H 
CI 
H 
H 
H 
CI 
CI 
H 
H 
CI 
CI 
H 
CI 
H 

H2N 

M p , °C 

132-135 
237-241 dec 
130-133 
150-153 
134-135 
219-221 dec 
217-221 dec 
140-145 
144-146 
209-213 dec 
220-225 dec 
131-134 
184-190 dec 
122-125 

NH2 »x. 

% 
yield 

75 
82 
80 
69 
66 
82 
76 
74 
69 
75 
63 
57 
56 
76 

^ N v ^ 

PX 

M e t h ­
od" 

A 
A 
A 
B 
C 
C 
C 
B 
C 
C 
D 
D 
D 
A 

,CH2N—< 

Me 

X 
COOR 
1 

Xj)— CONHCH 

X 

Tic data" 
Solvent Solvent 

1 

0 .58 
0 .67 
0 .57 
0 .56 
0 .58 
0 .68 
0 .65 
0 .62 
0 .62 
0 .69 
0 .74 
0 .65 
0 .85 
0 .55 

2 

0 .62 
0 .69 
0 .63 
0 .64 
0 .64 
0 .73 
0 .79 
0 .68 
0 .72 
0 .85 
0 .88 
0 .79 
0 .92 
0 .77 

1 
CH2 

1 
CH2 

COOR 

Par t i t ion 
coeff6 

0 .55 
0 .88 
0 .69 
0 .77 
0 .88 

0 .87 
0 .89 

0 .87 

0 .57 

Formula 

C24H30N8O5 
C24H28C12N805 

C2 SHMN8O s 

C26H3 4N8Cv0.5H2O 
C28H38N8O0 
C28H36CI2N8O5 
C28H36CI2N8O5 
C3oH42N805 

C3oH42N805 
C3oH4oCl2N805 

C M H 4 0 Cl 2 N s Cv0.5H 2 O 
C3 6H5 4N805 

C36H 6 2C1 2 N 8 0 5 

C2 8H a !N,O7.0-5H2O 

Analyses 

C, H, N 
C , H , CI, N 
C, H, N 
C, H , N 
C, H , N 
C, H , CI, N 
C, H , C 1 , N 
C, H , N 
C, H , N 
C , H , CI, N 
C, H , CI, N 
C, H, N 
C, H, CI, N 
C, H, N 

"Tic performed on silica gel (Eastman 6060 sheets, with fluorescent indicator) using 4:1 CHCl3-MeOH (solvent 1) and 
5:3:1 n-BuOH-AcOH-H20 (solvent 2); Rt values given were determined by measurement from the origin to the leading edge 
of the spot. bSee Experimental Section. 

heating in 1-octanol at 55-60° for 5-6 hr, without the use 
of benzene or molecular sieves. This procedure also 
worked well with secondary alcohols, as evidenced by the 
preparation of the bis(l-methylbutyl) ester 11. 

The ready solubility of MTX and DCM esters in various 
organic solvents such as chloroform greatly facilitated 
their purification, inasmuch as unesterified or monoesteri-
fied material could be removed by extraction into aqueous 
NaHCC-3 solution and the fully esterified fraction could be 
chromatographed on silica gel. The product isolated after 
column chromatography was of analytical purity and did 
not require recrystallization. Because esterification of 
MTX proceeds in high yield and chromatography of the 
esters is rapid and can be performed efficiently on a large 
scale, this technique may constitute a useful alternative 
to existing methods of purification of MTX via ion-ex­
change chromatography.9 

Some estimate of the lipophilic character of MTX and 
DCM esters of increasing alkyl chain length was gained 
initially by comparison of the thin-layer chromatographic 
mobilities of these compounds and subsequently by direct 
determination of partition coefficients (see Experimental 
Section), which provide a truer measure of lipohilicity 
since they do not involve differences in adsorptive proper­
ties. As indicated in Table I, R( values for the MTX de­
rivatives vary from 0.58 for the diethyl ester 1 to 0.65 for 
the dioctyl ester 12 in 4:1 CHCl3-MeOH (solvent 1) and 
from 0.62 to 0.79 in 5:3:1 BuOH-AcOH-H 20 (solvent 2). 
A similar pattern can be observed among the 3',5'-dichlo-
ro derivatives, although the Rt values are consistently 
higher because of the enhanced lipophilic character of 
these substances. Of some interest is the fact that the bis(2-
ethoxyethyl) ester 14 of MTX shows less mobility than 
the dipentyl ester 8 in solvent 1 but greater mobility in 
solvent 2. These results are consistent with the expecta­
tion that, for two esters of comparable chain length, re­
placement of CH2 by O should confer greater solubility in 
polar solvents and lower solubility in nonpolar solvents. 

As indicated in Table I, partition coefficients for the 

MTX esters vary from 0.55 for the diethyl ester 1 to 0.88 
for the dibutyl ester 5 but remain essentially constant as 
the length of the alkyl chain is increased beyond four car­
bons. The high partition coefficient of 0.88 for the diethyl 
ester 2 of DCM and the low partition coefficient of 0.57 
for the bis(2-ethoxyethyl) ester 14 of MTX corroborate the 
thin-layer chromatographic data cited above. One addi­
tional noteworthy aspect not revealed by tic but evident 
from partition coefficient data is that chain branching in 
the alkyl moiety (compare especially the dipropyl and di-
isopropyl esters 3 and 4) appears to enhance lipophilicity. 

Biological Results. Evaluation of the growth-inhibitory 
properties of the MTX and DCM esters synthesized in the 
course of this work was carried out in vitro with the fo-
late-dependent microorganism Streptococcus faecium 
(ATCC 8043) as previously described.10 With the notewor­
thy exception of the dioctyl esters 12 and 13, which were 
inactive even at a concentration of 1 fig/ml, the esters of 
MTX and DCM generally showed ID50 values below 0.03 
/ug/ml at a folate concentration of 0.001 i^g/ml. Under the 
same assay conditions, unesterified MTX and DCM had 
ID50 values of 0.002 and 0.01 fig/ml, respectively. 

Several of the esters have been assayed in vivo against 
two transplantable murine leukemias in ascitic form: 
L1210 leukemia in BDF/1 hybrid mice and P1534 leuke­
mia in DBA/2 inbred mice. Intraperitoneal injections 
were given at regularly spaced dose levels chosen on the 
basis of prior determination of acute toxicities. Com­
pounds were suspended in 10% Tween 80, and animals re­
ceived four daily injections beginning on the first day 
after tumor implantation. At an optimal dose of 32 mg/kg 
(qd 1-4), the diethyl ester 1 of MTX produced a 51% ex­
tension of survival in L1210 leukemic mice. The dibutyl 
ester 5 of MTX prolonged the life span of L1210 leukemic 
mice by 25% at an optimal dose of 2.5 mg/kg (qd 1-4) 
while extending the survival of P1534 leukemic animals by 
44% at an optimal dose of 5 mg/kg (qd 1-4). Another 
member of the series, the dibutyl ester 6 of DCM, caused 
a 66% increase in survival of L1210 leukemic mice at 62.5 
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m g / k g (qd 1-4). T h e survival increases observed with 
these compounds were comparab le to those seen with 
M T X under similar condi t ions . 

Pre l iminary d a t a from a s tudy of the direct b inding of 
t he M T X and D C M esters to a p repara t ion of dihydrofol-
a te reduc tase from Lactobacillus casei (ATCC 7469) indi­
cate t h a t they are bound as m u c h as 1000 t imes less t ight ­
ly t h a n the paren t drug.§ This finding suggests t h a t the 
an t ibac te r ia l act ivi ty of the esters referred to above may 
be accounted for on the basis tha t , upon ent ry into the 
cell, some free M T X or D C M is released as a consequence 
of int racel lular es terase act ivi ty. According to th is view, 
the esters represent t r anspor t forms of M T X and D C M 
and may not be very active in their own r ight . The i r bio­
logical act ivi ty in a cell cu l ture assay p resumably reflects 
the ne t effect of several var iables , including the ra te of 
passage of the ester across the cell m e m b r a n e a n d its sub­
sequent enzymat ic hydrolysis inside the cell. In whole ani­
mals , th is p ic ture m a y be compl ica ted further by t h e pos­
sibility of serum esterase hydrolysis (i.e., even before 
entry into target cells). S imi lar considerat ions have been 
advanced in a brief report on the a n t i t u m o r effects of 
M T X and its d imethy l es te r . 1 1 More deta i led s tudies 
a imed at e luc ida t ing some of these p rob lems and also 
deal ing with quest ions of schedule dependency , op t imal 
route and vehicle of admin is t ra t ion , and range of t u m o r 
specificity ( including evaluat ion against res is tant lines 
and in t ra thecal ly i m p l a n t e d tumors ) will be repor ted sep­
ara te ly . 

Exper imenta l Sec t ion 

Melting points (uncorrected) were determined in Pyrex capil­
lary tubes by means of a Mel-Temp apparatus (Laboratory De­
vices, Inc., Cambridge, Mass.) at a heating rate of 2°/min. Col­
umn chromatography was performed on silica gel powder (Baker 
3405, 60-200 mesh) without prior activation. Thin-layer chroma­
tography was carried out on silica gel sheets (Eastman 6060, with 
fluorescent indicator), likewise without activation, using 4:1 
CHCl3-MeOH or 5:3:1 n-BuOH-AcOH-H20 as the solvent. Un­
less otherwise specified, solutions were dried over anhydrous 
granular Na2SOi. Where analyses are specified only by symbols 
of the elements, analytical results obtained for those elements 
were within ±0.4% of theoretical values. Methotrexate and 3',5'-
dichloromethotrexate were supplied by Lederle Laboratories, Di­
vision of American Cyanamid Co.. through the courtesy of the Can­
cer Chemotherapy National Service Center, National Cancer 
Institute. 

Methotrexate Diethyl Ester (1) (Method A). A suspension of 
methotrexate (4.0 g, 0.0088 mol) in 600 ml of 0.25 JV HC1 in abso­
lute EtOH was stirred at room temperature for 72 hr. After evap­
oration to dryness under reduced pressure, the residue was treat­
ed with 0.25 M NaHCC>3 (1 1.) in order to dissolve any unreacted 
methotrexate, and the esterified product was extracted into 
CHC13 (3 X 500 ml). The combined CHCI3 extracts were rinsed 
to neutrality with saturated NaCl solution (500 ml) and distilled 
H 2 0 (500 ml), dried, and evaporated. Column chromatography of 
the semisolid orange residue on silica gel (200 g) using 95:5 
CHCl3-MeOH as the eluent yielded a minor fast-moving band, 
which was discarded, and a major band from which was isolated 
on solvent evaporation a granular yellow-orange solid (3.3 g). Pul­
verization of this material in a mortar afforded 1 as a bright yel­
low, analytically pure microcrystalline powder. 

Methotrexate Diisopropyl Ester (4) (Method B). Methotrex­
ate (1.0 g, 0.0022 mol) was added to a mixture of 0.25 N HC1 in 
i-PrOH (300 ml) and dry benzene (200 ml) in a 1-1. round-bottom 
flask fitted with a Soxhlet extractor containing molecular sieves 
(Linde 3A) in the thimble. The mixture was stirred under reflux 
for 4 hr, after which time it was cooled, treated with decolorizing 
carbon, and concentrated to near dryness on a rotary evaporator. 
Addition of 0.4 M NaHC0 3 (300 ml) to the residue, extraction 

§ Enzyme binding studies are being performed on a collaborative basis 
by Dr. Roy L. Kisliuk, Department of Biochemistry, Tufts-New England 
Medical Center, Boston, Mass. The results of this investigation will be re­
ported separately. 

with CHCI3 (3 x 300 ml), washing to neutrality with distilled 
H2O, drying, and evaporation yielded a viscous orange-colored 
gum which was purified by column chromatography on silica gel 
(100 g). A small quantity of fast-moving material was removed by 
elution with CHCI3 and the product was obtained with 95:5 
CHCl3-MeOH. Evaporation left a glassy residue which yielded a 
bright yellow powder (0.82 g) on trituration with Et2() and petro­
leum ether (bp 30-60°). 

Dichloromethotrexate Dibutyl Ester (6) (Method C). 3 ,5'-
Dichloromethotrexate (2.0 g, 0.0038 mol) was dissolved in 0.25 N 
HC1 in BuOH (300 ml) and the solution was allowed to stand at 
room temperature for 48 hr. Extraction with 0.4 M NaHC0 3 (2 X 
150 ml), washing to neutrality with saturated NaCl solution, rins­
ing with distilled H 2 0 , and solvent evaporation by means of a ro­
tary evaporator connected to a Dry Ice-acetone-cooled receiver 
and vacuum pump left a clear yellow glass. Column chromatogra­
phy on silica gel (70 g) with 95:5 CHCl3-MeOH as the eluent 
gave a trace of fast-moving material which was discarded and a 
main band consisting of the desired product. Evaporation of 
pooled CHCl3~MeOH eluates and trituration of the glassy residue 
with petroleum ether (bp 30-60°) afforded a transparent gel 
which was broken up with a spatula, collected by suction filtra­
tion, and dried to a bright yellow granular solid (2.0 g) of analyti­
cal purity. 

Dichloromethotrexate Dioctyl Ester (13) (Method D). A 
mixture of 3',5'-dichloromethotrexate (2.0 g, 0.0038 mol) and 300 
ml of 0.50 A' HC1 in 1-octanol was stirred at 55-60" for 5 hr. Ex­
traction of the dark solution with 0.25 M NaHC0 3 , rinsing to 
neutrality with saturated NaCl solution and distilled H2O, dilu­
tion with a large volume of CHCI3, drying, and solvent take-off 
(H2O aspirator to remove the CHCI3 and vacuum pump with Dry 
Ice-acetone in the receiver to remove the 1-octanol) afforded an 
amber-colored semisolid residue which was purified by column 
chromatography on silica gel (75 g). Elution with CHCI3 alone 
gave a small amount of fast-moving material which was discard­
ed, and elution with 95:5 CHCl3-MeOH yielded the desired ester 
as a yellow glass. Trituration of this material with EtjO and pe­
troleum ether (bp 30-60°) produced the characteristic transparent 
yellow gel, which was broken up with a spatula, suction filtered, 
and dried under reduced pressure to a bright yellow microcrystal­
line powder (1.6 g). 

Partition Coefficients. Because of the virtual insolubility of 
the MTX and DCM esters in H2O, a two-phase system was pre­
pared by shaking H 2 0 (25 ml). DMF (25 ml), and 1-octanol (50 
ml) thoroughly in a separatory funnel and allowing the two layers 
to separate and equilibrate for 1 hr. The lower layer (40 ml) and 
upper layer (60 ml) were assumed to represent the "aqueous 
phase" (mixture A) and "lipid phase" (mixture B), respectively. 
A 2.0-2.5-mg sample of ester was dissolved in 3.0 ml of mixture A 
(with gentle warming on the steam bath if necessary), a 0,5-ml 
aliquot was removed and diluted to 5.0 ml with 95% EtOH. and 
the optical density (Ej) at 375 nm was determined in a standard 
1-cm quartz cell. The remaining 2.5-ml solution was shaken for 60 
sec at 35° with 2.5 ml of mixture B. the layers were allowed to 
separate, and another 0.5-ml aliquot of the lower layer was re­
moved and diluted to 5.0 ml with 95% EtOH. The optical density 
(£2) at 375 nm was recorded again, and a partition coefficient (P) 
was calculated on the basis of the formula P = (£1 - £Y)/£i 
where £1 was the optical density of the "aqueous phase" (mix­
ture A) before partition and £2 was the optical density of the 
same phase after partition. The values derived in this manner are 
shown in Table I. 
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Perspectives in Membrane Biophysics. Edited by D. P. Agin 
with 22 contributors. Gordon and Breach, New York, London, 
and Paris. 1972. 317 pp. 16 x 23.5 cm. $12.50. 

This book was conceived as a tribute to K. S. Cole and presents a 
collection of 16 papers by scientists who have made significant con­
tributions to the study of membrane properties. The format of the 
volume is pleasing; regrettably, some of the articles contain many 
typographical errors. The individual presentations vary greatly in 
length and in scope. Five papers (papers 1, 2, 4, 5, and 7) concern 
findings on squid axons. They cover the results of direct measure­
ments of the influx of Na ions during the action potential, recent 
models of active ion transport, biionic potentials in perfused axons, 
a model for the mechanism of inactivation of the sodium conduct­
ance, and the temperature dependence of excitability. Paper 3 is a 
broad discussion of electrogenic phenomena with emphasis on non­
linear voltage-current relations. Paper 6 presents studies of the 
relationship between structure of macrocyclic compounds and their 
capacity to function as ion carriers across artificial membranes. 
Four papers (papers 8, 10, 11, and 15) are mainly theoretical. One 
stresses the need for further studies of membrane capacity under 
different experimental conditions. The other papers present a 
model of ion transport across the membrane in terms of conforma­
tional changes in the protein subunits of the channels, a mathe­
matical treatment of ion flow in an electrolyte-membrane-
electrolyte system, and an extension of a theoretical method by 
Cole to calculate membrane current variations with membrane 
potential at any point in a fiber. Paper 9 describes a rapid voltage-
clamp data processing system. Paper 12 concerns ion flux ratio de­
terminations under nonsteady state conditions. Paper 13 is a re­
view of ionic conductances at synapses. Paper 14 is a comprehen­
sive review of pharmacological data obtained on axonal and end-
plate membranes. Paper 16 points out similarities and differences 
in the development of ideas and methods in research on nerve and 
muscle. Anyone who is interested in this area will find the discus­
sions, which clearly indicate some of the major open problems, 
stimulating. 

Department of Pharmacology Xenia Machne 
University of Minnesota 
Minneapolis, Minnesota 55455 

Antiarrhythmic Agents. By Arthur J. Moss and Robert D. Pat-
ton. Charles C Thomas, Springfield, 111. 1973. xi + 161 pp. 16 X 
23.5 cm. $10.00. 

Although this book was written primarily for the clinician, it 
should also be useful to teachers of pharmacology, clinical phar­
macy, and medicinal chemistry. The first chapter is a concise re­
view of the electrophysiologic properties of cardiac tissue while 
the second is a very brief description of arrhythmogenic mecha­
nisms. A five and one-half page discussion of the general princi­
ples of pharmacodynamics completes the first section of the book. 
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The second section consists of ten chapters, each of which is 
devoted to a single antiarrhythmic drug. The drugs covered in 
this section are: quinidine, procainamide, lidocaine, diphenylhy-
dantoin, propranolol, bretylium, atropine, digitalis glycosides, po­
tassium, and isoproterenol. Five or six pages are devoted to each 
drug and the discussion of the individual agents is divided into 
the following subheadings: introduction (including a description 
of chemical structure), electrophysiologic properties, pharmaco­
logic considerations (absorption, metabolism, excretion), thera­
peutic uses, and adverse drug reactions. The authors have re­
stricted their discussion of the drugs as much as possible to those 
aspects relating to antiarrhythmic activity. For example, the gen­
eral utility of atropine as an anticholinergic agent and the anti­
convulsant properties of diphenylhydantoin are mentioned only in 
passing. The use of digitalis as an inotropic agent is not covered. 
Thus, the scope of the "therapeutic use" sections is quite limited. 

The third section of the book, called "general therapeutic con­
siderations," consists of a chapter which compares the electro­
physiologic properties, pharmacodynamics, adverse reactions, and 
costs of the ten drugs described in the second section along with a 
chapter on the management of refractory arrhythmias. The chap­
ter devoted to comparison of the agents is a well-written summa­
ry and contains tables which greatly facilitate comparison of 
electrophysiologic properties and side effects. 

The book contains 426 references, a substantial number of 
which were published in the years 1969-1971. In spite of the brev­
ity of this book, the authors appear to have accomplished their 
goal of summarizing the current state of knowledge about the 
principles which underlie antiarrhythmic drug therapy and the 
agents which are most frequently used in the management of pa­
tients with cardiac arrhythmias. 
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Advances in Immunology. Vol. 15. Edited by F. J. Dixon and 
Henry G. Kunkel. Academic Press, New York, N. Y. 1972. 329 
pp. 23 x 15 cm. $18.50. 

This most recent addition to the Advances in Immunology se­
ries contains chapters by a number of distinguished authors. In 
the first chapter, "The Regulatory Influence of Activated T Cells 
on B Cell Responses to Antigen," D. Katz and B. Benacerraf dis­
cuss the interaction of B and T cells in the immune response, the 
mechanism of T cell regulation of B cells, and the functions of the 
B and T cells in such immune phenomena as tolerance, anam­
nesis, and cellular immunity. E. Unanue's chapter on "The Regu­
latory Role of Macrophages in Antigenic Stimulation" is timely 
considering the intense interest over the past couple of years con­
cerning the role of macrophages in the immune response. The au­
thor stresses the need for improvement of and experience with tis­
sue culture methodology to clarify the cellular interactions be-
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