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Abstract -The activity of 1-~4-(4-sulfanilql)p~~en~l~~irca. a compound previously found to decrcasc \ris- 
ceral lesions and mortality in chickens infected with Marek’s disease virus. was investigated using chick 
peritoneal macrophages. The material showed no cffcct on the biosynthesis of DNA, RNA or protein but 
markedly inhibited the synthesis of phosphatidylcholine. The site of action in this pathway was detcr- 
mined to he subsequent to the formation of phosphorylcholine. and on the steps involving the synthesis 
ofeither cytidincdiphosphatc choline or phosphatidyl choline. Several derivatives of diphcnylsulfonc wcrc 
also examined for their effects on choline incorporation. The analogues that were found to be actlbe in 
the macrophage system ;,I vitro closely paralleled those that were found to be active in the Marek’s disease 
%Sdy in ciL.0. 

Marek’s disease. caused by a DNA herpes-type virus 
[I 31. is a neoplastic lymphoprolifcrative disorder in 
chickens affecting primarily liver, spleen, gonads. kid- 
neys and peripheral nerves. It is generally considered 
to be the most serious infectious condition in domestic 
chickens: hence. much effort has been expended in the 
past toward discovering effective means of controlling 
the disease. In this respect, considerable progress was 
made recently with the development of Marek’s dis- 
case virus vaccine 14.51. This vaccine. although highly 
beneficial. does not provide a complete cure, since in- 
fectious virions arc known to persist in the treated 
chickens. The LISC of simple chemical compounds fol 
treatment of the disease or to supplement the use ofvac- 
cinc has met thus far with only limited SLICCCSS. For 
example. L-0-ethylthreonine was found in these labor- 
atories to decrease the incidcncc of mortality in 
chickens infected with the virus.” This substance, un- 
fortunately. was potentially toxic to the birds by virtue 
of its being incorporated into tissue proteins as an ana- 
log of L-isoleucinc [6 81. Marc recently, a totally dif- 
ferent class ofcompounds. diphcnylsulfone derivatives. 
was reported to markedly decrease visceral lesions and 
mortality in infected chickens at doses that were non- 
toxic to the host 193. The metabolism of these sub- 
stances. particularly in chickens. that may account for 
their therapeutic eficacy is not as yet known. The pur- 
post of this paper is to describe some aspects of the 
activity of sulfone derivatives in a chick tissue and dis- 
cuss possible relevance of these findings to Marek’s 
disease. 

* T. A. Maag and T. Y. Shen. unpublished observation 

MATERIALS AND METHODS 

Choline- 1,2-‘“C (50 IL?/].4 mg). glycerol-U-‘4C 
(50 &?/O.l5 mg), L-leucine-l-‘4C (250 pCii’l.28 mg). 
uridinc-2-‘4C (SO &i/O.07 mg). thymidinc-2-‘“C 
(50 &i/@28 mg). cthnnolamine-I 3-14C .- (100 pCi/ 
2.56 mg). L-serine-U-l”; (100 pCi/I.O mg) and Na ace- 
tate-2-14C (I pCi;‘1.59 mg) were obtained from New 
England Nuclear Corp. Silica gel G (250 ;L thickness) 
was purchased from Analtech, Inc. Phosphorylcholine 
(P-choline). cytidinediphosphate choline (CDP-cho- 
line) and L-z-lecithin (P,y-dipalmitoyl) were obtained 
from CalBiochem. 

The diphcnylsulfone derivatives, synthesized in the 
laboratories of Dr. T. Y. Shen. were dissolved in 
dimethylsulfoxide at 20 mg/ml. In experiments using 
these compounds. the concentration of dimcthylsulfox- 
ide in the reaction mixture was always less than 0.2”~,, 

Two- to two-and-a-half-week-old Vantress Arbor 
Acre chicks obtained from Kerr Hatcheries Co.. Inc., 
Frenchtown. N.J.. were used to obtain peritoneal cells. 
Eight ml of IO”,, soluble starch was injected into the 
peritoneal cavity. and after 2 days the birds were killed 
by asphyxiation in CO,. The abdominal surface was 
sponged with 7O’:iethanol. the skin reflected and IO ml 
of Medium 199 was injected into the peritoneal cavity. 
The abdomen was gently massaged in order to mix the 
fluid in the peritoneal cavity. The fluid was then aspir- 
ated with a sterile Pasteur pipette and kept at O-5 
IJnder these conditions. 2- 5 x IO’ cells were collected 

687 



688 H. T. SHIGI URA. A. C. HEY. R. W. BIIKG. B. J. SKt.LLv and K. H(1oc;sret.N 

from each chick. Exudate cells from four to five chicks 
were combined and used for each experiment. 

The peritoneal cells were cultured as monolayers in 
Medium 199 containing 100 units penicillin/ml. 100 pg 
streptomycin/ml and lo”,, fetal calf serum. Specified 
numbers of peritoneal cells as described in the legends 
were transferred to either 16 x 125 mm glass tubes or 
JO-ml Falcon plastic bottles and incubated at 37’ un- 
der 5”,, CO? 95”,, air mixture. After I hr. the medium 
containing non-adherent cells was aspirated and dis- 
carded when adherent cells were being studied. The 
cells attached to the glass or plastic surfaces. desig- 
nated macrophages. were used in most experiments. 
For comparative purposes, a few experiments were 
also done with non-adherent cells. One ml of fresh 
Medium 199 containing appropriate amounts of 
radioactive precursors and compounds under investi- 
gation was added to the macrophage monolayer cul- 
ture. After incubation at 37’ for a specified time, the 
medium was discarded and the macrophage mono- 
layers were processed for radioactivity measurements 
as follows. The adherent cells were detached from the 
surface with 0.5 ml concentrated formic acid. mixed 
with 5 ml cold 5’:” trichloroacetic acid (TCA) and 
transferred to Millipore filters (0.8 pm). The precipi- 
tates were washed thoroughly with cold 5”/;, TCA, 
dried and radioactivity was determined in a Packard 
liquid scintillation spectrometer. 

To determine the effects of a diphenylsulfone derivd- 
tive on the biosynthesis of phospholipids, the inter- 
mediatespresent in both the acid-soluble and acid-insol- 
ublefractionsfromexperimentsasdescribed under “Cell 
culture” were separated and analyzed as follows. The 
cold 5”; TCA-soluble fraction was extracted three 
times with 3-4 vol. of ether and the aqueous phase was 
evaporated to dryness under a stream of N, at 3@35 
The residue was dissolved in 0.2 ml Hz0 and 0,025 ml 
was applied on Whatman 3 MM filter paper and devel- 
oped with solvent (A) rl-butanol-acetic acid--Hz0 
(5:2:3)according to Schneider cfal. [IO] or solvent(B) 
isopropanol- Hz0 (8:2) according to Schncidcr and 
Rotherham [I I]. Standard phosphorylcholine or 
CDP-choline was used as markers. Phosphorylcholine 
was identified by phosphate analysis [l2] and by R, 

values compared to the standard compound. Cytidine- 
diphosphate choline was identified by its fluorescence 
under ultraviolet light and bv R , values as comnared 

anol H20 (85: 35:4) according to Wagner ct ~11. [ 131, 
or solvent (D) rl-propanol-I2 N ammonia (80: 30) 
according to Jatzkcwitz and Mchl [ 141. Standard L-X- 

lecithin was co-chromatographed as marker. Lecithin 
was identified by its migration in two solvent systems 
as compared to the standard and also by staining with 
rhodamine [ 141. 

One-cm sections of paper or Silica gel G containing 
the appropriate phospholipid intermediate were trans- 
ferred to vials containing tolueneeliquifluor and mca- 
sured for radioactivity. 

RESULTS 

Since I-[4-(4-sulfanilyl)phenyl]urea (AUS. com- 
pound I in Table 3) was previously found to be cffica- 
cious in the Marek’s disease assay ire ciuo [9]. it was 
chosen for our initial exploratory studies. To serve as 
chick cells for these experiments, peritoneal macro- 
phages were selcctcd not simply because the peritoneal 
cavity is a convenient source of cells but also because 
macrophages have been implicated to play an active 
role in immune processes of herpes simplex virus infec- 
tions [ 151. 

The cffccts of AUS on the biosynthesis of various 
macromolecules in macrophagcs. as measured by the 
incorporation of appropriate precursors into cold 5”; 
TCA-insoluble precipitates, are shown in Table I. The 
compound showed no effect on the biosynthesis of 
DNA or protein and only a slight inhibitory effect at 
higher concentrations on the formation of RNA. The 
most conspicuous aspect of this chart was the marked 
suppression of choline uptake, presumably into phos- 
phatidylcholine. This antagonistic action against the 
metabolism of choline was, in addition. extremely 
selective. since several other precursors of phospho- 
lipid or neutral lipid synthesis such as L-serine. etha- 
nolamine and acetate were unaffected by AUS. 

Table I, Effects of AUS on the incorporation of labeled prc- 
cursors into cold 5”, TCA-insoluble materials of chick 

macrophages* 

Labeled 
precursors 

“,, Inhibition of incorporation 
AUS (pgjml) 

I 0 20 40 

Choline 46 53 67 
Uridine 0 5 19 

* Monolayer cultures of chick peritoneal macrophages in 
I ml containing 8 x IO” cells were incubated for I8 20 hr at 

u i I 

to the standard substance. 37” with indicated amounts of radioactive precursors with 

For measurement of phosphatidylcholine synthesis. or without AUS. The amounts of labeled substances used/ 

the cold 5”,, TCA-insoluble precipitate was extracted 
ml were: choline (0,005 pCi/O.14 pg), glycerol (PO1 /Ki/ 

twice with 3 ml of X0”,, ethanol and twice with 3 ml eth- 
0.03 /cg). ethanolamine (0.01 pCi/@20 pg). acetate (0.20 bICi/ 

anol ether (3: I) at room temperature. The lipid 
0.32 mg), L-serine (0.10 pCi/O.7 pg), thymidine (0.005 &i/ 

extracts were combined and evaporated to dryness un- 
0.03 1(g). urldinc (0.01 ~Ci~@O2 pg) and L-leucine (0,005 @Ci! 
0.01 /lg). After incubation. the macrophages were processed 

dcr N2 at X&35’. The residue was taken up in 0.2 ml as described in the text. Although not shown below. there 
of X0”,, ethanol and 0,075 ml was applied on Silica gel was no effect on the uptake of glycerol. ethanolamine. ace- 
G and developed with solvent (C) chloroform-meth- tate. L-serine. thymidine and L-lcucine. 
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Fig. I. Elfects of increasing concentrattons of AUS on the 
incorporation oflabeledcholine into cold Y,, TCA-msoluble 
materials in chick macrophages. Monolayer cultures of 
chick peritoneal macrophages in I ml containmg X x IO’ 
cells were mcubatcd for 20 hr at 37 with choline-I.&r&C 
(0.005 /KJ:O,I 4 /lg) and varying amounts of AUS. After incu- 
bation, the macrophages were processed as described in 

text. 

A dose response study demonstrated that the in- 
hibitory eflcct on choline uptake could be detected at 
concentrations as low as 1 pg AU S/ml (Fig. I). For com- 
parative purposes. similar stud& were done with the 
non-adhcrcnt ccl1 population of chick peritoneal exu- 
date. At I. IO and 20 pg AUS/ml. the per cent inhibi- 
tion of choline incorporation into non-adherent cells 

was IO. 38 and 50 respectively. One may conclude from 
these observations that AUS is a selective inhibitor of 
choline incorporation and furthermore, the various 
typos of cells in chick peritoneal cavity were equally 
sensitive to the inhibitory action of this substance. 

The results obtained thus ftrr suggested that the in- 
hibitory activity of AUS was primarily on the biosyn- 
thesis of lecithin via the salvage pathway: the tlr MWO 
route in which the incorporation of ethanolamine was 
followed by methylation of phosphatidylethanolamine 
to form lecithin appeared not to bc affected by AUS. 
Hence, the site of action of the inhibitor on the incor- 
poration of labeled choline into phosphatidylcholine 
in intact macrophages was investigated. 

The data from three experiments arc shown in Table 
2A. Lecithin was separated by elution with solvent (C). 
The K, values of both standard lecithin and the 
radioactive material varied from 0.31 to 0.34. The 
results showed that the synthesis of lecithin was mark- 
edly suppressed by AUS. and the degree of inhibition 
obtained in the first two experiments corresponded to 
those observed earlier for the inhibition of choline in- 
corporation into cold 5”,, TCA-insoluble precipitates. 
The slightly lower per cent inhibitions in Expt. 3 was 
probably due to the use of Z-fold increase in cell con- 
centration. Similar results were obtained with solvent 
(D) in which the R, of lecithin was 0.25. In the absence 
of the inhibitor. the per cent of added choline con- 
verted to phosphatidylcholine under these conditions 
was calculated to be Y 10 per cent. Radioactive mater- 
ials corresponding to lysolccithin or sphingomyehn 
were not detected. 

In the same experiment, attempts were made to iso- 
late the acid-soluble intermediates of lecithin synthesis 
(phosphorylcholinc and cytidincdiphosphate choline) 
by means of paper chromatography. Solvent (A) was 
used for these experiments (Table ZB). and the R, of 
both standard P-choline and radioactive zone from the 
reaction mixtures varied from 0.38 to @3Y. The sub- 
stances in the R, 0.38 regions also reacted with molyb- 
date [IO]. In the absence of AUS. approximately 50 

Table 2. Effects of ACS on the incorporation of choline- ‘“C into phospholipids in macrophagcs* 

Expt. I Expt. 3 Expt. 3 

(cpm) (‘I, Inhib.) (cpm) (‘I;, Inhih.) (cpm) (“,,lnhih.) 

A. Lecithin 
Control 1190 II90 1270 
Plus lO~‘g;ml AUS 760 36 710 40 XX0 31 
Plus 70 &ml AUS 460 61 640 50 

B. Phosphorqlcholine 
Control 1180 1710 1410 
Plus IO lcg;ml AUS 1140 0 2000 0 I840 0 
Plus 2O&ml AUS 2070 0 I X80 0 

* Monolayer cultures of chick macrophages (2 ml containing I x IO’ cells for Expts. I and 2; 2 x 10’ cells for Expt. 3) 
were incubated for 30 hr at 37 with 8.X pg choline-l .2-‘“C (0.125 PCi) and indicated amounts of AUS. The phospholipids 
were isolated as described in text. 
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Table 3. Comparative effects of diphenylsuifone derivatives in macrophage in ~irro and Marek’s disease tests in PIUS.* 
. . 

“(, Inhibition of incorporation Marek’s disease 
No. Compound of choline assay 

.- 

1,4’-Hisurcidodiphcn~f sulfone 

Sulfagunnidinc 

Cl 

0. 0. 2 

O,(~)jO 

0.0050 

0~0200 

. . . . 
H,N- (=_‘ -SOINH, 

C‘I _ 

* Macrophagc c~pcrilllcilts i/i t*i@o were done in the same manner as described in the legend to Table I. using 10 jig/ml 
of test suhs~mcc. Ench tube contained O4OS /di;0.14 fig of choline-‘%Z. The results obtained from several experiments 

arc listed for each compound. The Marek’s disease experiments itr ~ico were done by Drs. B. J. Skelly and T. A. Maag, 
and a dctailcd account of this procedure will bc described in a separate publication. The numbers in the colutnn under 

“Marck’s discnse assay” rcprcscnt the per cent composition of each derivative in the diet that gave arbitrarily chosen 
“positive index” or “curt”. Tl~c salues are statistically significant with P equal or less than 0~05. 

per cent of the added choline-“C was converted into 
P-choline. As shown in the table. the synthesis of this 
intermcdiatc was not affected by AUS. Instead, the 
prcsct7cc of the sulfonc caused a significant accumu- 
lation ofP-choiinc (Eupts. 2 and 3). suggesting that the 
site of action of AUS was subsequent to the formation 
of phosphorvlcholiri~. One may also conclude that the 
transport oi’ choline through the cytoplasmic mem- 
brane was not afkctcd by AUS. Similar results were 
obtained with solvent (Bj in which the R, of phos- 
pl~orylcholi~~e was 0.25 to 0.27. 

In those csperiments with intact macrophages. there 
was no tract of CDP-choline accumulation in the sol- 

uble fraction either in the presence or absence of AUS. 
For this reason, in order to determine if the site of inhi- 
bition was on the synthesis of CDP-choline or on the 
subsequent step leading to the formation of phosphati- 
dylcholille. attempts were made to study these two 
reactions in a cell-free system. The procedure described 
by Kennedy and Weiss [IfI] for rat liver supernatant 
fluid and mitochondria was used. These two reactions, 
however, could not be measured in macrophage ccll- 
free pr~p~~rations. possibly due to the liberation of 
lysosomal enzymes during homogenizatioi~ of macro- 
phagcs. Hence, further elucidation of the site of action 
of AUS may require purification of the appropriate 
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enzyme phosphorylcholinccytidy~ transfcrase or phos- 
phorylcholine-glyceride transferasc from chick macro- 
phages. 

A number of compounds structurallv rclatcd to 
AUS that were previously examined for eiiicaq in the 
Marck’s discasc assay ~II r‘iro [9] were tested for their 
clfccts on the incorporation of labclcd choline into 
cold Sj’,,, TCA-insoluble precipitates in whole macro- 
phagcs (Table 3). The numerical values under “Marck’s 
discasc assay” represent the per cent coin~ositiol~ of 
sulfonc dcrivativcs in the diet required to achicvc an 
arbitrarily chosen level of “positive index”. For clarity. 
the compounds in the table arc listed in order of dc- 
creasing efTicacq in the Marck’s disease assa! ~II riro; 
the results from the assay irk t%o were then compared 
with those from the macrophage assay in riiict. With 
respect to the macrophage test system. compounds 3 
and 3 were found to bc almost or equally as active as 
AUS (compound I). Compound 4 was moderately 
active, while the remainder of the derivatives wcrc 
essentially inactive. It can be seen that thcrc is 1:,lirly 
good corrciation between efEcacy in the assay in I+() 
and the inhibitory effects on choline uptake in the tests 
if7 vitro. 

DISCI’SSIOY . I 

The comparative results shown in Table 3, in con- 
junction with the previously demonstrated incffcctive- 
ness of AlJS against DNA. RNA and protein synthesis, 
suggested that the disease in chickens caused by the 
herpes-type virus maj in son’~c rnaIlilcr bc related to or 
dependent upon uninterrupted synthesis of lecithin in 
host cells, presumably of the synthesis of lipoproteins 
present in various membranous components of the 
cell. The indispensable role of membrane lipids in the 
normal physiology of virus growth or the ciose rela- 
tionship of membrane turnover with virus multiplica- 
tion has been shown on a number of occasions. both 
in animal cells [I 7 191 and in bacteria [20. ?I]. For 
example, lecithin synthesis in rat hepatoma cells in- 
fected with mengovirus [ 1 X] and acetate-‘“C incorpor- 
ation into tleutr~l lipids in HeLa cells infected with 
adenovirus [IS] were found to increase soon after in- 
fection. Furthcrmorc. metnbrancs containing lipids 
appeared to be involved in all stages of virus infection. 
from penetration into the cell to the tinal asscmbl~ ol 
infectious virions. In the present work. one may spccu- 
late that interference of normal choline metabolism bv 
AUS resulted in lack of formation of lipopl-otcin mcm~ 
branes essential for Marck’s disease virus srouth. The 
precise manner in which AUS and other diphcnylsul- 
fone dcrivativcs may suppress growth or tilnction of 
Marek’s disease virus trcmains to hc elucidated. 

In another area of chemotherapy, it is interesting to 
note that one of the sulfones (/+dinminodiphcnyl 

sufonc, DEE) cxamincd in this study is currently the 
drug of choice for treatment of leprosy. Although the 
mode of action of this compound against Mycohactrr- 

im I~~prw is not fully understood. it is generally 
assumed to behave like p-aminosulfonamide in an- 
tagonizing the utilization of ~~-anlinobcnzoate [22]. 
Howcvcr. i’-arl7inosulfon3midc it~lfap~~~red to be in- 
efkctual against !21. irq~rc*: it was also without effect 
against chick cells (results not shown). Thus. the obser- 
vation that DDS is a potent inhibitor of phospholipid 
biosynthesis suggested the possibility that its efficacy 
in the trc~~tl~ent of leprosy may also be related to its 
inhibitory effect on lipid synthesis. 
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