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Modification of Lethal Effect of Bacterial Endotoxin by Substances 
Altering the Metabolism of 5=Hydroxytryptarnine.* (26677) 

ROGER M. DES h ~ z , t  NANCY FALLON AND EDWARD W. HOOK 
(Introduced by P. Reznikoff) 

Department of Medicine, The New York Hospital - Cornell Medical Center, New York City  

5-Hydroxytryptamine (5HT), which in 
free form is a potent stimulator of smooth 
muscle, normally circulates bound to plate- 
lets in an inactive state( 1 ) .  The occurrence 
of thrombocytopenia and elevated plasma 
concentrations of 5HT after intravenous in- 
jection of endotoxins from Gram-negative 
bacteria(2-3) suggests that some of the bi- 
ologic effects of endotoxins might be related 
to release of 5 HT from damaged or seques- 
tered platelets. The present studies were 
undertaken to determine the effect of sub- 
stances that alter the metabolism of SHT on 
the lethal action of bacterial endotoxin in 
mice. 

Materials and methods. Three substances 
that alter 5HT metabolism were investi- 
gated: (A) l-benzyl-2, 5-dimethyl serotonin 
(BAS),* an antimetabolite of 5HT by virtue 

* This study supported by USPHS grant. 
t Edward Livingston Trudeau Fellow of American 

$ Merck, Sharp, and Dohme Research Laborator- 
Thoracic Society. 

ies, Rahway, N. J. 

of similar chemical configuration (4), (B) 
beta-phenyl isopropyl hydrazine (PIH) 0 ( 5) , 
an inhibitor of monamine oxidase which cata- 
lyzes the degradation of 5HT to 5-hydroxy 
indole acetic acid(6), and (C) the meta- 
bolic precursor of SHT, 5 hydroxy trypto- 
phan ( S-HTP) 11, administration of which ap- 
preciably increases tissue stores and platelet 
concentrations of 5HT( 7 ) .  Dosages of BAS, 
PIH, and 5HTP were based on the reports 
of Shaw and Wmley(4), Horita(5), and 
Udenfriend et aZ.(7), and were somewhat 
larger than necessary for physiologic activ- 
ity. These substances produced no apparent 
untoward effects when administered alone to 
control groups of 10 or more mice. 

Eighteen to 25 g male albino mice of the 
CFW strain (Carworth Farms, New City, 
N. Y.) were used in all experiments. Groups 
of 10-20 mice were injected by the intraperi- 
toneal (IP) or subcutaneous (SC) route with 
the substance to be tested on each of 2 suc- 
0 Lakeside Laboratories, Milwaukee, Wis. 
11 Nutritional Biochemicals, Cleveland, Ohio. 
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cessive days. Controls were injected with 
normal saline solution. Both pretreated and 
control groups were then challenged with 
graded doses of Escherirhia coli endotoxin 
(Difco, Lot No. 0127:B8) by the IP or in- 
travenous (IV) route 30-90 minutes after the 
last pretreatment injection. Mortality was 
tabulated after 24 and 48 hours. For statis- 
tical purposes the groups receiving different 
doses of endotoxin were combined and the 
difference in per cent survival between pre- 
treated and control groups submitted to the 
t test. 

Results. As shown in Fig. 1 mice pre- 
treated with BAS by the IP route were sig- 
nificantly more resistant than saline pre- 
treated controls to the lethal action of endo- 
toxin injected by the same route. When 
either BAS or endotoxin were administered 
by other than the IP route (Fig. 2 and 3) a 
protective effect was observed but was less 
marked and not significant according to this 
method of statistical analysis. Fig. 4 illus- 
trates that pretreatment with the monoamine 
oxidase inhibitor PTH rendered mice signifi- 
cantly more susceptible to the lethal action 
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of endotoxin than saline pretreated controls. 
Contrary to expectations, pretreatment with 
the 5HT precursor, SHTP, significantly en- 
hanced the ability of mice to survive subse- 
quently administered endotoxin injections 
(Fig. 5). 

Discussion. Inhibition of the lethal effect 
of endotoxin in mice by pretreatment with 
the anti-5HT compound BAS, and its en- 
hancemznt by pretreatment with the mono- 
amine oxidase inhibitor PIH suggest that re- 
lease of 5HT may be a factor in endotoxin 
lethality. It should be emphasized that these 
changes were only partiaI and were influ- 
enced by route of administration of both pre- 
treatment and challenge injections. 

Shimamoto and associates( 8) have re- 
ported similar results in rabbits treated with 
the anti-5HT compounds Brom-lysergic acid 
diethylamid (BOL) and the monoamine oxi- 
dase inhibitor iproniazid. Gilbert (9) re- 
ported that the anti-SHT compound lysergic 
acid diethylamid (LSD) mitigated the acute 
hypotensive response observed in cats after 
intravenous injections of endotoxin but in a 
single instance found oral BAS without ef- 
fect. Several groups of investigators( 10,11, 
12,13) have demonstrated that chlorproma- 
zine inhibits the lethal effect of endotoxin, a 
property possibly attributable in part to its 
anti-SHT activity. Contrary to our findings, 

two groups of investigators ( 1 1,14) have re- 
ported that monoamine oxidase inhibitors are 
without effect on endotoxin lethality. 

The protective effect of SHTP, the meta- 
bolic precursor of SHT, was not anticipated. 
However, Gordon and Lipton (15) ,  and Las- 
ker et aZ.( 11) observed that mice pretreated 
with 5HT itself demonstrated enhanced re- 
sistance to endotoxin. Although the effects 
of pretreatment with SHTP and 5HT are 
superficially discordant with those described 
for BAS and PIH, these interrelationships 
are probably too complex to warrant the as- 
sumption that they are contradictory. A 
similarly confusing situation exists in the 
case of histamine, another amine with 
marked physiologic activity which is nor- 
mally bound to platelets and known to be re- 
leased after injection of endotoxin( 16). Pre- 
treatment with this substance also diminishes 
the lethality of subsequently administered 
endotoxin( 10,l l ) ,  as does pretreatment with 
histamine depletors ( 1 7 )  and antihistaminic 
compounds ( 10,ll) . 

The lethal effect of bacterial 
endotoxin in mice is modified by administra- 
tion of the 5HT antagonist, BAS, the monu- 
amine oxidase inhibitor PIH, or the 5HT 
precursor, 5 HTP. Animals pretreated with 
BAS and 5 HTP demonstrated increased re- 
sistance to endotoxin whereas pretreatment 
with PIH increased susceptibility to endo- 
toxin. 
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Alkaline Phosphatase Activity of Human Cell Cultures." (26678) 
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Studies of enzyme activities. nutritional re- 
quirements and metabolic activities associ- 
ated with growth of mammalian cells in cul- 
ture have in general revealed basically simi- 
lar patterns regardless of the source from 
which those cells had been derived ( 1.2) .  
During studies to characterize the tissue of 
origin of established human cell cultures, 
differences in alkaline phosphomonoesterase 
activity were observed (3 ) , These observa- 
tions have been extended to other cell lines. 
including recent isolates. and this report 
which describes differences in phosphatase 
activity between clonal strains of several par- 
ental lines, reemphasizes the heterogeneity 
which may exist in cell populations propa- 
gated in vitro. 

Matcritrls and methods. Ektablished cell 
lines were purchased from Wcrobiological 
Associates, Inc., and clonal strains HeLa S3 
and 3213A were provided by Drs. T. T. Puck 
and &I. Bender respectively. The parental 
Zimmer liver line was derived from a biopsy 
in a 5 month old infant with congenital atre- 
sia of the bile ducts and has been maintained 
in serial culture for approximately 70 pas- 
sages. Recent cell isolates were derived ac- 
cording to standard technics from bone mar- 
row aspiration (4) and skin biopsy ( 5). Clo- 
nal strains were derived from one or more 

* This investigation was supported in part by 
grants from Nat. Inst. of Arthritis and Metah. Dis., 
P.H.S., National Assn. for Retarded Children, and 
Assn. for the Aid of Crippled Children. 

consecutive single cell platings according to 
the procedure of Puck et a L ( 6 ) .  

Eagle's medium and Nl 199 containing 10 
or 15% undialyzed human, horse or calf se- 
rum or the nutrient medium of Puck contain- 
in? 20% undialyzed human serum were used 
for the growth of established cell lines. Re- 
cent isolates were cultured in an enriched 
Kagle's medium with added bovine embryo 
extract ultrafiltrate(4). After growth for 
0-8 days on glass surfaces in an atmosphere 
of 5:4 (-0, in air a t  37"C, cells were dis- 
persed with .05 c/o trypsin in bicarbonate-free 
salt solution (7), and transferred to fresh me- 
dium. or harvested by centrifugation at 5 0 0  
y g at room temperature after neutralization 
of tryptic action with growth medium. "he 
cells were washed twice in 20 volumes of cold 
0.14 M NaCl or 0.25 M sucrose and resus- 
pended in 0.25 M sucrose. Cell-free extracts 
were prepared by sonic vibration of 2 to 5 
ml of cell suspensions in collodion-treated 
lusteroid tubes for 1 to 5 minutes in an ice 
water-cooled Raytheon 10 kc oscillator. 

Mcaline phosphatase was measured by 
hydrolysis of disodium p-nitrophenyl phos- 
phate using 2 -aminclZ-methyl- 1 -propanol- 
HCl (AMP) buffer a t  pH 10.6 and 38OC(8). 
Specific activity was expressed as pM of p- 
nitrophenol liberated in 30. minutes per mg 
of cell protein(9). 

Restilts. Table I summarizes the specific 
activities for alkaline phosphatase of a va- 
riety of established and recently isolated hu- 
man cell lines. Each value represents the 




