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A b s t r a c t  - -  Experiments were performed to determine the effects of hydrazine sulfate (HS), a potential anti- 
cachexia agent, on tumor necrosis factor activities (cachectin/TNF) in vitro. We present evidence that HS 
significantly inhibits the lytic activity of TNF on L-929 cells, that HS has no direct effect on TNF itself, and 
that the minimum amount of time for maximum inhibition of TNF activity to occur after HS treatment is 
between 1 and 4 h. In addition to HS's effect on the cytolytic activity, we also determined its effect on the 
antiviral activity of TNF. We found that HS greatly potentiates TNF antiviral activity, while having no 
significant antiviral activity itself over a range of concentrations, that the potentiation was likely between HS 
and TNF-induced interferon-B~, and was maximal following 4 and 8 h of treatment with HS. Although the 
lytic activity of TNF has not been directly correlated with its cachectic activities, these studies provide 
evidence for an effect of HS on cachectin and its role in the wasting process. Furthermore, a rationale is 
provided for use of HS in conjunction with TNF for prevention and/or treatment of viral infection. 

Tumor necrosis factor (TNF) has been shown to be 
produced by monocyte/macrophages in response to 
endotoxin and other stimuli. It was initially described 
by its ability to preferentially cause a hemorrhagic 
necrosis of some tumor but not normal cells (Carswell, 
Old, Kassel, Green & Williamson, 1975; Old, 1985). In 
addition to the above, TNF has now been shown to 
have a plethora of activities which include antiviral 
activity (Kohase, Henrickson-Stefano, May, Vilcek & 
Seghal, 1986; Mestan, Digel, Mittnacht, Hillen, 
Blohm, Moeller, Jacobsen & Kirchener, 1986; Wong & 
Goeddel, 1986), potentiation of interferon's (IFN) 
antiviral activity (Wong & Goeddel, 1986; Hughes, 
Caspar & Coppenhaver, 1988), enhancement of 
monocyte motility (Mustaha, Schlamsteig, Hughes, 
Rajarman, Rudloff & Goldman, submitted for 
publication) and activation of monocyte/macrophage 
cytotoxic activities (Philip & Epstein, 1986). Recently, 
TNF has been shown to be identical to cachectin, a 
presumed mediator of wasting in neoplastic states 
(Beutler, Greenwald, Hulmes, Chang, Pan, Mathison, 
Uletvitch & Cerami, 1985a). This wasting process 
greatly accelerates the morbidity and mortality of 
affected individuals, The mechanisms by which TNF/ 
cachectin exert their effects are not entirely known, but 
it has been suggested that they are mediated by the 
suppression of lipoprotein lipase activity (Beutler, 
Mahoney, Le Trang, Pekala & Cerami, 1985b). 

It has been reported that hydrazine sulfate (HS), a 
non-competitive inhibitor of phosphoenolpyruvate 
carboxykinase in gluconeogenesis, can inhibit the 
wasting process in cancer patients (Gold, 1975, 
1987). It was hypothesized that increased levels of 
lactic acid derived from highly glycolytic neoplastic 
tissue, amino acids from peripheral protein break- 
down, and glycerol from lipid mobilization con- 
tributed to the development of a greater than normal 
gluconeogenic pathway. This in turn resulted in 
greater amounts of energy being lost from normal 
host tissue to contribute to the obligatory production 
of glucose; hence, the wasting process. However, the 
possibility exists that HS may also be playing a role 
by inhibiting TNF/cachectin by some as yet 
undefined mechanism. We therefore attempted to 
determine the effe ~xff HS on TNF activity in vitro. 
Here, we report that HS significantly inhibits TNF 
cytolytic activity and, in addition, potentiates its 
antiviral activity. Implications for its use are further 
discussed. 

E X P E R I M E N T A L  P R O C E D U R E S  

Inhibition o f  TNF cytolytic activity by hydrazine 
sulfate 

Mouse L-929 cells (American Type Culture 
Collection) were grown to confluency in 96-well 
tissue culture plates (Costar, Cambridge, MA) in 
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Fig. 1. Inhibition of TNF cytolytic activity by hydrazine sulfate. Mouse L-929 cells were treated with TNF in the absence or 
presence of hydrazine sulfate at the indicated concentrations of both for 24- 36 h. Following incubation, the cells were 

stained and destained as before and ODs~ was determined on an automated ELISA reader. 

Eagle's minimal essential medium with Earle's salts 
supplemented with 10°70 fetal bovine serum and 
penicillin/streptomycin (100 U/100/ag/ml) (EMEM 
10070) at 4070 COz, 37°C. Following 24 h incubation 
or upon confluence, TNF cytolytic activity was 
measured on L-929 cells as described elsewhere (Flick 
& Gifford, 1984). Briefly, media was replaced with 
EMEM 2070 containing 5 tag/ml actinomycin D in the 
absence or presence of various concentrations of 
recombinant TNF (Suntory, Tokyo, Japan). Twenty- 
four hours later, cells were stained with 1 °70 crystal 
violet in 2007o methanol, destained with Sorenson's 
buffer, and optical densities were determined at a 
wavelength of 590 nm on an automated ELISA 
reader. 

To determine the effects of hydrazine sulfate 
(Sigma, St Louis, MO) on TNF activity, concen- 
trations ranging from 0 to 300 ~g/ml in EMEM 2°70 
were added to the above-described assays at various 
times before or after TNF addition. Inhibition of 
TNF activity was reflected as an increased optical 
density of the HS/TNF-treated cells when compared 
to those treated with TNF alone. 

Potentiation o f  the antiviral activity o f  TNF by HS 
on HEp-2 cells 

HEp-2 cells (American Type Culture Collection) 
were grown in 96-well tissue culture plates in EMEM 

10°70 as before. Upon confluency, various concen- 
trations of TNF in EMEM 2°7o were placed on the 
cells. Twenty-four hours later and following removal 
of TNF, cells were challenged with vesicular 
stomatitis virus (VSV) at a multiplicity of infection 
of  0.5. Virus was harvested 24 h later and yields were 
determined on L-929 cells in a modified plaque 
reduction assay (Campbell, Grumberger, Kochman 
& White, 1975). 

To determine the effects of HS on TNF antiviral 
activity, concentrations of HS ranging from 0 to 
30 ~g/ml were placed on the cells at various times 
relative to TNF addition. Virus yields were deter- 
mined as before. In some experiments IFN-B~ 
(Triton Biosciences, Palo Alto, CA) was used in 
place of TNF in a similar fashion. 

R E S U L T S  

Inhibition o f  TNF cytolytic activity by hydrazine 
sulfate 

TNF has been shown to be cytolytic for several 
transformed cell lines in tissue culture, the standard 
assay being its cytotoxicity for actinomycin 
D-treated L-cells (Carswell et al., 1975: Old, 1985). 
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Table 1. Lack of a direct effect of HS on TNF* 

TNF (U/ml)* Treatment* OD 590 nm (+ S.E.M.) ~ 

0 - -  1.034 + .38 
100 --  0.333 _+ .013 
100 Dialysis 0.308 _+ .030 
100 HS (24H) + dialysis 0.281 _+ .021 

*Representative of two separate experiments. 
+Concentration expressed as cytolytic activity determined in 
a standard assay in actinomycin D-treated L-cells (Flick & 
Gifford, 1984). 
*TNF was diluted in EMEM 2% with or without HS at a 
concentration of 1 mg/ml to the indicated concentrations. 
Twenty-four hours later, both samples were exhaustively 
dialyzed against phosphate-buffered saline (pH 7.4). 
Following dialysis, TNF standard and treated samples were 
tested for cytolytic activity as before. 
~Optical density at a wavelength of 590 nm and 1:100 
dilution. 

Therefore, we tested the ability of HS to block TNF 
cytolysis in this system. As shown in Fig. 1, L-cells 
treated with 30, 10 or 3/~g/ml HS for 24 h prior to 
exposure to 100, 30 or 10 lytic units of TNF and 
actinomycin D exhibited a significant decrease in 
cytolysis when compared to control. The possibility 
existed that HS was acting directly on TNF because 
of HS's reducing properties. We tested this pos- 
sibility by treating TNF (300 U/ml) with high 
concentrations of HS (1 mg/ml). Following treat- 
ment, HS was exhaustively dialyzed away. As shown 
in Table 1, HS had no direct effect on TNF itself. In 
support of this, we also found that inhibition of TNF 
cytolysis caused by pre-treatment with HS could not 
be reversed by extensive washing of the cells. This 
would indicate that the protective effect is relatively 
stable (data not shown). 

Kinetics of  development of  the inhibitory effect 
We next attempted to determine the kinetics of 

development of the inhibitory effect of HS on TNF's 
cytolytic activity in L-cells. L-cells were treated with 
100, 30 or 0 tag/ml of HS for 16, 8, 4, 2, 1 or 0 
(briefly exposed) h. The cells were then washed three 
times and TNF was added in the presence of 
actinomycin D. As seen in Fig. 2, maximum resis- 
tance to TNF activity occurred between 1 and 4 h of 
HS treatment. 

Effect o f  HS on TNF's antiviral activity 
In addition to being cytolytic, TNF has been 

shown to have an antiviral effect on some cells in 
culture (Kohase et al., 1986; Mestan et al., 1986; 
Wong & Goeddel, 1986). We therefore determined 

5O3 

whether HS had an effect on TNF's antiviral 
activity. As shown in Table 2, HS at a concentration 
of 30 lag/ml potentiates the antiviral activity of TNF 
several hundred fold in some cases. It can also be 
seen that HS alone had no effect on virus yield. Since 
TNF is thought to induce its antiviral activity 
through IFN-/31 (Van Damme, Deley, Snick, 
Dinarello & Billiau, 1987), we next determined if HS 
directly potentiated this IFN. As shown in Table 3, 
HS directly potentiated IFN-/31 antiviral activity. 
Thus, the possibility exists that HS is potentiating 
TNF antiviral activity through IFN-/31. At present, 
however, we cannot determine the relative contri- 
butions of any intrinsic TNF antiviral activity or that 
of IFN-/3~ to the total potentiation of HS/TNF 
mixture. 

Kinetics of  development of  HS potent&tion of  TNF 
antiviral activity 

We next determined the kinetics of development of 
potentiation of TNF antiviral activity by HS. HEp-2 
cells were treated with 30/~g/ml of HS for 16, 8, 4, 2, 
1 or 0 (briefly exposed)h prior to addition of 
1000 units of TNF. Cells were washed free of HS 
prior to addition of TNF. As shown in Fig. 3, there 
is a time-dependent effect of HS on the potentiation 
of TNF antiviral activity. The minimum amount of 
time for maximum potentiation of TNF by HS 
appeared to be between 4 and 8 h, which roughly 
corresponds to TNF's induction IFN-/3 (Hughes et 
al., 1988). 

DISCUSSION 

These experiments were initially aimed at deter- 
mining the effects of HS, a potential anti-cachexia 
agent, on the cytolytic activities of TNF. We found 
that: (1) HS significantly inhibits TNF cytolysis of 
L-cells in a dose-dependent fashion, (2) the 
HS-induced protective effect is stable to washing of 
the cells, (3) HS has no direct effect on TNF itself, 
and (4) the minimum amount of time of HS 
treatment required to induce the maximum amount 
of protection of cells from TNF cytolysis was 
between 1 and 4 h. In addition to HS's effect on 
TNF's cytolytic activity, we determined its effects on 
TNF's antiviral activity. Surprisingly, we found that: 
(1) HS potentiated TNF's antivirai activity, (2) HS 
had no significant antiviral activity itself at the 
concentrations used, (3) this potentiation was 
possibly between HS and IFN /3~, and, (4) the 
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Fig. 2. Kinetics of development of the inhibition of TNF cytolytic activity by hydrazine sulfate on mouse L-929 cells. 
Mouse L-929 cells were treated with the indicated concentrations of hydrazine sulfate for the indicated periods of time. 
Cells were then washed and TNF was added at the above concentrations in EMEM 2o7o with 5 ~g/ml actinomycin D. 
Following 24 h incubation, the cells were stained and destained as before and OD590 was determined on an automated 

ELISA reader. 

potentiat ion was maximal  after 4 and 8 h of  
treatment with HS. 

HS has been used in clinical trials with varying 
degrees of  success as an agent to inhibit the wasting 
syndromes in cancer patients (Gold, 1975, 1987). It 
was hypothesized that HS, which is a non- 
competi t ive inhibitor of  phosphenolpyruvate 
carboxykinase, would interrupt host energy wasting 
which was a result of  rapid tumor  glycolysis and host 
gluconeogenesis. Gold (1987) hypothesized that 
lactic acid f rom highly glycolytic neoplastic tissue, 
amino acids f rom peripheral protein breakdown and 
glycerol f rom lipid mobil izat ion all contributed to 
the development  of  greater than normal  gluco- 
neogenic pathway. Progressively greater amounts  of  
energy would be lost f rom normal  host tissue to feed 
this pathway, which would result in the wasting 
process. In addit ion to this hypothesized mechanism, 
however, we feel that an additional mechanism 
might be an inhibition of  TNF,  which has been 
shown to be identical to cachectin - -  an agent found 

to contribute to cachexia or wasting (Beutler, 1985a). 
At present we are not certain as to the mechanism by 
which HS inhibits TNF cytolytic activity. However ,  
it has been theorized that TNF might induce its 
cytolytic activity through the generation of  free 
radicals such as superoxide (02-) (Clark, 
Thumwood,  Chaudhri ,  Cowden & Hunt ,  1988). 
Since HS is a reducing compound,  a reduction of  02 
to a less toxic compound,  i.e. H202, might explain its 
activity against TNF cytotoxicity. This possibility is 
being examined. 

In addit ion to the effects on the cytolytic activity 
of  TNF,  we determined the effects of  HS on its 
antiviral activity. Surprisingly, in some instances, the 
antiviral activity was potentiated several hundred 
fold. TNF is believed to induce its antiviral activity 
through the induction of/31 and/or/32 (IL-6) (Kohase 
et  al. ,  1986; Van Damme et  al. ,  1987). Our 
experiments on determining HS ' s  effects on these 
IFNs suggest that the potentiat ion of  the antiviral 
activities could possibly involve TNF-induced IFN/3t. 
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Table 2. Potentiation of  TNF antiviral activity by hydrazine sulfate 
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Virus yield Fold inhibition 
TNF U/ml  HS treatment (log 10) Exp.* Obs.* Potentiation 

0 - 5.5 - -  - -  - -  
0 + 5.4 - -  1.2 - -  

10,000 - 4 . 5  - -  1 0 . 4  - -  

10,000 + 2.1 11.6 2538.5 218.8 
3000 - 4.6 - -  8.5 - -  
3000 + 1.9 9.7 4400.0 455.5 
1000 - 4 . 6  - -  7 . 8  - -  

1000 + 2.0 9.0 3000.0 334.8 
300 - 4.7 - -  6.3 - -  
300 + 2.3 7.5 1833.0 244.4 
100 - 4 . 6  - -  7 . 9  - -  

1 0 0  + 2.3 9.1 1571.0 173.4 

HEp-2 cells were treated with TNF at the indicated concentrations in the absence ( - ) or 
presence ( + )  of 30/ag/ml hydrazine sulfate. Twenty-four hours later, cells were 
infected with VSV (0.5 m.o.i.). Virus was harvested 24 h later and the yields determined 
by a modified plaque reduction assay on L-929 cells. 

virus yield in virus control 
*Observed fold reduction in virus yield = virus yield in experimental 

Expected fold reduction in virus yield = observed fold reduction in 
experimental~ + observed fold reduction in experimental2. 

observed fold reduction 
*Fold potentiation = expected fold reduction 

Table 3. HS potentiates the antiviral activity of IFN-/3~ 

Fold reduction 
virus yield* Fold 

IFN (U/ml)* HS0ag/ml) Virus yield (pfu/0.1 ml) Obs. Exp. potentiation* 

- -  0 4 0  × 1 0 5  - -  - -  - -  

- -  3 0  9 × 1 0 5  4 . 4  - -  - -  

- -  1 0  2 9  × 1 0 5  1 . 4  - -  - -  

- -  3 2 5  × 105 1.6 - -  - -  

B~ 1000 0 53 × 103 75.4 - -  - -  
Bl 1000 30 26 × 102 1538.5 79.8 19.3 
B~ 1000 10 52 × 102 769.2 76.8 10 
BI 1000 3 26 × 103 153.8 77 2 
BI 300 3 17 × 105 2.4 - -  - -  
B~ 300 30 16 × 103 250.0 6.8 36.8 
B~ 300 10 61 × 103 65.5 3.8 17.2 
B~ 300 0 14 × 104 28.6 4 7.2 
B~ 100 0 18 × 105 2.2 - -  - -  
B~ 100 30 12 × 104 33.3 6.6 5.1 
B~ 100 10 10 × 102 4.0 3.6 1.1 
B~ 100 3 4 × 105 10.0 3.8 2.6 

*HEp-2 cells (5 × 104 cells/well) in microtiter plates were treated with IFN-B~r (Triton Biosciences) 
and /o r  HS at the above indicated concentrations in EMEM 2%. Twenty-four hours later supernatant 
fluids were decanted and the cells were infected with VSV (multiplicity of infection = 0.5). After 1 h, 
nonattached virus was decanted and replaced with EMEM 2%. Virus yields were determined as 
before. 
**See Table 2 legend for calculation of potentiation values. Representative of three identical 
experiments. 
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Fig. 3. Kinetics of development of the potentiation of TNF antiviral activity by hydrazine sulfate. HEp-2 cells were treated 
with hydrazine sulfate at the indicated concentrations and periods of time. Prior to the addition of TNF at the 
concentrations above, the cells were washed. Twenty-four hours later, VSV was added at a multiplicity of infection of 0.5. 
Virus yields were harvested 24 h later, and yields were determined by a modified plaque reduction assay on mouse L-929 

cells. 

Thus ,  HS may  potent ia te  the ant ivira l  activity of  
T N F  t h r o u g h  IFN /31. We have  also tested the  
possibil i ty on  L-cells, which  are highly susceptible to 
T N F ' s  cytolytic activity, t ha t  T N F  might  also induce 
an  ant ivira l  state in the  presence o f  HS. However ,  no  
s ignif icant  decrease in virus yields were found  in this  
system (data  no t  shown).  

A l t h o u g h  the  lytic activity o f  T N F  has  not  been 
directly associated wi th  its cachectic activity, these 

studies are consis tent  with  the hypothesis  tha t  HS  is 
affect ing TNF  in some m a n n e r  to inhibi t  the wast ing 
process. In addi t ion ,  since TNF  is shown to have 
ant ivira l  activity in some cell cul ture systems (Kohase 
et al., 1986; Mes tan  et al., 1986; W o n g  & Goeddel ,  
1986) and  in vivo (Coppenhaver ,  Sarzotti-Kelsoe, 
Syiruktasuth ,  Poas t ,  Singh & Baron ,  1988), a 
ra t iona le  for  its use in p revent ion  a n d / o r  t r ea tmen t  
of  viral  diseases is indicated.  
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