
Short communications 377 

obviously speculative at present, the suggestion is open 
to experiment. If PAF receptor binding and activation 
is important for proliferation, it follows that the growth 
advantage of at least some tumours may be determined by 
an increase in the number or the affinity of PAF receptors. 
This woutd render them particularly sensitive to cytotoxic 
PAF analogues; and might explain, in part, why these 
compounds are selectively cytotoxic to certain tumour cells. 
Whatever the explanation, our results encourage an inves- 
tigation of PAF receptor levels in a variety of tumour cell 
types which are known to be sensitive to the PAF analogues 
used in this study. 

In summary, rrans-2,5-bis-(3,4,5-trimethoxyphenyl)- 
tetrahydrofuran (L-652,731), an antagonist which binds 
to platelet activating factor receptors, protects WEHI-3B 
mvelomonocvtic leukaemic cells against the toxic effect 
of two alkyd lysophospholipids, ClsOCH3-PAF and SRI 
62.834. Uotake of ‘HC,.OCH?-PAF was reduced in the 
presence df the antagonist. These findings suggest that the 
selective anti-tumour action of alkyl lysophospholipids may 
be related to differences of PAF receptor function in normal 
and tumour cells. 
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Cycle-oxygenase inhibition does not unmask leukotriene release during ischaemia- 
reperfusion of the rat heart in vitro 

(Received 14 June 1988; accepted 12 September 1988) 

The calcium ionophore, A23187, stimulates leukotriene 
efflux from the rat isolated perfused heart [ 1,2], probably 
reflecting calcium-induced activation of 5-lipoxygenase [3]. 
Reperfusion, following global ischaemia in uitro, promotes 
calcium accumulation by the myocardium (e.g. [4]), but 
does not induce leukotriene release [l, 21. This stimufus 
does, however, promote prostaglandin synthesis, especially 
prostacyclin [Z, 51. Karmazyn [6] has recently reported that 
prostacyclin inhibits cardiac leukotriene release following 
calcium accumulation induced by the “calcium-paradox” in 
rat and guinea-pig, isolated perfused hearts. We have, 

therefore, determined the effect of cycle-oxygenase inhi- 
bition on leukotriene release from the rat isolated perfused 
heart subjected to global ischaemia, followed by 
reperfusion. 

Materials and methods 

Mafe Wistar-Sprague-Dawley cross-bred rats (Glaxo 
Group Research Ltd., Ware, U.K.) were treated with 
aspirin (1.5 mg/kg iv.) or vehicle (1% bicarbonate in 0.9% 
saline) at least 1 hr before sacrifice. Hearts were sub- 
sequently removed and perfused by the Langendorff tech- 
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nique, using modified Krebs solution containing 5 mM 
acetate [7] at a pressure of 80 mmHg (coronary flow = 
20.7 2 0.8 ml/min; mean 2 SEM, N = 24). Following equi- 
librium (-20 min), global ischaemia was induced by reduc- 
ing the flow rate to 0.7ml/min for either 1 or 4 hr. 
Reperfusion was then initiated (at 50mmHg) for either 
15 min (1 hr ischaemia) or 60 min (4 hr ischaemia), fol- 
lowing which, A23187 was infused at a final concentration 
of 10e6M. Samples of coronary effluent were collected 
throughout both protocols and assayed for: 

(i) Lactate dehydrogenase (LDH) activity [8]. 
(ii) 6-Keto-prostaglandin F,, (6KPGF,,; the breakdown 

product of prostacyclin) by radioimmunoassay using a 
specific antiserum from Seragen (U.S.A.) 6KPGF,, 
was assayed in unextracted samples of coronary 
effluent. 

(iii) Leukotriene Cd/D4 and leukotriene B4 by 
radioimmunoassay using antisera from New England 
Nuclear (U.S.A., LTC.,/D,) and Amersham Interna- 
tional (Amersham, U.K., LTB,). Prior to assay, 
samples of coronary effluent were concentrated using 
Sep Pak C,s columns (Waters Associates, U.S.A.) as 
originally described by Eskra et al. [9]. Recovery of 
LTC4/D4 when applied at 5 ng/ml was 66.3 2 6.9% 
(mean 2 SEM, N = 15) and results were not corrected 
for extraction efficiency. 

Results and discussion 

The results are summarised in Tables 1 and 2. Induction 
of ischaemia did not significantly enhance the release of 
LTC.,/Db, 6KPGF,,or LDH. Reperfusion, following either 
1 or 4 hr of ischaemia, had no effect on leukotriene pro- 
duction, but significantly stimulated both 6KPGF,, syn- 
thesis and LDH release. Levels of LTB, were undetectable 
during both ischaemia and reperfusion (CO.03 ng/min). 
Assay of samples with an antibody recognising LTC,/D4 
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and LTE4 (Amersham, U.K.) also failed to reveal any 
significant leukotriene synthesis during ischaemia-reper- 
fusion (results not shown). The rat heart clearly had the 
capacity to synthesise leukotrienes under these conditions, 
since infusion of A23187 following reperfusion, significantly 
stimulated both LTC.,/D4 and LTB., release, whilst that of 
6KPGF,, was further enhanced. Pretreatment of animals 
with aspirin inhibited 6KPGF,, production in response to 
ischaemia-reperfusion and infusion of A23187. Inhibition 
of 6KPGF,, synthesis did not, however, result in any detect- 
able release of leukotriene, nor did cycle-oxygenase inhi- 
bition affect LDH release. Thus, in the rat isolated perfused 
heart, the inability of ischaemia-reperfusion to stimulate 
leukotriene production is probably not due to inhibition by 
prostacyclin or to “inactivation” or loss of 5lipoxygenase 
during the experiment, since infusion of A23187 always 
uncovered leukotriene synthesis. The production of LTC,/ 
D4 in response to A23187 was enhanced by pretreatment 
with aspirin, but this was not significantly different from 
non-aspirinised animals. The results of this study do not 
directly contradict those of Karmazyn [6], since the con- 
centration of prostacyclin employed to inhibit leukotriene 
synthesis (-10 ng/min) was much higher than that 
measured in our studies employing ischaemia-reperfusion. 

In summary, prostacyclin production is unlikely to be 
responsible for the inability of rat hearts to release leuko- 
trienes in response to ischaemia-reperfusion in uitro. At 
present it is not clear why the stimulus of ischaemia-reper- 
fusion does not cause the release of leukotrienes despite 
substantial cellular damage as judged by LDH efflux. The 
results suggest, however, that the cellular sources of LDH 
release and leukotriene synthesis are dissimilar. 
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Table 1. Eicosanoid release during 1 hr ischaemia and 15 min reperfusion 

Basal 

Ischaemia 

Reperfusion 

A23187 

-v 
-A 
-V 
-A 
-V 
-A 
-v 
-A 

LTB, 
(ng/min) 

co.03 
co.03 
co.03 
CO.03 
co.03 
co.03 

1.2 c 0.02 
1.9 r 0.01 

LTCdDh 
(ng/min) 

0.1 * 0.4 
0.2 2 0.1 

co.03 
0.06 * 0.04 
0.26 ? 0.08 
0.29 -t 0.08 
14.4 t 5.7 
26.4 r 9.9 

6KPGF,, 
(ng/min) 

0.9 t 0.2 
0.2 + 0.1 
0.5 2 0.1 

0.06 + 0.04 
1.5 2 0.4* 
0.2 r 0.1 

22.3 -r- 2.2 
1.4 + 0.9 

LDH 
(mU/min) 

49 * 12 
44 * 3 
19 r 4 
13 +- 2 

203 2 53* 
199 2 51* 
121 It 12 
188 -c 24 

Table 2. Eicosanoid release during 4 hr ischaemia and 60 min repertusion 

LTB4 LTC.,/De 6KPGF,, LDH 
(ng/min) (ng/min) (ng/min) (mU/min) 

Basal -v <0.03 0.5 * 0.4 0.8 ? 0.3 67 f 17 
-A cco.03 0.2 2 0.1 0.2 t 0.1 60 -t 7 

Ischaemia -v <0.03 <0.03 0.4 ? 0.2 28 * 8 
-A <0.03 <0.03 0.1 ? 0.1 22 ? 3 

Reperfusion -V 10.03 0.05 2 0.01 3.9 2 1.3* 373 2 65* 
-A <0.03 0.10 ? 0.04 0.5 ? 0.2 293 + 63* 

A23187 -v 0.3 2 0.05 2.2 -t 0.3 4.9 2 1.3 244 ‘- 29 
-A 0.5 * 0.2 5.3 + 1.8 1.3 2 0.3 315 * 91 

V = vehicle, A = aspirin. All values represent average release rates throughout the collection 
period. Results are expressed as mean 2 SEM, N = 4 (Table l), N = 3-7 (Table 2). * P < 0.05 
when compared to basal values. 
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Changes in polyamine content in primary cultures of adult rat hepatocytes 

(Received 16 May 1988; accepted 3 Augu.st 1988) 

Primary cultures of rat hepatocytes are a useful model 
system for the study of drug metabolism and toxicity [ 1,2]. 
These are non-dividing cells which, when maintained under 
conventional culture conditions, exhibit rapid phenotypic 
changes resulting in a marked decrease in highly dif- 
ferentiated functions such as their ability to metabolise 
drugs via the cytochrome P-450 mono-oxygenase system 
[3,4]. 

The polyamines, spermidine and spermine, and their 
diamine precursor, putrescine, are naturally occurring 
cellular polycations found in all living cells [S]. Their precise 
function within the cell is not known but increasing evidence 
indicates they play a positive role in the regulation of cell 
growth [6,7]. 

Recently, it has been shown that polyamines have dif- 
ferential effects on the functions of freshly isolated 
hepatocytes. For example, polyamines can alter the CAMP- 
mediated stimulation of amino acid transport [8] and can 
inhibit the hormonal induction of tyrosine aminotransferase 
[9]. No study has, however, examined the changes in poly- 
amine metabolism in primary cultures of hepatocytes. In 
this paper we have measured the alterations in the poly- 
amine content of rat hepatocytes with time in primary 
culture and the effect inhibitors of polyamine metabolism 
have on these changes. 

Materials and methoa!s 

Waymouth’s medium was purchased from Flow Lab- 
oratories Ltd (Rickmansworth, U.K.), Donor horse serum, 
penicillin and streptomycin were from Gibco-BRL Ltd. 
Polyamines, hydrocortisone-21-acetate, insulin and inhibi- 
tors were from Sigma Chemical Co. (Poole, Dorset, U.K.). 
Collagenase was from Boehringer (Mannheim, F.R.G.). 

Hepatocytes were isolated from male Sprague-Dawley 
rats (180-280 g) under aseptic conditions [lo] and cultured 
on 1Ocm dia. Petri dishes in Waymouth’s medium sup- 
plemented with 1% (v/v) horse serum lOpM-hydro- 
cortisone and I PM insulin. Viability was assessed by 
Trypan blue exclusion and was initially 92% or greater. 
Polyamines were extracted from the cells in 0.2 M HClO, 
as described previously [ll] and quantified by HPLC [12]. 
Protein content was determined by the method of Lowry 
et al. [13]. Each experiment is representative of a number 
carried out under the same conditions. In each case a range 
of the values obtained within one experiment is given. 

There was inter-rat variability in terms of the polyamine 
content but the results were consistent within each 
experiment. MGBG was extracted and quantified by HPLC 
P41. 
Results and discussion 

In rapidly growing cells the polyamine content on the 
cells increases with the cell growth rate [15]. In non-trans- 
formed cells, such as BHK-21/C13 cells, spermidine is 
the major polyamine within the cells and its intracellular 
concentration rises while the cells continue to grow. Pri- 
mary cultures of hepatocytes do not grow in tissue culture 
but rather are maintained in a viable condition for several 
weeks [16]. As non-growing cells they therefore provide a 
novel system in which to study the role of polyamines. 
Initial experiments showed that the total polyamine content 
in freshly isolated hepatocytes was high and that this value 
decreased rapidly up to 24 hr. The total polyamine content 
of these cells remained relatively constant thereafter (Fig. 
1). A more detailed analysis of the early times in culture 
showed that the total poIyamine content remained approxi- 
mately constant for 6-7 hr in culture; thereafter it decreased 
with time (Table 1). During this time the distribution of 
the individual poiyamines was changing as seen by the 
continuous decline in the ratio of spermidine to spermine 
(Table I). This ratio is a useful index of cell growth rate in 
non-transformed cells, high ratios of 1.5-2.0 being indica- 
tive of rapid rates of cell growth. This ratio falls markedly 
when celf growth slows down and, at confluence can be as 
low as 0.25 [15]. The low ratio in hepatocytes, even at early 
times, is indicative of their non-growing state. 

Analysis of the individual poiyamines showed spermine 
as the major polyamine within hepatocytes (Fig. 2). 
Putrescine, the precursor of spermidine and spermine was 
not detected at early times. Both spermidine and spermine 
decreased with time in culture, the former decreasing more 
quickly and hence accounting for the decline in the ratio of 
these two polyamines. Despite the fall in the content of 
the higher polyamines the total polyamine content was 
maintained, at least initially. This was due to the production 
of both putrescine and N’-acetylspermidine from 3 hr 
onwards (Fig. 1). N’-acetylspermidine is formed by the 
action of spermidine/spermine N-acetyltransferase which 
is the rate-limiting reaction in the breakdown or “so-called” 
retroconversion of the higher polyamines [ 171. Putrescine 


