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Autologous neutrophil derived supernatants inhibit 
endothelium dependent relaxation in human 

coronary bypass graft 
James J Liu, Joan R Chen, Christopher J Bradley, Bing Xie, Colin I Johnston, 

and Brian F Buxton 

Objective: Spasm of internal mammary artery is a problem during coronary artery bypass grafting. The 
mechanism is unknown. The aim of this study was to determine whether supernatants derived from neutrophils 
affected endothelium dependent relaxation of human internal mammary artery. Methods: The studies involved 
use of an organ chamber, measurement of cytosolic Ca2+, electron microscopy, and chemical characterisation. 
Results: Autologous neutrophils and internal mammary artery were obtained from patients undergoing the 
bypass grafting. Supernatants derived from the neutrophils were used to treat the patients’ internal mammary 
artery rings. The results showed that the supernatants derived from 1 X 103-S X lo6 cells.ml-’ neutrophils 
produced a potent concentration dependent inhibition of the endothelium dependent relaxation to ATP, 
acetylcholine, and the calcium ionophore A23 187, but not the endothelium independent relaxation to sodium 
nitroprusside. In cultured human endothelial cells, the neutrophil derived supernatants induced an increase in 
cytosolic calcium ([Ca”],), caused calcium oscillations, and desensitised the ATP induced increase in [Ca”], . 
The increased [Ca”], resulted from a calcium influx. The supernatants also induced an increase in vesicle 
formation and possibly exocytosis in the internal mammary artery endothelium. Chemical characterisation 
showed that the effect of the supernatants was caused by a factor that is stable to heat, extreme pH and 
protease, is negatively charged and weakly hydrophobic, and has a molecular weight under 500 Dalton. 
Conclusions: Autologous neutrophils release a stable non-protein small molecule that disturbs internal mammary 
artery endothelial function. Since it raises [Ca’+], and causes possible exocytosis, it may have functions beyond 
its inhibition of vascular relaxation. This factor could be one of the contributors to internal mammary artery 
spasm and late atherosclerosis. 
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nternal mammary artery grafts for coronary artery bypass 
have a superior late patency and longevity compared I with saphenous vein grafts.’ * The internal mammary 

artery is also more resistant to the development of athero- 
sclerosis than the native coronary ar ter ie~.~ However, spasm 
of the vessel may contribute to early myocardial ischaemia 
and increase perioperative morbidity and m~rtal i ty .~ ’ The 
mechanisms are not clear. 

Neutrophil adherence to the vascular endothelium occurs 
in many pathological states including acute inflamma- 
tory disorders, myocardial infarction, respiratory distress 
syndrome, hypertension, and endotoxic or haemorrhagic 

the interaction of neutrophils and blood vessels may 
be important in the mechanisms of these states. 

Our previous studies show that human neutrophil derived 
supernatants inhibit endothelium dependent relaxation to 
acetylcholine in rat aorta.’ lo Heating the supernatants to 
95°C for 30 minutes did not remove the activity.’ lo This 
suggests that the neutrophils may release a stable factor that 
is involved in regulation of the vascular function. However, 
human neutrophils may be toxic to rat aortic endothelium. 
In the present studies, therefore, we used autologous 
neutrophils and internal mammary artery to determine if 
human neutrophil derived supernatants have an effect on the 
vasoactivity of the human internal mammary artery. In 
addition, we investigated the effects of the neutrophil derived 

supernatants on calcium signalling in human endothelial 
cells and on ultrastructure of the internal mammary artery 
endothelium. An initial chemical characterisation of the 
factor was also carried out. 

Methods 
Preparation of vessels 
Preparation of vessels was undertaken as previously described.” 
Briefly, human internal mammary arterial graft segments were taken 
from patients undergoing a coronary artery bypass operation. Approval 
to use discarded arterial tissue was granted by the human ethics 
committee of Austin Hospital, Melbourne. After sternotomy, full length 
single or bilateral internal mammary artery pedicles were carefully 
dissected from the chest wall. The optimal length of artery pedicle 
needed to graft one of the coronary arteries was carefully measured. 
The discarded, distal end section of internal mammary artery was 
removed, placed in a container with physiological salt solution 
(Ringer), and then transferred to the laboratory. The time to traverse the 
distance between the operating theatre and the laboratory was only 
5 min. The arteries were then pinned out into a dish containing Krebs 
solution (see below), and the connective tissue was carefully removed. 
The arteries were cut into 3 mm long segments with a double bladed 
scalpel. In some segments, the endothelium was removed gently by 
forceps. These arterial rings were suspended on wire hooks in 20 mi 
jacketed glass organ chambers containing the Krebs solution. 
maintained at 37°C 2 (range) 0.1”C. The Krebs solution had the 
following composition (in mmo1,litre-I): Na’ 144, K+ 5.9, Ca” 2.5, 
Mg2+ 1.2, Cl- 128.7, HCOq 25, SO:- 1.2, H2POc 1.2, and glucose 11. 
The solution was aerated with a gas mixture of 95% O2 + 5% C02 .  The 
hooks were fashioned from a length of surgical steel suture wire 
500 km in diameter. The upper hook was suspended from a force 
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transducer and the lower hook was tixed to a methacrylate leg attached 
to a micrometer. After the rings were equilibrated without tension on 
the wire hooks for 1 h, a nornialising procedure was performed as 
follows. The artery rings were stretched in progressive steps to 
determine the length-tension curve for each ring. The resting tension 
applied to each ring was equivalent to that required to stretch the ring 
to 90% of its internal circumference when distended with a transmural 
pressure of 100 mm Hg. The average value of the resting tension was 
4.21(SEM 0 . 1 1 )  g. Force was amplified by a full software controlled 
amplifier, converted by an eight channel data acquisition system. 
and recorded in  a computer. The presence or the absence of 
functional endothelium was confirmed by the response to acetylcholine 
( 3  X 10.' M )  or ATP (3 X lo-' M )  in rings precontracted with 
noradrenaline (3 X IO-' M) .  .4fter three washings with Krebs solution. 
the rings were allowed to \tabilise for 30 min before the proposed 
experiments were begun. 

PrqxI rutior i oj  neutroph iI5 
Autologous arterial blood a a s  collected into heparinised plastic tubes 
from the patients undergoing coronary artery bypass grafting. 
Neutrophils u ere isolated as previously described.' The blood was 
diluted 1: I with a buffer containing 145 mM NaCI. 5 mM KCI. 10 mM 
HEPES. 5 rnhl glucose. and 0 . 1 9  bovine serum albumin. at pH 7.1, 
and 20  in1 diluted blood was layered over 15 ml of Ficoll-Paque 
[Phamiacia). Centrifugation was carried out at 400 g for 30 min. The 
upper layer was aspirated. leaving the cell pellet containing erythrocytes 
and neutrophils. Eiythrocytes in the cell pellet \vas then lysed with 
150 mM NH,CI. The remaining neutrophils were v.ashed twice with the 
above buffer at 100 ,g and resuspended in Krebs solution at a 
concentration of 1-2 X 10- cells.ml-!. Using this procedure. our 
previous qtudies showed that the neutrophil preparation consisted of 
more than 98% neutrophils as determined by cytospin and Wright- 
Giesma staining. The cell viability was more than 98% as tested by 
Trypan blue exclusion test. Neutrophils were incubated in Krebs 
solution at a concentration of 1-2 X 10' cells.ml ' for 2 h at 37°C. The 
time course of the incubation was also tested at 5 ,  15. 30, 60. and 
120 min. At the end of the incubations. the cell suspensions were 
centrifuged at 400 g for 10 min. The supernatants were collected and 
the pellets were discarded. Because heating supernatants did not remove 
the activity," the supernatants were heated at 95°C for 30 min t o  
denature unstable molecules. The supernatants were added to the organ 
chambers in a ratio of 0..5-1:10(0.5-1 volume of supernatant to 9.5-9 
volumes of Kreh.; solution in the organ chambers). In some 
experiments. the supernatants were diluted with Krebs solution before 
being added to the organ chambers. 

To test if relevant inhibitors can prevent the effect of neutrophil 
derived supernatants. the cyclo-oxygenase inhibitor indomethacin 
( 3  X 10' M. Sigma) and the 5-lipoxygenase inhibitor CGS 8515 
( 3  X lo4 hl. a gift from CIBA-Geigy, Summit. NJ. USA) were in- 
cubated with I X 10' cells.ml-' neutrophils for 2 h before the super- 
natants were collected. The oxygen free radical scavengers superoxide 
dismutase 150 units.ml-'. Sigma). catalase ( 1200 units.ml-', Sigma). 
and maiinitol (20 mM. Sigma; used alone or in combination). the 
thromboxane A,/prostaglandin H2 receptor antagonkt SQ30711 
( 3  X 10.' Xl. a gift from Bristol-Myers Squibb. Noble Park VIC. 
Australia), the serotonin receptor antagonist methysergide (3  X 10 M, 
Sigma). the nitric oxide (NO) synthase inhibitor N"-monomethy- 
L-arginine (L-NMMA. I X loJ M. Calbiocheni). and the NO precursor 
L-arginine ( 3  X 10.' M. Calbiochem) were preincubated with the 
internal mammary artery rings for 30 min before the supernatants were 
added. 

Meusur-t~r,,erlr qf [C"" 1 ,  
Endothelial cell culture was carried out as previously described." 
Endothelial cells Mere isolated from human saphenous vein and umbilical 
artery and vein by mild collagenase treatment. The cells were seeded into 
Petri dishes coated with gelatine and grown to confluence in Medium 199 
(Sigma). containing 20% supplemented calf serum (SCS). HyClone). 
50 kg,ml-' endothelial cell growth supplement (ECGS). and 5 U.rn1-I 
heparin. The cells were confirmed to be endothelial by their cobblestone 
morphologq. by positive immunofluorescence using an anti von 
Willebrand factor VlII antibody (Dako. Denmark). and by uptake of 
acetylated low density lipoprotein. Such characterised cells were seeded 
onto poly-L-lysine coated glass coverslips and grown to confluence. All 
the cells used in these studies were in a passage 2-3. The endothelial cells 
were loaded with Fura-2 in RPMl 1640 medium at 37°C for 30 min. 
Warm K r e b  wlution (37°C) was then continuously perfused. After 
5-10 rnin of equilibration. the neutrophil derived supernatants that were 
diluted with the Krebs solution ( 1  : lo )  were perfused. The Huorescence 
was measured from a circular area (15.8 p m  in diameter) centred on a 
\ingle cell (that is. 100% of total cell area). Fluorescent measurements 
were made at 340 nm and 380 nm every 5 s with a Zeiss epiHuorescent 
microscope Lvith photometry attachment. Cytoplasmic free calcium 
concentration w a h  estimated from the ratio of fluorescence intensities at 
thece t\%o \I avelengths. 

Elrctrori microscopy 
Internal mammary artery rings were incubated in Krebs solution aerated 
with a gas mixture of 95% O? + 5% COz at 37 2 (range) 0.1"C for 
30 min. The supernatants were then added to the bath. After incubation 
for 15 niin. noradrenaline at 3 X 10~' M was added to both control and 
treated groups to mimic the conditions in the organ chambers. 
Incubation was allowed to continue for 60 min. The internal mammary 
artery rings were fixed in 2.5% glutaraldehyde in phosphate buffer at 
4°C overnight. The fixed rings were washed with distilled water, 
dehydrated through graded acetone, and embedded in Araldite-Epon 
resin (CIBA-Geigy). Thin sections were cut and stained with saturated 
uranyl nitrate and Reynolds lead citrate" and viewed in an electron 
microscope. 

Cheriiical (,h(ir-~i(.ter.i.sLiti[~ri of tlir rielrtrophil derived factor 
The supernatants were treated by heat (95°C for 30 min), pH 12 and 
pH 2 (20 min). and protease (type XIV from Srrepfonzyces Griseus, 
Sigma: incubation at 37°C for 30 min) to determine whether they can 
destroy the activity of the neutrophil derived factor. Filtration with 500 
Dalton cutoff filters, reverse phase chromatography with CIx Sep-Pak 
cartridges (Waters, Millipore), and ion exchange chromatography with 
CM and QMA Sep-Pak cartridges (Waters) were also performed to 
determine the chemical characteristics of  the neutrophil derived 
factor. 

Dcitri m ~ i l ~ . ~ i . s  
Statistical significance was determined by an unpaired Student's t test 
for two group comparison and a one way analysis of variance for 
multiple group comparison, with mean value(SEM). Significance was 
taken at p<0.05 .  

Results 

Sirperilatant preparation 
It was observed that the polypropylene plastic wall of the 
SO ml tubes was fully covered by adherent the neutrophils 
after the 2 h incubation at 37°C. The cell viability was >9X% 
after the incubation. 

The time course of the incubation showed that the 
neutrophils released a factor at S rnin of the incubation. 
Maximum activity of the supernatants could be obtained 
after 15 min of incubation. 

Direct efect oj' neutrophils derived supernatunts on 
contraction or relaxation 
To determine whether the neutrophil derived supernatants 
could cause a direct contractile effect or a direct relaxant 
effect on the rings, supernatants from increasing concen- 
trations (1 X 103-5 X lo6 cells.mlFi) of autologous neutrophil 
were added to the internal mammary artery rings with or 
without endothelium and with or without precontraction with 
3 X loF7 M noradrenaline. In the case of noradrenaline 
precontracted rings, to avoid dilution of noradrenaline and 
reduction of the temperature in the organ chambers, the 
supernatants were added with the same concentration of 
noradrenaline as that in the bathing solution of the organ 
chambers and were preincubated at 37°C for 10 min prior to 
adding to the organ chambers. These are important steps for 
obtaining correct results. The results showed that there was 
neither contraction nor relaxation after the supernatants were 
added to the rings with or without endothelium and without 
precontraction. There was a slight contraction in the rings 
with endothelium and with precontraction. 

Effect of neutrophil derived siqxrnatunts on endothelium 
dependent relaxution 
Figure 1 shows: a concentration dependent inhibition of the 
endothelium dependent relaxation to ATP after a 15 min 
pretreatment of the internal mammary artery rings with 
supernatants derived from increasing concentrations of 
neutrophils. A significant inhibitory effect \tarted at a 
concentration of 1 X lo3 cells.ml-' neutrophils. Maximum 
effect was obtained at 1-3 X lo6 cells.ml ' neutrophils. The 
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results are for a cumulative concentration of ATP 
shown in fig 3A. Relaxation induced by a cumulative con- 
centration of ACh is shown in fig 2. It can be seen that the 
endothelium dependent relaxation in the supernatant treated 

120 r 

2 3 4 5 6 6.5 
Supernatants from lo3  - 3 x l o 6  cells.ml-’ (log X) 

Figure 1 Concentration dependent inhibition by the neutrophil 
derived supernatants of the endothelium dependent relaxation in the 
internal mammary artery rings. The rings were pretreated for 
15 min with supernatants derived from increasing concentrations of 
neutrophils (lo2-3 X lo6 neutrophil cellsmF’), and then pre- 
contracted with 3 X M noradrenaline, followed by adding a 
cumulative concentration (l0-’-lO4 M )  of ATP and the values were 
taken at the point of lo4 M ATP. Error bars = SEM; n = 10. 

ACh 

9 8  

I g k n  

0 .  

NA 

ACh 
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NA 

Figure 2 Inhibitory effect of the neutrophil derived supernatants 
on the endothelium dependent relaxation in the internal mammary 
artery rings. The rings were pretreated for 15 min with or without 
(control) the supernatants derived from I X lo6  neutrophil 
cellsm-’, and then they were precontracted with 3 X lo-’ M 
noradrenaline (NA), followed by adding a cumulative concentration 
(1O-’-1Od M )  of acetylcholine (ACh). These original traces of 
cumulative concentration dependent responses are representative of 
10 separate experiments. The endothelium dependent relaxation 
was signijcantly inhibited in the supernatant treated group 
( p  < 0.01, compared with control). GTN = glycelyl trinitrate. 

(1 X lo6 cells.ml-I) group was significantly inhibited as com- 
pared with control (p < 0.01). The typical original traces in 
fig 2 are representative of 10 similar experiments. The rig- 
nificant inhibitory effect of the neutrophil derived super- 
natants was also observed in the endothelium dependent 
relaxation induced by the calcium ionophore A23 187 (fig 3B). 

Effect of neutrophil derived supernatants on endotheliuni 
independent relaxation 
The effect of the neutrophil derived supernatants on the 
endothelium independent relaxation of the internal mammary 
artery rings is shown in fig 3C. There was no significant 
difference between the control group and the supernatant 
treated group in the sodium nitroprusside induced relaxation 
of the rings (p>O.O5). Maximum relaxation was reached in 
both groups. A similar result was also obtained by using 
glyceryl trinitrate as a relaxant agent (fig 2). 

Effect of neutrophil derived supernatants on [Ca”], in 
endothelial cells 
The results showed that neutrophil derived supernatants 
induced an increase in [Ca”], and caused Ca” oscillations 
(repetitive spikes) in the endothelial cells (fig 4A). The 
frequency of the oscillations was 2.4(0.14) spikes.10 min I 
(n= 12). In fig 4A, the neutrophil derived supernatants 
caused a desensitisation of the ATP induced increare in 
[Ca2+],. The second ATP induced peak fluorescence ratio 
[0.30(SEM 0.04)] after the perfusion with the supernatants 
was significantly smaller than the first one [0.68(0.08). 
p < 0.011 before the supernatants were perfuqed. The 
reducing rate was 56(5.1)%. Even with further washing with 
Krebs solution, the response of the cell to 10 p M  ATP was 
not restored [0.31(0.04)]. In the control (fig 4B), however, 
this desensitisation was not observed [0.68(0.08) 1’ 

0.65(0.08), p > 0.051. In the conditions of removal of 
extracellular calcium by perfusion with calcium-free Krebs 
solution containing 0.5 mM EGTA, the supernatants did not 
cause an increase in [Ca’+], (data not shown). 

Effect of calcium ionophore pretreatment on endothelium 
dependent relaxation 
Because the neutrophil derived supernatantr induced an 
increase in [Ca2+],, it was reasonable to use calcium 
ionophore to pretreat the internal mammary artery rings to 
test whether it could inhibit the endothelium dependent 
relaxation. The results showed that not only did the calcium 
ionophore A23187 not inhibit the relaxation (fig 5 ,  p > 0.05, 
n = 7), but it also reduced the contraction to noradrenaline 
[reducing by 30.1 (2.3)% compared with control, p < 0.05, 
n = 71. In contrast, the neutrophil derived supernatants 
inhibited the endothelium dependent relaxation (see above) 
and potentiated the submaximal contraction to noradrenaline 
in the endothelium-intact rings [increasing 19.4( 1.5)% 
compared with control, p < 0.05, n = 101 although they did 
not increase maximum contraction to noradrenaline, 
[100.9(5.1)% in the control v 100.2(3.8)% in the supernatant 
treated, p>O.O5] and did not cause the contraction by 
themselves (fig 2). 

Effect of neutrophil derived supernatants on ultrastructure 
Under electron microscopy, it was clearly seen that there 
were many vesicles on the luminal surface o f  the internal 
mammary artery endothelium treated with the neutrophil 
derived supernatants (fig 6B, C), as compared with the 
control (fig 6A). It is possible that these vesicles represent 
exocytosis. This phenomenon was also observed in our other 
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A23187 on the eridotheliitrii dependent relaxation in the irrternul 
i i i i i i n i i r c r i ~  u r t e n  rings. The rings b1'er-e pretreated ,for 15 min w.ith 
or  withoirt (control) A23187, trnd then they were precontracted with 
3 X lo-' M riorcrdrerialirie, ,followed by ridcling ( i  curnultitive 
coiicentrritioii of acetylcholine. There was no sign$carrt difference 
hetuwri coritru)l arid the trerrted ~qro~rps ( p  < 0.01). Error 
bar.s = SEM: I I  = 7. 
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ATP Krebs ATP study using rat aorta. The structure of smooth muscle cells 
was not changed (data not shown). 

E&t of releiwit inhibitors or1 the attivig of the 
iirirtroplzil derived mperriutuiits 
The cyclo-oxygenase inhibitor indomethacin, the 5-lipoxy- 
genase inhibitor CGS 85 15, the tromboxane A,/prostaglan- 
din H2 receptor antagonist SQ30741, the serotonin receptor 
antagonist methysergide, the NO precursor L-arginine, and 
the oxygen free radical scavengers, superoxide dismutase, 
catalase, and mannitol did not prevent the inhibitory effect 
of the neutrophil derived factor. The 5-lipoxygenase inhibitor 
CGS 8515 as well as the NO synthase inhibitor N"- 
monomethy-L-arginine even potentiated the inhibitory effect. 
However, these two agents themselves also inhibited endothel- 
ium dependent relaxation in the absence of the supernatants. 
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1357 Human leucocytes and endothelial dysfunction 

Figure 6 Electron microscopy photographs showing morphological changes induced by the neutrophil derived supernatants in the internal 
mammary artery endothelium. There was an increase in vesicle f o m t i o n  on the luminal surface (indicated by the arrows) of the supernatant 
treated endothelium (B, C), as compared with the control (A). These vehicles seem to represent exocytosis. These results are representative 
of three separate similar experiments. E = endothelial cell; bar (A, B): 400 nm, 48000X magnification; bar (C): I pm, 24 OOOX 
magnijcation. 

Chemical characterisation of the neutrophil derived 
factor(s) 
Heating the supernatants at 95°C for 30 min, protease 
treatment, and pH 2 and pH 12 treatment did not remove the 
activity of the factor (or factors). This factor was able to pass 
through the 500 Dalton cutoff filter. This factor was partially 
retained on a Sep-Pak C18 cartridge. Elution of such cartridge 
with buffer containing 20% methanol allowed most of the 
activity to be recovered, and no activity could be further 
eluted with 45% methanol. An anion exchange QMA 
Sep-Pak cartridge trapped this factor whereas a cation 
exchange CM Sep-Pak cartridge did not. 

Discussion 

The adhesion of the neutrophils to the wail of the tube after 
a two hour incubation suggests that the neutrophils were 
activated. During the cell isolation, the neutrophils were ex- 
posed to a calcium-free solution and a lysing solution. The 
neutrophils could be activated by these conditions. The acti- 
vated neutrophils might release a factor or factors that were 
responsible for the inhibition of the endothelium dependent 
relaxation. The neutrophils could start to release the factor 
during the cell isolation process because the maximum activity 
could be obtained after 15 minutes of the incubation. 

Direct effects of neutrophil cells on vascular tone have 
been reported by a few groups of investigators. The results 
are controversial, with the cells either relaxing14 l5  or 
contracting arteries.'G20 By using the cell-free supernatants 
from human autologous neutrophils the present studies did 
not show that the cell-free supernatants caused a contraction 
or a relaxation of the human internal mammary artery. This 
suggests that the cell-free supernatants may have a different 
effect and mechanism. In fact, the cell-free supernatants may 
not contain oxygen free radicals or NO-like substances after 
being heated at 95°C for 30 minutes. A slight contraction was 
caused by the supernatants in the rings with endothelium and 
with precontraction. This suggests that endothelial function 
was impaired. 

The unique finding of the present studies is that the cell- 
free supernatants caused a potent inhibitory effect on the 
endothelium dependent relaxation of internal mammary 
artery. The inhibitory effect was so potent that a con- 
centration (1  X lo3 neutrophil cells-ml-') about 1000 times 
lower than that in the human circulation could cause a 
significant inhibition of the ATP induced relaxation. Because 
this factor inhibits the endothelium dependent relaxation to 
both the receptor dependent agonists (ATP and acetyl- 
choline) and the receptor independent agonist (A23 187), it 
suggests that the factor inhibits an event after the agonist- 
receptor interaction. 

These results also indicate that the inhibitory effect of 
human neutrophil derived supernatants on rat endothelium 
dependent relaxation in our previous studies' l o  is not due to 
toxicity of human neutrophils to rat aorta. 

The neutrophil derived supernatants affected neither the 
potency nor the efficacy of sodium nitroprusside in human 
autologous internal mammary artery rings, resulting in 
concentration dependent vasodilator curves in the treated 
internal mammary artery rings indistinguishable from the 
control curves. Since the neutrophil derived supernatants did 
not alter the vasorelaxant effect of the directly acting cGMP 
dependent sodium nitroprusside, present data further indicate 
that the neutrophil derived supernatants affect an event 
before the NO-guanylyl cyclase interaction. 

The neutrophil derived supernatants may disturb the 
intracellular signal induced by the agonists, because the 
supernatants raised [Ca"], in the endothelial cells and caused 
a desensitisation of the ATP induced increase in [Ca"], . This 
could be one of the mechanisms that contribute to the 
inhibitory effect of the supernatants on the endothelium 
dependent relaxation to ATP. Removing extracellular 
calcium abolished the supernatant induced increase in the 
cytosolic calcium in the endothelial cells. It is clear that 
calcium influx plays an important role in the increase in the 
cytosolic calcium. Randriamampita and Tsien have recently 
reported that emptying of intracellular Caz' stores releases a 
novel small messenger that stimulates calcium influx.21 The 
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slnall lnolecule was nanied CIF (calcium influx factor).?' 
Because neither CIF nor the neutrophil derived factor has 
been identified. it is not yet known whether they are the same 
factor. Interestingly, the neutrophil derived supernatants not 
only induced an increase in [Ca"], but also induced calcium 
oscillations in the endothelial cells. One of the first 
demonstrations that calcium oscillations can occur in  non- 
excitable cells was a study by Cobbold and colleagues using 
hepatocytes." The precise mechanisms are unknown. 

Because the supernatants can increase [Ca"], , they should 
have had relaxing effect on the endothelium-intact internal 
mammary artery rings precontracted with noradrenaline. 
However, the experimental results did not show this. If the 
inhibitory effect of the supernatants on the endothelium 
dependent relaxation had been related to an increase in 
[Ca'+],. the calcium ionophore A33187 would also have had 
the same inhibitory effect on the relaxation, and it would 
suggest that the supei-natant "factor" may be a calcium 
ionophore-like substance. However. the results did not prove 
this hypothesis. Pretreatment of the internal mammary artery 
rings with ,423187 not only did not inhibit the endothelium 
dependent relaxation. but also reduced the contraction to 
noradrenaline. In contrast. the supernatants potentiated the 
submaximal contraction to noradrenaline and inhibited the 
relaxation. A possible reason may lie in the different 
niechanisni> by which these agonists raise calcium. A23 187 
increases ICa"], by both release of calcium from intracellular 
stores and cause of calcium influx. The factor studied only 
causes calcium influx from extracellular fluid and the influx 
is in a pattern of low frequency oscillations. It is known that 
an increasc in \Ca''l, in response to different agonists may 
result i n  different biological events. Therefore. the calcium 
influx caused by this factor may not result in the formation 
of endothelium derived relaxing factor. This is consistent 
with the results that the factor did not cause relaxation of 
the rings precontracted with noradrenaline. Yet another 
explanation should also be considered for the mechanism. 
The supernatants cau e Ca'- infux and increase [Ca'+], in the 
endothelial cells. wh h may increase the basal level of the 
intracellular Ca". thereby preventing further increase in  
ICa"], in response to the vasorelaxant agonists that work by 
way of an increase in [Ca'+], (a negative feedback 
regulation). This possible mechanism could contribute to the 
inhibitory effect of the supernatants. 

There was an increase in vesicle formation on the luminal 
surface of' the internal mammary artery endothelium treated 
with the neutrophil derived supernatants. It is possible that 
these vesicles represent exocytosis. This phenomenon was 
also seen in our study using rat aorta. It has been reported" 
that exocytosis in individual peritoneal mast cell is 
significantly enhanced as a result of both transient and 
sustained increases in cytosolic calcium. A role of calcium 
oscillatioris has been proposed in the push-pull model for 
iinidirectional fluid secretion in pancreatic acinar cells." The 
increase in cytosolic calcium and the calcium oscillations 
shown in tig 4A might be linked to the possible exocytosis 
seen in tip 6B.D. The endothelial cells appeared to be 
hyperfunctional. although what substance was released is 
unknown. 

Studieh by other investigators have shown different 
mechanisms for effects of neutrophils on vascular tone. Rat 
peritoned neutrophils" or human neutrophils" appear to 
relax wt aorta by the release of nitric oxide (NO) or a related 
nitric oxide containing compound. In contrast, rabbit. cat. 
and human neutrophils appear to contract rabbit aorta, cat 
coronar) arteries. and monkey femoral artery. respectively. 

either by release of a stable factor" or by release of 
superoxide anions." I' A different vasoconstrictor mechan- 
ism has been proposed for canine neutrophils and canine 
coronary arteries that involves release of lipoxygenase 
products.'" In the present studies, all the inhibitors used 
failed to prevent the effect of the neutrophil derived 
supernatants. Therefore. the neutrophil derived supernatants 
probably do not contain oxygen free radicals, NO specific 
antagonists, the arachidonic acid metabolites or a serotonin- 
like substance. It suggests that there is a unique factor (or 
factors) responsible for the inhibitory effect on the endo- 
thelium dependent relaxation. 

The initial chemical characterisation shows that the 
neutrophil derived factor may not be a protein because it 
passed through the 500 Dalton cut off filter and was 
insensitive to protease. I t  is a heat and pH stable small 
molecule. This small molecule seems to have weakly 
hydrophobic portions, because it was partially retained on 
the Sep-Pak CI8 cartridges and was eluted by the buffer 
containing low concentration of methanol. This molecule 
may have negative charge, because the anion exchange 
QMA Sep-Pak cartridges trapped it but the cation exchange 
CM Sep-Pak cartridges did not. 

Application of the results from these in vitro studies to the 
clinical situation requires caution. However, these studies 
suggest that human neutrophils release a factor(s) that may 
be one of the contributing causes of spasm and possible late 
atherosclerosis of internal mammary artery. 

In conclusion, these studies show that human autologous 
neutrophil derived supernatants produced a potent inhibitory 
effect o n  endothelium dependent relaxation induced by both 
receptor dependent and receptor independent agonists in the 
human coronary artery bypass graft internal mammary 
artery. The supernatants did not inhibit endothelium 
independent relaxation. These results suggest that the 
supernatants affect an event after the agonist-receptor 
interaction and before the NO-guanylyl cyclase interaction. 
The supernatants are able to induce a cell signal - the 
increase in [Ca'+], and the Ca2+ oscillations, to desensitise the 
ATP induced increase in [Ca'+],, and to induce vesicle 
formation in the endothelial cells. The neutrophil derived 
supeinatants contain a responsible factor that is a stable and 
non-protein molecule with negative charge, weakly 
hydrophobic portions, and a molecular weight under 500 
Dalton. Because this factor can induce an increase in [Ca'+I, 
and possibly exocytosis, it may have functions beyond the 
inhibition of the endothelium dependent relaxation. Whether 
this factor is involved in some biological events such as cell 
proliferation, gene regulation, hormone regulation, and cell- 
cell communication in human, and whether it plays a role in 
perioperative spasm and late atherosclerosis of internal 
mammary artery await further investigation. 
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