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Influence of Losartan, an angiotensin receptor antagonist, on 
neointimal proliferation in cultured human saphenous vein 
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An organ culture of human saphenous vein was used as a similar decrease in the median neointimal proliferation 
model of vein graft intimal hyperplasia and the potential of index was seen from 21 (range 14-47) to 15 (range 5-31) 
Losartan, an angiotensin I1 receptor antagonist, to inhibit per cent (median difference 8 per cent (95 per cent 
neointimal proliferation was investigated. Median (range) confidence interval 5-11 per cent)). These results demon- 
neointimal thickness was reduced from 17 (16-19) to 11 strate that angiotensin II receptor antagonists may be of 
(8-18) pm in veins cultured with Losartan (median therapeutic value for the modulation of vein pail intimal 
difference 5 (95 per cent confidence interval 2-8)pm). A hyperplasia. 

Advanced intimal hyperplasia encroaching on the vessel 
lumen leads to stenosis in 20 per cent of lower-limb vein 
grafts'. These lesions pose a threat to subsequent patency, 
demanding intensive graft surveillance for early detection. 
The final common pathway in the formation of such stenosis 
is smooth muscle cell proliferation, which is regulated by a 
complex interaction of mitogens. Since Dzau2 demonstrated 
the presence of a local renin-angiotensin system within the 
vascular wall, there has been considerable interest in the role 
of angiotensin II in the regulation of intimal hyperplasia. 
Powell and colleagues3 were first to describe how 
angiotensin-converting enzyme (ACE) inhibitors could 
significantly reduce intimal hyperplasia in injured arteries. 
Others reported that proliferating smooth muscle cells in the 
neointima express angiotensin II receptors4 and messenger 
RNA for angiotensinogen'. 

The role of the local renin-angiotensin system in the 
development of vein graft intimal hyperplasia has been less 
intensively studied and remains unclear. The results of two 
recent in viw animal studies, however, suggest that angio- 
tensin 11 may also act as a significant smooth muscle cell 
mitogen in such cases. ODonohoe and colleagues6 reported 
a reduction in intimal thickening (from 150 to 90 pm) in 
rabbit jugular vein grafts following a 28-day course of the 
ACE inhibitor captopril. A smaller, but still significant, 
decrease (from 132 to 105 pm) was also observed in canine 
vein grafts after a 42-day treatment with cilazapril'. 

In the present study an organ culture of human saphenous 
vein was used to model vein graft intimal hyperplasia, as first 
described by Soyombo and colleagues8. The influence of 
Losartan (Du Pont, Wilmington, Delaware, USA), a non- 
peptide angiotensin II receptor antagonist, on the neointimal 
proliferation occurring in this model was investigated. 

Materials and methods 
Vein culture preparation 
Segments of long saphenous vein were obtained from patients 
undergoing coronary artery or lower-limb artery bypass grafting, or 
carotid endarterectomy in which the vein was used as the bypass 
conduit or as a patch. Patients who had recently taken or were 
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currently being prescribed ACE inhibitors were excluded. Locar 
ethics committee approval was obtained. The length of vein avail- 
able was dictated by clinical requirements and was usually 2-3 cm. 
This was exposed and dissected using a 'no-touch' technique and 
the tributaries tied with 3/0 silk. Distension was avoided in all cases 
and handling kept to a minimum. The vein was placed immediately 
into cold (4'C) calcium-free Krebs solution (composition: NaCl 
1 18 mmol/l, KCI 4-7 mmol/l, MgSO, 1.2 mmol/l, KH,PO, 
1.2 mmol/l, NaHCO, 25 mmol/l, glucose 11.1 mmol/l) and trans- 
ported to the laboratory. 

The vein culture system was based on that developed by 
Soyombo and colleagues8, a modification of the earlier methods of 
Pederson and Bowyery. The excess adventitial tissue was removed 
with great care from the vein segments under aseptic conditions 
while sti l l  immersed in cold calcium-free Krebs solution using fine 
dissecting scissors and forceps. The potentially damaged ends of the 
vein were excised with a sharp size 23 scalpel blade and discarded. 
The remaining vein was divided into 5-mm segments, which were 
then cut open longitudinally. One segment was routinely stained 
with 0 2  per cent aqueous trypan blue for 30 s at room temperature 
to allow rapid assessment of endothelial coverage. Veins with over 
50 per cent trypan blue staining, indicating excessive endothelial 
injury and loss, were excluded from the study. The sections were 
transferred into vein culture dishes. These were made up using 
60 x 20 mm Pyrex dishes (Dow Corning, Reading, UK) into which 
Sylgard 184 resin (Dow Corning, Seneffe, Belgium) was added to a 
depth of approximately 5 nun. The vein sections were stretched out, 
luminal surface uppermost, and pinned on to a coarse (500-pm) 
polyester cloth in the dishes using fine minuten pins. The vein was 
then immersed in 5 ml vein culture medium and placed in a humidi- 
fied cell culture incubator at 37°C with an atmosphere of 5 per cent 
carbon dioxide in air. 

The vein culture medium comprised: WMI 1640 tissue culture 
medium (Northumbria Biologicals, Cramlington, UK); 30 per cent 
fetal calf serum (Imperial Laboratories, Andover, UK); penicillin 50 
units/ml; streptomycin 50pg/ml; endothelial cell growth factor 
(Sigma Chemicals, hole, UK) 15 pg/ml; and L-glutamine 2 mmol/l. 
The culture medium was changed every 48-72 h. 

Study design 
Three 5-mm sections were taken from each of ten veins. One 
section served as the preculture baseline. This was pinned out in a 
vein culture dish, covered with 10 per cent formal saline for 12 h 
and then processed for histological analysis. The second section 
served as a control. This was cultured in standard medium to which 
100 pl sterile distilled water (dmg vehicle) were added. The final 
section of vein was cultured with Losartan at a concentration of 

mol/l in 100 pl vehicle. The activity of the Losartan was 
checked by its ability to abolish the contractile response of 
uncultured saphenous vein to angiotensin II in an organ bath 
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preparation. Medium, drug and vehicle were changed every 
48-72 h. All veins were cultured for 14 days. 

The specificity of the action of Losartan was evaluated by cultur- 
ing four veins with both Losartan and angiotensin II. The above 
protocol was followed with the exception that angiotensin I1 
( 10 - mol/l) was also added to the medium of the vein cultured with 
Losartan. Angiotensin I 1  was dissolved in sterile distilled water and 
frozen at - 20°C in 100gl aliquots. This volume was added twice 
daily to the medium. 

Outcome rne~siires 
Proliferating cells of all cultured veins were labelled with 5-bromo- 
2'-deoxyuridine (BrdU; Amersham, High Wycombe, UK) for the 
final 96 h. At the end of this period all veins were covered with 10 
per cent formal saline for 12 h and processed for histological examin- 
ation. A combined Miller's elastin and monoclonal smooth muscle 
actin stain was applied to identify the layers of the vein wall. This is 
a novel combination involving an indirect immunoperoxidase 
method for localization of smooth muscle actin. Mouse antihuman 
a smooth muscle actin antibody (Dako, High Wycombe, UK) was 
used at 1 :400 with diaminobenzidine as a final reaction product. 
After this a Miller's elastin stain'" was performed. This stain 
revealed a neointima of smooth muscle actin-positive cells in 
cultured veins (Fig 1). The thickness of this layer was measured by 
two independent observers using a computerized image analysis 
system (Kontron Videoplan. Munich, Germany). Thirty 
measurements were made on each vein evenly distibuted across the 
whole section. 

Labclled proliferating cells were localized in 4-pm histological 
sections. BrdU was detected with a monoclonal antibody (Europath, 
Bude. UK) using the avidin-binding complex technique. Counts of 
thc number of labelled neointimal cells in each high-power field 
( x  370) wcre made across the vein section by two independent 
observers, and the mean proportion used as the final proliferation 
index. 

Statisticid nnalvsis 
All summary data are expressed as median (range). Differences 
between paired veins were compared with the Wilcoxon paired rank 
sum test. 

Fig. 1 Histcdogical section of cultured vein stained for smooth 
muscle actin and elastin. A cellular neointima is seen, staining 
positively for actin, separated from the media by the internal elastic 
lamina (arrows). (Original magnification x 160) 

" 
Control Losartan 

Fig. 2 Neointimal thickness in ten paired cultured vein segments; 
mol/l Losartan versus control. Bars are medians 

" 
Control Losartan 

Fig. 3 Neointimal proliferation index in ten paired cultured vein 
segments; l o - '  mol/l Losartan versm control. Bars are medians 

Results 
The neointimal thickness and proliferation index for control 
veins and those cultured with Losartan are shown in Figs 2 
and 3. A significant reduction in median neointimal thickness 
from 17 (range 16-19) to 11 (range 8-18) pm was observed 
in veins cultured with Losartan (median difference 5 (95 per 
cent confidence interval 2-8) pm; P =  0.008). A similar 
decrease in the median neointimal proliferation index waq 
seen from 21 (range 14-47) to 15 (range 5-31) per cent in 
veins cultured with Losartan (median difference 8 per cent 
(95 per cent confidence interval 5-1 1 per cent); P =  0.005). 

In veins cultured with 10-smol/l Losartan plus 
mol/l angiotensin I1 there was no significant difference in 
median neointimal thickness (20 (range 16-22) versus 18 
(range 15-22) pm) nor median proliferation index (21 (range 
18-23) versus 22 (range 20-23) per cent) compared with 
control veins. 

Discussion 
The aim of this study was to assess the role of the renin- 
angiotensin system in the neointimal proliferative response in 
cultured human saphenous vein. The specific angiotensin 11 
receptor antagonist Losartan was used as it has been 
proposed that local vascular angiotensin 11 production may 
involve a non-ACE dependent pathwayll. Losartan is a non- 
peptide agent that overcomes several of the problems of 
previous peptide antagonists (such as saralasin), which could 
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not be given orally, had a short duration of action and some 
partial agonistic activity. Trials in human volunteers have 
demonstrated the safety and efficacy of Losartan in reversin 

have reported that the potent metabolite EXP3174 is 
responsible for a significant component of the in viw activity 
of Losartan. Accurate reproduction of the in viw effect of 
Losartan in vim is, therefore, difficult. In the present study 
the concentration of Losartan was the same as that described 
by Chiu and  colleague^'^ in smooth muscle cell culture 
experiments, which approximates with peak serum levels 
observed in normal human volunteers. 

Losanan produced a reduction of approximately 33 per 
cent in both neointimal thickness and proliferation index, an 
effect that could be reversed with angiotensin 11. This 
confirms that Losartan is acting via blockade of angiotensin 
II receptors and not through some other non-specific effect. 
The source of angiotensin 11 in the vein culture model is 
unknown, but cultured endothelial cells produce this 
substance and seem therefore to be the most likely sourceis. 
Neointimal proliferation occurring in cultured saphenous 
vein is promoted by the endotheliumI6 and angiotensin I1 
therefore represents one of the potential messengers 
involved in this process. 

As a model of vein graft intimal hyperplasia, vein culture 
produces a neointimal layer closely resembling that seen in 
viw. The stimuli for the production of this layer in vitro, 
however, are likely to differ from those present in vim. In 
particular, the vein culture system used for the present study 
does not incorporate flow, which has an important influence 
on hyperplasia in viw, low flow leading to an increaseI7. The 
model possibly represents the extreme situation where the 
absence of flow acts as a stimulus for intimal proliferation. 
The endothelium plays a major role in detecting and translat- 
ing changes in flow into vessel wall responses in viw'" and is 
also responsible for the neointimal proliferation that occurs 
in vitm in this modelL6. 

The magnitude of the response Seen in the present study is 
comparable t o  that seen in in mow animal studies With 
Losartan and ACE inhibitors. TWO studies of Losartan in 
rats after arterial injury reported reduced intimal thickening 
of 38 per centLY and 49 per cent2('. h animal vein grafts, ACE 
inhibitors produced a decreased intimal thickness of 40 per 
cent6 and 21 per cent7. These responses to blockade of 
angiotensin II activity on the neointimal smooth muscle cell 
are also comparable to those seen when monoclonal anti- 
bodies are used to inhibit the action of polypeptide growth 
factors. Administration of an antibody to platelet-derived 
growth factor (PDGF) in rats following arterial injury 
reduced the intimal area by 41 per cent2'. An antibody to 
basic fibroblast growth factor (bFGF) in the same model led 
to a marked decrease in early smooth muscle cell prolifera- 
tion rate and a reduction in intimal thickness of 37 per cent 
from 75 to 47 pm at 8 days after injuryz2. These observa- 
tions suggest that each smooth muscle cell mitogen (angio- 
tensin II, PDGF, bFGF) plays a part in the intimal 
hyperplastic response, but that none is dominant. Rather, an 
additive or synergistic interaction between mitogens has 
been suggested23. One consequence of this hypothesis is that 
more than one therapeutic agent may be necessary to achieve 
adequate control of intimal hyperplasia. The present study 
demonstrates that angiotensin II receptor antagonists may 
have a significant role to play as components of such 
combination therapy aimed at combatting vein graft intimal 
hyperplasia. The synergistic action between ACE inhibitors 
and heparin has been well d o c u m ~ n t e d ~ ~ * ~ ~ ;  studies are 
required to see whether a similar synergism exists between 
Losartan and heparin. 
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angiotensin 11-induced pressor responses'*. Wong et al. ,!I 
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Short note 

Colour Doppler ultrasonographic imaging in 
the diagnosis of popliteal artery entrapment 
syndrome 
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hpliteal artery entrapment syndrome occurs when an 
abnormal anatomical relationship between the popliteal 
artery and the surrounding musculotendinous structures 
causes repeated arterial compression on exercise'.'. Claudi- 
cation and eventually irreversible damage to the popliteal 
artery, with thrombosis, embolization and aneurysmal dilata- 
tion, may result, producing ischaemia and threatening 
limb viability. Diagnostic delay is common and increases 
morbidity. Colour Doppler ultrasonographic imaging may be 
useful in the early diagnosis of this condition. 

Patients and methods 
The patient lies prone and the popliteal arte is imaged with a 
5-MHz probe on an Acuson 128 instrument7Acuson, Mountain 
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View. California. USA). Structural damage to the artery can be 
visualized (Fig. I ) ,  but before such damage is present the artery may 
appear normal at rest and, unless manoeuvres that reproduce 
arterial compression are performed, the condition may not be 
diagnosed (Fig. 2). Such manoeuvres include active plantar flexion 
against resistance and passive dorsiflexion of the foot. As the calf 
muscles contract the popliteal artery is compressed and blood flow 
reduced. 

Fig. 1 Colour Doppler ultrasonographic image showing the lumen 
of an entrapped poptiteal artery partially filled with loose thrombus. 
Blood (red) can be seen flowing around the thrombus. which tends 
to fragment causing distal embolization 

Fig. 2 a Colour Doppler ultrasonographic image of an apparently normal popliteal artery at rest with blood flowing through it. 
b When entrapment is unmasked by resisted plantar flexion the lumen is occluded by extrinsic compression and blood flow ceases 
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