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Abstract
This preliminary study employs differential scanning calorimetry (DSC) to assess alterations in human plasma composition 
in patients treated with cilostazol for intermittent claudication. Cilostazol, an antiplatelet and vasodilator agent, is commonly 
prescribed to moderate symptom associated with PAD caused by reduced peripheral blood flow. Patients selected according to 
study protocol were treated with cilostazol for a duration of three months. At the visits, subjects exercised by a standard walk-
ing test controlled by physiotherapist. The blood samples were taken on day 0 (control), day 15, 1, 2 and 3 months. Through 
DSC analysis, we investigate potential thermodynamic changes in plasma composition induced by cilostazol treatment. As 
a result of the treatment, the pain-free walking distance improved significantly in the first 3 months. The thermal unfolding 
of the human plasma showed a correlation with the walking improvement. Our findings provide insights into the systemic 
effects of cilostazol and its impact on plasma constituents in the context of PAD and intermittent claudication management.
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Introduction

Peripheral arterial disease (PAD) is a common vascular dis-
order characterized by the narrowing or blockage of arter-
ies supplying blood to the lower extremities. The clinical 
presentation of PAD can vary widely, ranging from asymp-
tomatic cases to severe limb-threatening ischaemia. Intermit-
tent claudication (IC), which means limitation of walking, 
is the first and most common manifestation of PAD caused 
by atherosclerosis [1, 2]. Patients with peripheral arterial 
disease have many therapeutic options, such as conservative 
therapy, surgical revascularization, or endovascular treat-
ment. Complex conservative management of the patients 
with intermittent claudication includes regular walking exer-
cise, risk factor modification (smoking cessation, healthy 
diet, mass loss, etc.) and pharmacotherapy. Due to the 

presence of generalized atherosclerosis, patients with inter-
mittent claudication also are three times more likely to die 
of cardiovascular disease such as acute myocardial infarc-
tion (AMI) or STROKE, compared with patients without 
IC [3]. To decrease the higher cardiovascular mortality in 
PAD patients, lifelong antiplatelet and well-monitored statin 
therapy is highly appropriate. Pharmacotherapy alone is only 
used in the early stages of the disease, such as asymptomatic 
lower limb PAD (Rutherford grade 0/Fontaine stage I) and 
intermittent claudication (Rutherford grade I-III/Fontaine 
stage IIa and IIb).

Cilostazol is a phosphodiesterase III inhibitor that is 
primarily used for relief of intermittent claudication in 
patients with peripheral artery disease. [4] Cilostazol has 
multiple actions, including vasodilation and improvement 
of the vascular endothelium and microcirculation, in addi-
tion to antiplatelet activity. Several randomized clinical tri-
als demonstrated that patients with intermittent claudication 
receiving cilostazol experienced a significant improvement 
in pain-free walking distance compared with those receiving 
placebo [5–8].
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Aim of the study

Current research focused on the developing the application 
of DSC approach as a new monitoring method of cilostazol 
effects in patients with intermittent claudication. Differential 
scanning calorimetry is a widely used analytical technique 
that measures the heat flow into or out of a sample as a func-
tion of temperature or time. It provides valuable information 
about the thermodynamic properties of the sample, includ-
ing phase transitions, thermal stability, and heat capacity 
changes. In summary, DSC is a well-established method 
for the demonstration of thermal consequences of local and 
global conformational changes in biological systems, but it 
has never been applied for the investigation of the human 
blood in PAD patients.

Patients and methods

For this study, only patients with intermittent claudication 
were considered. The Fontaine classification was used for 
categorization the patient’s symptoms. Inclusion criteria 
were age > 40 years and < 75 years old, controlled walking 
distance < 400 m and the absence of pedal pulses. Patients 
with serious ischaemic heart disease, chronic renal failure 
or limb-threatening ischaemia were excluded. Seven white 
adults (four men and three women; median age 58.6 years) 
enrolled into this preliminary study. All the patients except 
one were studied up to 3  months after enrolment. One 
patient (women) had femoral amputation in the following 
period (day 78.) because of late irreversible ischaemic injury 
of the right foot. All patients were taking aspirin (100 mg/
day) and statins at the time of enrolment. During follow-up 
period, patients’ regular medication did not change. Sub-
jects exercised by a standard walking test are controlled by 
physiotherapist. The distance when claudication pain was 
first perceived was recorded. Before the administration of 
cilostazol therapy, control blood sample was collected from 
all the patients. After general physical examination, the sub-
jects rested for 30 min before undergoing venepuncture from 
an antecubital fossa vein with tourniquet. Control (without 
cilostazol therapy) peripheral blood samples were collected 
from the patients (n = 7) and from healthy control (n = 5). 
Each of the selected patients received 2 × 100 mg cilostazol 
daily. Patients were asked to return for clinic visit at 2 weeks, 
1, 2, 3 months. At the visits, after general check-up, blood 
samples were taken, and walking distances have been con-
trolled. No adverse drug reactions were observed in patients 
during the follow-up period. The study was approved by the 
Hungarian Medical Research Council (IV/2448.4/2022), and 
all patients gave their written consent to the investigations.

Blood sample preparation

Blood samples were collected into the Vacutainer tubes con-
taining EDTA (1.5 mg mL-1 of blood) and centrifuged at 
1600 g for 15 min at 4 °C to separate plasma fraction from 
cell components. Just after the centrifugation native plasmas 
undergone to a thermal denaturation made by SETARAM 
Micro DSC-III or were stored at 4 °C in water–ice mixture 
till the next DSC measurement.

DSC measurement

The thermal unfolding of the human plasma was monitored 
by SETARAM Micro DSC-III calorimeter as previously 
described [9, 10]. All experiments were conducted between 
0 and 110 °C. The heating rate was 0.3 K min−1 in all cases. 
Conventional Hastelloy batch vessels were used during the 
denaturation experiments with 950 μL sample volume in 
average. Reference sample was normal saline (0.9% NaCl). 
The sample and reference samples were equilibrated with a 
precision of ± 0.1 mg. The repeated scan of denatured sam-
ple was used as baseline correction, which was subtracted 
from the original DSC curve. We have plotted the heat flow 
in the function of temperature. Calorimetric enthalpy was 
calculated from the area under the heat flow curve by using 
two-point setting SETARAM peak integration. The ther-
mal data are given in average ± s.d., rounded to one decimal 
place for temperature and two decimal places for enthalpy.

Results and discussion

Following the three-month cilostazol treatment, the result-
ing values demonstrated a significant (15d p = 0,028, 1 m 
p = 0,016, 2 m p = 0,014, 3 m p = 0,011) increase in pain-free 
walking distance during all visits compared to the control 
measurements on the day 0. The 3-month data showed the 
most significant improvement in walking ability. Data were 
compared at baseline by using the analysis of two sample 
t test. One patient (women) had femoral amputation in the 
following period (day 78) because of late irreversible ischae-
mic injury of the right foot. It is important to mention that 
no adverse drug reactions were observed in patients during 
the follow-up period.

In Fig. 1, we present the summarized result of the whole 
denaturation experiment set.

The detailed thermodynamic parameters are given in 
Table 1.

It is obvious from the data that all average patient’s 
thermal parameter significantly differs from the healthy 
control. The starting stage of patients was worse than that 
of healthy ones. The increased denaturation temperature 
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range refers to a less cooperative structure of patients’ 
plasma with circulatory disorders, which manifested also 
in the increased calorimetric enthalpy (see Table 1). Dur-
ing the medical treatment, all average thermal data remain 
in the range of mean ± 1 s.d. in case of control before 
treatment, but the patient’s data exhibited widespread. 
(From the treatment of 1 month only, ΔT and ΔHcal show 
a mild treatment time dependence.) This may be a sign of 
individual sensitivity to drug treatment, which could be 

determined by examining the various therapeutic drugs 
given for this disease and the individual responses to 
them, thus optimizing the individualized treatment from 
the point of drug and time of curing.

The most relevant alteration in thermal parameter of 
treated patients compared to the healthy control is the 
change in the running of DSC scans and the significant 
increase in ΔCp between native and denatured state of 
plasma. (More heat was supplied (absorbed) to the sam-
ple holder than into the control vessel, to follow the heat-
ing programme with no temperature difference between 
them). This can be the sign of the abnormal blood cir-
culation because of the more densely “packed” plasma. 
The treatment of one and two months shows a significant 
decrease, indicating an improvement in the blood circula-
tion. Comparing this parameter in between the treatment 
process, the patients before or after 2 weeks and 3 months 
of treatment exhibit a same heat capacity change. It was 
very surprising that it returned to the same value as the 
control was after three months, when we had to stop this 
investigation. It cannot be ruled out that this is related to 
the therapeutic drug’s mechanism of action, so new drugs 
must also be assessed. To clarify this, we need to monitor 
a larger number of patients and longer duration of drug 
treatment. Of course, it has some unexpected complication 
because the patients can fall out from the test period due 
to different personal life problems (e.g. unexpected, other 
type of illness that prevents the test) or surgery to prevent 
worsening of their condition.

Fig. 1   : Average DSC scans of 
human blood plasma samples 
representing the effect of medi-
cal treatment (significant change 
in heat capacity ΔCp)

Heat flow/Jg–1

0.0

native
state

unfolded state

average plasma unfolded curves after tratments

– 0.1

– 0.2

– 0.3

– 0.4

– 0.5

– 0.6

– 0.7

40

3 Months Treatment

3 MT

2 Months Treatment

2 MT

1 Month Treatment

1 MT

2 Weeks Treatment

2 WT

Patient Admission

PA

DC ref.nat.st

Healthy Control
endotherm

50 60 70 80 90 100

Temperature/°C

110

Table 1   Denaturation parameters of blood plasma in case of healthy 
control (italic) and patients before (bold italic) and after the medical 
intervention (underline), depending on the treatment time

The symbols: Tm is the maximum temperature of denaturation, ΔT 
stands for the denaturation temperature range, and ΔHcal represents 
the calorimetric enthalpy normalized on sample mass. Data are aver-
ages ± s.d. rounded to one decimal place for temperature and two 
decimal places for enthalpy. The bold black numbers sign the increas-
ing trend of the given parameters compared to the control before the 
treatment

Sample Thermodynamic parameters

Tm/°C ΔT/°C ΔHcal/Jg−1

Healthy control (n = 5) 62.5 ± 0.4 45.6 ± 0.8 1.29 ±0.06
control before treatment (n = 7) 63.5 ± 1.0 51.5 ± 1.5 1.41 ± 0.11
2 weeks treatment (n = 5) 63.9 ± 0.8 51.5. ± 1.5 1.41 ± 0.05
1 month treatment (n = 7) 63.9 ± 0.9 51.9 ± 0.8 1.53 ± 0.24
2 months treatment (n = 7) 64.1 ± 0.9 51.5 ± 1.4 1.48 ± 0.18
3 months treatment (n = 6) 63.8 ± 0.7 53.1 ± 1.6 1.46 ± 0.08
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Despite of the above-mentioned cases, according to our 
thermal results, we can see the applicability of DSC to 
monitor the effect of drug treatment in these medical situ-
ations. This is also confirmed by the painless journey test 
performed at different time of the drug treatment (see Fig. 2 
and Table 2).

As shown in Fig. 2 and Table 2, there is a positive cor-
relation between the effect of medical treatment and the 
completed pain-free walking distance, despite of the small 
number of treated persons.

Conclusions

Peripheral arterial disease is a prevalent vascular disorder 
characterized by atherosclerotic plaque formation in the 
arteries, leading to reduced blood flow, particularly in the 
lower extremities. Intermittent claudication, a distressing 
symptom of PAD, manifests as pain or discomfort in the 
lower leg during physical activity. The treatment goals for 
patients with IC include symptomatic relief and reduction 
the associated cardiovascular risk factors. Standard conserv-
ative management of patients with intermittent claudication 
includes a walking exercise, smoking cessation, antiplatelet 
and statin therapy, evaluation for associated cardiovascu-
lar disease, and drug treatment for symptomatic relief [11]. 
Surgical or endovascular intervention usually reserve for 
patients with severe, lifestyle-limiting walking problems, 

rest pain or non-healing peripheral wounds and gangrenes. 
In the conservative treatment, Cilostazol has emerged as a 
valuable treatment modality for PAD patients experiencing 
intermittent claudication. By enhancing blood flow, alleviat-
ing pain, and improving exercise tolerance, cilostazol con-
tributes significantly to enhancing the quality of life for indi-
viduals affected by this chronic vascular condition. In our 
study, the significant increase in pain-free walking distance 
observed after a three-month cilostazol treatment aligns 
with previous research demonstrating the positive effects of 
cilostazol on peripheral blood flow and exercise tolerance in 
patients with intermittent claudication. The thermodynamic 
changes detected by DSC in the human plasma could attrib-
uted to various mechanisms associated with cilostazol’s 
mode of action. Vasodilation induced by cilostazol may lead 
to improved blood flow and oxygen delivery to the muscles, 

Fig. 2   : Fulfilled painless 
journey in the function of 
treatment’s time (average and 
s.d. with quadratic polynomial 
fitting)
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Table 2   Covered painless walking distance by the patients in the 
function of the time of medical treatment (mean ± s.d., data rounded 
to one decimal place)

Walk test
time/week

Painless journey/m
mean ± s.d

0 182.9 ± 76.9
2 260.2 ± 116.5
4 327.0 ± 119.2
8 375.5 ± 136.5
12 425.2 ± 140.0
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potentially affecting the thermal behaviour of plasma con-
stituents. Additionally, cilostazol’s antiplatelet effects may 
influence plasma composition and subsequently impact its 
thermodynamic properties. Further research, a larger sam-
ple size and longer following period need to validate these 
findings and establish a more definitive link between the 
thermal properties of plasma constituents and the efficacy of 
cilostazol treatment. Additionally, exploring the relationship 
between DSC-measured plasma thermodynamics and other 
clinical parameters, such as ankle-brachial index (ABI) and 
quality of life assessments, could provide a comprehensive 
understanding of cilostazol’s impact on the systemic physi-
ology of PAD patients.
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