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Background: Acute episode of pain is the most frequent symptom for which patients with sickle cell disease 

(SCD) seek medical attention.  The neuropeptide Substance P (SP) has been suggested as a possible aetiologic 

factor. This study compared the serum levels of SP in SCD subjects in painful vaso-occlusive crisis with those in 

steady state and normal HbAA subjects.  
Methodology: This case-controlled study investigated eighteen SCD patients in vaso-occlusive crisis (VOC) and 

eighteen in steady state, while fourteen HbAA subjects were recruited as controls. Blood was collected in plain 

bottles and subsequently, the serum was separated for SP assay using the ELISA technique. Each sample was run, 

and results were confirmed in duplicate. Optical density was read at an absorbance of 450nm. 

Results: The study showed that SP was significantly higher in SCD patients in steady state (184.79±18.67ng/L 

versus 104.17±19.24ng/L) compared to the controls (t=2.97, p=0.006); while the values obtained in those in VOC 

(375.78±76.21ng/L) were also significantly higher (t=2.433, p=0.02) than those in steady state 

(184.79±18.67ng/L). The SP value in the SCD patients in VOC was almost twice as much as those in steady state 

and about three times as much as the value in the controls and the differences were statistically significant (t=7.72, 

p=0.001). 

Conclusion: The study showed significantly higher SP levels in VOC compared to steady state or HbAA subjects 

suggesting that SP may be a marker for pain sensitisation. 
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Introduction 

Sickle cell disease (SCD) is the most prevalent genetic disease in the world.1 It is estimated that more 

than 300,000 babies are born with severe forms of haemoglobinopathies worldwide each year. While 75 

percent of all patients with SCD live in Sub-Saharan Africa, Nigeria alone accounts for more than 

100,000 new births every year,2, 3 With a prevalence rate of 1-3%, the countryhas one of the highest 

concentrations of patients with this disorder in the world. 

 

Pain is a frequent complaint of people living with SCD.4,5,6,7Over half of SCD patients have one to two 

episodes annually, and 1% of patients have more than 10 episodes each year.8Pain crises are one of the 

common causes of distress among patients with SCD, and account for 90% of SCD-related hospital 

admissions.9,10SP is an attractive candidate to explain both the clinical findings and the cytokine 

elevations present during vaso-occlusive pain crises. SP is a potent chemotactic factor11, thatmediates 

neurogenic pain and inflammation.12, 13 and induces therelease of histamine from mast cells14 which may 

mediate pain. It also promotes thesecretion of cytokines such as IL-1, IL-6, IL-8, and TNF-α.15-

18Therefore, Substance P may be a measurable laboratory marker to assess the severity of thevaso-

occlusive crisis and, therefore, anti-SP receptor antagonist may have a therapeutic potential in the 

treatment of vaso-occlusive events in SCD patient.  

 

Materials and Methods 

 

Study design and setting 

This study which was a prospective case-controlled survey, was carried out at hospitals in Osogbo, the 

capital city of Osun State in Southwestern Nigeria. Study sites included Ladoke Akintola University 

(LAUTECH) Teaching Hospital and State Hospital, Asubiaro, both in Osogbo, Osun State, Nigeria. 

 

The sickle cell disease patients were recruited from haematology clinics, haematology day wards, and the 

accident and emergency units at the study sites, while controls who were otherwise well, were recruited 

from the general population around the study sites.  

 

Sample size and method 

The sample size was determined using the Kish Leslie formula.19 A confidence level of 95%, and an 

expected prevalence of 3.0% was obtained from a similar study2. The minimum calculated sample size 

was 45, which was increased to 50 to account fora10% attrition rate. 

 

Participants recruitment 

The study population consisted of consenting previously diagnosed sickle cell adult patients (HbS and 

HbSC) in steady state and vaso-occlusive crises as cases. Participants included in this study included 

SCD patients in steady state, those in painful vaso-occlusive crisis, and control subjects with HbA 

phenotype who were haematologically normal. Those excluded were those that have received a blood 

transfusion within the previous 3 months, and SCD patients on Hydroxyurea or medications other than 

vitamin BCo, Folate, or Paludrine. Patients or controls with other painful chronic inflammatory disorders 

such as rheumatoid arthritis, gout, and ankylosing spondylitis were also excluded from the study. 

 

Sample collection 

Three millilitres of venous blood was collected by standard phlebotomy technique through venipuncture 

via the antecubital vein using a plastic syringe into plain bottles. The samples were allowed to clot and 

centrifuged at 3000 rpm for 5 minutes at room temperature to separate serum from cells. The serum was 

separated into a separate plain tube with a cap and stored frozen at -400Cbeforeanalysis. 
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Methodology  

The SP was assayed using an antigen competition, enzyme-linked immunosorbent assay (Bioassay kit). 

Each sample was run, and results were confirmed in duplicate. Optical density was read at an absorbance 

of 450 nm. Data entry and processing were done using the statistical package for the social sciences 

(SPSS), version 20.0 (SPSS Chicago Inc., IL, and USA).  The data were presented using descriptive 

statistics of frequency distribution, means, standard deviations, and percentages. The relationship was 

tested using the Pearson correlation coefficient. The level of significance was taken as p values less than 

0.05. 

 

Results  

A total of 50 participants made up of 18 SCD subjects in vaso-occlusive crises, 18 SCD subjects in steady 

state, and 16 healthy age and sex-matched controls were investigated. Three subjects were evaluated both 

in the VOC and steady state. The subjects were 26% females in both the VOC and steady-state groups 

while the males were 10% in both groups. In the control group, females were 16% while males were 

12%. 

 

The mean age for the VOC group was 21.60 ± 4.81 years, 22.94± 3.17 years for the steady state, and 

21.79± 2.91 years for the control groups. There was no significant age difference in the subjects with 

VOC, those in steady state, and the control group (p = 0.606). 

 

The study showed that SP was significantly higher in SCD patients in steady state (184.79 ± 18.67ng/L 

versus 104.17 ± 18.67ng/L) compared to the controls (t = 2.97, p = 0.006); while the values obtained in 

those in VOC (375.78±76.21ng/L) were also significantly higher (t = 2.433, p = 0.02) than those in 

steady state (184.79±  18.67ng/L). The SP value in the SCD patients in VOC was almost twice as much 

as those in steady-state and about three times as much as the value in the controls and the differences 

were statistically significant (t = 7.72, p = 0.001). Three subjects were sampled both in the steady state 

and VOC, which confirmed the findings that SP increased significantly during VOC compared to their 

baseline levels. 
 

Table 1: Comparison of SP between VOC, Steady State, and Controls  
 

Group Compared Mean ± SD (ng/L) T value P value 

VOC vs. 375.78 ± 76.21 2.433 0.020 

Steady State  184.79 ± 18.67   

VOC   vs.  375.78 ± 76.21 3.074 0.004 

Controls 104.17 ± 19.24   

Steady State vs.  184.79 ± 18.67 2.970 0.006 

Controls 104.17 ± 19.24   

 

Discussion 

Sickle cell vaso-occlusion, which may involve both the micro- and microvasculature, is the most 

important pathophysiologic event in SCD and explains most of its clinical manifestation.  Patients with 

SCD in baseline health have significantly higher SP levels compared to healthy controls. SP levels  
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Significantly increase during acute pain in patients with SCD compared to baseline levels.12,23This was 

similar to the findings of Michaels et al12, Douglas22, and Brandow et al.23 In humans with pain disorders 

other than SCD, higher plasma SP levels are associated with pain and disease severity.23 Thus, the 

significant elevation of SP in patients with SCD during baseline health and the further increase during 

acute pain supports existing data that the peripheral and/or central nervous system is sensitized 

inSCD.8,23-24This is similar to the findings of this study which showed that SP was significantly higher in 

SCD patients in steady state compared to the controls. The SP value in the SCD patients in VOC was 

almost twice as much as those in steady state and about three times as much as the value in the controls. 

the significant elevation of SP in patients with SCD during baseline health and the further increase during 

acute pain supports existing data that the peripheral and/or central nervous systems are sensitized in 

SCD.8,24-25 Furthermore, the knowledge that SP is elevated in baseline health suggests that the levels are 

chronically increased and thus could contribute to the development of peripheral and/or central nervous 

system sensitization.23 

 

SP has both neuromodulating and immunomodulating effects that could contribute to the development of 

severe unrelenting pain in SCD. Interestingly, many inflammatory cytokines that are involved in 

neurogenic inflammation are significantly increased in patients with SCD compared to controls and 

increase further during acute vaso‐occlusive crisis.4,26-27All these findings are suggestive that SP is a 

potential biomarker for SCD pain and vaso‐occlusive crises. 

 

Significantly elevated SP levels in patients with SCD during baseline health (steady state) compared to 

controls suggest that SP may be a mediator of, or marker for, pain sensitization. SP levels further increase 

during acute pain suggesting SP also plays a role in mediating or marking acute pain events. Thus, 

estimating the serum levels of SP may be useful in confirming or establishing the resolution of VOC in 

patients with SCD with prior knowledge of the baseline level, especially those already addicted to 

analgesic use. 
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