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ABSTRACT:

Sickle cell disease (SCD) is a genetic disorder caused by mutations in the B-globin gene, leading to abnormal
hemoglobin S and sickle-shaped red blood cells. It causes anaemia, vaso-occlusive crises, organ damage, and
increased risk of stroke and infections. Diagnosis is confirmed by blood smear, hemoglobin electrophoresis, and
genetic testing. Management includes hydroxyurea, novel therapies, pain control with NSAIDs or paracetamol,
blood transfusions, and potentially curative stem cell or gene therapy. Early diagnosis and comprehensive care
are crucial to reduce complications and improve quality of life.
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INTRODUCTION:

Sickle cell disease (SCD) is a genetic blood disorder caused by a mutation in the B-globin gene, resulting in the
presence of hemoglobin S in red blood cells. This leads to abnormal molecular structure, sickling, anemia,
vascular issues, and reduced oxygen transport.! The most severe type, hemoglobin SS (HbSS), affects 65% of
people with sickle cell disease. It is caused by faulty hemoglobin gene alleles and causes organ damage, pain,
and anemia.

A milder condition that affects 25% of patients is hemoglobin sickle cell anemia (HbSC). Inherited haemoglobin
S and Haemoglobin D (HbSD), Inherited Haemoglobin S and Haemoglobin E (HbSE) and Inherited Haemoglobin
S and Haemoglobin O- Arab (HbSO) are less common types that can lead to complications.?

EPIDEMIOLOGY :India has a very high rate of the S allele, which is linked to sickle cell anemia. This is
especially true in Scheduled Tribe (ST) and Scheduled Caste (SC) communities. These groups make up about a
quarter of India's total population. There are a number of reasons why the S allele is more common in these

groups.
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The S allele gives people who live in areas where malaria has been common a better chance of not getting sick.

This heterozygote advantage keeps the allele in the population. Second, social and cultural practices like

endogamy (marrying within the same group) limit genetic mixing, which raises the local frequency of the allele.>

ETIOLOGY:

There are two a-chains and two B-chains in hemoglobin (Hb). Point mutations in the gene that codes for the -

globin chain cause the differences between the common hemoglobin variants HbA, HbS, and HbC.
GENETIC FACTORS :

When a person inherits two defective sickle cell genes—one from each parent—sickle cell disease (SCD) results.
Because of this, the body produces hemoglobin S, an aberrant form of hemoglobin that gives red blood cells a
rigid, sickle- or crescent-shaped appearance. These sickled cells have the ability to obstruct blood flow, which
can result in organ damage, anemia, exhaustion, infections, and pain episodes. SCD is a chronic illness that
necessitates constant medical attention to control symptoms and avoid complications.? Patients experience painful

“crises” caused by the obstruction of blood flow from sickled red blood cells.’
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Figure 1: Chance of parents with SCT passing on to their children
SIGNS AND SYMPTOMS:

Sickle cell disease can lead to a variety of serious health complications. Anemia is a common symptom,
causing fatigue, shortness of breath, and pale skin due to a reduced number of healthy red blood cells. Painful
crises occur when sickle-shaped cells block blood flow, resulting in severe pain often felt in the chest,
abdomen, joints, or bones. Another major complication is acute chest syndrome, a life-threatening condition
caused by blockages in the lungs that lead to fever, chest pain, and difficulty breathing. Splenic sequestration
may also occur when the spleen becomes filled with sickle cells, leading to severe anemia and potential
spleen damage or removal. Additionally, sickle cells can obstruct blood vessels in the brain, particularly in
children, increasing the risk of stroke. The rapid breakdown of sickle cells also releases bilirubin, which
causes yellowing of the skin and eyes (jaundice).*

PATHOPHYSIOLOGY :

In sickle cell disease, sickled red blood cells block blood flow, causing pain and organ damage. These cells,
along with plasma proteins and inflammatory cells, increase blood viscosity, worsening circulation and

blockages. Haemolysis releases free heme and iron, leading to oxidative stress and inflammation that
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activate the endothelium. Activated endothelial cells promote sickled cell adhesion and release pro-
inflammatory chemicals, increasing tissue damage. Ischemia-reperfusion injury during brief blood flow

restoration produces reactive oxygen species, further driving inflammation, oxidative damage, and disease

progression.®
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Figure 2: Pathophysiology of sickle cell anaemia [

RISK FACTORS:

Patients with sickle cell disease are at higher risk of severe complications if they have the HbSS or HbS°-
thalassemia genotypes, lower fetal hemoglobin (HbF) levels, and higher steady-state hemoglobin or white
blood cell counts. Additional risk factors include a history of asthma or atopy and exposure to tobacco,
which increase susceptibility to pulmonary complications such as acute chest syndrome. These factors

collectively contribute to more frequent vaso-occlusive events and worse disease outcomes.®
COMPLICATIONS:

Vaso-occlusive crises are the most common complication of sickle cell disease, causing severe pain when
abnormally shaped red blood cells block blood vessels. This blockage reduces oxygen delivery to tissues,
leading to pain in the bones, joints, abdomen, and chest. Episodes can be triggered by factors like
dehydration, infection, or stress, and are usually managed with pain relief, hydration, and sometimes
medications like hydroxyurea to reduce their frequency. The sickle-shaped red blood cells that obstruct
blood flow in sickle cell disease can result in extensive complications. This frequently results in strokes in
children, which cause irreversible brain damage and cognitive decline. The liver, kidneys, and other organs
may sustain damage, malfunction, or be at higher risk of developing cancer. Because chronic anemia puts
strain on the heart, it increases the risk of heart attacks, pulmonary hypertension, and heart failure. Damage
to the retinal vessels may impair vision and result in blindness or detachment. If left untreated, priapism—

painful, protracted erections caused by blocked blood flow—can also result in irreversible impotence.’
DIAGNOSIS:

Sickle-shaped red blood cells, which can be seen on a peripheral blood smear and occasionally appear

microcytic, are a hallmark of sickle cell disease. The diagnosis is verified by hemoglobin electrophoresis,
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which detects the aberrant hemoglobin S (HbS) and separates it from other variations or normal hemoglobin.
By identifying the precise mutation in the HBB gene that causes sickle cell disease, genetic testing such as
PCR or gene sequencing can provide conclusive confirmation and enable accurate diagnosis, carrier

identification, and family counseling.’
TREATMENT:

Treatments for sickle cell disease (SCD) include both supportive and disease-modifying treatments. The
first-line treatment Hydroxyurea raises fetal hemoglobin, which lowers the need for transfusions, painful
crises, and acute chest syndrome. L-Glutamine helps patients 5 years of age and older experience fewer
crises and hospitalizations. More recent therapies such as Crizanlizumab decrease crises by stopping sickle
cells from sticking to blood vessels, and Voxelotor improve anemia by stabilizing hemoglobin. As part of
supportive care, young children should receive prophylactic antibiotics to avoid serious infections as well
as pain management with NSAIDs, opioids, and fluids. The combined goal of these treatments is to lessen
complications and enhance the lives of those who have sickle cell disease.

Potential Curative Therapies:

Currently, the only known treatment for sickle cell disease is bone marrow or stem cell transplantation,
which involves replacing the patient's bone marrow with healthy stem cells from a compatible donor.
However, this procedure is extremely risky. Additionally, gene therapy is progressing; FDA-approved
therapies such as Lyfgenia and Casgevy alter patients' own stem cells to produce fetal or normal hemoglobin.
Although there is a considerable chance of both short-term and long-term adverse effects, blood transfusions

are crucial for treating acute complications like stroke, acute chest syndrome, and organ failure.’
PAIN:

Pain episodes associated with sickle cell disease (SCD) are comparatively uncommon in neonates, infants,
and young children (0-7.6 years), occurring on only 1.6% of days, with 14% of these episodes necessitating
hospitalization. Infants under 12 months old are most commonly affected by dactylitis, which is
characterized by painful swelling of the hands or feet. About 40% of children and adolescents aged 8 to 18
report episodic pain, and another 40% report chronic pain, making pain more common in this age group.
Hospitalization, depression, and functional impairment are more common among those with chronic pain,
even though both groups report comparable levels of pain and quality of life.

IBUPROFEN:

Ibuprofen is a chiral 2-arylpropionic acid derivative NSAID®

Mechanism of action:

Ibuprofen is a non-selective COX-1 and COX-2 inhibitor with anti-inflammatory properties.’
Pharmacokinetics and Pharmacodynamics:

Ibuprofen has a half-life of roughly two hours, is quickly absorbed in both children and adults, binds to
plasma proteins, and is mostly metabolized in the liver, where it is converted to hydroxylated or carboxylate
derivatives that are subsequently eliminated by the kidneys. Pharmacodynamically, ibuprofen functions as

a competitive, reversible inhibitor of COX-1 and COX-2 enzymes, lowering prostaglandin synthesis
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momentarily while allowing enzyme activity to return after the medication is removed. This reversibility
lessens the negative effects on organs such as the kidneys and stomach. Ibuprofen may also increase the
production of endocannabinoids, which would add another way to relieve pain.'°

Side Effects:

Dizziness, sleepiness, aseptic meningitis, platelet malfunction, and high blood pressure are all uncommon side
effects!!

PARACETAMOL:

The most widely used analgesic and antipyretic the world. It is listed among the essential medicines by the World
Health Organization, which identifies the most effective, secure, and economical medications for priority illnesses'?
MECHANISM OF ACTION

Paracetamol functions as a reducing co-substrate and blocks the COX site to inhibit prostaglandin synthesis,
primarily in cells that are undamaged and have low levels of arachidonic acid. Additionally, it stimulates
descending serotonergic pathways, and the use of 5-HT5 receptor antagonists reduces its analgesic effects.'?
Pharmacokinetics:

In the liver, paracetamol is primarily metabolized by glucuronidation and sulphation after being absorbed
in the small intestine. A tiny quantity is also transformed into the toxic metabolite NAPQI, which is typically
detoxified by glutathione. Genetic variability in CYP2D6, glutathione deficiency, and overdose can all raise
the risk of toxicity. Due to slower metabolite elimination in patients with severe renal impairment, longer
dosing intervals are necessary to prevent accumulation, and vulnerable groups such as the elderly, neonates,

or malnourished people may need dose adjustments. '

Pharmacodynamics:

Paracetamol is grouped along with NSAIDs even though its own anti-inflammatory activity is rather minimal. The

main reason for this is that the analgesic effect of paracetamol is thought to by exerted by COX enzyme
Side effects:

Allergic reactions
Flushing

Low blood pressure
Tachycardia

Blood disorders '3

CONCLUSION :

Sickle cell disease (SCD) is a hereditary blood disorder caused by mutations in the - globline gene, resulting

in abnormal hemoglobin S that distorts red blood cells into a sickle shape. This leads to chronic hemolytic anemia,

painful vaso-occlusive crises, organ damage, and increased risk of infections and stroke. The disease severity

varies with genotype, with HbSS being the most severe. Management includes disease-modifying treatments like

hydroxyurea, L-glutamine, crizanlizumab, and voxelotor, along with supportive care including pain control using

NSAIDs such as ibuprofen and analgesics like paracetamol. Curative options like bone marrow transplantation

and gene therapy are emerging but carry risks. Early diagnosis and comprehensive care are critical to reduce

complications and improve quality of life.

IJNRD2511093 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) ‘ 2763



http://www.ijnrd.org/

1RD © 2025 IJNRD | Volume 10, Issue 11, November 2025| ISSN: 2456-4184 | INRD.ORG

REFERENCE :
1. Bittmann, Stefan, Elisabeth Luchter, and Elena Moschiiring -Alieva. “New Insights in the Treatment of Sickle Cell
Disease in Childhood”. Asian Journal of Paediatric Research; 2024 14 (6):5-15
10.9734/ajpr/2024/v14i6350
2. Pompeo, C. M., Ferreira Janior, M. A., Cardoso, A. I. de Q., Souza, M. da C., Frota. Clinical-Epidemiological

Characteristics and Mortality in Patients with Sickle Cell Anemia: A Retrospective Cohort Study of 1980 at
2018. International Journal of General Medicine; (2022). 15, 1057-1074.
https://doi.org/10.2147/1JGM.S342971

3. William Coetzee, Reiner Khumalo, Brendan Le Roux. Fusion of Multidisciplinary Sickle Cell Disease: Causes,

Symptoms, and Treatment. Research, An International Journal (FMR), 2022, Vol.3, Iss.1
https://fusionproceedings.com/

4.Kurbonova Z. Ch Babadzhanova Sh.A. ETIOLOGY AND PATOGENESIS OF DIFFERENT TIPES OF
ANEMIAS. International Scientific Journal No 3(100) 2023; part 1"Scientific Focus" 103._

5. https://nauchniyimpuls.ru/index.php/sf/ S. Diop, F. Pirenne. Transfusion and sickle cell anemia in Africa.

Transfusion Clinique et Biologique, Volume 28, Issue 2, May 2021, Pages 143-145
https://doi.org/10.1016/j.tracli.2021.01.013Get rights and content
article/view/10894/7277

6. Tamara Richards, Daryl Norwood. Advances in the Management of Sickle Cell Disease. US Pharm. 2020:45; (7)
(Specialty& Oncology suppl):8-12, February 2025

https://www.uspharmacist.com/article/advances-in-the-management-of-sickle-cell-disease

7. Elendu, Chukwuka, Amaechi, Dependable C, Alakwe-Ojimba, Chisom E, Elendu, Tochi C, Elendu, Rhoda C.
Understanding Sickle cell disease: Causes, symptoms, and treatment options. Medicine 102(38): p 35237, September
22,2023, |

DOI: 10.1097/MD.0000000000035237

8. Chang AK, Bijur PE, Esses D, Barnaby DP, Baer J. Effect of a Single Dose of Oral Opioid and Nonopioid
Analgesics on Acute Extremity Pain in the Emergency Department: A Randomized Clinical

Trial. JAMA. 2017;318(17):1661-1667. doi:10.1001/jama.2017.16190

9. Wally R. Smith , Cecelia R. Valrie. Precision, integrative medicine for pain management in sickle cell disease.
Front. Pain Res. 09 November 2023Sec. Pharmacological Treatment of Pain Volume 4 - 2023
| https://doi.org/10.3389/fpain.2023.1279361

10. Cajaraville, J. P. (2021). Ibuprofen Arginate for Rapid-Onset Pain Relief in Daily Practice: A Review of Its
Use in Different Pain Conditions. Journal of Pain Research, /4, 117-126.
https://doi.org/10.2147/JPR.S280571

[JNRD2511093 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/
https://doi.org/10.9734/ajpr/2024/v14i6350
https://doi.org/10.2147/IJGM.S342971
https://fusionproceedings.com/
https://nauchniyimpuls.ru/index.php/sf/article/view/10894/7277
https://nauchniyimpuls.ru/index.php/sf/article/view/10894/7277
https://www.sciencedirect.com/journal/transfusion-clinique-et-biologique/vol/28/issue/2
https://doi.org/10.1016/j.tracli.2021.01.013
https://doi.org/10.1016/j.tracli.2021.01.013
https://nauchniyimpuls.ru/index.php/sf/article/view/10894/7277
https://www.uspharmacist.com/article/advances-in-the-management-of-sickle-cell-disease
https://loop.frontiersin.org/people/2354152
https://loop.frontiersin.org/people/2537603
https://doi.org/10.3389/fpain.2023.1279361
https://doi.org/10.2147/JPR.S280571

\ © 2025 IJNRD | Volume 10, Issue 11, November 2025| ISSN: 2456-4184 | INRD.ORG

JNRD

11. de Martino, M., Chiarugi, A., Boner, A. et al. Working Towards an Appropriate Use of Ibuprofen in
Children: An Evidence-Based Appraisal. Drugs 77, 1295-1311 (2017). https://doi.org/10.1007/s40265-017-0751-z
12. Shahmirzadi, Gohar, et al. "Comparison of gastrointestinal complications of paracetamol and ibuprofen in

the management of infants with patent ductus arteriosus: a randomized clinical trial study." International Journal of
Preventive Medicine 12.1 (2021): 48.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2021&qg=complications+of+ibuprofen+&btnG=

13. Chhaya V Sharma, Vivek Mehta, Paracetamol: mechanisms and updates, Continuing Education in
Anaesthesia Critical Care & Pain, Volume 14, Issue 4, August 2014, Pages 153-158,
https://doi.org/10.1093/bjaceaccp/mkt049

14. Christina Abdel Shaheed, Giovanni E Ferreira, Alissa Dmitritchenko. The efficacy and safety of

paracetamol for pain relief: an overview of systematic reviews. Volume214, Issue7;April 2021, Pages 324-331

https://doi.ore/10.5694/mja2.50992

[JNRD2511093 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/
https://doi.org/10.1007/s40265-017-0751-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2021&q=complications+of+ibuprofen+&btnG=
https://doi.org/10.1093/bjaceaccp/mkt049
https://onlinelibrary.wiley.com/authored-by/Abdel+Shaheed/Christina
https://onlinelibrary.wiley.com/authored-by/Ferreira/Giovanni+E
https://onlinelibrary.wiley.com/authored-by/Dmitritchenko/Alissa
https://onlinelibrary.wiley.com/toc/13265377/2021/214/7
https://doi.org/10.5694/mja2.50992

