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Sickle cell anaemia: The need for new approaches in management

KANJAKSHA GHOSH

ABSTRACT
Sickle cell anaemia is an important genetic disorder in India and
is associated with considerable morbidity and mortality. Over
100 000 people are affected by this disorder and 10%–40%
of the 85 million tribal population carries this gene. Conventional
management and therapy with hydroxyurea provides
symptomatic relief. A search for an anti-sickling agent has so far
proved unsuccessful. However, improving upon existing
compounds; looking for newer products using modern tools of
bioinformatics, monoclonal antibody and aptamer technology;
and evaluating medicines from ethno-pharmacology are
promising approaches in managing this disease.
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INTRODUCTION
Sickle cell anaemia is an inherited haemoglobinopathy. It presents
with recurrent vaso-occlusive crises and their complications.
These include painful crises, aseptic necrosis of the hip, stroke,
lung syndromes, haematuria and anaemia. Due to migration of the
population, this genetic disorder has become a global problem.
India is home to at least 100 000 patients with sickle cell disease
and the carrier rate varies in the affected population from 0% to
34%.1 Being an autosomal recessive disorder, this haemoglobino-
pathy can interact with other haemoglobinopathies such as
thalassaemia, haemoglobin C and haemoglobin D (HbD) to
produce double heterozygous states with substantial mortality
and morbidity. Sickle cell anaemia results from a single nucleotide
replacement of electro-negative dicarboxylic glutamic acid with
electro-neutral valine at the sixth amino acid position in the
haemoglobin chain.

This single change makes the haemoglobin molecule polymerize
into long tactoids. By interacting with the red cell membrane these
long polymers deform the red cells and increase their adhesiveness
causing microvascular occlusion or sickle cell crisis.2 Poly-
merization of sickle haemoglobin (HbS) is favoured by hypoxia,
increased viscosity (dehydration) of red cells and positive
interaction with certain haemoglobins such as HbD. People with
sickle cell trait, i.e. those who carry only one sickle cell gene are
largely asymptomatic and their blood contains less than 27%–
40% HbS. However, these HbS carriers may develop sickling and
painful crisis when exposed to hypoxia (high altitude) or
dehydration. As the renal medulla naturally dehydrates blood to
1200–1400 milliosmoles, a sickle cell trait individual (carrier) is
susceptible to sickling in the renal medulla, especially when
dehydrated. This can produce papillary necrosis or haematuria
resulting in loss of the concentrating ability of the kidney, thus
causing dehydration.

Attempts to prevent sickling and microvascular occlusive
tendencies of sickle cell anaemia using pharmacological and
physiological methods have met with limited success. Curing
sickle cell anaemia through gene therapy is an area of active
research.3 Allogeneic haemopoietic stem cell transplantation is
the only modality which can cure sickle cell anaemia4 but it is not
without side-effects and financial hardships.

Sickle cell anaemia can be prevented by screening carriers of
the disease in susceptible populations, followed by premarital and
marital counselling, and finally helping them with prenatal
diagnosis. Our institute is in the forefront of such an effort5 and
several medical colleges in India are offering such services.

The pharmaceutical industry has little interest in discovering
new drugs for ‘neglected’ diseases that affect thousands of poor
people in India. Sickle cell anaemia is one such disorder. This article
discusses (i) the efforts made so far in discovering anti-sickling
drugs;6 (ii) possible improvements upon existing agents; (iii) leads
from ethnopharmacology in developing anti-sickling agents; (iv)
approaches to improve the vascular morbidity of sickle cell anaemia;
and (v) newer avenues for improving drug development.

EFFORTS MADE TO DEVELOP ANTI-SICKLING AGENTS
The process of red cell sickling starts with hypoxia leading to
formation of deoxyhaemoglobin, which is prone to polymerization.
This polymerization process is assisted by acidosis and red cell
dehydration. The presence of other haemoglobins such as HbC or
HbD positively influences the sickling process. HbF has a
significant negative effect on sickling. Deoxyhaemoglobin
polymers damage the red cell membrane leading to sickling and
red cell dehydration through an increase in calcium ions inside the
red cell and expulsion of potassium, chloride and water through
various ion pumps. Increased red cell viscosity inside the capillaries
and small vessels causes sickling of red cells and increased
adhesive interaction between endothelial cells, sickled red cells
and leucocytes. This leads to a vicious cycle of tissue ischaemia
and generation of more sickled cells. Haemolysis caused by these
sickled erythrocytes causes increased scavenging of nitric oxide
from endothelial cells and leads to vasoconstriction, vascular
injury and pulmonary hypertension. Widespread vascular lesions
produce tissue anoxia and vasculopathy.6 Attempts have been
made since the 1960s to chemically modify the HbS molecule so
that sickling becomes less pronounced. Drugs used for this
purpose include urea, cyanates, substituted aldelydes citiedil,
bifunctional agents, acetylsalicylic acid and other salicylic acid
derivatives. However, these agents were not found to be clinically
usable.7 One of the substituted benzaldehydes, ‘Tucaresol’,
produced significant improvement in sickling but had to be
removed from the market because of non-specific T cell activation
through Schiff’s adduct formation.8

Finally, two pathways were explored to prevent sickling.
These were (i) inducers of HbF formation using cytotoxic drugs
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or butyric acid analogues, and (ii) improving red cell hydration by
interfering with various ion pumps, especially the Ca++ dependent
K+ exchange (Gardos) channel. Cations such as Zn++ and Mg++

have been tried and to some extent these were successful.9,10

However, large multicentric trials of zinc sulphate or magnesium
pidolate were not encouraging. Attempts to hydrate red cells
through membrane stabilization using progesterone or beta-
blockers were not successful. The use of desmopressin to hydrate
red cells was also found to be ineffective.11

A randomized trial of the Gardos channel blocker senicapoc
[bis (4 flurophenyl) phenyl acetamide]12 showed improvement in
red cell haemolysis and hydration parameters but no improvement
in sickle cell crisis. Another such trial using zinc sulphate showed
improvement in painful crisis but there were 15 dropouts in this
small trial and these were not accounted for.13

The most successful therapy to date has been the HbF inducing
cytotoxic agent hydroxyurea. This small molecule has proved to
be successful in various trials.14 However, many patients do not
respond to this drug and its ability to improve HbF level depends
on the globin haplotype on which this drug works, i.e. having
Xmn1 polymorphism on both alleles of the globin gene.15

Hydroxyurea has many other salutary effects other than stimulating
HbF production. In a subset of patients with sickle cell anaemia,
hydroxyurea reduces crises by reducing the neutrophil count and
adhesion molecule expression on the surface of neutrophils. More
research is needed to develop better inducers of HbF in which the
Indian pharmaceutical industry can play a major role.

IMPROVING EXISTING AGENTS
The majority of drugs listed in Table I were not found to be useful
clinically. To improve existing drugs, we need to understand the
reasons for their clinical failure. Modification of the haemoglobin
molecule is difficult for the following reasons:

1. Haemoglobin constitutes 40% of the proteins in red cells. In
sickle cell anaemia, 70%–90% of these proteins are HbS.
Hence, at least 20%–30% of this large amount of protein needs
to be modified in a way that it does not polymerize. It is possible
to genetically alter the HbS molecule so that it does not sickle.16

However, these manipulations cannot be done in vivo.
2. An effective drug needs to have some specificity for

haemoglobin.
3. This desired molecule should be small and lipophilic enough

to cross the red cell membrane (Lipinski’s rule of 5) and not
modify other important proteins.

Gardos channel blockers such as senicapoc have not been
clinically effective. Hence, it is possible to improve on the
existing Gardos channel blockers. A combination of drugs with
acceptable toxicity needs to be tried in different combinations in
various subsets of patients to develop an optimal multidrug. Such
drugs include: (i) haemoglobin modifiers; (ii) Gardos channel
blockers; (iii) cations such as Zn++ and Mg++ which interfere with
HbS polymerization; and (iv) hydroxyurea.

The haemoglobin modifier Tucaresol (substituted
benzaldehyde) reduces sickling. This drug had to be withdrawn
because of immunological side-effects. It should be possible to
develop analogues of Tucaresol with a better toxicity profile. It
may be possible to modify vasculopathy caused by sickle cell
anaemia using the existing drugs, in combination or alone
(Table II).

Ethacrynic acid is a diuretic that acts by altering chloride ion
transport. Attempts have been made to synthesize ethacrynic acid

analogues that interfere with chloride ion transport in red cells but
have no diuretic activity.17 This work needs to be pursued further.
Chloride channel inhibitors of the class diphenylurea and its
surrogates NS1652 and NS362318 have proved effective in SAD
mice, the animal model of severe sickle cell disease. It is possible
to do further research on this chemical structure to develop a
specific chloride ion transport inhibitor for red cells. The same can
be said for the phosphodiesterase inhibitor dipyridamol; it inhibits
sodium transport across the red cell membrane.

ANTI-SICKLING AGENTS: LEADS FROM
ETHNOPHARMACOLOGY
Sickle cell anaemia is common in many tribal areas of India.
Before our current understanding of the disease and its molecular
pathology, tribal groups in India, Arabia and Africa have been
using indigenous medicines for treating this disease. We need to
assess some of these products for their efficacy in reducing
sickling crises in HbS disease.

Niprisan (Nix-0699) is one such product from Nigeria which has
undergone a successful clinical trial.19 Similarly MX-1520, a prodrug
of vanillin originally obtained from the vanilla tree, has some anti-
sickling effect.20 Fagora xanthoxylum has also been used in this
condition and as it is a butyric acid derivative, HbF expression may
be one of the mechanisms of its action. Similarly, Aegle marmelos
from the Indian subcontinent21,22 and Angelica arcangelica
containing angular furocoumains have also been shown to have a
strong HbF-inducing effect.23 Resveratrol, a polyphenol obtained
from red wine, is also a strong inducer of HbF.

TABLE I. Different drug targets for inhibiting sickling6

Inhibition of gelation of HbS
1. Prevention of HbS contact within gel

a. Non-covalent agents
Ureas and alkyl ureas
Aromatic amino acids and peptides
Fagora xanthoxyloides
Ethane, propane

b. Covalent agents
Sodium cyanate
Aldehydes
Nitrogen mustards
Cross-linking agents

2. Decreasing the concentration of deoxy HbS
a. Improving oxygenation
b. Increasing oxygen affinity

Alkalis
Carbonic anhydrase inhibitors
Carbamylation and acetylation
Aldehydes
Modification of sulphydryl groups

3. Decreasing HbS concentration
a. Dilution of haemoglobin within the cell
b. Promoting synthesis of other haemoglobins

Membrane active agents
1. Phenothiazines
2. Steroid hormones
3. Procain hydrochloride
4. Zinc
5. Cetiedil
6. Other agents

Inhibition of microvascular entrapment
1. Vasodilators
2. Antisludging agents
3. Anticoagulants
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All these naturally occurring phytochemicals need to be
evaluated in clinical trials and each of these group of compounds
can be the starting point for more powerful drugs to treat sickle
cell anaemia.

REDUCING VASCULAR MORBIDITY
It is well known that vaso-occlusive crises produce vascular
morbidity in sickle cell disease. The interaction between free
haemoglobin and nitric oxide is the major cause of cardiovascular
morbidity in this disease (Table II).24

Sickled red cells interact with the endothelium through adhesion
molecules such as CD36, thrombospondin, ICAM-1, VLA4 and
CR1 receptor ligands. Even when free haemoglobin is not present
in the circulation, close approximation of red cells to endothelial
cells sets the stage for scavenging of nitric oxide (NO) from
endothelial cells. This leads to vasoconstriction.

Neutrophilic leucocytosis and activated platelets (due to ADP
released from red cells) cause the endothelial cell–sickle cell
interaction to be more intense through an increased inflammatory
mediator. Hence, there are a number of targets on which new
drugs can act to inhibit this endothelial cell–sickle cell interaction.
These drugs can initially be developed as monoclonal antibodies
against these targets or as general anti-inflammatory drugs down-
regulating these receptors. Some studies suggest that the anionic
band 3 protein of red cells becomes abnormally oriented in sickled
cells. Some of these interactions can be prevented by small
peptides obtained from exocytic loops of band 3 protein itself.25

Hydroxyurea prevents vaso-occlusive crisis partly by reducing
the neutrophil count and partly by downregulating the expression
of various adhesion molecules on the surface of cells.26

Several new technologies can now be used singly or in
combination to develop suitable drugs to (i) disrupt the sickling
process; (ii) improve HbF production; (iii) disrupt interaction
between sickled cells and endothelial cells; and finally through all
these mechanisms (iv) reduce HbS and interrupt the haemoglobin–
nitric oxide pathway-related vasculopathy.

The first approach is through bioinformatics where crucial small

peptide ligands can be created in silico which may have antisickling
effects in vitro. Subsequently, a suitable peptidomimetic can be
developed orally to interrupt the sickling process. The same process
can be used to disrupt the interaction between sickle cells and
endothelial cells.

The second approach is through monoclonal antibody/phage
display technique. Here antibodies can be like small peptides and
eventually antibody mimetics can be designed in silico through
the bioinformatics route and synthesized.

Another way is to use the aptamer route using cellix technology.
Nucleotide aptamers so produced can be used directly as therapeutic
products or simpler orally active nucleotide mimetics can be
developed using bioinformatics.

Free haemoglobin is also taken up by macrophages and
catabolized through haemoxygenase. Another path is the one
leading to generation of carbon monoxide, biliverdin and free
iron. Free iron and biliverdin cause oxidative damage to the
endothelium and also cause an inflammatory reaction that causes
upregulation of procoagulation. This can lead to an increase in
thrombotic complications in sickle cell disease.27 Hence,
downregulating this pathway has important implications in the
management of sickle cell anaemia.

CONCLUSION
Sickle cell anaemia is an important genetic disease for which the
only cure is haematopoietic stem cell transplantation.28 However,
this treatment is available to very few patients. Gene therapy for
disorders such as sickle cell anaemia is an area of active research.
The lack of clinical efficacy of drugs such as senicapoc29 underlines
the need for continued efforts. On the other hand, a simple and
inexpensive chemical such as hydroxyurea (hydroxyl carbamide)
has proven to be effective and safe in trials.30–34 The quest for an
affordable and effective treatment for sickle cell disease continues
to throw up challenges for clinicians and scientists alike.
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Manjunath

A.C. ANAND

‘…every saint has a past, and every sinner has a future.’
—OSCAR WILDE

A black shining Jaguar XF always arrests my gaze as long as it is
in front of my eyes. But this time, my eyes shifted focus to the man
who came out of it, just as a uniformed chauffer came around to
the door and opened it gently. The man looked nothing less than
a movie star. Medium height, white hair combed back tidily,
neatly groomed grey beard, aviator shades, dark blue striped suit,
sparkling white shirt and in place of a necktie, a bolo tie of silver
with a large amethyst at the centre. From the other side of the
Jaguar, stepped out a stunning young girl in a black suit and started
walking with him towards the hospital.

I was walking out of the same hospital with RD at that time. He
found me staring at the stylish man and asked, ‘Do you know him?’

‘No, I don’t. Who is he?’
RD replied nonchalantly, ‘He is Manjunath; he works with our

hospital.’
I had come to attend a CME (continuing medical education)

organized by this famous multispecialty hospital in the Delhi-
National Capital Region. RD is an old friend, an interventional
radiologist, who works at the hospital and lives close to my house.

I was planning to return home with him, when this stylish man
attracted our attention.

‘What specialty is he? A cardiologist?’ My question betrayed
my belief that cardiologists are supposed to be the richest people.
RD turned sharply towards me, surprised by my question. A
moment later, he smiled and said, ‘He is not a doctor, but he is
richer and more influential than most doctors!’

I must have overlooked something. ‘What does he do?’
RD’s smile broadened, ‘You should ask what he doesn’t do!

He is an entrepreneur! His is an interesting rags to riches story.’
I looked at RD enquiringly. RD started, ‘Normally he is so

busy, that you cannot get him to talk about himself. On our last
annual day, we had a celebration of sorts, in which I happened to
get a seat at his table and he was in a talkative mood.’

‘So what is his story?’ I was interested.
Right then RD’s driver brought his car to the portico. We

settled in the car; RD gave some directions to his driver, and then
started answering my question. ‘Manjunath is a self-made man
who has created a specialized field for himself and is 7% owner
of this hospital where I work.’

RD appeared very impressed by this man, ‘Let me start from
the beginning. He lost his father when he was around 20, still
studying in Class XI. There was a prolonged illness before the
death, and the family was left bankrupt. Besides, Manjunath’s
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