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ABSTRACT:
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Sickle cell anemia is an autosomal recessive disorder with which every year 300000 children are born. Because of reduced life of

red blood corpuscular the devastating and life threatening clinical sign and symptoms of this disorder the management is major

health concern. The current challenge is to improve the prospects of quality of life of the patients with low toxicity and safer and

easy to administer therapy as it relatively affect tribal population belongs to lower economical class and spare of education and

healthcare facilities. The understanding of pathology helps in designing newer treatment approaches like Fetal hemoglobin

augmentation, red cell rehydration, anti-oxidant therapy, acting on adhesion pathway, transfusion and transplantation therapy,

and gene therapy have been discussed in this review. The purpose of this review is to spark the light on awareness amongst the

healthcare professionals and initiate the research work in the herbal field which might be the safest option for the maintain the

quality of life of sickle cell patients.
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INTRODUCTION:

Sickle cell anemia is an autosomal recessive disorder which affects almost 5% of
world population. It is most commonly pronounced in poor countries located in
subtropical regions, in India most commonly the tribal areas are mostly suffered from
this condition. Clinical features of this conditions are common like fever, cough,
abdominal pain, pallor, dizziness, giddiness, weakness, fatigue can be devastating if
remain undiagnosed or untreated. Pain-full crisis are characteristics observation in
patients of sickle cell anemia. As far as management is concern because of
inadequate diagnosis and available treatment it is the major health concern. As it is
autosomal recessive type any drug designed by keeping the points in mind that it
would have to be tolerated throughout the life by the patients with low toxicity and
easy availability and affordability. As we know treatment of sickle cell anemia is still
evolving like some of its advances in management in this review we discussed the
recent management advances and its pros and cons.

Patient education and Counseling for newborn screening: Newborn screening
program activities are mechanisms by which public health has control to reduce
morbidity and mortality and improve the well-being of people with Sickle cell
anemia. The new born screening and detection of health problems, implementing
policies and to deal with these promoting partnerships and coordination among
various entities, informing and educating the public and linking people to health
services might be the good option especially when dealing with hemoglobin disorder.
These activities are consistent with the essential services of public health.
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However, more work and efforts needs to be done in this
department because it will be more economical and more
fruitful. Currently, there are no standardized new born

. . . . .16
screening follow-up guidelines for sickle cell anemia.

Surveillence and monitoring of sickle cell anemia patients:

Epidemiological information like incidence & the prevalence
of disease, various risk factors, and health impact helps in
developing and strengthening strategies for reducing
morbidity and mortality from sickle cell anemia. Population-
based disease surveillance activities and disease registries are
also needed. Surveillance information is needed for the
development and implementation of programs and strategies
for reducing morbidity and mortality, such as through
appropriate follow-up, proper referral, and delivery of
services. Public health activities need to be implemented at
state and local levels for continued collection, assessment, and
use of information related to sickle cell anemia occurrence.
Due to entire focus on research and development the
attention on surveillance and monitoring on sickle cell patients
by health care team is not up to the mark as it needs to be.

Hydroxyurea: A Fetal Hemoglobin Inducer:

Fetal hemoglobin interferes with the polymerization of
deoxygenated sickle hemoglobin in vitro. Based on all these
studies, it was anticipated that pharmacological induction of
fetal hemoglobin production may be an effective therapeutic
strategy for ameliorating the severity of sickle cell anemia.
DNA methylation and histone acetylation played important
roles in the developmental regulation of globin gene
expression.9 So, it was proposed that pharmacological agents
that alter the epigenetic configuration of the y-globin genes
may provide a viable therapeutic approach to the induction of
fetal hemoglobin level. Hydroxyurea, an S-phase—specific
chemotherapeutic agent which does not inhibit DNA methyl-
transferase enzyme, but generally it is an inhibitor of
ribonucleotide reductase enzyme that had been in use for
many years in the treatment of myelo-proliferative disorders.
The main advantage is it’s an orally available drug which is
relatively well tolerated. It was originally proposed that
hydroxyurea may elevate level of fetal hemoglobin by
accelerating erythroid differentiation in the bone marrow,
leading to the appearance of “fetal-like” cells in the peripheral
blood." But more recent studies have shown that
hydroxyurea generates nitric oxide in vivo, which results in the
activation of the signaling pathway and the up-regulation of y-
globin gene expression in patients with sickle cell anemia.”
Anticancer agent hydroxyurea also has other effects that may
also benefit patients like it decrease the adhesion of sickle

Desai C et al

ISSN NO. 2271-3681

cells to endothelium and also decrease the expression of
11-12

soluble vacular cell adhesion molecule level.
Due to its bone marrow suppression effect, hydroxyurea
reduces the circulating white blood cell counts and likely the
number of adherent leukocytes recruited to the wall of small
vessels. The decreases in white blood cells were correlated
with the clinical benefit from hydroxyurea.13 But it is still not
completely clear how much of the clinical benefit from
hydroxyurea could be attributed to its effect on fetal
hemoglobin levels compared with its other activities.
However, it has been reported that hydroxyurea has mixed
effects on erythroid precursors, depending ongenotypic
variation14 and all patients do not respond equally well to
hydroxyurea so it require time being monitoring by physicians
through checking changes in blood parameters.

One possible mechanism of hydroxyurea toxicity is the
reduction of intracellular dNTP pools resulting from the
inhibition of RR, which impairs DNA repair mechanisms due

to the lack of nucleotides for DNA polymerase. Therefore, DNA
instability potentially accumulates and leads to carcinogenesis,
mainly by leukemic transformation. Cancer and leukemia have
been reported in patients of sickle cell anemia treated with
hydroxyurea, but still the incidence is higher than in the
17 That’s why to
induce maximal Fetal hemoglobin with hydroxyurea

general population which is still not known.

treatment, dose escalation to the maximum tolerated dose is
required. As a result, there are risks of infection and bleeding
relating to drug induced cytopenia as well as concerns relating
to the potential side-effects of the drug. ™"

Hydroxyurea therapy might be start with initial dose of
15mg/kg/d and increased up to 20-30mg/kg/d by 6-8 weeks.
The optimum dose will be determined on the hematological
toxicity and level of fetal hemoglobin. Increase value of mean
corpuscular volume parallel to the increase in fetal
hemoglobin. This makes mean corpuscular volume as a useful
marker for fetal hemoglobin. >
Hydroxyurea therapy fails in 20% patients might be due to
abnormal marrow function, genetic factors or metabolism of
drug. Mutagenic agent hydroxyurea must be used carefully
and with full appreciation of its toxicity and possible long-term
adverse effects in patients. As we know it is carcinogenic
drug. Sickle cell is not a malignant disease and hence needs to
be cautious in using anti-cancer drug. Various trials suggest it

is a harmless drug at least for short period. e
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Although the bone marrow suppression effects are readily
reversible one has to still do the frequent blood counts to
prevent serious myelotoxicity which might have an undesired
impact on quality of life in sickle cell anemia patients.
Hydroxyurea known to cause ankle ulcers and patients with
sickle cell anemia often develop leg ulcers so pharmacological
use in that cases are still not cleared yet. Hydroxyurea is still
not the final choice in field of pharmacology for sickle cell
anemia but might be the beginning to think over the impact of
drug on balancing the hemoglobin level. >
Management of pain: Acute pain observed in case of acute
chest syndrome, cholecystitis, hand-foot syndrome, priapism,
right upper quadrant syndrome, splenic sequestration crisis
while chronic pain syndrome observed in case of arthritis,
arthropathy, aseptic (avascular) necrosis, leg ulcers, and
vertebral body collapse.

Over-the-counter medicines like the analgesics such as non-

steroidal anti-inflammatory drugs for example
acetaminophen, ibuprofen, as well as central analgesics
opioids for example drugs like codeine, morphine, are used to
control sickle cell pain. Non steroidal anti-inflammatory drugs
are prostaglandin-synthesis inhibitors, prescribed for the
management of mild to moderate pain. Non steroidal drugs
can be used in conjunction with opioid class drugs to reduce
the dose of opoid class which may provide additional analgesia
too. The opoids may be slight sedative in nature but it may
provide rest which may be beneficial in most cases. These non
steroidal anti-inflammatory drugs prevent the conversion of
arachidonic acid to prostaglandins by interfering with the

function of the enzyme cyclo-oxygenase.

Acetaminophen is another popular drug use for the treatment
of sickle cell disease. But it is not benign as acetaminophen
has ceiling doses above which escalation does not result in
increased relief. Acetaminophen may be toxic when liver
disease is present. Non steroidal anti-inflammatory drugs are
contraindicated in patients with peptic ulcer, coagulopathies
and renal failure. All non steroidal anti-inflammatory drugs are
associated with renal failure when used on a long-term basis
and that’s why patients must be informed not to exceed safe
doses of these medications. Opioids are a popular analgesic
used for the treatment of moderate and severe acute pain due
to pain episodes. When opioids are given for the first time for
severe pain, usually morphine sulfate or hydromorphone
should be used for hydration. 1820
Transfusion: Red blood cells for transfusion in sickle cell
anemia can be given as a simple additive transfusion, in which
case it is generally inadvisable to take the total hemoglobin
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above 10 g/d1 because of the risks relating to blood viscosity.
Indeed, in most cases transfusion to raise the hemoglobin to
that particular patient’s stable state level (generally 6-10 g/dl)
is usually sufficient.”** In patients with sickle cell anemia, the
viscosity of red blood cell suspension at full oxygenation is
already higher than that of adult hemoglobin, red blood cell
suspension, and the viscosity of the sickle red blood cell
suspension rises progressively with deoxygenation, a feature
which is evident well before morphological sickling can be
demonstrated.”*?? Relating to

the complications of transfusion in sickle cell anemia, it is
essential that a clinician considers carefully four main areas
before embarking on any transfusion. In sickle cell
complications like acute chest syndrome, stroke, splenic
sequestration crisis, cerebro-vascular accident, cardiovascular
complications, leg ulcer, priapism, multi-organ failure due to
sickle cell anemia where transfusion is the treatment of choice
so before considering it clinicians must consider the four main
areas as the prime objective of transfusion”*

1. To improve oxygen carrying capacity, to remove sickle cells,
diluting those remaining and improving blood viscosity and
flow, to increase the hematocrit, decreasing erythropoietic
drive and as a result minimize or prevent autologous
erythrocyte production.

2. The potential adverse consequences.

3. The evidence of efficacy for transfusion in the particular
clinical situation.

4. Alternative therapeutic options.

Top-up, or additive, transfusions are required when a sickle
cell anemia patient drops their hemoglobin sufficient to give
rise to, or risk, clinical compromise such as congestive cardiac
failure and hypovolaemic shock. Exchange transfusion has
been shown to be lifesaving in severe cases, like cerebro-

. 21, 24-26
vascular accident, acute coronary syndrome.

Hyper
transfusion therapy is generally used to prevent continued end
organ failure related to sickle cell anemia or its symptoms.21 It
has a proven place in the management of central nervous
system disease in sickle cell anemia and is probably useful to
prevent progression of early to moderate chronic sickle lung
disease. When a patient with sickle cell anemia receives a
simple blood transfusion, the increase in hematocrit with a
constant sickle crit leads to an increase in viscosity and thus
limiting the improvement of oxygen delivery, in spite of the

22-23

improved oxygen carrying capacity. It appears that a Sct of

>25% causes a disproportionate



JPSBR: Volume 5, Issue 2: 2015 (230-238)

increase in whole-blood viscosity related to increasing
27-28

hematocrit, as compared with adult hemoglobin patients.
It is probably the combination of increased blood viscosity
with decreased efficiency of oxygen delivery to the tissues that
causes the sickle complications that have been reported to
occur during, or soon after, transfusion for acute
complications as well as after the cessation of hyper
transfusion. These complications are, generally, either painful
vaso-occlusive crises® or It is probably the combination of
increased blood viscosity with decreased efficiency of oxygen
delivery to the tissues that causes the sickle complications that
have been reported to occur during, or soon after, transfusion
for acute complications as well as after the cessation of hyper
transfusion. These complications are, generally, either painful
vaso-occlusive crises® or neurological events, well as, possibly,
the hypertension, convulsion, and cerebral hemorrhages
syndrome.zg'32
Immunological effects: The respective ethnic origins of the
sickle cell anemia patient population and the blood donor
population are important because, in most of the developed
world where transfusion is freely available, these two groups
are, predominantly, of different racial origins. As a result of it
the risks of allo-immunization are high. The development of
antibodies appears directly related to the number of
transfusions. Blood transfusion in sickle cell disease and the
frequency continues to increases as the number of
transfusions also increases. Generally two-third of the
antibodies was within the Rh or Kell system. Up to one third of
antibodies to red blood cell antigens in sickle cell anemia are
transitory and, therefore, may not be detected on pre-
transfusion testing, so that there is a risk of development of
delayed hemolytic transfusion reactions, which can mimic the
clinical complications of sickle cell anemia, including painful
crisis and hepatic sequestration. The risk of alloimmunization
to red-cell antigens can be minimized by the implementation
of careful and conservative red blood cell transfusion
guidelines for sickle cell anemia.®**
Bone marrow transplantation: World-wide over 100 child
with sickle cell anemia have been treated with bone marrow
transplantation mainly indicated in acute chest syndrome,
stroke, vaso-occlusive crisis with overall survival rate of 90-
95% and 10-15% graft rejection rate.” It is estimated that only
10% of children with sickle cell anemia have fulfill the criteria
for bone marrow transplantation of whom only about 1 in 5
will have a match of same human leukocyte antigen siblings.
Bone marrow transplantation was overlooked as a possible
treatment approach for sickle cell disease is not at all
surprising. It’s a serious procedure entails substantial risk to
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the patient. Prior to transplant it, patient must undergo a
chemotherapeutic regimen to destroy their own bone marrow
and immune system. Before transplantation and during
immune suppression some patients do not survive the
chemotherapy.37 Others suffer from life-threatening infection
before their bone-marrow and immune system are sufficiently
regenerated. Some bone marrow transplant does not work.
Still others seen to work initially but then fail because the the
immune cells produced by the transplanted marrow attack the
tissues and organs of the patients (graft versus host defenses)
or because the patient succumbs to other complications, such
as  hemorrhage. Sibling allogeneic bone  marrow
transplantation is curative and is important to consider and

discuss with all parents. Important drawbacks include:”’
1. The need for a human leukocyte antigen-matched sibling

2. The high probability of sterility after the procedure on
account of the toxic conditioning regimes currently used

3. The small risk of treatment associated mortality (about 5%)
and of long-term morbidity from chronic graft versus host
disease. Even if a donor is available, the decision to go for
Bone Marrow Transplantation is not an easy one. Disease
severity in the long-term is very difficult to forecast and bone
marrow transplantation might be an unnecessarily hazardous
therapy for mildly affected patients (25%). 7 Till date great
studies have been made in conservative management of sickle
cell anemia. However, the medical and psychological cost of
supporting patients with this disease is enormous and spans a
lifetime. The hematopoietic stem cell transplantation can
abrogate sickle cell anemia manifestation and is the best
option for cure today but this treatment modality is
underutilized as less than 500 transplants were reported in the
centre for international blood and marrow transplant research
because of the significant risk of morbidity and mor’cality.38
Bone marrow transplantation is an experimental approach
limited to patients below 16 years of age and who exhibit
sickle cell complications, such as a stroke, acute chest
syndrome and refractory pain. Studies show that only 1% of
patients with sickle cell anemia actually meet the set
requirements for bone marrow transplantation.16

Gene therapy: Gene therapy is the relatively new idea of
inserting genes into the cells of an individual’s tissues and cells
in order to treat a hereditary disease, such as sickle cell
anemia, in which a defective mutant allele is replaced with a
functional one. In current treatment options gene therapy
would be the best cure for sickle cell anemia, but work in this

method of treatment is still very new. 7
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What It Involves: Two methods of gene therapy are being
explored.

1) Correction of Gene
2) Turning Off Gene

Correction of Gene: Scientists are looking at whether
correcting the defective gene in sickle cell anemia and
inserting it into the bone marrow of people with sickle cell
anemia will result in the production of normal adult
hemoglobin.*’

Turning off Gene: few other scientists were looking at the
possibility of turning off the defective gene and on the other
hand reactivating another gene to lift up the production of
fetal hemoglobin level. The cost of gene therapy is very high at
this point in time. However, Gene therapy will probably be
cheaper in the long run since it is a onetime only procedure
and it will eliminate the cause of suffering from the
individual.”’

and it will eliminate the cause of suffering from the
individual.”’

Folic Acid Supplements: - Folic acid supplementation
compensate for the increased red blood cell production.
Folate supplementation safely reduces elevated homocysteine
levels and thereby appears to ameliorate endothelial
dysfunction. Even though folate supplementation seems to
have no effect on the occurrence of clinical vaso-occlusion, the
accumulating detrimental effects of homocysteine on the
endothelium could easily be avoided.

Propphylactic Antibiotic Treatments

The most important intervention in the routine management
of children with sickle cell anemia is Penicillin prophylaxis to
prevent pneumococcal infection37, which justifies the
importance of newborn screening. This broad spectrum drug
penicillin is given twice daily from as early as 2 months of age,
this treatment was supported by the hallmark penicillin
prophylaxis studies of the 1980s.”” Than it was recommended
that children with sickle cell disease be given penicillin VK: 125
mg by mouth twice daily for those under 3 years of age and
250 mg twice a day for those 3 years and older. Penicillin may
be given as a liquid dosage form or tablet; but finely crushed
pills may be given to young children. Tablets and pills have an
important advantage because they are stable for years as
compared to liquid forms of penicillin that must be discarded
after 2 weeks. A study in children older than 5 years of age
and found no clinical benefit of penicillin prophylaxis
compared with placebo treatment indicating that treatment
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may be stopped at that age.37 Patients on penicillin had no
increased infections with penicillin-resistant organisms or
other adverse effects into them. Since splenic function is still
absent in patients with sickle cell anemia older than 5 years of
age, that’s why parents should be given the option to continue
penicillin if desired. For patients allergic to penicillin, the other
option erythromycin ethyl succinate (20 mg/kg) divided into 2
daily doses can provide adequate prophylaxis in patients. The
importance of prophylactic antibiotics should be emphasized
at all visits because parents may become noncompliant with

. . 16,37
this essential management.

at all visits because parents may become noncompliant with
16, 37

this essential management.
Anti Adherence Therapy: This therapy targets the abnormal
interactions between red blood cells, endothelial cells, white
blood cells and platelets that are thought to play a role in
pathophysiology of sickle cell anemia.” Potential anti
adherence agents have been studied in acute painful events
through inadequately understood mechanisms that they
restore the microvascular circulation and improve tissue

. . . 40-41
ischemic condition.

In phase-2 studies of a non-ionic
surfactant copolymer drug poloxamer-188 reduced the
duration and increased the resolution of acute painful
episodes and its effect was especially notable in children
below 15 years of age and patients receiving hydroxyurea.39
Whether poloxamer 188 exerts its effects by modifying
interactions of sickle cells or other blood cells to endothelium

is not known.

Nitric Oxide: - Nitric oxide binding to hemoglobin may play a
role in the regulation of vascular tone with nitric oxide binding
and release tied to oxygen- induced allosteric structural
transitions.”’ In the lungs, hemoglobin is highly saturated with
oxygen and nitric oxide which is produced in the lungs is
thought to bind to cysteine-93 on the beta-chain of
hemoglobin. This S-nitroso hemoglobin is carried by the red
cells to the micro vascular system, where the oxygen tensions
are reduced. Following to deoxygenation allosteric structural
changesin the hemoglobin molecule favor the release of nitric
oxide; this diffuses to the arterial wall and causes vasodilation.
Heme of the deoxygenated hemoglobin is then capable of
binding nitric oxide, favoring the formation of alpha-nitrosyl
hemoglobin. This observations suggest that therapeutic
delivery of nitric oxide may be beneficial to patients with sickle
cell anemia who have impaired microvascular perfusion
because of a direct vasodilation effect of nitric oxide in the

. 37,40-41
periphery.
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Inhibition of Gardose Channel: The Gardos channel appears as
a major contributor to the dehydration of erythrocytes of
sickle cell anemia patients and has long been recognized as a
potential therapeutic target for this disease. Several
triarylamides have been identified as potent inhibitors of the
channel and active in mouse model of sickle cell anemia.
Clotrimazole is an inhibitor of the human red cell gardos
channel but its use was associated with dysuria and reversible
hepatic toxicity. Senicapoc (ICA 17043) is a clotrimazole
derivative lacking the toxic imidazole residue, was a 10 fold
more potent blocker of Gardos channel than the native drug.
But failed to reduce the frequency of vaso-occlusive crises.*”®
Chemokine blockages may potentially be used as a targeted
therapeutic approaches for the sickle cell positive patients to
optimize the gardos channel inhibition

Inhibition of K*-Cl  cotransport

Oral magnesium supplementation inhibits erythrocytes K'-CI
co-transport in vivo.* Following studies that showed a
beneficial effect on the erythrocyte membrane of transgenic
sickle mice, a 6 month trial of oral Mg pidolate improved
erythrocytes hydration and was associated with a reduction in
the number of painful days.*

A new dimension towards ayurvedic approach: Although
Sickle cell anemia has not been mentioned in the ayurvedic
literature but in the literature it was mentioned that changing
nature and environment with time may be the chief
contributor in emergence of new disease. As sickle cell anemia
is an autosomal recessive type ‘Sahaj’ word in Sanskrit known
as belonging to family or community has been added to Pandu
Roga. The study of effectiveness Dadam Ghrita on sickle cell
anemia in comparison to folic acid as standard was carried out
showing that there has been work in a direction of Ayurvedic
medicine for this disease has already started.”” While in
another other trial Yogaraj and Laxadi guguly has been tried
clinically for the maintenance of level of hemoglobin in sickle
cell anemia patients.47 Another study in Nigeria documented a
potent anti-sickling activity of Ciklavit a newer herbal
formulation.”® Lot of work on herbal approach towards the
enhancing the life span of red blood corpuscle by preventing
them from lysis has been going on so ayurvedic medicinal
plants extracts.” This newer approach can be a good
alternative system of medicine for the patients of sickle cell
anemia.

Newer research:

Umbelical-cord blood is one promising area of investigation.
Increasing evidence suggest that donors of umbilical cord
blood do not need to match recipients as closely as bone
marrow donors do. In addition to indicating that use of cord
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blood may reduce the risk of rejection and graft versus host
disease, this also suggest that transplantation of unrelated
cord-blood may provide a source of stem cells for children
with hard to match tissue types.50

Vasoactive drugs (e.g., Nitric oxide, sildenafil, endothelin
antagonists) are being evaluated for the treatment of
pulmonary hypertension. Statins are therapeutically of great
interest since they can increase Nitric oxide production and
reduce leukocyte adhesion.™

Additionally, there is growing interest in the prevention and
treatment of vaso-occlusion by novel selectin antagonists
since they appear to participate in multiple pathways involved
in sickle vaso-occlusion, including the adhesion of leukocytes,
red blood cells and platelets to the endothelium and to each
other.”

Future non-pharmacological approach: Good care requires a
multi-disciplinary team approach incorporating hospital and
community as well as general primary and secondary pediatric
services linking into educational and welfare systems. The
majority of families affected with sickle cell anemia have
African or Caribbean family origins and they often face
additional difficult socioeconomic challenges which can impact
negatively on the experience of sickle cell anemia. It is
important to gain an understanding of the different cultural
background, and to develop a service for long-term care which
recognizes and interests itself in the diverse cultures, and
works hard to remove stigmatization, acknowledges the
diverse support that many families diverse support that many
families need in order to give their child the optimal chances
in life, directs parents to the right agencies for gaining their
welfare entitlements and raises understanding of Sickle cell
anemia in the healthcare system and local community.
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