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ABSTRACT 

Hydroxyurea (HU) is an antineoplastic drug. It has widespread usage 

in the treatment of both malignant and nonmalignant diseases like 

Sickle-cell anaemia and HIV infections. It acts on the enzyme 

ribonucleotide reductase to inhibit the conversion of ribonucleotides 

into deoxyribonucleotides, thereby limiting DNA biosynthesis. The 

principal use of HU has been as a myelosuppressive agent in the 

treatment of myeloproliferative syndromes, particularly chronic 

myelogenous leukemia and polycythemia vera. Although treatment of 

chronic myelogenous leukemia with HU for many years has been 

reserved for patients whose disease was no long irresponsive to 

busulfan. HU acts as a cytotoxic and antineoplastic agent that 

specifically affects the S phase and interrupts the cell cycle in the G2 and S phases. Studies 

showed that HU causes rapid cell death through the initiation of uncontrolled free radical 

chain reaction. Free radical reactions are able to devastate cellular metabolism quickly by 

inactivating enzymes, cross-linking DNA and altering membrane function through lipid auto-

oxidation.  Despite being very frequently used in the treatment of several malignant and non-

malignant diseases, prolonged use of HU has been reported to cause mutation and clastogenic 

effects in several in vitro systems, as well as cytogenetic damage in exposed mice. It has also 

shown a wide variety of toxic effects, like induction of chromosomal aberrations and 

cytotoxicity, as well as a well established genotoxic activity in cell culture and rodent models. 
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INTRODUCTION 

Hydroxyurea (HU) is a well known drug used in the treatment of several malignant and non 

malignant diseases. It is also known as N-(Aminocarbonyl) hydroxylamine; 

carbamohydroxamic acid; carbamohydroximic acid; carbamoyl oxime; HU; 

hydroxycarbamide; hydroxycarbamine and hydroxylurea. HU has been prepared by the 

reaction of calcium cyanate with hydroxylamine nitrate in absolute ethanol and by the 

reaction of potassium cyanate and hydroxylamine hydrochloride in aqueous solution. HU has 

also been prepared by converting a quaternary ammonium anion exchange resin from the 

chloride form to the cyanate form with sodium cyanate and reacting the resin in the cyanate 

form with hydroxylamine hydrochloride.
[1]

 HU is primarily used in patients with chronic 

granulocytic leukemia although occasional responses are seen in melanoma and other solid 

tumors.
[2]

 The principal use of HU has been as a myelosuppressive agent in the treatment of 

myeloproliferative syndromes, particularly chronic myelogenous leukemia and polycythemia 

vera.
[3]

 HU is a cytotoxic, antimetabolic and antineoplastic agent which is being used for 

several decades to treat a variety of medical disorders, most notably myeloproliferative 

neoplasms
[4]

, chronic myelogenous leukemia
[5]

 and HIV.
[6]

 The efficacy of HU for these 

varied medical conditions is due to its mechanism of action as a potent inhibitor of 

ribonucleotide reductase (RNR), a ubiquitous intracellular enzyme that converts 

ribonucleotides to deoxyribonucleotides, which are required for DNA synthesis and repair.
[7]

 

This enzyme is synthesised in low amounts and is the only highly regulated enzyme involved 

in the conversion of ribonucleotide precursors to DNA.
[8]

 Thus, it forms the rate-limiting step 

in the de novo synthesis of DNA. HU is a chemically simple antimetabolite, which is 

cytostatic by inhibiting ribonucleotide reductase. HU was initially synthesized over 120 years 

ago in 1869 by Dresler and Stein (Germany) from hydroxylamine and hydrogen cyanate, but 

its potential biological significance was not recognized until 1928. In the late 1950s, the drug 

was evaluated in a large number of experimental murine tumour systems and shown to be 

active against a broad spectrum of tumours. It has also been utilized for the treatment of 

sickle cell disease (SCD). It has many characteristics of an ideal drug for Sickle cell anemia 

(SCA) and provides therapeutic benefit through multiple mechanism of action. HU may be 

given to children and adults with SCD for an extended period of time or for repeated cycles 

of therapy and its beneficial effect in SCD has been associated with its capacity to induce 

fetal hemoglobin synthesis.
[9]

 HU is also used in the treatment of HIV infection in 

combination with nucleoside analogues, 2’3’-didehydro-3’ deoxythymidine (D4T), 2’3’-

dideoxyinosine or abacavir.
[10]

 HU has been used, or investigated for use, in the treatment of 
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a number of diseases like- Myeloproliferative syndromes, Sickle-cell haemoglobinopathy, 

with didanosine in the treatment of HIV/AIDS, Psoriasis, Solid tumours etc. 

 

MYELOPROLIFERATIVE SYNDROMES 

Myeloproliferative disorders (MPD) are group of bone marrow diseases, including 

polycythemia vera (PV), essential thrombocythemia (ET) and myelofibrosis (MF), with 

various degrees of changes in the myelopoiesis and circulating number of erythrocytes and 

platelets.
[11]

 HU as a chemotherapeutic agent has had a long history in oncology. Its primary 

use as a chemotherapeutic agent has been for leukemia and polycythemia diseases. HU has 

been widely used for the treatment of human malignancies, particularly chronic myelogenous 

leukaemia (CML) and other myeloproliferative neoplasms (MPN).
[12]

 CML is the only MPN 

that is characterized by the chromosomal translocation t (9;22), BCR–ABL fusion gene. The 

most commonly recognized mutation in the remainder of the MPN is Janus kinase 2 (JAK2) 

V617F. It is present in greater than 90% of patients with PV and approximately half of those 

with primary myelofibrosis PMF or ET.
[13]

 This mutation substitutes phenylalanine for valine 

at position 617 in the JH2 domain (Val617Phe, V617F) of exon 14, leading to constitutive 

action of the JAK-STAT and other pathways resulting in uncontrolled cell division.
[14]

 The 

first drug found to be effective in the treatment of CML was busulfan. In a multicentric 

randomized study conducted by Helhmann et. al., a comparative study between these two 

drugs i.e. busulfan and HU was conducted among patient and found significant result in the 

favour of HU. It has proved to be an effective radiation sensitiser and has been employed in 

this role in the treatment of head and neck cancer.
[15]

 HU has also been used with some 

success in advanced cervical carcinoma, producing an increase in response and survival with 

concurrent therapy.
[16]

 

 

Increased red blood cell production in PV leads to an increased red cell mass and increased 

blood viscosity. This inturn can lead to arterial or venous thrombosis, bleeding or both.
[17]

 PV 

typically presents at a median age of 60 years and is characterized by the occurrence of 

vascular complications.
[18]

 Over time, PV may undergo hematologic evolution to 

myelofibrosis (MF), acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS). 

Although the mechanisms behind these evolutions remain unclear, there are some evidences 

suggesting that PV therapy, such as radioactive phosphorus or alkylating agents, may 

increase the frequency of progression.
[19]

 HU and interferon alfa (IFN-α) are recommended as 

first-line treatment in high-risk patients with PV.
[20]

 HU displays a good efficacy and 
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tolerability profile and is associated with significant reductions in thrombotic 

complications.
[21]

 

 

ET, previously called hemorrhagic thrombocythemia, was first described by Epstein and 

Goedel in 1934. ET is characterized by a sustained clonal proliferation of megakaryocytes in 

the bone marrow
[22]

, with a peripheral blood platelet count greater than 600 x 10
9
/L. This 

platelet count threshold has been decreased to greater than 450 x 10
9
/L in the most recent 

WHO classification.
[13]

 A randomized study has demonstrated that HU decreases the risk of 

thrombosis in high-risk patients who have ET from 24% to less than 4% (P = 0.003), 

compared with no treatment, when the platelet count is decreased to less than 600 x 10
9
/L.

[23]
 

 

SICKLE-CELL HAEMOGLOBINOPATHY 

Sickle cell disease is a genetic disorder that decreases life expectancy by 25 to 30 years and 

affects approximately 100,000 Americans.
[24]

 Sickle cell disease refers to a group of disorders 

in which the red blood cell undergoes sickling when deoxygenated. The abnormality was 

subsequently identified as the result of an exchange of the amino acid valine for glutamine in 

the β-globin chain of the hemoglobin molecule at sixth position. This abnormal hemoglobin 

becomes polymerized, causing the red blood cell to assume a sickle shape and making the 

cell both rigid and fragile. These distorted cells obstruct the blood vessels and may disrupt 

endothelial cell function, leading to tissue hypoxia and clinical complications. Patients with 

sickle cell disease experience both chronic and episodic pain and have a reduced quality of 

life.
[25]

 Painful crisis is the most common reason for emergency department use by patients 

with sickle cell disease.
[26]

 HU is the only drug approved by the Food and Drug 

Administration (FDA) in February 1998 for the treatment of sickle cell disease. In 2002, The 

National Heart Lung and Blood Institute issued a recommendation that practitioners should 

consider using HU daily in selected patients with sickle cell disease. Since HU increases fetal 

hemoglobin (HbF) production, thereby boosting the absolute number and proportion of HbF-

carrying reticulocytes and elevating the HbF concentration in individual cells. The increase in 

HbF reduces the tendency of abnormal hemoglobin (HbS) to polymerize and decreases the 

formation of abnormal cells characteristic of sickle cell anemia.
[12]

 The initial pilot and Phase 

I/II studies, the clinical and laboratory benefits of HU for patients with SCA have been 

repeatedly and consistently demonstrated. The hematological effects of HU therapy are 

important for obtaining clinical benefits, but also are the parameters used for dose escalation 

to maximum tolerated dose (MTD). Laboratory effects include a predictable rise in the 
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hemoglobin concentration, %HbF and mean corpuscular volume along with a concurrent 

decrease in absolute reticulocyte count, total leukocyte count and absolute neutrophil count. 

These laboratory values, in addition to examination of the peripheral blood smear for 

erythrocyte morphology, are used to escalate patients to MTD and also can be used to 

monitor medication adherence.
[27]

 The clinical efficacy of HU therapy for patients with SCA 

was most notably demonstrated in the Multicenter Study of HU in Sickle Cell Anemia, an 

NHLBI-funded phase III double-blinded, placebo-controlled randomized trial of 299 adults 

with severe SCA, which was halted early due to highly significant reductions in the time to 

first painful vaso occlusive event. Subjects randomized to the HU treatment arm also showed 

a significant reduction in incidence of painful events, acute chest syndrome, hospitalizations 

and number of blood transfusions.
[28]

 

 

HU IN THE TREATMENT OF HIV/AIDS 

A principal component of the treatment of patients infected with HIV is the administration of 

nucleoside analogues such as zidovudine and didanosine. However, the therapeutic benefits 

of these compounds are temporary and improved therapy is urgently needed. In vitro studies 

have shown that HU inhibits HIV replication.
[29]

 This effect is greatly enhanced when HU is 

used in combination with nucleoside analogues, particularly didanosine. The antiretroviral 

effects of HU are because of the depletion of intracellular deoxyribonucleotides. This 

depletion further permits increased cellular uptake of nucleoside analogues. HU is an 

inhibitor of the enzyme ribonucleoside diphosphate reductase
[30]

 that catalyzes the conversion 

of ribonucleotides to deoxyribonucleotides, an essential step in DNA synthesis. This ability 

of HU to deplete cellular pools of deoxyribonucleotides suggested that it might enhance the 

activity of nucleoside analogues by increasing their ability to compete with endogenous 

nucleotides for incorporation into the human immunodeficiency virus-type 1 (HIV-1) 

chain.
[31,32]

 The ability of this drug to reach the central nervous system (CNS) is of special 

interest, as the brain is a site of infection, viral replication and sanctuary for HIV-1. Certain 

drugs may enter the brain either directly across the blood–brain barrier (BBB), located at the 

level of the cerebral capillary endothelial cells and/or indirectly across the blood– 

cerebrospinal fluid (CSF) barrier (choroid plexuses and arachnoid membrane) into the CSF 

and then enter the subependymal brain tissue. It is known that hydroxyurea is distributed into 

human CSF and is transported from the CSF to subependymal brain sites.
[33,34]

 HU is a 

member of the family of cellular dNTP modulators. This drug is a well-studied compound 

that has been widely used in clinical therapy. It has been shown to be readily absorbed after 
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oral ingestion, to be rapidly distributed in the body fluids including the cerebrospinal fluid, 

and to enter cells by passive diffusion very efficiently.
[12]

 Indirect inhibition of reverse 

transcriptase and impairment of HIV-1 DNA synthesis by HU were observed in experiments 

in the absence of apparent toxic effects and resulted in the formation of incomplete HIV-1 

DNA. DNA of this nature is expected to be labile and rapidly degraded in peripheral blood 

lymphocytes (PBLs). Therefore, data suggest that there is a class of anti-HIV-1 drugs able to 

modulate cellular dNTP pool at pharmacological ranges. Blocking the activity of a cellular 

enzyme instead of a viral enzyme would have the advantage to reduce the possibility of viral 

escape since cellular proteins do not mutate in physiological conditions, in contrast to the 

high variability of HIV-1 proteins. Furthermore, by depleting the cellular dNTP pool, HU is 

expected to increase the therapeutic effect of nucleoside analogs 3'-azido-3'- deoxythymidine, 

dideoxyinosine, or dideoxycytosine, which act as competitors of cellular dNTP.
[31]

 Several 

clinical trials have been performed to evaluate the effects of HU alone.
[35,36]

 and combined 

administration of HU and nucleoside analogues in patients with HIV.
[37,38]

 Overall, the 

combination therapy is well tolerated and accompanied by a significant reduction in plasma 

viral load that is related to HU dosage. Monotherapy with HU has not been shown to be 

beneficial in patients with HIV infection. 

 

FREE RADICALS AND ROS GENERATION 

The term ‘reactive oxygen species’ (ROS) applies to any mixture of molecules, ions and free 

radicals containing derivatives of molecular oxygen that are more reactive than oxygen itself. 

The ROS formed in living cells commonly include hydrogen peroxide, hydroxyl radical and 

superoxide anion. The normal process of respiration in mitochondria is a major source of 

ROS, and production of ROS is enhanced when mitochondrial function is disturbed during 

apoptosis. During apoptosis, and also in some types of necrotic cell death, unusually large 

amounts of ROS can be released and can contribute, by extensive oxidation of 

macromolecules, to the killing of cells. In some types of apoptosis, ROS also serve essential 

signaling functions.
[39]

 HU has been of scientific and clinical interest for more than 100 

years.
[40]

 HU is structurally related to hydroxamic acids, known as metal chelators and 

microbial siderophores characterised by diverse biological activities such as antibacterial, 

antifungal, antitumor and anti-inflammatory activities.
[41, 42, 43]

 Structural and electronic 

properties and chemical fate of free radicals generated from HU and its methylated analogues 

N-methylhydroxyurea (NMHU) and O-methylhydroxyurea (OMHU) are of utmost 

importance for their biological and pharmacological effects.
[44]

 The pharmacological effects 
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of HU and its derivatives has been attributed not only to enzyme inhibition or metal 

chelation, but also to its ability to serve as nitroxyl (HNO/NO-) and nitric oxide donors.
[28]

 It 

has been reported that HNO and NO are formed upon oxidation of HU chemically,
[45]

 

enzymatically,
[46, 47]

 or by the combination of heme proteins and H2O2.
[48]

 Nitric oxide 

formation from HU requires a Three electron oxidation, which may proceed either through 

the nitroxide radical or a C nitroso intermediate.
[49, 46]

 The remainder of the HU molecule 

may decompose into formamide or carbon dioxide and ammonia, depending on the 

conditions and type of oxidant employed.
[50]

 However, the mechanism for the formation of 

reactive nitrogen species from HU is not clear and requires further elucidation. The most 

common ROS released from the respiratory chain is superoxide.
[51]

 Studies demonstrate a 

connection between toxic activity and membrane stress, together with earlier results showing 

that δcydB is substantially less sensitive to HU treatment, suggest that HU-induced changes 

in membrane composition and function may lead to superoxide formation. Superoxide is 

converted to hydrogen peroxide (H2O2) that can react with ferrous iron to produce OH
.[52]

 

Bryan and colleagues
[53]

, propose the mechanism whereby HU treatment results in cell death. 

HU inhibits RNR, leading to dNTP depletion and an arrest of normal DNA replication. dNTP 

depletion results in the activation of toxins MazF and RelE. The activity of these toxins 

produces improperly translated proteins, leading to membrane stress and activation of 

membrane stress responses. These effects alter the properties of one of the cell’s two terminal 

cytochrome oxidases in the electron transport chain, causing an increase in the production of 

superoxide, which is then converted to hydrogen peroxide. The hydrogen peroxide reacts 

with free ferrous iron, resulting in the formation of OH
.
, which contribute to cell death.  

 

TOXICITY 

Despite its beneficial effect, it is known that the treatment with HU is associated with side 

effects such as cytotoxicity and myelosuppression. In the literature, the HU ability to cause 

cancer is controversial and the long-term efficacy and safety of HU in treating patients with 

SCA remain incompletely defined.
[54]

 Some studies have shown that hydroxyurea is 

genotoxic while other studies suggest that HU has low mutagenicity in vivo.
[55,56]

 Some 

reports related that HU acts as a competitive inhibitor of catalase mediated hydrogen 

peroxide decomposition and this effect could be related to in vivo toxicity.
[57]

 In eukaryotic 

cell, a study of HU, in mammalian (V79) cells, reported microsomal activation-dependent 

mutagenicity and found that the addition of catalase inhibited microsome mediated 

mutagenicity, indicating that hydrogen peroxide was involved in the formation of mutagenic 
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DNA lesion.
[58]

 Side effects of HU therapy in young patients with SCA are usually mild and 

most children tolerate HU without difficulty. Ocassionally patients will describe headach or 

mild gastrointestinal symptoms, including abdominal discomfort or nausea.
[59]

 Some children 

develop dermatologic changes, including skin hyperpigmentation or darkening of the nails 

(melanonychia), which are sporadic and not dose dependent.
[60]

 The greatest fear regarding 

HU for patients with SCA, particularly children who might receive decades of treatment, is 

the possibility of mutagenicity and carcinogenicity. Because HU reduces intracellular 

deoxynucleoside triphosphate pools,
[61, 62]

 it affects not only DNA Synthesis required for cell 

division but also DNA repair. In vitro, DNA damage that develops spontaneously or from 

environmental mutagens cannot be fully repaired in the presence of HU, possibly leading to 

in vivo accumulation of somatic mutations and chromosomal damage.
[63]

 HU toxicity is dose-

dependent: a high frequency of toxic events is observed at the doses usually employed in 

anticancer therapy (40–80 mg/kg as single or repeated administration, depending on the 

protocol adopted). However, at the lower doses used in non-neoplastic diseases, usually 15 

mg/kg per day, HU is surprisingly well tolerated; there are reports of long-term (up to 1 year) 

treatments in AIDS patients without significant toxic effects.
[64, 37, 35, 38]

 

 

CONCLUSION 

HU being used in the treatment of both malignant and non-malignant diseases, there are 

various good outcomes in the favour of this drug. It is the only known medicine used in the 

treatment of SCA. Preliminary results are promising that in addition to the well-documented 

clinical effects of HU on reducing painful events and hospitalizations, HU also reduces 

mortality and may have benefits for preventing chronic organ damage associated with SCA. 

Different studies showed the prolong use of HU causes free radical generation and ROS 

production which ultimately leads to cell death or apoptosis and other various forms of 

chromosome damage, measured as chromosome breaks and chromatid breaks on standard 

karyotype analysis, as well as double-stranded DNA breaks observed as micronucleated 

reticulocytes and specific DNA damage. 

 

REFERENCES 

1. Graham PJ. Synthesis of Ureas. US Patent No. 2,705,727. Assigned to E.I. du Pont de 

Nemours & Co., Wilmington, DE, 1955. 

2. Adams RLP, Lindsay JG. Hydroxyurea: reversal of inhibition and use as a cell-

synchronizing agent. J Bid Chern, 1976; 242: 1314-1317. 



www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1512 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

3. Hehlmann R, Heimpel H, Hasford J, Kolb HJ, Pralle H, Hossfeld DK, Queiber W, 

Lo¨ffler H, Hochhaus A, Heinze B, Georgii A, Bartram CR, Griebhammer M, Bergmann 

L, Essers U, Falge C, Queiber U, Meyer P, Schmitz N, Eimermacher H, Walther F, Fett 

W, Kleeberg UR, Kabish A, Nerl C, Zimmerman R, Meuret G, Tichelli A, Kanz L, 

Tigges F-J, Schmid L, Brockhaus W, Tobler A, Reiter A, Perker M, Emmerich B, 

Verpoort K, Zankovich R, Wussow PV, Prummer O, Campbell PJ, Green AR. The 

myeloproliferative disorders. N Engl J Med, 2006; 355(23): 2452– 2466. 

4. Campbell PJ, Green AR. The myeloproliferative disorders. N Engl J Med, 2006; 355(23): 

2452– 2466. 

5. Kennedy BJ, Yarbro JW. Metabolic and therapeutic effects of hydroxyurea in chronic 

myeloid leukemia. JAMA, 1966; 195(12): 1038–1043. 

6. Lori F, Malykh A, Cara A, Sun D, Weinstein JN, Lisziewicz J, Gallo RC. Hydroxyurea as 

an inhibitor of human immunodeficiency virustype 1 replication. Science, 1994; 

266(5186): 801–805. 

7. Elford HL. Effect of hydroxyurea on ribonucleotide reductase. Biochem Biophys Res 

Commun, 1968; 33(1): 129–135. 

8. Wright JA, Chan AK, Choy BK, Hurta RA, McClarty GA, Tagger AY. Regulation and 

drug resistance mechanisms of mammalian ribonucleotide reductase, and the significance 

to DNA sysnthesis. Biochem Cell Biol, 1990; 68(12): 1364-71. 

9. Segal JB, Strouse JJ, Beach MC, Haywood C. Hydroxyurea for the treatment of sickle 

cell disease. Evid Rep Technol Assess, 2008; 165: 1-95. 

10. Dogruel M, Gibbs JE, Thomas SA. Hydroxyurea transport across the blood–brain and 

blood–cerebrospinal fluid barriers of the guinea-pig. Journal of Neurochemistry, 2003; 

87: 76–84. 

11. Laszlo J. Myeloproliferative disorders (MPD): Myelofibrosis, myelosclerosis, 

extramedullary hematopoiesis, undifferentiated MPD and hemorrhagic thrombocytemia. 

Semin Hematol, 1975; 12: 409.  

12. Donehower RC. An overview of the clinical experience with hydroxyurea. Semin Oncol, 

1992; 19(Suppl. 9): 11–19. 

13. Vardiman JW, Thiele J, Arber DA, Brunning RD, Borowitz MJ, Porwit A, Harris NL, 

LeBeau MM, Hellstrom-Lindberg E, Tefferi A, Bloomfield CD. The 2008 Revision of the 

World Health Organization (WHO) classification of myeloid neoplasms and acute 

leukemia: rationale and important changes. Blood, 2009; 114: 937-951. 



www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1513 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

14. Baxter EJ, Scott LM, Campbell PJ, East C, Fourouclas N, Swanton S, Vassilious GS, 

Bench AJ, Boyd EM, Curtin N, Scott MA, Erber WN, Green AR; Cancer Genome 

Project. Acquired mutation of the tyrosine kinase JAK2 in human myeloproliferative 

disorders. Lancet, 2005; 365: 1054-1061. 

15. Hussey DH, Abrams JP. Combined therapy in advanced head and neck cancer: 

hydroxyurea and radiotherapy. Prog Clin Cancer, 1975; 6: 79-86. 

16. Piver MS, Vongtama V, Emrich LJ. Hydroxyurea plus pelvic radiation versus placebo 

plus pelvic radiation in surgically staged state IIIB cervical cancer. J Surg Oncol, 1987; 

35(2): 129-134. 

17. Talarico LD. Myeloproliferative disorders: a practical review. Patient Care, 1998; 30:    

37-57. 

18. McMullin MF, Bareford D, Campbell P, Green AR, Harrison C, Hunt B, Oscier D, 

Polkey MI, Reilly JT, Rosenthal E, Ryan K, Pearson TC, Wilkins B; General 

Haematology Task Force of the British Committee for Standards in Haematology. 

Guidelines for the diagnosis, investigation and management of polycythaemia/ 

erythrocytosis. Br J Haematol, 2005; 130: 174-195. 

19. Berk PD, Goldberg JD, Silverstein MN, Weinfeld A, Donovan PB, Ellis JT, Landaw SA, 

Laszlo J, Najean Y, Pisciotta AV, Wasserman LR. Increased incidence of acute leukemia 

in polycythemia vera associated with chlorambucil therapy. N Engl J Med, 1981; 304: 

441-447. 

20. Barbui T, Barosi G, Birgegard G, Cervantes F, Finazzi G, Griesshammer M, Harrison C, 

Hasselbalch HC, Hehlmann R, Hoffman R, Kiladjian JJ, Kroger N, Mesa R, McMullin 

MF, Pardanani A, Passamonti F, Vannucchi AM, Reiter A, Silver RT, Verstovsek S, 

Tefferi A. Philadelphia-negative classical myeloproliferative neoplasms: Critical concepts 

and management recommendations from European Leukemia Net. J Clin Oncol, 2011; 

29: 761-770. 

21. Tatarsky I, Sharon R. Management of polycythemia vera with hydroxyurea. Semin 

Hematol, 1997; 34: 24-28. 

22. Hoffman R, Edward J, Benz Jr, Leslie E, Silberstein, Heslop H, Weitz J, Anastasi J. 

Hematology: Basic Principles and Practice. 3
rd

 ed. New York, NY; Churchill Livingstone: 

2000; 1106-1155, 1172-1205. 

23. Cortelazzo S, Finazzi G, Ruggeri M, Vestri O, Galli M, Rodeghiero F, Barbui T. 

Hydroxyurea for patients with essential thrombocythemia and high risk of thrombosis. N 

Engl J Med, 1995; 332(17): 1132-1136.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=General%20Haematology%20Task%20Force%20of%20the%20British%20Committee%20for%20Standards%20in%20Haematology%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=General%20Haematology%20Task%20Force%20of%20the%20British%20Committee%20for%20Standards%20in%20Haematology%5BCorporate%20Author%5D


www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1514 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

24. Ballas SK, Lieff S, Benjamin LJ, Dampier CD, Heeney MM, Hoppe C, Johnson CS, 

Rogers ZR, Smith-Whitley K, Wang WC, Telen MJ. Definitions of the phenotypic 

manifestations of sickle cell disease. Am J Hematol, 2010; 85(1): 6-13. 

25. McClish DK, Penberthy LT, Bovbjerg VE, Roberts JD, Aisiku IP, Levenson JL, Roseff 

SD, Smith WR. Health related quality of life in sickle cell patients: the PiSCES 

project. Health Qual Life Outcomes, 2005; 3: 50. 

26. Shapiro BS, Benjamin LJ, Payne R, Heidrich G. Sickle cell-related pain: perceptions of 

medical practitioners. J Pain Symptom Management, 1997; 14: 168–174. 

27. Heeney MM, Ware RE. Hydroxyurea for children with sickle cell disease. Hematol Oncol 

Clin North Am, 2010; 24(1): 199–214.  

28. Gao W-Y, Johns D G, Chokekijchai S, Mitsuya H. Disparate actions of hydroxyurea in 

potentiation of purine and pyrimidine 2′,3′-dideoxynucleoside activities against 

replication of human immunodeficiency virus. Proc Natl Acad Sci USA, 1995; 92:        

8333–8337. 

29. Krakoff IH, Brown NC and Reichard P. Inhibition of ribonucleoside diphosphate 

reductase by hydroxyurea. Cancer Res, 1968; 28: 1559–1565. 

30. Gao WY, Cara A, Gallo RC and Lori F. Low levels of deoxynucleotides in peripheral 

blood lymphocytes: a strategy to inhibit HIV type 1 replication. Proc Natl Acad Sci USA, 

1993; 90: 8925–8928. 

31. Lori F, Lewis MG, Xu J, Varga G, Zinn DE, Crabbs C, Wagner W, Greenhouse J, Silvera 

P, Yalley-Ogunro J, Tinelli C and Lisziewicz J. Control of SIV rebound through 

structured treatment interruptions during early infection. Science, 2000; 290: 1591–1593. 

32. Beckloff G, Lerner H, Frost D. Hydroxyurea (NSC-32065) in biological fluids: dose-

concentration relationship. Cancer Chemother Report, 1965; 48: 57–58. 

33. Blasberg R, Patlak C and Fenstermacher J. Intrathecal chemotherapy: brain tissue profiles 

after ventriculo-cisternal perfusion. J Pharm Exp, 1975; 195: 73–83. 

34. Giacca M, Zanussi S, Comar M, Simonelli C, Vaccher E, de Paoli P, Tirelli U. Treatment 

of human immunodeficiency virus infection with hydroxyurea: virologic and clinical 

evaluation. J Infect Dis, 1996; 174: 204-209. 

35. Simonelli C, Nasti G, Vaccher E, Tirelli U, Zanussi S, De Paoli P, Comar M, Giacca M. 

Hydroxyurea treatment in HIV-infected patients. J Acquir Immune Defic Syndr Hum 

Retrovirol, 1996; 13(5): 462-4. 

36. Biron F, Lucht F, Peyramond D, Fresard A, Vallet T, Nugier F, Grange J, Malley S, 

Hamedi-Sangsari F, Vila J. Anti-HIV activity of the combination of didanosine and 



www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1515 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

hydroxyurea in HIV-1-infected individuals. J Acquir Immune Defic Syndr Hum 

Retrovirol, 1995; 10(1): 36-40. 

37. Montaner JSG, Zala C, Conway B, Raboud J, Patenaude P, Rae S, O’Shaughnessy MV, 

Schechter MT. A pilot study of hydroxyurea among patients with advanced human 

immunodeficiency virus (HIV) disease receiving chronic didanosine therapy: Canadian 

HIV trials network protocol 080. J Infect Dis, 1997; 175: 801-806. 

38. Fleury C, Mignotte B and Vayssière JL. Mitochondrial reactive oxygen species in cell 

death signaling. Biochimie, 2002; 84: 131-141. 

39. Spivak JL and Hasselbalch H. Hydroxycarbamide: a user's guide for chronic 

myeloproliferative disorders. Expert Rev Anticancer Ther, 2011; 11(3): 403-414.  

40. Hannessian S and Johnstone S. Synthesis of Hydroxamic Esters via 

Alkoxyaminocarbonylation of â-Dicarbonyl Compounds. J Org Chem, 1999; 64:         

5896-5903. 

41. Nandy P, Lien EJ and Avramis VI. Inhibition of ribonucleotide reductase by a new class 

of isoindole derivatives: drug synergism with cytarabine (Ara-C) and induction of cellular 

apoptosis.  Anticancer Res, 1999; 19(3A): 1625-33. 

42. Kleeman A, Engel J, Kutscher B and Reichert D. Pharmaceutical substances, synthesis, 

patents, applications, 4
th
 edn Thieme, Stuttgart, 2001. 

43. Ivana Vinkovi, Vrcek, Davor, Saki, Valerije, Vrcek, Hendrik Zipsec and Mladen Birus. 

Computational study of radicals derived from hydroxyurea and its methylated Analogues. 

Org Biomol Chem, 2012; 10: 1196. 

44. Charache S, Terrin ML, Moore RD, Dover GJ, Barton FB, Eckert SV, McMahon RP and 

Bonds DR. Effect of hydroxyurea on the frequency of painful crises in sickle cell anemia. 

Investigators of the Multicenter Study of Hydroxyurea in Sickle Cell Anemia. N Engl J 

Med, 1995; 332(20): 1317-1322. 

45. Boyland E, Nery R. The oxidation of hydroxamc acids. J chem Soc (C), 1966; 354-358. 

46. King SB. Nitric oxide production from hydroxyurea. Free Radical Biol Med, 2004; 15, 

37(6): 737-744.  

47. Bartsch H, Miller JA, Miller EC. N-Acetoxy-N-acetylaminoarenes and nitrosoarenes. 

One-electron non-enzymatic and enzymatic oxidation products of various carcinogenic 

aromatic acethydroxamic acids. Biochim Biophys Acta, 1972; 273: 40-51. 

48. Pacelli R, Taira J, Cook JA, Wink DA, Krishna MC. Hydroxyurea reacts with heme 

proteins to generate nitric oxide. Lancet, 1996; 347(9005): 900. 



www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1516 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

49. King SB. The nitric oxide producing reactions of hydroxyurea. Curr Med Chem, 2003; 

10(6): 437-452. 

50. Sakano K, Oikawa S, Hasegawa K and Kawanishi S. Hydroxyurea Induces Site-specific 

DNA Damage via Formation of Hydrogen Peroxide and Nitric Oxide. Jpn J Cancer Res, 

2001; 92: 1166–1174. 

51. Imlay JA and Fridovich I. Superoxide production by respiring membranes of Escherichia 

coli. Free Radic Res Commun, 1991; 12-13: 59–66. 

52. Jakubovics NS and Jenkinson HF. Out of the iron age: new insights into the critical role 

of manganese homeostasis in bacteria. Microbiology, 2001; 147: 1709–1718. 

53. Bryan W. Davies, Michael A. Kohanski, Lyle A. Simmons, Jonathan A. Winkler, James 

J. Collins and Graham C. Walker. Hydroxyurea Induces Hydroxyl Radical-Mediated Cell 

Death in Escherichia coli. J molcel, 2009; 36: 845-860. 

54. Steinberg MH, McCarthy WF, Castro O, Ballas SK, Armstrong FD, Smith W, Ataga K, 

Swerdlow P, Kutlar A, DeCastro L, Waclawiw MA. The risks and benefits of long-term 

use of hydroxyurea in sickle cell anemia: A 17.5 year follow-up. Am J Hematol, 2010; 

85(6): 403-408. 

55. Hanft VN, Fruchtman SR, Pickens CV, Rosse WF, Howard TA, Ware RE. Acquired 

DNA mutations associated with in vivo hydroxyurea exposure. Blood, 2000; 95(11): 

3589-3593. 

56. Friedrisch JR, Pra D, Maluf SW, Bittar CM, Mergener M, Pollo T, Kayser M, Lima da 

Silva MA, Henriques JAP, da Rocha Silla LM. DNA damage in blood leukocytes of 

individuals with sickle cell disease treated with hydroxyurea. Mutat Res/Genet Toxicol 

Environ Mutagen, 2008; 649: 213-220. 

57. Juul T, Malolepszy A, Dybkaer K, Kidmose R, Rasmussen JT, Andersen GR, Johnsen 

HE, Jorgensen JE, Andersen SU. The in vivo toxicity of hydroxyurea depends on its 

direct target catalase. J Biol Chem, 2010; 285(28): 21411-21415. 

58. Ziegler-Skilkakis K, Schwarz LR, Andrae U. Microsome- and hepatocyte- mediated 

mutagenicity of hydroxyurea and related aliphatic hydroxamic acids in V79 Chinese 

hamster cells. Mutat Res, 1985; 152: 225-231. 

59. Kinney TR, Helms RW, O’Branski EE, Ohene-Frempong K, Wang W, Daeschner C, 

Vichinsky E, Redding-Lallinger R, Gee B, Platt OS, Ware RE. Safety of hydroxyurea in 

children with sickle cell anemia: results of the HUG-KIDS study, a phase I/II trial. 

Pediatric Hydroxyurea Group. Blood, 1999; 94(5): 1550-1554.    



www.wjpr.net                                  Vol 5, Issue 8, 2016.                                                       

            

 

1517 

Ahmad et al.                                                         World Journal of Pharmaceutical Research 

60. O’Branski EE, Ware EE, Prose N, Kinney TR. Skin and nail changes in children with 

sickle cell anemia receiving hydroxyurea therapy. J Am Acad Dermatol, 2001; 44(5): 

859-861. 

61. Elford HL. Effect of hydroxyurea on ribonucleotide reductase. Biochem Biophys Res 

Commun, 1968; 33(1): 129-135. 

62. Snyder RD. The role of deoxynucleoside triphosphate pools in the inhibition of DNA 

excision repair and replication in human cells by hydroxyurea. Mutat Res, 1984; 131(3-

4): 163-172.  

63. Khayat AS, Antunes LM, Guimaraes AC, Bahia MO, Lemos JA, Cabral IR, Lima PD, 

Amorim MI, Cardoso PC, Smith MA, Santos RA, Burbano RR. Cytotoxic and genotoxic 

monitoring of sickle cell anemia patients treated with hydroxyurea. Clin Exp Med, 2006; 

6(1): 33-37. 

64. Vila J, Nugier F, Bargue`s G, Vallet T, Peyramond D, Hamedi- Sangsari F, Seigneurin J-

M. Absence of viral rebound after treatment of HIV-infected patients with didanosine and 

hydroxycarbamide. Lancet, 1997; 350: 635–6. 


