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Previously, we demonstrated that there is an increased utilization of glutamine by intact
sickle red blood cells (RBC) in conjunction with nicotinamide adenine dinucleotide (NAD)
metabolism in vitro. In this report, we describe the in vivo effect of L-glutamine supple-
mentation on total NAD, nicotinamide adenine dinucleotide reduced (NADH), and NAD
redox potential of sickle RBC. Seven adult sickle cell anemia patients participated in this
study. The exclusion criteria were pregnancy, previous or current use of hydroxyurea,

and transfusion within 3 months of initiation of the study. After proper consent, L-
glutamine was started at a dose of 30 g/day administered orally. Fasting blood samples
were drawn at baseline and after 4 weeks of therapy by routine phlebotomy for evaluation

of RBC total NAD and NADH levels. We found significant changes in both the NADH level
and NAD redox potential (ratio of NADH to NAD  * + NADH). NAD redox potential increased
from 47.2 £ 3.7% to 62.1 + 11.8% ( P < 0.01). The NADH level increased from 47.5 + 6.3 to
72.1 + 15.1 nmol/ml RBC ( P < 0.01). The total NAD level demonstrated an upward trend
(from 101.2 + 16 to 116.4 + 14.7 nmol/ml RBC) but this was not statistically significant. Our
data show that oral L-glutamine can significantly increase the NAD redox potential and
NADH level in sickle RBC. These changes may decrease oxidative susceptibility of sickle
RBC and result in clinical benefit. Am. J. Hematol. 58:117-121, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION for NAD [10]. Further work on glutamine in sickle RBC
) o has also shown that there is decreased Km and increased
Sickle cell anemia is one of the most prevalent heredjyy, for glutamine transport in sickle RBC [10]. The in-
tary disorders with prominent morbidity and mortalitygaceliular level of glutamine on the other hand was not
The pathophysiology of this disease has been attributg@yated: instead, the level of glutamate, a byproduct of
to abnormal biophysical properties of aggregated hemQytamine in NAD synthesis, was increased in sickle

globin S and other changes leading to hemolysis WIRgc in comparison to high reticulocyte controls [10]. As
moderate to severe anemia, decreased deformability;Qf km of NAD synthetase for glutamine has been
red blood cells, and increased endothelial adhesivengsgwn to be higher than the mean concentration of in-
resulting in compromised blood circulation. Recent stugqaceliular glutamine [11], we hypothesized, in conjunc-
ies have shown that oxidative phenomena play an imp@jsn with these data, that supplemental glutamine may
tant role in the pathophysiology of sickle cell anemigycrease the activity of NAD synthesis, thereby counter-

[1-8]. _Previously, work from this laboratory has showri_hg the oxidant-dependent pathophysiology of sickle
that sickle red blood cells (RBC) have a decrease in

nicotinamide adenine dinucleotide (NAD) redox poten-

tial manifested by a lower ratio of nicotinamide adenineC § Vutaka Nih b H oy R A
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[9]. In addition, we have shown that there is a significant

increase in the rate of transport for glutamine, a precurs®éceived for publication 15 July 1997; Accepted 11 February 1998
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RBC. Therefore, we conducted a pilot trial to examin@ABLE I. NADH, Total NAD, Redox Potential, and Hemoglobin
the clinical and biochemical effects of oral L-glutamin@t Baseline and After 4 Weeks of Glutamine Administration

*

supplementation in sickle cell anemia patients. We moni- Baseline Week 4

tored hematologic parameters, NAD, NADH, and sub- (N=7 N=T7) P
jective clinical response. L-glutamine has been usegd (nmol/ml RBC) 475463 1214151 <001
widely as an oral supplement for various indications for (41.2-57.0) (52.4-96.0)

decades with no evidence of major side effects[12,13Jrotal NAD (nmol/ml RBC) ~ 101.2+16.0  116.4+14.7 nis
(77.7-118.0)  (98.3-132.1)

Redox potential (%) 47.2+£3.7 62.1+11.8 <0.01
MATERIALS AND METHODS (42.7-54.1) (48.4-80.7)
Materials Hemoglobin (g/dL) 85%1.2 8.7x1.2 n/s
(7.1-10.6) (7.1-10.7)

Spectrophotometric-grade ethanol was purchased from —— __ — -
Aldrich Chemical Co. (Milwaukee, WI). All other re- Values_ in parentheses |nd|(_:ate_ range. NADH, n|c_ot|nam|de adenine di-
. . cleotide reduced; NAD, nicotinamide adenine dinucleotide; RBC, red

agents were purchased from Sigma Chemical Co. (giod cells.

Louis, MO).

Study Subjects and Blood Samples promptly chilled to 0°C. To destroy the oxidized form of
IgAD, 700 .l of this mixture as incubated at 60°C for 30

After proper consent, seven adult sickle cell anemi . .
. ! n. The mixture was then chilled to 0°C. Both the heat-
patients, greater than 18 years of age (19 to 60 years o ‘ated extract that contained NADH and the unheated

with diagnosis of sickle cell anemia (homozygous Hb . .
participated in the study. The exclusion criteria were ( tract that contained both the reduced and oxidized

pregnancy, (2) transfusion of blood product in the preﬁ- rthOtoOf m’i’i‘r?c \éveéﬁn|merlr;§g|aste[li/6?nalyzed using spec-
vious 3 months, and (3) current or previous treatme PP ycling y )
with hydroxyurea. The patients were seen by the inVe§apH and Total NAD Assays

tigators at baseline, and after 4 weeks of therapy for ) )
interviews and collection of blood samples. In addition, VAD was assayed using spectrophotometric enzymat-

during the study, each participant was seen by the invés-cycling assays that measure both the oxidized and
tigator weekly or bi-weekly for brief clinical assessmerf€duced forms of the nucleotide. This was a slight modi-
and interview. Focused interviews were conducted digation of the Bernofsky and Swan method [16]. The

chronic pain, energy level, usage of narcotics, and actkgaction mixture contained 1qmol Tris-HCl, pH 8.0, 2

ity levels throughout the study. Blood samples were oMl N-ethyldibenzopyrazine ethyl sulfate (PES), 0.5

tained by routine venipuncture using heparin coatétin®! 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-

tubes (15 U heparin/ml whole blood) to prevent coagg®lium bromide (MTT), 0.2 mg alcohol dehydrogenase
lation. (ADH), 600 wmol ethanol, and extract in a total volume

of 1.00 ml. The reaction mixtures were pre-incubated for
Administration of Glutamine 5 min at 37°C and started with the addition of ethanol.

Ten grams of pure L-glutamine were administerednder these conditions, the rate of increase of absor-
three times a day orally to each participant for 4 weekd@nce at 570 nm was linear for at least 10 min and
This amino acid at the dose indicated has been showrP{@pPortional to the quantity of pyridine nucleotide pres-
be safe for oral administration with essentially no agnt- Blanks were used in the assay system to correct for

verse effects [14,15]. The powder was mixed with a gla8@ckground rates due to variable small quantities of
of water, juice, or soft drink for administration. Compli-ightly bound NAD in the ADH preparation.
ance was monltqred b_y frequent clinic and tele_p_hor‘ge[atisticaI Analysis

encounters. The investigators contacted the participants '
at least once or more per week to interview regarding Pairedt-test was used to evaluate the differences of

compliance and clinical status including adverse effectglues before and after the glutamine therapy for levels
of the study medication. of NAD, NADH, NAD redox potential, and hemoglobin.

Extraction of Reduced Pyridine Nucleotides

Extracts were prepared from whole blood immediatel?/
after phlebotomy. Twenty microliters of blood were The participants took 30 g of L-glutamine orally each
mixed with 1,980ul of a solution containing 10 mM day for 4 weeks. After overnight fasting, blood samples
nicotinamide, 20 mM NaHCQ and 100 mM NaCO; at were drawn for analysis of total NAD, NADH, and NAD
0°C. The mixture was frozen in a dry ice-acetone bathedox potential. The summary of the results at baseline
thawed quickly in a room temperature water bath, arahd at the end of 4 weeks is shown in Table I.

ESULTS
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TABLE Il. Subjective Clinical Response in Seven Hemoglobin DISCUSSION
SS Patients After 4 Weeks of L-Glutamine Therapy (30 g/day)

Increased Decreased No change Sickle cell anemia is one of the most devastating dis-
orders affecting mostly people of African descent. The

AE\ES\% :32: 67 00 10 complications of this disease may start as early as in
Chronic pain level 0 7 0 utero especially if the mother is also affected with the
Narcotics dosage 0 6 1 disease. Complications include miscarriage, fetal defor-
Adverse reactions: none mity, hand-foot syndrome, splenic sequestration crisis,

cerebrovascular accident, infection, and vasoocclusive
painful crises [18]. Over many years, different methods
There was a significant increase in NADH level leadfor managing this disease have been proposed and stud-

ing to an increase in NAD redox potential (ratio ofed. As a result, over the last three decades there has been
NADH to NAD* plus NADH, i.e., total NAD) after 4 some overall improvement in the understanding and care
weeks of L-glutamine administration. The total NADHof sickle cell anemia patients. However, this improve-
level increased from 47.5 + 6.3 to 72.1 £ 15.1 nmol/nthent has been mainly in supportive care such as early
RBC (P < 0.01). Thus, the NAD redox potential in-recognition and intervention of infection [19]. During
creased from 47.2 + 3.7 t0 62.1 + 11.8® € 0.01). In recent years, we have seen some progress and develop-
each participant, we observed consistent improvementients in attempts to curtail the basic pathophysiology of
the redox potential to near normal to normal range (5@ickle cell disease including hydroxyurea, bone marrow
60%) or above [17]. There was one patient whose eley@nsplantation, and gene therapy. Unfortunately, there
tion of NAD redox potential increased only to 48.4%6r€ majqr Iimitations_with e_ach_ of these modal_iti_es. Gene
from 42.7%. In this patient, although the increase in tHgerapy is still under mvestlgatlo_n at_the prg-clmlcal Ie_vel
redox potential was relatively small, there was still 0]. Bone marrow _transplantatlon is available but lim-
significant increase in NADH (from 40.9 to 60.7 nmol/t€d only to those with a donor and is very costly [21]. It
ml). In this case, the increase in total NAD was relativel§'S© has significant morbidity and mortality during the
higher than in others (by increasing from 91.0 to 125. arly phase of treatment [22]. Therefore, it is qurrently
nmol/ml), resulting in a smaller increase in the redo _commended only for very severe cases .Of S'C.kl.e <_:e||
potential, which is the ratio of NADH to total NAD. In isease. Hydroxyurea therapy has resulted in definite im-

terms of total NAD level, a trend upward could be denerqvemer?t.in sick'le cell patients in terms of'frequenc;y of
onstrated with an increase of the level from 101.2 + 16Q?mfu' crisis but its long-term effect including possible

i eukemogenesis is not clear [23]. There are important
nmol/ml RBC at baseline to 116.4 + 14.7 nmol/ml RB& uestions yet to be answered regarding the safety of hy-
at 4 weeks. This was a remarkable contrast compare

S X . xyurea especially in infants, children, and pregnant
Epheefégr?:z;inet ;nr%reesr?:n?sbn?ﬁgvaﬁjdinlg :Q?hlig\iﬁgs:ol\lpﬁr?io gdividuals [23-26]. In addition, hydroxyurea frequently

oo A auses neutropenia requiring close monitoring and fre-
ate rise in NADH compared to total NAD, which is re- P q 9 g

quent cessation of the medication [27]. An ideal agent

sponsible for the elevation of the NAD redox po_tentia}\gou'd be one that is safe, effective, inexpensive, readily
Hemoglobin levels were measured in conjunction wit vailable, and easy to administer.

NAD assays. In comparison to the baseline value, hemo-, this study, based on previous work from our labo-

globin levels did not change significantly after 4 weekgiory, we have used orally administered L-glutamine to
of L-glutamine administration. . examine its effect on sickle RBC. L-glutamine is an
Clinically, within 4 weeks, all of the participants re-aming acid that is readily available and has been shown
ported an improvement in overall energy level accompgs pe safe for oral administration [12,13]. L-glutamine
nied by increased activity level. We cannot attribute thgso is a precursor for NAD. We have previously shown
above clinical changes to the effect of glutamine upafat there is increased membrane transport and affinity
NAD metabolism in RBC at this point; nonetheless, thgyr glutamine by sickle RBC [10]. Based on the data that
observed clinical effects were consistently positive. lthe Km of NAD synthetase is higher than the intracellular
addition, each patient also subjectively reported varioggncentration of glutamine in intact RBC, we hypoth-
degrees of decrease in chronic pain. In fact, six of thgized that glutamine supplementation may help promote
seven patients who participated in the 4-week study reynthesis of NAD. In vitro incubation of RBC with the
ported a decrease in daily narcotic usage. Although theecursors of NAD such as nicotinic acid has been shown
clinical results appear consistent with the biochemica increase NAD in intact RBC [28].
data, we must emphasize that these are subjective unconfhe results were remarkable in our patients. With oral
trolled clinical data. No adverse effects of L-glutaminadministration of L-glutamine at a dose od § a day,
were reported by any of the patients (Table II). there was a consistent and significant increase in red cell
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