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Abstract

Background: In thalassemia, mutations either in alpha or beta chain synthesis results in low
hemoglobin (Hb). Wheatgrass has been used for many years for health purposes. Some reports
suggest the beneficial effect of wheatgrass on transfusion requirements. Folic acid is also
known to play an important role in several biochemical reactions. In some patients with
thalassemia, the supplementation of folic acid is useful.

Objective: To evaluate the efficacy and safety of wheatgrass in children with thalassemia
receiving chronic blood transfusions.

Material and methods: In this randomized prospective study, 69 children with thalassemia were
divided into the wheatgrass group and the control group (no wheatgrass). Both groups received
a regular blood transfusion and folic acid. The treatment duration was 18 months.
Anthropometric parameters, number of transfusions, and amount of blood transfused were
compared within and between the groups at the end of the therapy. Clinical examinations,
laboratory investigations, and ultrasounds for liver and spleen span were performed at the
baseline and then every six months till 18 months. Adverse effects (if any) were noted on every
visit. Quality of life (QOL) was evaluated before and at the end of the study using a
questionnaire.

Results: Sixty-nine (study group (n=45; mean age 6.35 + 2.65 yrs); control group (n=24; 4.86 =
2.77 yrs)) patients were enrolled, of which 12 from the study group and three from the control
group did not complete the study. The difference in liver size within the wheatgrass group was

significant (P <0.021) only at 18 months but not in the control group at any time point.

The difference in spleen size was significant within the wheatgrass group (P<0.005) as well as
the control group (P<0.001) at 18 months only. The difference in serum ferritin levels was not
significant between the two groups. The increase in serum ferritin levels at the end of the study
was significant in the control group when compared to the baseline (P<0.01). There was no
difference in the average number of transfusions or in the blood transfusion requirement
between the two groups. The difference in the QOL at the start and end was significant in the
wheatgrass group (P<0.05).

Conclusion: Wheatgrass appears to play a promising role in children with thalassemia receiving
chronic blood transfusions.
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Introduction

Hemoglobinopathies are one of the major health problems in India [1]. Beta-thalassemias are
common in the Indian population with the average rate of affected people ranging between
3%-4%. The rates differ between different communities and regions in India [1-3].

The data from western India reported a prevalence of up to 9.5% [3]. Children with beta-
thalassemia major have a poor quality of life [4-5]. Similarly, thalassemia is also associated with
cardiac complications [6]. Bone marrow transplantation is the treatment of choice for
thalassemia major; however, due to limitations especially related to donors, it is not commonly
performed in many patients. Patients need lifelong blood transfusions in the absence of bone
marrow transplantation [5,7]. Folic acid plays an important role in several biochemical
reactions and the maturation of red blood cells [8]. Many pharmacological options have also
been tried but without consistent response [7]. Therefore, clinicians are always in search of
safer and effective alternative options for the treatment of thalassemia.

A recent study showed a significant reduction in serum ferritin level with non-pharmacological
therapy, including nutrition, exercise, and a praying program in patients with beta-
thalassemia major [9]. A herbal approach is another area under investigation. Wheatgrass has
been studied in the treatment of pancytopenia [10], hematological toxicity related to
chemotherapy in cancer patients [11], and in thalassemia [12-13]. In Indian studies, wheatgrass
has been shown to reduce the requirements of blood transfusion [12-13]. The effect of
wheatgrass on other laboratory, clinical, and ultrasound parameters in patients with
thalassemia are largely unknown.

Objective

The objective of this study was to evaluate the effects of wheatgrass in thalassemia patients on
regular blood transfusion and folic acid therapy with respect to a rise in hemoglobin and
maintenance, fetal hemoglobin (HbF), serum ferritin, frequency and requirement of blood
transfusion, spleen and liver span, and hematological parameters.

Materials And Methods

In this randomized, prospective, open-label study conducted in the thalassemia day care
center, department of pediatrics, at a tertiary care hospital in Western Maharashtra, parents of
100 children were approached for participation. Patients of B-thalassemia major and
intermedia requiring regular blood transfusion therapy were included. Patients who had
undergone splenectomy during the study period, patients receiving iron chelation or any
known fetal hemoglobin (HbF)-inducing drug, active liver disease, suffering from malaria,
serum creatinine > 1.7 mg%, any chronic disease, such as tuberculosis, human
immunodeficiency virus (HIV) or hepatitis B surface antigen (HbsAg) reactive, or those with any
adverse drug reaction were excluded from the study. Patients who satisfied enrollment criteria
were randomized into the wheatgrass and control groups. Randomization was carried out by
using the table of random numbers. Patients in the wheatgrass group were given eight tablets
per day for the first fortnight, followed by 12 tablets per day divided into three equal doses for
18 months. Patients in the control group were not given wheatgrass tablets. A folic acid tablet
(5 mg/day) was taken regularly by patients in both the groups, as folic acid is needed in the
maturation of red blood corpuscles (RBCs), and in the Indian population, folic deficiency is
rampant due to a predominantly vegetarian diet.
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A general and systemic examination was performed during each visit of the wheatgrass group.
A chest X-ray, electrocardiogram, and serum ferritin were done at the baseline and at the end of
the study. A complete blood count (CBC), peripheral blood smear, HbF, erythrocyte
sedimentation rate (ESR), liver function test (LFT), serum creatinine, and ultrasound were done
at the baseline and at six monthly intervals. Anthropometric parameters, i.e. weight, height,
and head circumference; pre- and post-transfusion hemoglobin, amount of blood transfused,
interval between two subsequent transfusions, and the side effects of blood transfusion were
recorded at each visit. Blood transfusion requirement (ml/kg/year) was assessed at the end of
the study period and compared with the requirements of the previous one year. Adverse

effects, if any, were noted on every visit. Quality of life before and at the end of the study

was evaluated by a specifically designed questionnaire [14-15]. The study was initiated after
approval from the Institutional Ethics Committee and consent from the parent/lawful guardian.

Statistical analysis

Continous data are presented as the mean and standard deviation whereas categorical data are
presented as number and percentages. The chi-square test was applied to assess the gender-
wise distribution of patients in the two groups. Serum ferritin, HbF, CBC, LFT, serum creatinine,
and spleen and liver span were analyzed by using the students’ ‘t’ test between the groups.

The average number of transfusions, blood transfusion requirement, and pre-transfusion
hemoglobin of all patients in the wheatgrass and control groups one year before the start of

the study were calculated from their previous records at the center and were compared with
similar observations during the study period. Data were analyzed using the students’ ‘t’ test.
For within the group comparison of various parameters, analysis of variance (ANOVA) for
repeated measures was applied.

Results

A total of 69 (wheatgrass tables (n=45) or control group (n=24)) patients were enrolled. Twelve
(26.67%) and three (12.5%) patients from the wheatgrass and control group, respectively, did
not complete the study. The reasons for not completing the study are listed in Figure 1.
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FIGURE 1: Study flow diagram of the whole sample

The difference in gender distribution was not significant in the wheatgrass group but was
significant (P<0.05) in the control group. The difference in age was significant between the two

groups (P<0.05; Table 7).

Characteristics Wheatgrass (n=33)
Male/ Female 16 /17
Age (years) 6.35 + 2.65

TABLE 1: Demographic characteristics

Control (n=21)

14/7*

*p<0.05

4.86 + 2.77* *p<0.05
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The difference in weight and height was significant (P<0.05), but the difference in head
circumference was not significant between the two groups. There was a significant difference
(P<0.05) in the height and weight before and after the study period within the two groups
(Table 2).
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Weight (kg)
Height (cm)
Head Circumference (cm)

*P<0.05

Wheat Grass (n=33)

Before

15.18 + 4.29*

102.88 + 13.27*

49.53 + 1.56

After

17.38 +4.3*

109.95 + 11.99*

49.11 £ 8.16

TABLE 2: Effect on anthropometric characteristics

Control (n=21)

Before

12.42+3.84

92.86+ 15.98

48.62.x 2.06

After

14.84+4.07*

100.9.+ 14.68*

47.64.+£10.09

On clinical examination, the difference in the liver size between the two groups was not
significant. However, the difference in the liver size within the wheatgrass group was
significant (P<0.021) only at 18 months but not in the control group at any time point.
Similarly, the difference in the spleen size between the two groups was not significant.
However, the difference in the spleen size was significant within the wheatgrass group
(P<0.005) as well as the control group (P<0.001) at 18 months only. The difference in HbF levels
was not significant between the two groups. However, the increase in HbF levels was
significant within the wheatgrass group (P<0.03) at 18 months compared to the baseline
whereas in the control group, it was not significant. The difference in hematocrit, RBC count,
MCYV, MCH, and serum creatinine was not significant between the two groups as well as within
the two groups. The difference in ESR was significant at the baseline (P<0.05) and at 12 months
(P<0.05) between the two groups but not significant within the two groups. The difference in
MCHC was significant between the two groups at the end of the study (P<0.03) but not
significant within the two groups (Table 3).

Wheatgrass (n=33)

Baseline
Li (cm) 4.27+
iver span (cm
P 1.66
Spleen span (cm) 7.3+ 3.79
. 9.11
Hemoglobin F (%)
+8.27
17.35
Haematocrit (%)
+5.10

Red Blood Cell count(x 2.52
106 / pL) levels +1.80

6 months

5321

7.62 +4.08

8.36 £8.71

17.52
+5.43

2.21 £0.63

12
18 months
months
4.88 = 497 £ 2.2
2.15 (P<0.027)
8.91 =
8.38 =
4.72 4.31 (P<
0.005)
10.91
9.73+7.70 +9.64
(P<0.03)
17.93 18.01
+3.90 +4.69

2.28+0.42 2.32+0.85
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Control (n=21)

Baseline

3.33 =
1.83

5.67 =
3.1

11.46
+11.16

18.55
+6.02

2.31
+0.73

months

4.36 =
2.39

6.31 =
3.26

11.67
+13.15

18.72
+5.87

2.1
+0.67

12
months

4.24
+1.14

8.43 =
4.03

10.05
+8.55

18.93
+4.30

2.28
+0.52

18
months

412+
1.05

7.79+
4.05
(P<0.007)

9.71
+8.67

18.64
+5.09

2.24
+0.58
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Erythrocyte 17.00 16.36 16.97 16.52 1514+ 1500 1533 1571z
Sedimentation Rate +2.59 +3.50 +2.20 +2.85 278 3.11 2.31 1.76
(mm at 1hour) (P<0.05) (P<0.05)
Mean Corpuscular 80.27 81.40 80.60 79.63 78.67 84.09 82.68 82.01
Volume (fl) +11.00 +9.02 +8.41 +9.86 +7.93 +7.68 +6.78 +6.99
Mean Corpuscular 26.84 27.41 27.30 26.99 26.35 27.35 27.16 26.77
Hemoglobin (pg) +2.90 +2.88 +2.33 +2.47 +3.07 +3.15 +2.66 +2.96
M C | 33.72
ean orpuseuiar 33.94 33.89 33.76 3324 3278  32.87 3266
Hemoglobin +1.80
. +2.01 +2.36 +1.62 +1.80 +2.23 +2.09 +1.58
Concentration (g/dl) (P<0.05)
49.64 49.70 4542 43.42 36.24 43.57 36.90 36.81
SGPT (IU/L) ) : +17.41 ) : ) ) )
+36.52 +18.25 +19.42 +17.08 +11.24 +11.59 +18.19
(P<0.05)
59.03 53.76 42.48
SGOT (IU/L) 65.58 31.15 52.15 97.75 52.95 35.90 41.48 16.92
+30.66 o *24.77 o *27.67 x17.30 =x15.07
(P<0.001) (P<0.001) (P<0.001)
o 0.91 0.87 +0.33  0.85+0.23 0.76 0.71 0.73 0.73
Serum Bilirubin (mg /dI) 0.83 +0.23
+0.52 (P<0.05) (P<0.05) +0.22 +0.16 +0.12 +0.16
Serum Creatinine (mg 0.72 0.69+015 067012 0.70+0.15 0.67 0.65 0.67 0.68
/dl) x0.24 DA R R +0.21 +0.15  +0.13  +0.14
14.13
Spleen span (cm) on 13.61 3.49 14.34 14.56 11.85 12.24 12.82 12.66
+3.
Ultrasonography +3.68 +3.95 +4.11 +2.46 +2.65 +2.50 +2.39
(P<0.05)
Liver span (cm) on 12.78 12.77 12.72 12.93 12.49 12.89 13.20 13.77
Ultrasonography +2.16 +2.35 +2.28 +2.30 +1.75 +1.17 +1.87 +1.17

TABLE 3: Effect on clinical, laboratory, and ultrasound findings in different time
periods

The difference in SGPT was not significant between the two groups except at 12 months
(P<0.05). The difference in SGPT within two groups was not significant. Similarly, the
difference in SGOT was not significant between the two groups except at six months (P<0.001).
The difference in SGOT was significant within the wheatgrass (P<0.005) and control (P<0.001)
groups.

The difference in serum bilirubin was not significant between the two groups at the baseline
and 18 months but was significant at six (P<0.05) and 12 (P<0.04) months. The difference was
not significant between the two groups.

The difference in spleen span on ultrasound was not significant at the baseline between the
two groups. However, a significant difference was seen at six months (P<0.05), but this
difference was not seen at 12 and 18 months between the two groups. The difference in liver
span was not significant between the two groups.
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The difference in serum ferritin levels was not significant between the two groups. Similarly, it
was also not significant when ‘before’ and ‘after’ the study period levels were compared in the
wheatgrass group whereas the difference was significant (P<0.01) in the control group. Increase
in serum ferritin levels at the end of the study was significant in the control group when
compared with the baseline. (P<0.01; Figure 2).

1200

M Before
B After

p—
(—
(—]
(—]

800

600

400

200

Serum ferritin levels (ng/ml)

Wheat grass group Control group

FIGURE 2: Comparison of serum ferritin between two groups

In both the groups, the difference in the average number of transfusions was significant when
last years’ average number of transfusions was compared (P<0.05), but the difference was not
significant between the two groups (Figure 3).

30
&= Wheat grass group

[ B Control grou

25

20

15

10

Average number of transfusion

Lastvear 0-18 mths 7-18 mths

FIGURE 3: Comparison of transfusion between two groups
(average number)
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The difference in blood transfusion requirements (ml/kg/year) was not significant during the
last year between the two groups (Figure 4).

250
E Wheat grass group
S B Control group
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FIGURE 4: Comparison of transfusion between two groups
(ml/kglyear)

The difference in the quality of life [15] at the start of the study was not significant but at the
end of the study, it was significant between the two groups (P<0.05). The difference in the
quality of life at the start and end was significant within the wheatgrass group but not in the
control group (P<0.05; Table 4).

Wheatgrass (n=33) Control (n=21)
Before After Before After
Quality of life questionnaire score 55.21 £ 10.24 58.03 + 8.28 (P<0.05) 52.52+7.15 52.38 £ 7.05

TABLE 4: Effect on quality of life

Discussion

Wheatgrass extract is considered an adjuvant in thalassemia although research in this area is in
its infancy. The postulated mechanism of wheatgrass extract is the rapid absorption of
chlorophyll and action at the cellular level in the bone marrow, assisting in heme production
[16]. Recently, in the murine model, the iron chelator property of wheatgrass extract and its
purified compound, mugineic acid, has been proved [17]. The use of the wheatgrass in the
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treatment of the iron overloaded disorder could also be justified because of the antioxidative
property of methyl pheophorbide, a compound isolated from wheatgrass [18].

There are not many studies of wheatgrass in thalassemia. Marwaha et al. [13] demonstrated the
effect of wheatgrass in chronically transfused children. Wheatgrass juice directly prepared from
wheatgrass sprouts harvested on the seventh day was used in the published study. We used
wheatgrass in the form of readymade dehydrated powder converted into tablets, with an
objective of improving patient compliance. The treatment was given for 18 months. Twelve out
of 45 patients in the wheatgrass groups did not complete the study due to various reasons, the
major reasons being splenectomy, an inability to take wheatgrass tablets due to palatability,
and no subjective benefit perceived by parents. The completion rate in the wheatgrass group in
our study was 66.67%, better than the reported rate of 42% [13]. One patient each died in the
study group and the control group. The number of patients undergoing splenectomy in the
study group was higher than in the control group. Due to the smaller sample size, we did not
examine the statistical difference between the two groups.

The significant difference in the mean age observed in the two groups in our study may be
contributed to the unequal number of patients in both the groups. There was no significant
difference in gender-wise distribution between the two groups. We observed a significant
difference in height and weight both before and after the study period between the two groups
possibly due to the unequal number of patients in the two groups and a significant difference in
the mean age of the two groups. A significant difference in height and weight within the two
groups, before and after the study period, could be because of the normal growth of the child.

Liver and spleen sizes are indicators of extramedullary hemopoeisis and thus indirectly indicate
the adequacy of blood transfusion. Liver size may also indicate iron overload. There was no
significant change in the size of the liver and spleen between the two groups. However, there
was a significant difference in liver size within the wheatgrass group and a highly significant
difference in spleen size within the wheatgrass and control groups. There was a significant
increase in serum ferritin levels in the control group at the end of the study. The serum ferritin
level was not increased in the wheatgrass group, indicating its possible role in iron overload
states. The findings suggest that wheatgrass could at least be of use as an adjuvant treatment
with chelating agents and may help to reduce their dose and, possibly, their side effects.
However, further studies are required to ascertain the exact role. In the present study, there was
no significant change in blood transfusion requirement; hence, the role of wheatgrass in the
intestinal absorption of iron needs to be investigated. Similarly, other factors, such as the effect
of diet, should be assessed in detail. In our study, there was no significant difference in HbF
levels between the two groups in the beginning. However, HbF levels significantly increased
within the wheatgrass group at the end of the study but not so in the control group. In two
children with sickle cell anemia and B-thalassemia taking wheat grass tablets over five weeks,

a substantial increase in HbF and a decrease in HbS has been reported. In the study by Marwaha
et al. [13], they considered the first six months as the washout/neutral period, considering that
some time is required for action. We considered total 18 months since the time patients started
taking tablets. There was a significant difference in the average number of transfusions during
the last year between the two groups, possibly due to the difference in the mean age of the two
groups. No significant difference was seen between the two groups when the number of
transfusions for the 0-18 months' and 7-18 months' time period was compared. We also found
an increase in blood transfusion requirements in almost all patients in both groups, statistically
significant when the 0-18 months' time period was compared, but it was not significant in the
7-18 months' time period. An increase in blood transfusion may be explained by the fact that
the weight and activity of the growing child increased the transfusion requirement, at least in
younger children. Two studies reported a reduction in blood transfusion requirements [12-

13]. One study reported a reduction in blood transfusion requirement by >25% in eight patients
(50%), with a decrease of >40% in three of these cases [13]. Another study from All India
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Institute of Medical Sciences showed that wheatgrass therapy given for one year does not
reduce the transfusion requirement in patients with thalassemia [12]. We also could not
demonstrate a reduction in blood transfusion requirement. In our study, wheatgrass tablets
were well tolerated without significant adverse effects or clinically relevant laboratory changes.
One patient in the study group had rashes over his body; wheatgrass was stopped immediately.
However, the definite causality of rashes with wheatgrass is not proven.

At the start of therapy, a few patients may have adverse gastrointestinal events, which improve
after some days. Considering this, patients were advised to take eight tablets for a fortnight
followed by 12 tablets in divided doses. For better palatability, the tablets were given with milk,
honey, or fruit juice (other than citrus fruits) or with water initially, for a few days. There was
no significant difference in hematological indices and serum creatinine values. However, liver
enzymes in the wheatgrass group were increased as compared to the control group. The exact
clinical significance of this is not known. A long-term study or further evaluation to determine
the cause of these changes is required. There was a significant difference in the quality of life
in patients on wheatgrass as compared to the controls, suggestive of some subjective benefit.

Unequal demographic distribution, a small number of patients and a short follow-up period are
some of the limitations of our study. Dose escalation studies need to be performed to find out
the effective dose of wheatgrass tablets. An estimation of the active principle of the wheatgrass
is another potential area for active research in the future.

Conclusions

Treatment with wheatgrass tablets maintains serum ferritin levels and increases HbF levels in
thalassemic children receiving chronic blood transfusions. However, there is no reduction in
the frequency and blood transfusion requirement. Wheatgrass tablets also improve the QOL of
children with thalassemia. A longer study with a larger number of patients would be required
to confirm the usefulness of wheatgrass therapy in patients with transfusion-dependent
anemia.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. B. J. Medical College
& Sasson General Hospitals, Pune issued approval. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

Acknowledgements

The authors of this study wish to thank Dr. Anant D. Patil (Navi Mumbai) for editing the article.

References

1. Mohanty D, Colah RB, Gorakshakar AC, et al.: Prevalence of B-thalassemia and other
haemoglobinopathies in six cities in India: a multicentre study. ] Community Genet. 2013,
4:33-42.10.1007/s12687-012-0114-0

2018 Mutha et al. Cureus 10(3): €2306. DOI 10.7759/cureus.2306 10 of 11


https://dx.doi.org/10.1007/s12687-012-0114-0
https://dx.doi.org/10.1007/s12687-012-0114-0

Cureus

10.

11.

12.

13.

14.

15.

16.
17.

18.

Teli AB, Deori R, Saikia SP: Haemoglobinopathies and B-thalassaemia among the tribals
working in the tea gardens of Assam, India. ] Clin Diagn Res. 2016, 10:LC19-LC22.
10.7860/JCDR/2016/22010.9002

Colah R, Gorakshakar A, Phanasgaonkar S, et al.: Epidemiology of b-thalassaemia in Western
India: mapping the frequencies and mutations in sub-regions of Maharashtra and Gujarat. Br J
Haematol. 2010, 149:739-747. 10.1111/j.1365-2141.2010.08131.x

Sharma S, Seth B, Jawade P, Ingale M, Setia MS: Quality of life in children with thalassemia
and their caregivers in India. Indian ] Pediatr. 2017, 84:188-194. 10.1007/s12098-016-2267-z
Dhirar N, Khandekar J, Bachani D, Mahto D: Thalassemia major: how do we improve quality of
life?. Springerplus. 2016, 5:1895. 10.1186/s40064-016-3568-4

Pepe A, Meloni A, Rossi G, et al.: Prediction of cardiac complications for thalassemia major in
the widespread cardiac magnetic resonance era: a prospective multicentre study by a multi-
parametric approach. Eur Heart ] Cardiovasc Imaging. 2017, 19:299-309. 10.1093/ehjci/jex012
Mahmood L: The metabolic processes of folic acid and Vitamin B12 deficiency . ] Health Res
Rev. 2014, 1:5-9.

Choudhary DR, Naithani R, Panigrahi I, et al.: Effect of wheat grass therapy on transfusion
requirement in beta-thalassemia major. Indian J Pediatr. 2009, 76:375-376. 10.1007/s12098-
009-0004-6

Molazem Z, Noormohammadi R, Dokouhaki R, Zakerinia M, Bagheri Z: The effects of
nutrition, exercise, and a praying program on reducing iron overload in patients with beta-
thalassemia major: A randomized clinical trial. Iran ] Pediatr. 2016, 3869: 10.5812/ijp.3869
Bagwe SM, Kale PP, Bhatt LK, Prabhakar KS: Herbal approach in the treatment of
pancytopenia. ] Complement Integr Med. 2017, 14:20160053. 10.1515/jcim-2016-0053
Bar-Sela G, Tsalic M, Fried G, Goldberg H: Wheat grass juice may improve hematological
toxicity related to chemotherapy in breast cancer patients: a pilot study. Nutr Cancer. 2007,
58:43-48.

Singh K, Pannu MS, Singh P, Singh J: Effect of wheat grass tablets on the frequency of blood
transfusions in thalassemia major. Indian J Pediatr. 2010, 77:90-91. 10.1007/s12098-010-
0002-8

Marawaha RK, Bansal D, Kaur S, Trehan A: Wheat grass juice reduces transfusion requirement
in patients with thalassemia major: a pilot study. Indian Pediatr. 2004, 41:716-720.
Matsumoto T, Ohashi Y, Morita S, et al.: The quality of life questionnaire for cancer patients
treated with anticancer drugs (QOL-ACD): validity and reliability in Japanese patients with
advanced non-small-cell lung cancer. Qual Life Res. 2002, 11:483-493.

Morita S, Kobayashi K, Eguchi K, et al.: Influence of clinical parameters on quality of life
during chemotherapy in patients with advanced non-small cell lung cancer: application of a
general linear model. Jpn ] Clin Oncol. 2003, 33:470-476.

Pole SN: Wheat grass juice in thalassemia. Indian Pediatr. 2006, 43:79-80.

Das P, Mukhopadhyay S, Kumar SN, Mandal S, Kar M, Mukhopadhyay A: Mugineic acid, active
ingredient of wheat grass: an oral novel hexadentate iron chelator in iron overloaded
diseases. ] Biochem. 2016, 160:163-176. 10.1093/jb/mvw023

Das P, Mandal S, Gangopadhyay S, et al.: Antioxidative and anticarcinogenic activities of
methylpheophorbide a, isolated from wheat grass (Triticum aestivum Linn.). Nat Prod. 2016,
30:474-477. 10.1080/14786419.2015.1022775

2018 Mutha et al. Cureus 10(3): €2306. DOI 10.7759/cureus.2306 11 of 11


https://dx.doi.org/10.7860/JCDR/2016/22010.9002
https://dx.doi.org/10.7860/JCDR/2016/22010.9002
https://dx.doi.org/10.1111/j.1365-2141.2010.08131.x
https://dx.doi.org/10.1111/j.1365-2141.2010.08131.x
https://dx.doi.org/10.1007/s12098-016-2267-z
https://dx.doi.org/10.1007/s12098-016-2267-z
https://dx.doi.org/10.1186/s40064-016-3568-4
https://dx.doi.org/10.1186/s40064-016-3568-4
https://dx.doi.org/10.1093/ehjci/jex012
https://dx.doi.org/10.1093/ehjci/jex012
http://www.jhrr.org/text.asp?2014/1/1/5/143318
https://dx.doi.org/10.1007/s12098-009-0004-6
https://dx.doi.org/10.1007/s12098-009-0004-6
https://dx.doi.org/10.5812/ijp.3869
https://dx.doi.org/10.5812/ijp.3869
https://dx.doi.org/10.1515/jcim-2016-0053
https://dx.doi.org/10.1515/jcim-2016-0053
https://www.ncbi.nlm.nih.gov/pubmed/17571966
https://dx.doi.org/10.1007/s12098-010-0002-8
https://dx.doi.org/10.1007/s12098-010-0002-8
https://www.ncbi.nlm.nih.gov/pubmed/15297687
https://www.ncbi.nlm.nih.gov/pubmed/12113395
https://www.ncbi.nlm.nih.gov/pubmed/14594941
http://www.indianpediatrics.net/jan2006/79.pdf
https://dx.doi.org/10.1093/jb/mvw023
https://dx.doi.org/10.1093/jb/mvw023
https://dx.doi.org/10.1080/14786419.2015.1022775
https://dx.doi.org/10.1080/14786419.2015.1022775

	Efficacy and Safety of Wheat Grass in Thalassemic Children on Regular Blood Transfusion
	Abstract
	Introduction
	Objective

	Materials And Methods
	Statistical analysis

	Results
	FIGURE 1: Study flow diagram of the whole sample
	TABLE 1: Demographic characteristics
	TABLE 2: Effect on anthropometric characteristics
	TABLE 3: Effect on clinical, laboratory, and ultrasound findings in different time periods
	FIGURE 2: Comparison of serum ferritin between two groups
	FIGURE 3: Comparison of transfusion between two groups (average number)
	FIGURE 4: Comparison of transfusion between two groups (ml/kg/year)
	TABLE 4: Effect on quality of life

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


