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Abstract: The study was mainly designed to validate the healing effects of wheat grass on RBC membrane damage.
RBC membrane damage can be due to several factors, of which the free radical damage takes a major part. Many medicinal
herbs have been used in study to find out their potential role in healing effects and at the same time in scavenging the free
radicals. Several works were proved of the possible role of the flavonoids and phenols in the healing effects. A detailed
study was done on the extracts of wheat grass in relation to its healing effects on the RBC membrane damage. The fractions
(Chloroform & Methanol) were initially screened for the Phenolics and Flavonoids and then estimated for the total
polyphenols. Further, the fractions were used for tested for the invitro experiments on the rat blood sample. % inhibition of
Haemolysis, Chelating activity and SH group measurement are tested with the evaluated fractions. The plant responded
positive for both the phytochemicals screened. The results of Folin –Ciocalteu total phenols photometric assay showed that
the Methanol fraction was shown to contain more polyphenols (41%), than the chloroform fraction. Both the chloroform
and methanol extracts showed the inhibition of haemolysis. Percent inhibition of haemolysis was dose dependent in both
the fractions. The IC50 values of chloroform and methanol are 1.689 mg/ml and 2.481 mg/ml respectively. The IC50 values
were calculated from the equation of slope (Y=mx+c), where Y is taken as 50. The SH group content showed an abrupt
decrease in the presence of the SH group inhibitor Tetrathionate. The control showed a high value normally. When the
samples containing Tetrathionate were preincubated with the chloroform and methanol extracts, the values showed an
abrupt increase in respect to the Tetrathionate treated samples. This increase in the values from 195 to about 326 and 389
showed the healing effects of the extracts. Methanol extract showed a high healing effect when compared to the chloroform
extract. This healing effect might be due to the presence of phenolic in high content. Past studies have been done on Wheat
grass in relation to their total phenolics and flavonoids. At the same phenolics were used in studying against the RBC
membrane damage. Our study suggests that the wheat grass can be used as a better and novel therapeutic agent in healing
the RBC membrane damage induced by free radicals.
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1. Introduction
The RBC membrane damage is induced by the
generation of free radicals. Therefore anemia and other
blood related disorders to a large extent can be treated by
the use of free radical scavengers potentially found in some
medicinal plants. Many of the studies done so far suggests
that free radical-induced oxidative damages lead to several
pathological events including coronary heart disease and
cancer [1]. In particular, lipid peroxidation in biological

membranes has attracted much attention in relation to the
destruction of membrane structure and impairment of
enzymatic functions [2]. The oxidation of RBC membranes
serves as a model for the oxidative damage of
biomembranes [3, 4]. The oxidation of erythrocyte and its
ghost’s membranes induced by free radicals have been
studied and also found that free radicals produced in the
aqueous phase attack the membrane to induce oxidation of
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lipids and eventually cause hemolysis [5, 6].
Many of the works done suggests of the possibility that
antioxidants reduce the risk of degenerative diseases by
inhibiting free radical induced oxidative damage [7]. So,
many of the scientists have examined both natural and
synthetic antioxidants for the inhibition of lipid peroxidation
on membrane systems [8]. The fragility of the membranes
are caused due to the oxidative damage of the thiol groups
which is associated with the low glutathione(GSH) levels in
the RBC cells[9]. The RBC membrane damage can be
caused due to haemoglobin denaturation and also due to
extreme anemic conditions [10, 11].
Mostly Flavonoids are found to provide stability to the
RBC membrane. Flavonoids are the naturally occurring
compounds of the poly Phenolic groups, found especially in
the plants [12]. The flavonoids possess the anti inflammatory,
antioxidant, anti allergic and hepato-protective properties.
According to the concentration as well as the redox potential
present depends on the flavonoid antioxidants as well as pro
oxidants [13,14]. Flavonoids are also proved of the potential
health effects through multiple mechanisms. Apart from the
main role in transporting oxygen and carbon dioxide,
erythrocytes play also an important role in organism
antioxidative defense [15].
Many herbs have been used for treating several Blood
disorders since ages. In the ayurveda several of the
formulations have been in use to treat this membrane damage.
Many of such extracts or formulations have not yet been
studied at the scientific level. For the first time, we propose
to study the healing effects of the wheat grass on the RBC
membrane damage. Wheatgrass is a kind of grass [16]. The
above-ground parts, roots, and rhizome are used to make
medicine. Wheatgrass is primarily used as a concentrated
source of nutrients. It contains vitamin A, vitamin C, and
vitamin E, iron, calcium, magnesium, and amino acids.
Wheatgrass is used to treat many conditions, but so far there
isn’t enough scientific evidence to support effectiveness for
any of these uses [17]. Wheatgrass is used for increasing
production of haemoglobin, the chemical in red blood cells
that carries oxygen; improving blood sugar disorders, such as
diabetes; preventing tooth decay; improving wound healing;
and preventing bacterial infections[18]. It is also used for
removing deposits of drugs, heavy metals, and cancercausing agents from the body; and for removing toxins from
the liver and blood [19].
Keeping in view of the role of phenolics in healing the
RBC membrane damage, we tried to investigate the role of
wheat grass in healing effects on RBC membrane damage.
The plant is cultivated and extracted with both polar
solvents like methanol and non polar solvents like
chloroform followed by the Phytochemical screening for
Flavonoids and Phenols. The healing effects were studied
on the rat blood samples invitro. The extracts were studied
for the % inhibition of Haemolysis, Chelating activity and
SH group measurement.
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2. Materials & Methods
2.1. Wheat Grass Cultivation and Extraction
Adequate quantity of unpolished wheat grain was soaked
overnight in water in a container. The soaked wheat-grain
were spread on the surface of the soil filled in plastic trays.
Climatic conditions were maintained to help in sprouting.
The plantlets after 9days, which grew to a height of about
15-16 cm were selected for the extraction procedure.
The wheat grass blades were cut and homogenized in a
Mortar & pestle and about 10gm of the homogenized paste
was dissolved in 20ml of (Methanol and Chloroform). The
samples were then incubated in an orbital shaker for
overnight. The solvents were then filtered and supernatants
containing the components are concentrated in a hot air
oven at 550 C. The concentrated samples are then dissolved
in 10% DMSO. The crude samples are later stored at 40 C
for further use. The two fractions (Methanol and
Chloroform) were used for further screening experiments.
2.2. Screening for Phytochemicals
The two fractions were then screened for the
phytochemicals especially, the Flavonoids and Phenols.
2.3. Flavonoid Test
The extracts were screened for flavonoids by the
protocol described elsewhere [20]. Briefly to 0.2ml of each
extract, 1ml of ammonia solution was added and mixed
properly. To this mixture 1ml of concentrated Sulphuric
acid was added. Development of Yellow colour was
indicated as a positive for flavonoids.
2.4. Phenolics Test
The extracts were screened for phenolic by the protocol
described elsewhere [21]. Briefly to 0.2ml of extract, 1 to 2
drops of ferric chloride (0.5%) was added. Development of
Green colour indicates positive for phenolics.
2.5. Analysis of Phenolic Content
The extracts collected were then analyzed for the total
phenol content. The Phenolic content was assayed using the
Folin-Ciocalteu assay [23]. Phenolic compounds, at basic
pH reduce the phosphomolybdic and phosphotungstic acid
reagent, forming a blue complex. In brief, 0.5ml of extract
was mixed with 0.5 ml of Folin-Ciocalteu reagent and
incubated for 5 min at room temperature. This was
followed by the addition of 0.5ml sodium carbonate (15%).
The mixture was incubated in the dark at room temperature
for about 2 hours. After the blue colour was developed,
absorbance was taken at 765 nm. Gallic acid was used as
standard. The concentration of Phenolic content was
expressed as milligram Gallic acid equivalents per gram of
dried weight (mg GAE/g dried weight). All the experiments
were carried in triplicates.
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2.6. Invitro Experiments on Rat Blood Sample

2.9. SH Group Measurement

Blood samples were collected from healthy winstar rats
(ether anaesthetized) in heparinized tubes, and the RBC
content was isolated by centrifugation (3000 rpm for 10
min) and, subsequently, washed three times with 0.9%
saline. The tubes were then centrifuged at 12,000 g for 10
min to obtain packed cells [5]. The suspension was later
used to prepare a 10% v/v erythrocyte suspension with
phosphate buffer (pH=7.4).

The SH groups were measured to determine the effect of
the extracts on RBC damage. Briefly, the procedure is as
follows. Extracts (methanol & chloroform) were added to
the membrane suspension and Centrifuged at 3,000rpm for
10 minutes. The suspensions later were washed with PBS
and added with tetrathionate (inhibitor of SH groups). The
contents are then incubated for 30 minutes at 37°C. 10%
SDS were added to the membrane and then 5, 5 dithio-bis
(2nitrobenzoic acid) were added. Absorbance of the
contents was measured at 512nm after incubation for an
hour at 370C.

2.7. Haemolysis
Haemolysis is normally indicated by the sudden
appearance of a clear red solution in place of the previously
murky and turbid suspension of red blood cells. This is due
to the swelling and bursting of the red blood cells at the
penetration of solute and water through the membrane takes
place. 10% hematocrit (PCV) was used. The extracts with
different concentrations were used for screening the
haemolysis values along with the control. The treated and
untreated samples were checked for the absorbance values
after incubation. Two tubes labelled control and test were
used for the study.
In the control tube, to 50µl RBC cells 0.2ml PBS was
added and incubated for 37°C for 3 hours. To the
suspension 20volumes of distilled water (about 1.8ml) was
added and centrifuged at 8000rpm for 10minutes.
Absorbance of the suspension was measured at 540nm
50µl of RBC suspensions were preincubated with
extracts (Methanol & Chloroform). The same procedure
was done for the test sample but pretreated with both the
extracts (chloroform and methanol). Absorbance was
measured at 540nm. The percent inhibition of haemolysis
was calculated using the formula % haemolysis =
Absorbance of test sample /Absorbance of control x 100.
2.8. Chelating Activity
Iron is released from the haemoglobin and the release is
accompanied by the Met haemoglobin formation [23].
Transition metal ions such as Fe2+, are able to move free
electrons and this way they allow the formation and
propagation of many radical reactions, even if they start
with relatively non reactive radicals. Ferrozine can form
complexes with Fe2+, originating a violet colour.
The chelating of ferrous ions by extracts was estimated
by method described elsewhere [24]. Briefly, 50 µl of 2mM
FeCl2 was added to 1ml of different concentrations of the
extract (0.2, 0.4, 0.8, 1.6 and 3.2 mg/ml). The reaction was
initiated by the addition of 0.2 ml of 5mM ferrozine
solution. The mixture was vigorously shaken and left to
stand at room temperature for 10 min. The absorbance of
the solution was thereafter measured at 562 nm.
The percentage inhibition of ferrozine–Fe2+ complex
formation was calculated as [(A0- As)/ As] × 100, where A0
was the absorbance of the control, and As was the
absorbance of the extract/ standard. Na2EDTA was used as
positive control.

3. Results and Discussion
3.1. Phytochemical Screening
The result of the preliminary phytochemical screening
gives a clear evidence for the presence of Phenolic and
flavonoids which are very essential towards the healing of
the RBC membranes.
Table 1. Results of Phytochemical screening for the different plants
extracts. −ve (Absent), + (Low in abundance), ++ (Moderate in
abundance), +++ (High in abundance).
S. No

Flavonoid test

Chloroform

Methanol

1

Flavonoids

++

-

2

Phenolics

-

+++

3.2. Estimation of Polyphenols
The absorbance of the blue colour that developed was
read at 765 nm using a spectrophotometer. The
concentration of total Phenolic content was expressed as
Gallic acid equivalents by reference to the Gallic acid
standard calibration curve. The calibration equation for
Gallic acid was y = 1.0703x - 0.002 (R2 = 0.9906), where x
is the Gallic acid concentration in mg/L and y is the
absorbance reading at 765 nm. The concentration of total
Phenolic compounds in the extract was determined by
using the formula: T=CV/M; Where, T= Total Phenolic
content mg/gm of plant extract in GAE, C= Concentration
of Gallic acid from the calibration curve, V= volume of the
extract in ml, M= wt of the pure plant methanol extract.
The results of Folin –Ciocalteu total phenols photometric
assay are reported in table 1 and figure 1. Methanol fraction
was shown to contain more polyphenols (41%), than the
chloroform fraction.
Table 2. Table showing the flavonoid and total polyphenolic content values.
The concentration of the polyphenols and flavonoids in respect to their
standards are expressed in µg/ml. All the values are average of triplicates.
Extract
Chloroform
Methanol

Wheat Grass
Polyphenols
Concentration
0.3022 ± 0.09
1.019 ± 0.09

% Phenols
12
41

Flavonoids
Concentration
40.029 ± 0.13
19.333 ± 0.05
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3.3. RBC Haemolysis
The different extracts were used for screening the
haemolysis values along with the control. The treated and
untreated samples were checked for the absorbance values
after incubation. The absorbance was measured at 540nm.
The percent inhibition was calculated in terms of the
control (PBS).
Both the chloroform and methanol extracts showed the
inhibition of haemolysis. Percent inhibition of haemolysis
was dose dependent in both the fractions. The percent
inhibition might be due to the presence of excess amount of
flavonoids and phenolic.
Table 3. Table showing the values of % inhibition of haemolysis on
incubation with the extracts. The concentration of the crude extract was
measured in µg/ml.
Extract

Conc (µg/ml)
20
10
20
10

Chloroform
Methanol

% inhibition
24.56
21.49
53.29
34.21

3.4. Chelating Activity
The wheat grass extracts quenches the formation of
ferrozine –Fe2+ complex. The protective effects of wheat
grass towards the erythrocyte membranes can be attributed
to their iron chelating capacities, since they can extract iron
ions and hinder radical reactions. Moreover, the phenolic
and flavonoid compounds can scavenge free hydroxyl and
peroxy radicals and protect the membranes. The phenolic
compounds stabilize the erythrocyte membrane by
interaction with the membrane phospholipids.
Table 4. Table showing the values of % inhibition of haemolysis due to the
extracts. The concentrations of the fractions were expressed in mg/ml. All
the values are average of triplicates.
Conc (mg/ml)
0.2
0.4
0.8
1.6
3.2

Extracts (Wheat Grass)
Chloroform (% activity)
6.00
11.00
15.00
32.00
66.58

Methanol (% activity)
9.00
15.00
25.00
51.00
92.00

Fig 1. Graph showing the percent chelating activity in the presence of
ferrozine. The concentrations of the chloroform and methanol extracts
were expressed in mg/ml. All the values are average of triplicates.
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The IC50 values of chloroform and methanol are
1.689mg/ml and 2.481mg/ml respectively. The IC50 values
were calculated from the equation of slope (Y=mx+c),
where Y is taken as 50.
3.5. SH Group Measurement
Absorbance was measured at 412nm after incubation for
1 hour at 370C in the presence of reduced glutathione. To
measure the –SH group content per milligram of protein,
protein concentrations were determined using the Lowry
method. The calibration equation for Reduced glutathione
standard was y = 0.0025x - 0.002 (R2 = 0.9965), where x is
the reduced glutathione concentration in mg/L and y is the
absorbance reading at 412nm.
Table 5. Table showing the values of the SH groups in terms of the protein
content present in the sample. The SH groups were expressed in µM/mg of
protein. All the values are average of triplicates.
Extracts (Wheat Grass)
Concentration (mg/ml)
Control (without Tetrathionate)
Tetrathionate
Tetrathionate and Chloroform extract
Tetrathionate and Methanol extract

SH groups (µM/mg) protein
412.00
195.00
326.00
389.00

The SH group content showed an abrupt decrease in the
presence of the SH group inhibitor Tetrathionate. The
control showed a high value normally. When the samples
containing Tetrathionate were preincubated with the
chloroform and methanol extracts, the values showed an
abrupt increase in respect to the Tetrathionate treated
samples. This increase in the values from 195 to about 326
and 389 showed the healing effects of the extracts.
Methanol extract showed a high healing effect when
compared to the chloroform extract. This healing effect
might be due to the presence of phenolic in high content.

4. Discussion
In the present study, the blood sample collected from the
healthy winstar rats. The blood collected from the rats was
then evaluated invitro with the extracts treated with the
plant extract and observed for the parameters [3, 5]. The
parameters are checked for the effectiveness of the drug.
Both the chloroform and methanol extracts showed the
inhibition of haemolysis. Percent inhibition of haemolysis
was dose dependent in both the fractions. The percent
inhibition might be due to the presence of excess amount of
flavonoids and phenolic. The IC50 values of chloroform
and methanol are 1.689mg/ml and 2.481mg/ml respectively.
The IC50 values were calculated from the equation of slope
(Y=mx+c), where Y is taken as 50. In addition to causing
lipid per oxidation, per oxidants can cause the oxidation of
-SH groups in proteins and RBC membranes. The -SH
groups are highly reactive and can be a target during
oxidative stress.
Glutathione directly protects membrane proteins and
preserves their stability. Decreased levels of glutathione
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lead to a decrease in -SH groups and can result in the
oxidization of membrane -SH groups and loss of membrane
stability [25].
The SH group content was used as a marker for the RBc
damage analysis [3, 5]. SH group showed an abrupt decrease
in the presence of the SH group inhibitor Tetrathionate. The
control showed a high value normally. When the samples
containing Tetrathionate were preincubated with the
chloroform and methanol extracts, the values showed an
abrupt increase in respect to the Tetrathionate treated samples.
This increase in the values from 195 to about 326 and 389
showed the healing effects of the extracts. Methanol extract
showed a high healing effect when compared to the
chloroform extract. This healing effect might be due to the
presence of phenolic in high content.

5. Conclusion
In the ayurveda several of the formulations have been in
use to treat RBC membrane damage. Many of such extracts
or formulations need to be validated at the scientific level.
For the first time, we propose to study the healing effects of
the wheat grass on the RBC membrane damage. The RBC
membrane damage can be caused due to haemoglobin
denaturation and also due to extreme anaemic conditions.
And the studies so far done proved of the vital role of
Flavonoids and Phenolics in healing the RBC membrane
damage. Our studies done on the wheat grass showed
abundant quantity of Phenolics and flavonoids. Even the
study done on the blood samples invitro also proved of the
role of wheat grass in inhibiting the hemolysis, and
chelating activity. Further we plan to concentrate the
morphology studies using the microscopy studies.
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