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Abstract
Introduction

Chlorophylls are natural pigments in our everyday diet, especially with customers' rising preference for more
natural and healthful habits. The antioxidant capabilities of both classes of lipophilic substances have been
researched since disrupting antioxidant equilibrium appears to be linked to the development of several
diseases.

Methods

This research aimed to evaluate the effect of injection with chlorophyll (30 and 60 mg/ml) on enhancing the
blood parameters of rats. Twenty-one white male rats were included in this study and divided into three
groups: control, 30 mg/ml, and 60 mg/ml.

Results

Treatment with liquid chlorophyll significantly increased white blood cells (WBCs), red blood cells (RBCs),
granulocytes, lymphocytes, hemoglobin (Hgb), hematocrit (Hct), mean corpuscular Hgb concentration
(MCHC), and platelets. However, it nonsignificantly increased mean corpuscular volume (MCV). These
results confirm a great increase in important hematological parameters in response to exogenous injectable
chlorophyll with concentrations of 30 and 60 mg/ml and at two different time points, 14 and 28 days after
injection. The platelet count was significantly (p<0.001) increased after 30 mg/ml and 60 mg/ml.

Conclusion

These results show a significant increase in important hematological parameters in response to exogenous
injectable chlorophyll. The liquid chlorophyll is recommended to increase blood parameters and improve
blood characteristics avoiding anemia.

Categories: Medical Simulation, Environmental Health, Substance Use and Addiction
Keywords: plant materials, chlorophyll, blood platelets, white blood cells, full blood count, blood component therapy

Introduction

Chlorophylls are natural pigments in our daily diet, especially with consumers' increasing tendency
toward more natural and healthy behaviors [1]. Dietary chlorophyll can be found as chlorophyll a and
chlorophyll b in fresh fruits and vegetables, and as metal-free pheophytins and pyropheophytins in
thermally processed fruits and vegetables [2]. Chlorophyll in the form of underutilized greens in fresh
vegetables, supplements, liquid solutions, extracts, or tablets can be used effectively as a healthy and
beneficial nutrient supplement [3].

Chlorophyll is the most prevalent plant photopigment in nature, with chlorophyll-a (Chl-a) accounting for
nearly 75% of the green pigments found in plants [4]. Chl-a is a totally unsaturated asymmetric macrocyclic
molecule with a hydrophobic nature, which contributes to its poor solubility in hydrophilic fluids [4].
Therefore, Chl can be effectively used as a nutrient in the form of underutilized greens in fresh vegetables,
supplements, liquid solutions, extracts, or pills; addition to micellar copolymers, such as P123, which has
been shown to be biocompatible, is essential for in vivo and in vitro analyses, as they guarantee the
monomerization of the hydrophobic PS and the maintenance of its photophysical properties [5].
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Chl-a and its metabolites have been shown to build up in several tissues, including the liver and gut [6,7],
which suggests that these organs might be affected by these compounds. Chlorophylls have several positive
benefits, and one of these is antioxidant activity, which helps to prevent oxidative DNA damage and lipid
peroxidation by decreasing reactive oxygen species (ROS) and chelating metal ions [4,8-10]. The chemical
nature of porphyrin allows chlorophylls to function as hydrogen donors, stopping the chain process [11].
Chlorophyll and other pigments, mostly isolated from sea algae, were investigated for their biological
functions and potential health advantages [9]. Natural pigments, especially chlorophylls, provide several
health benefits. They have been shown to have anti-inflammatory, anti-obesity, anti-angiogenic, and
neuroprotective properties [9].

This research aims to evaluate the effect of two concentrations of liquid chlorophyll in enhancing the
hematological parameters of experimental rats, including blood features.

Materials And Methods

Liquid chlorophyll

The chlorophyll used is a liquid chlorophyll ES (Extra-strength), Nature's sunshine product, Inc., Spanish
Fork, UT84660 (Nature sunshine, Inc., USA) [12]. Liquid chlorophyll ES is a water-soluble extract obtained
from alfalfa by extraction of chlorophyll (sodium-copper salt of chlorophyll). Liquid chlorophyll is a
concentrated source of both Chl-a and Chl-b in addition to several nutrients of natural origin, including
beta-carotene, vitamins C, E, and K. It is also rich in minerals and trace elements. Twenty-one white male
rats were included in this study and divided into three groups: control, 30 mg/ml, and 60 mg/ml (A0, A1, and
A2). Blood parameters were measured after 14 and 28 days of injection.

Sample size calculations

This research was performed to evaluate the effect of different concentrations of liquid chlorophyll on
various blood parameters at two different time points, 14 and 28 days; a repeated-measures analysis of
variance (ANOVA) has been proposed. A minimum total sample size of 21 white rats was sufficient to detect
the effect size of 0.386, according to Cohen (1988), at a power (1-$=0.80) of 80% at a significance probability
level of p <0.05, and a partial eta squared of 0.12. According to sample size calculations, each treatment
group (A0, Al, and A2) including a control group, 30 mg/ml, and 60 mg/ml and time of investigations (TO,
T1) would be represented by a minimum of seven rats, as shown in Table 7 and Figure 1. The sample size was
calculated according to G*Power software version 3.1.9.6 [13-15].

Treatment group (A)

Variables Total sample size
Ag A4 Ay
To Ao To A1 To A2 To
Time of investigation (T) 21
T Ao Ty ATy A Ty
Total sample size 7 7 7 21

TABLE 1: Variables of the study and interaction of variables (n=21)

2023 Tagauov et al. Cureus 15(3): e36044. DOI 10.7759/cureus.36044 20f13


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

critical F = 3.5546

0.8 -
0.6 |
0.4
0.2 - o]
0‘ Z
e e e I ——— e S
2 4 6 8 10 12 14 16 18

F tests - ANOVA: Repeated measures. within-between interaction
Number of groups = 3. Number of measurements = 2. Corr among rep measures = 0.5.
Nonsphericity correction £ = 1. a err prob = 0.05. Effect size f = 0.4

Effect size

—o— =04

Total sample size

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Power (1-B err prob)

FIGURE 1: Sample size calculations using G*power software

ANOVA, analysis of variance.

Animals and experiment design

According to sample size calculations, experiments were carried out on 21 non-purebred white male rats
weighing 220-230 g. The experimental rats were divided into three groups: Group-I (A0) untreated control
group received 10 ml of isotonic saline solution. Group-II (A1) experimental rats received 10 ml of 30 mg/ml
liquid chlorophyll through tail-vein injection. Group-III (A2) Group-II (A1) experimental rats received 10 ml
of 60 mg/ml liquid chlorophyll through tail-vein injection. Animals were fed and followed up regularly,
including changes in body weight and other parameters following standard care. The peripheral blood
sample was obtained 14 and 28 days following treatment.

Hematological indices

Red blood cell (RBC) hematological indices, including RBC count, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin (Hgb) concentration (MCHC), Hgb, and
hematocrit (Hct), were determined using a Coulter Automated Cell Counter and various hematological
indices were determined after 14 and 28 days of injection (Coulter AcT, Beckman Coulter, New York, NY,
USA) [16].

Statistical analyses

Statistical analyses were applied to compare different treatment groups (A0, A1, and A2) at different times of
investigations (T1 and T2). The data were collected, checked, revised, and organized in tables and figures
using Microsoft Excel 2016. Data were subjected to outliers' detections and statistical normality tests to
detect whether the data were parametric or nonparametric. Data were analyzed for descriptive statistics,
both graphical and numerical descriptions. Inferential statistics for evaluating and comparing three

different treatments (A0, A1, and A2) and time of investigations (T1 and T2) was performed by repeated-
measures ANOVA or corresponding nonparametric analyses at significance levels of 0.05. ANOVA was
followed by Duncan's multiple-range tests (DMRTSs) to compare treatment groups or corresponding post hoc
test for nonparametric data. Data analyses were carried out using the computer software Statistical Package
for Social Sciences (SPSS ver. 28.0 for Mac OS; IBM Corp, Armonk, NY) [17].

Results

Various measured blood parameters are presented in tables and figures as mean#standard deviation (+SD).

The white blood cells (WBCs) count x 10 in control, group-I (30 mg/ml), and group-II (60 mg/ml) showed an
average (£SD) of 8.10+0.22, 8.52+0.16, and 8.77+0.08 after 14 days of injection, respectively; however, after
28 days, they showed an average of 8.10+0.22, 9.02+0.17, and 9.54%0.14; respectively.
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Parameter

WBC

Lymphocytes count (x109/I)

Monocytes count

Granulocytes count (x109/I)

Lymphocytes (%)

Monocytes (%)

Granulocytes (%)

RBC x 10'2/1

The WBC showed a highly significant increase after injection with liquid chlorophyll and also after the time
of injection, as revealed by repeated-measures ANOVA (p<0.001) (Table 2; Figure 2). Moreover, the
difference between groups at 14-day time points was highly significant (p<0.001) as revealed by one-way
ANOVA. Also, the difference between groups at 28-day time points was highly significant (p<0.001) as
revealed by one-way ANOVA.

Time

28

Mean*SD

Control

8.10£0.22d

8.10+0.22d

11.19+£0.19d

11.19+£0.19d

0.20+0.00 a

0.20£0.00 a

2.48+0.04 ¢

2.48+0.04 ¢

64.60+1.04 b

64.60+1.04 b

1.59+0.03 e

1.59+0.03 e

22.29+0.36 ¢

22.29+0.36 ¢

6.99+0.11 b

6.99+0.11b

30 mg/ml
8.52+0.16 ¢
9.02+0.17 b
12.06+0.07 ¢
13.07+0.22 ab
0.20+0.00 a
0.30+0.00 a
2.87+0.05 a
2.87+0.05 a
69.09+1.23 a
69.78+1.26 a
2.08+0.03 ¢
2.78+0.03 b
24.35+0.43 b
26.95+0.43 a
7.47+0.13 a

7.52+0.14 a

60 mg/ml
8.77+0.08 bc
9.54+0.14 a
12.86+0.07 b
13.22+0.14 a
0.30+0.00 a
0.30+0.00 a
2.67+0.06 b
2.87+0.06 a
69.04+1.49 a
70.80+1.21 a
1.98+0.04 d
3.08+0.04 a
25.10+0.52 b
27.51+0.51 a
7.46+0.16 a

7.60+0.16 a

Two-way ANOVA

Chl

0.001***

<0.001***

>0.05 ns

0.013*

0.520 ns

0.007**

0.033*

0.713

Time

0.001***

<0.001***

>0.05 ns

0.013*

0.124 ns

<0.001>

<0.001>

0.467 ns

Chl * Time

0.162ns

0.003**

>0.05 ns

0.013*

0.466 ns

<0.001>

0.758 ns

0.713 ns

TABLE 2: Various blood parameters in experimental male rats after treatment with 30 and 60
mg/ml of chlorophyll presented as mean and SD

*, v significant at p<0.05, <0.01, <0.001; ns, nonsignificant at p>0.05.

Means followed by different letters are significantly different according to DMRTs.

Chl, chlorophyll; SD, standard deviation; DMRT, Duncan multiple-range test; ANOVA, analysis of variance; WBC, white blood cells; RBC, red blood cells.
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FIGURE 2: Various blood parameters in experimental male rats after
treatment with 30 and 60 mg/ml of chlorophyll presented as mean and
SE

Bars followed by different letters are significantly different according to DMRTs.

SE, standard error; DMRT, Duncan multiple-range test; WBC, white blood cells.

The lymphocytes (%) showed an average (+SD) of 64.60%1.04, 69.09%1.23, and 69.04+1.49 after 14 days, and
64.60+1.04, 69.78+1.26, and 70.80+1.21 after 28 days of injection in control, group-I, and group-II (Table 2,
Figure 2). Furthermore, monocyte count recorded an average (+SD) of 1.59+0.03, 2.08+0.03, and 1.98+0.04
after 14 days of injection, and 1.59+0.03, 2.78+0.03, and 3.08+0.04 after 28 days of injection. The change in
monocyte count with chlorophyll injection was nonsignificant.

Granulocytes count also showed a significant increase with a 30 mg/ml dose of chlorophyll, as revealed by
Duncan's multiple range test and one-way ANOVA. The granulocytes level recorded an average of 2.48+0.04,
2.87%0.05, and 2.67+0.06 after 14 days of chlorophyll injection; however, it recorded an average (¥SD) of
2.48+0.04, 2.87+0.05, and 2.87%0.06 after 28 days of chlorophyll injection. The change in granulocytes with
chlorophyll was highly significant (Table 2, Figure 2).

RBCs count (xlOlz/l) showed an average level in control, 30 mg/ml, and 60 mg/ml chlorophyll of 6.99+0.11,
7.47%0.13, and 7.46%0.16 x 1012/] after 14 days of chlorophyll injection, respectively. However, after 28 days

it showed an average (+SD) of 6.99+0.11, 7.52+0.14, and 7.60+0.16 x 10121, respectively, for control, 30
mg/ml, and 60 mg/ml (Figure 3). The difference in RBCs was nonsignificant, as revealed by a two-way
ANOVA. The HGB (g/1) level showed a significant increase with an increase in chlorophyll concentrations, as
revealed by two-way ANOVA.
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FIGURE 3: Various blood parameters in experimental male rats after
treatment with 30 and 60 mg/ml.

Bars followed by different letters are significantly different according to DMRTs.

RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCHC, mean
corpuscular hemoglobin concentration; PLT, platelet; DMRT, Duncan multiple-range test.

The HCT (%), MCV, MCH, MCHC, RDW, stable neutrophils, PCT (%), and basophils showed a nonsignificant
response to exogenous injectable liquid chlorophyll, as revealed by a two-way ANOVA (Table 3).
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Parameter

HGB (g/l)

HCT %

MCV (fl)

MCH (pg)

MCHC (g/l)

RDW (%)

PLT (x10%/1)

MPV (fl)

RDW

PCT (%)

TABLE 3: Various blood parameters are presented as mean and SD

*, **, *** significant at p<0.05, <0.01, <0.001; ns, nonsignificant at p>0.05.

Time

28

MeantSD

Control

130.13+1.50 ¢

130.13+1.50 ¢

40.72+0.65 b

40.72+0.65 b

57.77+0.93 a

57.77+0.93 a

19.62+0.31b

19.62+0.31b

328.79+2.10 b

328.79+2.10 b

15.36+£0.25 a

15.36+0.25 a

485.35+2.86 d

485.35+2.86 d

6.74x0.11 a

6.74x0.11 a

8.32+0.13 a

8.32+0.13 a

0.33+0.01 a

0.33+0.01 a

30 mg/ml
134.26+1.29 b
138.37+1.10 a
41.85+0.78 ab
42.84+0.79 a
59.16+1.10 a
59.05+1.12 a
19.88+0.37 ab
20.38+0.38 ab
333.56+2.49 ab
336.53+2.54 a
15.23+0.29 a
14.93+0.30 a
488.03+3.41 cd
497.00+3.47 ab
6.430.13 bc
6.32+0.13 ¢
8.01£0.16 b
8.31£0.16 ab
0.35+0.01 a

0.36x0.01 a

60 mg/ml
136.95+1.81 a
139.25+1.29 a
42.06+0.94 ab
42.97+0.92 a
58.73+1.34 a
59.14+1.31 a
20.24+0.45 ab
20.54+0.45 a
336.25¢3.02 a
337.29+2.97 a
15.39+0.36 a
15.00+0.35 a
492.61+4.13 bc
499.66+4.06 a
6.71+0.16 ab
6.51+0.15 abc
8.09+0.19 ab
8.19+0.19 ab
0.34+0.01 a

0.35+0.01 a

Means followed by different letters are significantly different according to DMRTs.

Two-way ANOVA

Chl

0.050*

0.731 ns

0.791 ns

0.303 ns

0.280 ns

0.520 ns

0.114 ns

0.024*

>0.999 ns

0.226

Time

0.003*

0.076 ns

0.828 ns

0.127

0.217 ns

0.074 ns

0.003**

0.096 ns

0.060 ns

0.226 ns

Chl * Time

0.294 ns

0.945 ns

0.718 ns

0.725

0.539 ns

0.781 ns

0.659 ns

0.554 ns

0.314

0.226 ns

Chl, chlorophyll; SD, standard deviation; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; DMRT,

Duncan multiple-range test.

The segmented neutrophils showed a highly significant difference with chlorophyll injection with
concentrations of 30 and 60 mg/ml, as revealed by two-way ANOVA.

The lymphocytosis and neutrophilia were recorded in control, group-I, and group-II and were
nonsignificantly changed with time or chlorophyll concentration. However, lymphopenia, neutropenia,
eosinophilia, basophilia, and monocytosis were not recorded in any group or time points (Tables 4, 5).
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Parameter

Stable neutrophils

Segmented neutrophils

Eosinophils count

Basophils count

Lymphocytes count

Monocytes count

TABLE 4: Various blood parameters presented as mean and SD.

Time

28

MeanxSD

Control

0.99+0.02 a

0.99+0.02 a

24.92+0.15 b

24.92+0.15 b

0.00+0.00 a

0.00+0.00 a

0.00+0.00 a

0.00+0.00 a

65.40£1.05d

65.40£1.05d

0.99+0.02 a

0.99+0.02 a

30 mg/ml
-0.01+0.02 a
-0.01+0.02 a
25.90+0.17 a
25.90+0.18 a
1.00+0.00 a
0.00+0.00 a
0.00+0.00 a
1.00+0.00 a
67.28+1.25 cd
71.2741.27 ab
1.99+0.02 a

2.99+0.02 a

*,**, #** significant at p<0.05, <0.01, <0.001; ns, nonsignificant at p>0.05.

Means followed by different letters are significantly different according to DMRTs.

Chl, chlorophyll; SD, standard deviation; ANOVA, analysis of variance; DMRT, Duncan multiple-range test.

60 mg/ml
-0.01+0.02 a
0.99+0.02 a
21.88+0.21 ¢
24.88+0.21 b
1.00+0.00 a
0.00+0.00 a
0.00+0.00 a
1.00+0.00 a
69.13+1.51 bc
72.14+1.48 a
0.99+0.02 a

2.99+0.02 a

Two-way ANOVA

Chli

>0.05 ns

<0.001***

>0.05 ns

>0.05 ns

0.105

>0.05 ns

Time

>0.05 ns

<0.001***

>0.05 ns

>0.05 ns

0.001***

>0.05 ns

Chl * Time

>0.05 ns

<0.001***

>0.05 ns

>0.05 ns

0.529

>0.05 ns
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All

Lymphocytosis

Lymphopenia

Neutrophilia

Neutropenia

Eosinophilia

Basophilia

Monocytosis

TABLE 5: Lymphocytosis, lymphopenia, neutrophilia, neutropenia, eosinophilia, basophilia, and

Control
Time (d)

Median Mean
14 1 1
28 1 1
14 0 0
28 0 0
14 1 1
28 1 1
14 0 0
28 0 0
14 0 0
28 0 0
14 0 0
28 0 0
14 0 0
28 0 0

Treatment with chlorophyll

30 mg/ml
Median

1

monocytosis are presented as median and mean

*, **, *** significant at p<0.05, <0.01, <0.001; ns, nonsignificant at p>0.05.

Differences assessed by chi-square test.

Mean

60 mg/ml
Median

1

Mean

Chi-square

>0.05 ns

>0.05 ns

>0.05 ns

>0.05 ns

>0.05 ns

>0.05 ns

>0.05 ns

Table 6 and Figure 4 present the relationship between exogenous injectable chlorophyll concentration and
time versus various blood parameters presented as correlation coefficient (r) and two-tailed significance test
(p-value). The chlorophyll treatment significantly and positively increased WBC (r=0.744; p=0.001"
lymphocytes x 1091 (r=0.74; p=0.002**), monocytes (r=0.761; p<0.001***), lymphocytes (%) (r=0.612;
p=0.015%), monocytes (%) (r=0.546; p=0.035*), granulocytes (%) (r=0.635; p=0.011*), Hgb (g/1) (r=0.682;
p=0.005**), MCH (pg) (r=0.52; p=0.047*), MCHC (g/1) (r=0.687; p=0.005**), PLT x 10%1 (r=0.649; p=0.009**),
and lymphocytes (r=0.647; p=0.009**). Figure 4 represents a heatmap with the correlation coefficients,

where blue color showed a positive correlation, red for a negative correlation, and boxed colors for

significant correlations (Figure 4).
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Chlorophyll concentration Time
Variables

r p-Value r p-Value
WBCs count 0.74 0.001*** 0.91 <0.001***
Lymphocytes count (x10%/1) 0.74 0.002** 0.88 <0.001***
Monocytes count 0.76 <0.001*** 0.76 <0.001**
Granulocytes x 1091 0.32 0.241ns 0.75 0.001***
Lymphocytes (%) 0.61 0.015* 0.75 0.001***
Monocytes (%) 0.55 0.035* 0.94 <0.001***
Granulocytes (%) 0.64 0.011* 0.94 <0.001***
RBC x 10'%/1 0.63 0.011* 0.68 0.005**
Hgb (g/1) 0.68 0.005** 0.84 <0.001***
Het (%) 0.50 0.059 ns 0.68 0.005**
McvV 0.24 0.384 ns 0.38 0.161 ns
MCH (pg) 0.52 0.047* 0.68 0.005**
MCHC (g/l) 0.69 0.005** 0.71 0.003**
RDW (%) -0.04 0.886 ns -0.49 0.062 ns
PLT count (x10°/1) 0.65 0.009** 0.83 <0.001**
MPV -0.03 0917 ns -0.59 0.020*
RDW -0.33 0.224 ns -0.01 0.983 ns
PCT (%) 0.10 0.719ns 0.51 0.054 ns
Rod nuclear neutrophils -0.15 0.588 ns -0.15 0.588 ns
Segment nuclear neutrophils -0.47 0.078 ns 0.27 0.331 ns
Eosinophils 0.30 0.270 ns -0.30 0.270 ns
Basophils 0.30 0.270 ns 0.91 <0.001***
Lymphocytes 0.65 0.009** 0.86 <0.001***
Monocytes 0.25 0.369 ns 0.92 <0.001***

TABLE 6: The relationship between exogenous injectable chlorophyll concentration and time on
various blood parameters is presented as a correlation coefficient (r) and two-tailed significance
test (p-value)

¥+, 7 significant at p<0.05, <0.01, <0.001; ns, nonsignificant at p>0.05.
Means followed by different letters are significantly different according to DMRTs.

WBCs, white blood cells; RBC, red blood cell; Hgb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; DMRT,
Duncan multiple-range test.
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FIGURE 4: Heat map showing the interrelationships between variables.

WBCs, white blood cells; RBC, red blood cell; Hgb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell
distribution width; PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; DMRT, Duncan multiple-range test.

Discussion

The liquid chlorophyll in this study showed a significant appositive correlation with WBCs, lymphocytes,
monocytes, lymphocytes (%), granulocytes, RBCs, Hgb, Hct, MCV, MCH, MCHC, and blood platelets. These
significant positive effects of chlorophyll concentrations tested indicate a high health benefit of using
chlorophyll from biological sources. These results agree with those of Pangestuti and Kim [9] who listed
various significant effects of natural pigments, including chlorophyll. However, it disagrees with the study
by Cugliari et al. [18], in order to verify the effects of the protracted intake of chlorophyll on blood count
parameters and iron levels in endurance athletes, investigating supposed anti-anemic properties. They
reported no significant difference in blood parameters, including hemoglobin; however, they reported an
increase in blood platelets [18].

The increase in platelet-related measures could positively influence endurance performance by reducing
pain and fatigue. However, the supposed ergogenic effects and anti-anemic properties are recommended for
further study [18]. Platelet-rich plasma has anti-inflammatory and anabolic effects [19] and several studies
show its effectiveness in the healing process of muscle injury [20], tendon injury [21], and in the treatment
of osteoarthritis [22]. A recent study shows a significant correlation between MPV and the running time in a
half marathon [23], while in short-term performance at the maximum intensity, it appears to have no
significant relationship between PLTS, MPV, and PDW with VO,Max, resistance, and running speed [24].

These results suggest that platelets may play a role in the medium- to a long-term performance by
promoting the gradual release of growth factors and thereby relieving muscular pain and/or fatigue, or that
MPYV increase could be attributed to a more significant turn-over of platelets that could reflect other chronic
physical adaptation without necessarily having a direct ergogenic effect. In this study, however, only the
experimental group obtained a significant increase, indicating chlorophyll's role in modifying the above
factor.

The effect of chlorophyll on improving blood parameters includes antioxidant activities. Antioxidants may

have a positive effect on human health as they can protect the human body against damage by ROS, which

attack macromolecules such as membrane lipids, proteins, and DNA, leading to many health disorders such
as cancer, diabetes mellitus, aging, and neurodegenerative diseases [25].
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Conclusions

The results of this study show a significant increase in some important hematological parameters in
response to injectable chlorophyll including WBCs, lymphocytes count, monocytes count, lymphocytes (%),
monocytes (%), and granulocytes (%), in addition to RBCs, Hgb, Hct, MCH, MCHC, and platelet counts. The
liquid chlorophyll is recommended to increase blood parameters and improve blood characteristics,
avoiding anemia. Further investigations are recommended to check the effects and side effects of using
chlorophyll.

Additional Information
Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: Research Ethics Committee, Faculty of Science, Suez Canal University, Ismailia, Egypt
Issued protocol number REC96/2022. 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.

References

1. Pérez-Galvez A, Viera I, Roca M: Carotenoids and chlorophylls as antioxidants. Antioxidants (Basel). 2020,
9:505. 10.3390/antiox9060505

2. Ferruzzi MG, Blakeslee J: Digestion, absorption, and cancer preventative activity of dietary chlorophyll
derivatives. Nutr Res. 2007, 27:1-12. 10.1016/j.nutres.2006.12.003

3. PandiV, Prabhakaran S, Sadagopan RS: Assessment of nutritional value in selected edible greens based on
the chlorophyll content in leaves. Res Plant Biol. 2013, 3:45-9.

4. Lanfer-Marquez UM: O papel da clorofila na alimenta¢ao humana: uma revisao [The role of chlorophyll in
human feeding: a review]. Rev Bras Cienc Farm. 2003, 39:227-42.

5. van Nostrum CF: Polymeric micelles to deliver photosensitizers for photodynamic therapy . Adv Drug Deliv
Rev. 2004, 56:9-16. 10.1016/j.addr.2003.07.013

6. Xodo LE, Rapozzi V, Zacchigna M, Drioli S, Zorzet S: The chlorophyll catabolite pheophorbide a as a
photosensitizer for the photodynamic therapy. Curr Med Chem. 2012, 19:799-807.
10.2174/092986712799034879

7.  Szczygiel M, Urbariska K, Jurecka P, Stawoska I, Stochel G, Fiedor L: Central metal determines
pharmacokinetics of chlorophyll-derived xenobiotics. ] Med Chem. 2008, 51:4412-8. 10.1021/jm7016368

8. Inanc AL: Chlorophyll: structural properties, health benefits and its occurrence in virgin olive oils . Acad
Food J. 2011, 9:26-32.

9. Pangestuti R, Kim S-K: Biological activities and health benefit effects of natural pigments derived from
marine algae. ] Funct Foods. 2011, 3:255-66. 10.1016/.jff.2011.07.001

10.  Shelton JR, Vincent DN: Retarded autoxidation and the chain-stopping action of inhibitors . ] Am Chem Soc.
1963, 85:2433-9. 10.1021/ja00899a02.1

11.  Endo Y, Usuki R, Kaneda T: Antioxidant effects of chlorophyll and pheophytin on the autoxidation of oils in
the dark. II. The mechanism of antioxidative action of chlorophyll. ] Am Oil Chem Soc. 1985, 62:1387-90.

12.  Naturessunshine. (Liquid Chlorophyll ES (Extra Strength)) . Accessed: December 2022:
https://www.naturessunshine.com/product/chlorophyll-es-liquid.

13.  Cohen J: Statistical Power Analysis for the Behavioral Sciences. Routledge, New York; 1988.
10.4324/9780203771587

14. Faul F, Erdfelder E, Lang AG, Buchner A: G*Power 3: a flexible statistical power analysis program for the
social, behavioral, and biomedical sciences. Behav Res Methods. 2007, 39:175-91. 10.3758/bf03193146

15. Faul F, Erdfelder E, Buchner A, Lang AG: Statistical power analyses using G*Power 3.1: tests for correlation
and regression analyses. Behav Res Methods. 2009, 41:1149-60. 10.3758/BRM.41.4.1149

16.  Tchir JD, Acker JP, Holovati JL: Rejuvenation of ATP during storage does not reverse effects of the
hypothermic storage lesion. Transfusion. 2013, 53:3184-91. 10.1111/trf.12194

17.  Knapp H: Introductory Statistics Using SPSS. Sage, Los Angeles; 2017.
https://methods.sagepub.com/book/introductory-statistics-using-spss-2e.

18.  Cugliari G, Messina F, Canavero V, Biorci F, Ivaldi M: Relationship of chlorophyll supplement and platelet-
related measures in endurance athletes: a randomized, double-blind, placebo-controlled study. Sport Sci
Health. 2018, 14:449-54.

19. Cugat R, Cuscé X, Seijas R, et al.: Biologic enhancement of cartilage repair: the role of platelet-rich plasma
and other commercially available growth factors. Arthroscopy. 2015, 31:777-83.
10.1016/j.arthro.2014.11.031

20. Cunha RC, Francisco JC, Cardoso MA, et al.: Effect of platelet-rich plasma therapy associated with exercise
training in musculoskeletal healing in rats. Transplant Proc. 2014, 46:1879-81.
10.1016/j.transproceed.2014.05.063

21.  Hamid MSA, Mohamed Ali MR, Yusof A, George |, Lee LP: Platelet-rich plasma injections for the treatment
of hamstring injuries: a randomized controlled trial. Am ] Sports Med. 2014, 42:2410-8.
10.1177/0363546514541540

22. Raeissadat SA, Rayegani SM, Hassanabadi H, Fathi M, Ghorbani E, Babaee M, Azma K: Knee osteoarthritis

2023 Tagauov et al. Cureus 15(3): €36044. DOI 10.7759/cureus.36044 120f 13


https://dx.doi.org/10.3390/antiox9060505
https://dx.doi.org/10.3390/antiox9060505
https://dx.doi.org/10.1016/j.nutres.2006.12.003
https://dx.doi.org/10.1016/j.nutres.2006.12.003
https://updatepublishing.com/journal/index.php/ripb/article/view/2501
https://www.scielo.br/j/rbcf/a/nZnG9yMfvLLR3jTqgWg7M8R/?lang=pt
https://dx.doi.org/10.1016/j.addr.2003.07.013
https://dx.doi.org/10.1016/j.addr.2003.07.013
https://dx.doi.org/10.2174/092986712799034879
https://dx.doi.org/10.2174/092986712799034879
https://dx.doi.org/10.1021/jm7016368
https://dx.doi.org/10.1021/jm7016368
https://www.researchgate.net/publication/267786661_Chlorophyll_Structural_Properties_Health_Benefits_and_Its_Occurrence_in_Virgin_Olive_Oils
https://dx.doi.org/10.1016/j.jff.2011.07.001
https://dx.doi.org/10.1016/j.jff.2011.07.001
https://dx.doi.org/10.1021/ja00899a021
https://dx.doi.org/10.1021/ja00899a021
https://link.springer.com/article/10.1007/BF02545965
https://www.naturessunshine.com/product/chlorophyll-es-liquid
https://www.naturessunshine.com/product/chlorophyll-es-liquid
https://dx.doi.org/10.4324/9780203771587
https://dx.doi.org/10.4324/9780203771587
https://dx.doi.org/10.3758/bf03193146
https://dx.doi.org/10.3758/bf03193146
https://dx.doi.org/10.3758/BRM.41.4.1149
https://dx.doi.org/10.3758/BRM.41.4.1149
https://dx.doi.org/10.1111/trf.12194
https://dx.doi.org/10.1111/trf.12194
https://methods.sagepub.com/book/introductory-statistics-using-spss-2e
https://link.springer.com/article/10.1007/s11332-018-0477-7
https://dx.doi.org/10.1016/j.arthro.2014.11.031
https://dx.doi.org/10.1016/j.arthro.2014.11.031
https://dx.doi.org/10.1016/j.transproceed.2014.05.063
https://dx.doi.org/10.1016/j.transproceed.2014.05.063
https://dx.doi.org/10.1177/0363546514541540
https://dx.doi.org/10.1177/0363546514541540
https://dx.doi.org/10.4137/CMAMD.S17894

Cureus

injection choices: platelet-rich plasma (PRP) versus hyaluronic acid (a one-year randomized clinical trial).
Clin Med Insights Arthritis Musculoskelet Disord. 2015, 8:1-8. 10.4137/CMAMD.S17894

23.  Lippi G, Salvagno GL, Danese E, Skafidas S, Tarperi C, Guidi GC, Schena F: Mean platelet volume (MPV)
predicts middle distance running performance. PLoS One. 2014, 9:e112892. 10.1371/journal.pone.0112892

24.  Alis R, Sanchis-Gomar F, Risso-Ballester ], Blesa JR, Romagnoli M: Effect of training status on the changes
in platelet parameters induced by short-duration exhaustive exercise. Platelets. 2016, 27:117-22.
10.3109/09537104.2015.1047334

25. Ngo D-H, Wijesekara I, Vo T-S, Van Ta Q, Kim S-K: Marine food-derived functional ingredients as potential
antioxidants in the food industry: an overview. Food Res Int. 2011, 44:523-9. 10.1016/j.foodres.2010.12.030

2023 Tagauov et al. Cureus 15(3): €36044. DOI 10.7759/cureus.36044 130f 13


https://dx.doi.org/10.4137/CMAMD.S17894
https://dx.doi.org/10.1371/journal.pone.0112892
https://dx.doi.org/10.1371/journal.pone.0112892
https://dx.doi.org/10.3109/09537104.2015.1047334
https://dx.doi.org/10.3109/09537104.2015.1047334
https://dx.doi.org/10.1016/j.foodres.2010.12.030
https://dx.doi.org/10.1016/j.foodres.2010.12.030

	Improvement of Blood Parameters of Male Rats Exposed to Different Injection Doses of Liquid Chlorophyll
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Liquid chlorophyll
	Sample size calculations
	TABLE 1: Variables of the study and interaction of variables (n=21)
	FIGURE 1: Sample size calculations using G*power software

	Animals and experiment design
	Hematological indices
	Statistical analyses

	Results
	TABLE 2: Various blood parameters in experimental male rats after treatment with 30 and 60 mg/ml of chlorophyll presented as mean and SD
	FIGURE 2: Various blood parameters in experimental male rats after treatment with 30 and 60 mg/ml of chlorophyll presented as mean and SE
	FIGURE 3: Various blood parameters in experimental male rats after treatment with 30 and 60 mg/ml.
	TABLE 3: Various blood parameters are presented as mean and SD
	TABLE 4: Various blood parameters presented as mean and SD.
	TABLE 5: Lymphocytosis, lymphopenia, neutrophilia, neutropenia, eosinophilia, basophilia, and monocytosis are presented as median and mean
	TABLE 6: The relationship between exogenous injectable chlorophyll concentration and time on various blood parameters is presented as a correlation coefficient (r) and two-tailed significance test (p-value)
	FIGURE 4: Heat map showing the interrelationships between variables.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


