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ABSTRACT

Basella alba (Malabar spinach) is a commonly consumed medicinal plant known for its
antioxidant, anti-inflammatory, and cytoprotective properties. Despite its recognized
therapeutic potential, limited studies have investigated its membrane-stabilizing effects
on human erythrocytes of different blood types. This study evaluated the in vitro
membrane-stabilizing activity of ethanolic leaf extract of B. a/ba on human erythrocytes
of blood types A, B, and AB under hypotonic conditions. A quantitative experimental
research design was employed, using a hypotonicity-induced hemolysis assay to
determine the extract's protective effects on erythrocyte membranes. The extract was
tested at concentrations of 1.0, 1.5, and 2.0 mg/mL, with acetylsalicylic acid serving as
the positive control and a hypotonic saline—sodium phosphate buffer solution (pH 7.4)
without the extract serving as the negative control. The results demonstrated that the
ethanolic extract exhibited measurable membrane-stabilizing activity across all tested
blood types and concentrations. A concentration-dependent increase in membrane
protection was observed, with the 2.0 mg/mL extract showing the greatest inhibition of
hemolysis. Among the blood types tested, blood type B exhibited the highest membrane-
stabilizing response. Statistical analysis using two-way ANOVA revealed significant
differences in membrane-stabilizing activity among extract concentrations and blood type
groups (p <.001). These findings suggest that B. alba contains bioactive phytochemicals
with potential membrane-protective and cytoprotective properties, supporting its possible
therapeutic application as a natural source of anti-inflammatory agents.

Keywords: erythrocyte stability, cytoprotection, hypotonic stress, phytochemicals, therapeutic
potential
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INTRODUCTION

Background of the Study

Medicinal plants have gained increasing attention in recent years as potential
sources of therapeutic compounds due to their rich phytochemical content and diverse
biological activities. Several studies have associated the consumption of plant-based foods
rich in bioactive compounds with reduced risks of chronic diseases, including
cardiovascular disorders, cancer, and conditions related to oxidative stress (Liu, 2003). As
interest in natural products and plant-derived therapeutics continues to expand, medicinal
plants with antioxidant and cytoprotective properties have become important subjects of
scientific investigation.

Basella alba L., commonly known as Malabar spinach, Indian spinach, or Ceylon
spinach, is a fast-growing perennial vine in the family Basellaceae and is widely cultivated
throughout tropical regions of Asia (Haridas et al., 2024). In the Philippines, B. alba is
locally known as Alugbati and is commonly consumed as a leafy vegetable and used in
traditional folk medicine. According to Chaurasiya et al. (2021), B. alba possesses
significant nutritional and pharmacological value due to the presence of minerals, proteins,
carbohydrates, fibers, vitamins, carotenoids, and various bioactive secondary metabolites.
Phytochemical analyses of Basella species have identified compounds such as betacyanins,
carotenoids, bioflavonoids, B-sitosterol, and lupeol, which are reported to exhibit
antioxidant, antimicrobial, and anti-inflammatory activities (Moutusi et al., 2019;

Chaurasiya et al., 2021).



Recent studies have further demonstrated the potent antioxidant and anti-
inflammatory activities of B. alba. Rusak et al. (2024) reported that gomphrenin-rich
fractions isolated from B. alba significantly inhibited pro-inflammatory cytokines and
reduced oxidative stress markers and lipid peroxidation in vitro. These findings suggest
that the antioxidant compounds present in B. alba may help protect cellular membranes
against oxidative damage. Oxidative stress is recognized as a major contributor to
erythrocyte membrane destabilization, lipid peroxidation, and hemolysis, making
antioxidant-rich plant extracts valuable candidates for membrane-stabilizing research.
Similar membrane-protective effects have been observed in other polyphenol-rich plant
extracts, which were shown to reduce erythrocyte hemolysis and improve membrane
stability under oxidative and hypotonic stress conditions (Yesmin et al., 2020).

Traditionally, B. alba has been used to manage various ailments, including
inflammatory disorders, ulcers, viral infections, skin diseases, and gastrointestinal
conditions (Shade et al., 2017; Moutusi et al., 2019). Previous studies have also reported
anti-hypoglycemic, wound-healing, antimicrobial, and androgenic activities associated
with the plant. In the Philippine setting, Alugbati is widely cultivated in home gardens and
incorporated into local diets because of its nutritional and medicinal value. Its consumption
has likewise been associated with various nutritional and health benefits due to its rich
content of antioxidants and phytochemicals (Felicilda, 2025; Pausanos, 2025).
Nutritionally, B. alba is rich in vitamins, minerals, antioxidants, and essential amino acids,
further supporting its importance as a functional food source (Haridas et al., 2023).

Beyond its nutritional and ethnomedicinal importance, increasing scientific

attention has focused on the potential cytoprotective effects of B. alba, particularly its



possible role in protecting erythrocyte membranes against oxidative and hypotonic
damage. Membrane stabilization is an important biological property because the integrity
of the erythrocyte membrane is essential for preventing hemolysis and maintaining normal
cellular function. Damage to erythrocyte membranes caused by oxidative stress and
osmotic imbalance has been associated with various pathological conditions, including
inflammatory disorders and hematologic abnormalities. Consequently, plant extracts with
membrane-stabilizing activity are considered promising candidates in natural product and
therapeutic research.

Erythrocytes are particularly susceptible to oxidative damage because of their
continuous exposure to reactive oxygen species and high polyunsaturated lipid content
within their membranes. Oxidative stress may induce lipid peroxidation and structural
damage to membranes, leading to increased osmotic fragility and hemolysis (Obeagu et al.,
2024). Consequently, compounds that stabilize erythrocyte membranes and reduce
oxidative injury are considered important for preventing cellular damage associated with
oxidative stress-related conditions. Previous studies have also demonstrated that
antioxidant-rich plant extracts exhibit significant antihemolytic and membrane-stabilizing
activities, further supporting their potential therapeutic value (Ydyrys et al., 2023).

Despite the increasing body of literature describing the pharmacological activities
of B. alba, studies specifically evaluating its effects on human erythrocyte membrane
stability remain limited. Previous investigations have explored the effects of B. alba on
erythrocyte osmotic fragility, particularly among individuals with sickle cell disease (Ds et
al., 2015). However, there remains a lack of studies examining its effects on normal human

erythrocytes, particularly under hypotonic stress. Furthermore, limited information is



available regarding the protective effects of ethanolic extracts of B. alba leaves on
erythrocyte membranes.

Ethanolic extraction was selected in the present study because ethanol effectively
dissolves both polar and moderately nonpolar bioactive compounds, including polyphenols
and flavonoids, which are known for their antioxidant and cytoprotective properties.
Previous studies involving polyphenol-rich medicinal plants have demonstrated that
ethanolic extracts possess substantial antioxidant activity and significant biological
potential due to their high phytochemical content (Stanciauskaite et al., 2021). Thus, the
use of ethanolic extracts may enhance the recovery of membrane-protective
phytochemicals from B. alba leaves.

The ethnomedicinal relevance, phytochemical composition, and reported biological
activities of B. alba provide a strong basis for further scientific investigation. However,
studies examining its in vitro protective effects on human erythrocyte membranes remain
limited. To date, no study has comprehensively evaluated the effects of ethanolic leaf
extracts of B. alba across different human blood types under hypotonic-induced hemolytic
conditions. Therefore, this study aims to evaluate the membrane-stabilizing activity of
ethanolic leaf extracts of B. alba on normal human erythrocytes using in vitro assays. The
findings of this study may contribute to the growing body of evidence supporting the
therapeutic potential of plant-derived bioactive compounds and provide scientific support

for the traditional use of Alugbati as a medicinal plant in the Philippines.



Objectives of the Study

This study aimed to evaluate the membrane-stabilizing effects of the ethanolic
extract of Malabar spinach (B. alba) leaves on human erythrocytes of different blood types
(A, B, and AB) using in vitro assays.
Specifically, it aimed to:

1. assess the membrane-stabilizing activity of the extract on human erythrocytes using
1.0, 1.5, and 2.0 mg/mL concentrations against hypotonic-induced hemolysis, using
acetylsalicylic acid as the positive control and the hypotonic saline—sodium
phosphate buffer solution without extract as the negative control;

2. compare the membrane-stabilizing effects of the extract among erythrocytes of
different blood types (A, B, and AB); and

3. determine the concentration-dependent effect of the extract on erythrocyte

membrane stability.

Significance of the Study

This study was significant because it investigated the membrane-stabilizing effects
of the ethanolic extract of B. alba leaves, a natural plant source that may serve as a safe
and accessible therapeutic or dietary supplement. By including erythrocytes of different
blood types (A, B, and AB), the study also determined whether blood group variations
influenced the extract's effects on red blood cell membrane stability.

Medical and health professionals will benefit from this study, as it will provide

insights into the potential use of B. alba as a natural therapeutic agent to protect red blood



cells. Understanding its effects across blood types will also support its potential application

in personalized or blood-type—specific treatments.

Nutritionists and dietitians will gain useful information on the protective effects of
B. alba on red blood cells, supporting its inclusion in diets that promote blood health and
reduce oxidative stress. Findings based on differences in blood type may also help tailor
nutritional recommendations for individuals.

Local communities and the general public will benefit from knowledge of the safety
and potential health benefits of consuming B. alba in food or traditional medicine. This

will help individuals make informed choices regarding its nutritional and medicinal use.

Scope and Delimitations

This study was limited to in vitro testing and did not assess other biological or
pharmacological activities of the extract. It focused on determining the membrane-
stabilizing effects of B. alba leaf ethanolic extract on red blood cells under hypotonic
conditions. Normocytic, normochromic human erythrocytes of blood types A, B, and AB
were used to evaluate potential variations in membrane-stabilizing responses among
different blood groups. Blood type O was excluded from the study because it lacks A and
B surface antigens on the erythrocyte membrane, which may limit comparative
observations of antigen-associated membrane responses. Additionally, factors such as
temperature, pH, sample storage conditions, and pipetting techniques during sample
preparation and testing may have influenced the outcome of the experiment. The research
was conducted at Misamis University in Ozamiz City, Misamis Occidental, Philippines,

during the School Year 2025-2026.



MATERIALS AND METHODS

Research Design

The research employed a quantitative, experimental study design to evaluate the
membrane-stabilizing effects of Malabar spinach (B. alba) leaf ethanolic extract on normal
human erythrocytes of blood types A, B, and AB. Structured quantitative procedures were

applied to evaluate the membrane-stabilizing property of the plant extract.

Research Setting

Fresh Malabar spinach (B. alba) leaves were cultivated and collected from a
privately owned residential property located at Purok 8, Bernad Subdivision, Barangay
Aguada, Ozamiz City, Misamis Occidental, to ensure that the plant material was grown
without the use of pesticides. Blood extraction and RBC suspension preparation were
performed in the Department of Medical Technology at Misamis University under
controlled, sterile conditions. The morphological assessment of erythrocytes was
performed in a well-equipped clinical laboratory to validate the cellular integrity of the
study samples.

Moreover, the preparation of the ethanolic extract from the leaves was conducted
at the College of Science and Mathematics, Mindanao State University — Iligan Institute of
Technology, which was equipped with the necessary facilities and instruments to support
the analysis. Lastly, the membrane-stabilizing activity assay was conducted at the College
of Mathematics and Natural Sciences, Northwestern Mindanao State College of Science

and Technology.
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Figure 1. Map of the plant sample collection site in Purovk 8, Bernad Subdivision, Barangay
Aguada, Ozamiz City, Misamis Occidental

Collection of Plant Materials

Mature leaves of B. alba free from visible damage, discoloration, or disease were
selected and cut from different parts of the plant using clean scissors to minimize
contamination. The collected leaves were carefully placed in autoclavable bags and
transported to the laboratory, where they were washed under running water (Jones, 2025).
The leaves were then placed on trays and dried in a food dehydrator for 48 h at 43 °C to
reduce moisture content (Alonso et al., 2025). Low-temperature drying was employed to
preserve heat-sensitive phytochemicals, antioxidants, and bioactive compounds, such as
polyphenols and flavonoids, which may contribute to the plant extract's membrane-

stabilizing activity (Felicilda, 2025).

Preparation of Ethanolic Extract
The dried leaves were pulverized into a fine powder using a blender (Hanabishi).

The resulting powder (100g) was soaked and stirred in 1 L of 70% ethanol and kept for 72



hours in an airtight glass jar with regular manual agitation. After 72 hours, the mixture was
decanted through cheesecloth and then filtered through filter paper. The filtrate was
concentrated using a rotary evaporator (Elizondo-Luevano et al., 2024). The yields were

calculated using Formula (1):

Yield (%) = Final Weight % 100
teld (%) = { il Weight

1)

Pulverization:
Dried leaves were pulverized into a fine powder using a blender (Hanabishi).

i

Maceration:
100 g of powder was soaked and stirred in 1 L of 70% ethanol
in an airtight glass jar for 72 hours with regular manual agitation.

L 4

Decantation:
After 72 hours, the mixture was decanted through cheese cloth.

¥

Filtration:
The mixture was subsequently filtered using filter paper.

i

Concentration:
The filtrate was concentrated using a rotary evaporator.

¥

Yield Calculation (using Formula 1):

Yield (%) = —nalWeight 15
Initial Weight

Figure 2. Schematic diagram of the preparation of the plant ethanolic extract

Blood Extraction Procedure

Human blood samples of blood types A, B, and AB were collected from nine (9)
healthy volunteers, with three (3) individuals representing each blood type, through
venipuncture. A licensed medical technologist performed the procedure in accordance with

standard phlebotomy and safety protocols recommended by the Clinical and Laboratory



Standards Institute (CLSI, 2017). Approximately 5 mL of blood was drawn from each

donor and transferred into EDTA tubes to prevent clotting (McCall, 2023).

Morphological Assessment of Red Blood Cells

Freshly collected blood samples were first subjected to automated complete blood
count (CBC) analysis using the Sysmex KX-1000 Hematology Analyzer to ensure that the
erythrocytes used in the assays were morphologically normal. The analyzer operates on the
principle of electrical impedance for cell counting and sizing, in which blood cells passing
through a small aperture generate changes in electrical resistance proportional to cell size
and number (Brown, 2015). Samples with mean corpuscular volume (MCV) values within
80-100 fL, mean corpuscular hemoglobin (MCH) values within 27-31 pg/cell, and mean
corpuscular hemoglobin concentration (MCHC) values within 32-36 g/dL were considered
morphologically normal, specifically normocytic and normochromic, and were accepted
for further use (UF Health, 2024). This ensured that any observed membrane-stabilizing
activity was attributable to the plant ethanolic extract rather than to pre-existing

abnormalities in red blood cell morphology (Adewoyin et al., 2019).

Preparation of Human Erythrocyte Suspension

Anticoagulated blood samples (2 mL) were transferred into a sterile 15 mL plastic
conical centrifuge tube (Sinymedical) and diluted with 2 mL of 0.9% sodium chloride
(normal saline solution, NSS). The contents of the tube were gently mixed to prevent cell

damage. The suspension was centrifuged at 3400 rpm for 60 seconds, and the supernatant

10



was carefully discarded by micropipette aspiration. This washing process was carried out

three times using the same volume of NSS until the supernatant became clear (Zan, 2020).

Following the final wash, the red blood cells were resuspended in normal saline
and adjusted to a 5% erythrocyte suspension (See Figure 3). The prepared erythrocyte
suspension was stored at 4 °C and used within 48 hours to maintain cell viability (Pulliam

et al., 2020).

Sample Collection:
Anticoagulated blood sample (2 mL) transferred into sterile 15 mL conical tube.

¥

Dilution:
Diluted with 2 mL of 0.9% sodium chloride (NSS).

¥

Mixing:
Gently mixed to prevent cell damage.

¥

Centrifugation:
Centrifuge at 3400 rpm for 60 seconds.

¥

Removal of Supernatant:
Supernatant carefully discarded by aspiration.

¥

Washing (Repeat 3 Times):
Repeat dilution, mixing, centrifugation, and removal of supernatant
using the same volume of NSS until the supernatant becomes clear.

¥

Preparation of Suspension:
Red blood cells resuspended in normal saline
and adjusted to a 5% erythrocyte suspension.

Figure 3. Schematic diagram of the preparation of human erythrocyte suspension

Membrane-Stabilizing Activity Assay

The membrane-stabilizing activity of B. alba extracts was evaluated by analyzing the
hemolysis of erythrocyte membranes in a hypotonic solution, as described by
Hamiduzzaman et al. (2017). The experiment was conducted by preparing test samples
containing 0.50 mL of stock erythrocyte (RBC) suspension and 5 mL of a 40% (v/v)
hypotonic sodium phosphate buffer solution (pH 7.4). The B. alba extract was tested at

concentrations of 1.0, 1.5, and 2.0 mg/mL. Standard acetylsalicylic acid (0.10 mg/mL)
11



served as the positive control, while the hypotonic saline—sodium phosphate buffer solution
without the extract served as the negative control.

The mixtures were incubated at 37 °C for 10 minutes and subsequently centrifuged at
3000 rpm for 10 minutes to obtain the supernatant. The absorbance of the supernatant was
measured at 540 nm using a double-beam UV-visible spectrophotometer (Infitek).
Triplicate measurements were performed for all treatments and controls to ensure
reliability and reproducibility of the results.

The percentage inhibition of RBC membrane hemolysis was calculated using the
following Formula (2):

(0D1 - ODz)

% inhibition of hemolysis = 100 X oD
1

(2)

Where OD: indicates the absorbance of the hypotonic-buffered solution, and OD2 indicates

the absorbance of the test sample in the hypotonic solution.

-
Preparation of Test Mixtures:

Prepare test samples containing 0.50 mL of stock erythrocyte (RBC) suspension
and 5 mL of a 40% (v/v) mixture of hypotonic and sodium phosphate buffer solution (pH 7.4).

¥

Test Samples and Controls:
B. alba extract tested at 1.0, 1.5, and 2.0 mg/mL.
Positive control: Acetylsalicylic acid (0.10 mg/mL).
Negative control: Hypotonic saline-sodium phosphate buffer solution without extract.

¥

Incubation:
Incubate mixtures at 37 °C for 10 minutes.

¥

Centrifugation:
Centrifuge at 3000 rpm for 10 minutes to obtain the supernatant.

¥

Measurement of Absorbance:
Measure absorbance of the supernatant at 540 nm
using a double-beam UV-visible spectrophotometer.

¥

Replicates:
Perform triplicate measurements for all treatments and controls.

¥

Calculation (using Formula 2):
% inhibition of hemolysis = 100 x ( (OD; — OD,) / OD;)

Figure 4. Schematic diagram of the membrane-stabilizing activity assay

12



The percentage inhibition of hypotonic-induced hemolysis was interpreted relative
to the negative and positive controls, with higher values indicating greater membrane-
protective activity. Following the protocol of Chaity et al. (2016), inhibition values were
classified as high (>70%), moderate (50—70%), or low (<50%) to categorize the membrane-

stabilizing activity of the B. alba extracts.

Statistical Analysis

The experimental data were presented as mean + standard deviation. Data normality
was assessed using the Shapiro—Wilk test to determine whether the data were normally
distributed. The results indicated that the data were normally distributed, satisfying the
normality assumption required for parametric analysis and justifying the use of a two-way
analysis of variance. Accordingly, two-way ANOVA was employed to analyze the effects
of extract concentration and blood type on the membrane-stabilizing activity of B. alba
extracts.

Since significant differences were observed, a post hoc Tukey's Honestly
Significant Difference (HSD) test was performed to determine pairwise differences among

the treatment groups.

Ethical Consideration

This study involved experimental samples consisting of normal human erythrocytes
collected for laboratory testing. The study underwent ethical review and was approved by
the Misamis University Ethics Committee prior to the conduct of the research (Approval

Code: MUREC-UNDERGRAD 2026-002). Informed consent was obtained from each

13



participant before blood collection. Participants were fully informed about the purpose,
procedures, potential benefits, possible risks of the study, and the measures implemented
to ensure the confidentiality and privacy of their information.

Participant information and research data, including blood type and laboratory
results, were treated with strict confidentiality. Codes were used instead of participants'
names to protect their identity. The collected data were securely kept by the researchers
solely for research documentation purposes. Access to the data was limited only to the
researchers, the research adviser, and the respective participant to ensure privacy and data
security. All research data and records will be securely stored for 1 year after the study's
completion and thereafter properly discarded and permanently deleted.

In appreciation of their participation, a modest cash incentive was provided, and
proper coordination was maintained after blood extraction to monitor their condition and
ensure their well-being.

All experimental materials and biohazardous waste generated during the study,
including used syringes, needles, gloves, blood-contaminated materials, and specimen
containers, were handled and disposed of in accordance with institutional biosafety
protocols and standard laboratory waste management guidelines. Sharps were discarded in
designated sharps containers, while infectious wastes were disposed of in properly labeled

biohazard waste containers provided by the institution.

14



RESULTS AND DISCUSSION

Membrane Stabilizing Assay

Table 1 presents the estimated marginal means and standard errors of the percentage
inhibition of erythrocyte membrane lysis for each blood type group across the three extract
concentrations (1.0, 1.5, and 2.0 mg/mL). As shown, the positive control consistently
yielded the highest inhibition values across all three concentrations (M = 0.744 + 0.028,
0.752 +0.028, and 0.745 + 0.028 at 1.0, 1.5, and 2.0 mg/mL, respectively), confirming the
expected membrane-protective activity of acetylsalicylic acid. The negative control
showed inhibition values of approximately zero across all concentrations, indicating
complete erythrocyte lysis in the absence of any protective agent and serving as the baseline
reference for comparison. Across the experimental blood type groups, measurable
inhibition of erythrocyte membrane lysis was observed at all extract concentrations tested,
indicating that the B. alba ethanolic extract protected erythrocyte membranes against

hypotonicity-induced hemolysis.

Table 1. Estimated marginal means (M + SE) of percentage inhibition of erythrocyte
membrane lysis by blood type group and extract concentration

Blood Type / Group 1.0 mg/mL M = SE 1.5mg/mL M + SE 2.0 mg/mL M + SE
Positive Control (PC) 0.744 + 0.028 0.752 + 0.028 0.745 + 0.028
Negative Control (NC) 0.000 + 0.028 0.000 + 0.028 0.000 +0.028
Blood Type A 0.459 + 0.016 0.548 + 0.016 0.638 £ 0.016
Blood Type B 0.582 + 0.016 0.677 £ 0.016 0.709 £ 0.016
Blood Type AB 0.523 £ 0.016 0.594 + 0.016 0.666 + 0.016

Note: M = estimated marginal mean percentage inhibition of erythrocyte membrane hemolysis derived from the two-way
ANOVA model. SE = standard error. PC = positive control (acetylsalicylic acid, 0.10 mg/mL); NC = negative control
(hypotonic-buffered solution without extract). Complete Tukey HSD post hoc comparisons are provided in Appendix H.
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Among the experimental blood type groups, blood type B demonstrated the highest
mean inhibition values across all three concentrations (M = 0.582 + 0.016 at 1.0 mg/mL;
M = 0.677 £ 0.016 at 1.5 mg/mL; M = 0.709 = 0.016 at 2.0 mg/mL), followed by blood
type AB (M = 0.523 £ 0.016, 0.594 = 0.016, and 0.666 + 0.016, respectively) and blood
type A (M =0.459 + 0.016, 0.548 + 0.016, and 0.638 £ 0.016, respectively). A consistent
upward trend in inhibition was observed as extract concentration increased across all blood
type groups, suggesting a dose-dependent membrane-protective effect of the B. alba
ethanolic extract.

Applying the activity classification proposed by Chaity et al. (2016), in which
inhibition values above 70% indicate high activity, 50—70% indicate moderate activity, and
below 50% indicate low activity, blood type B at 2.0 mg/mL approached the threshold for
high membrane-stabilizing activity, while blood type A at 1.0 mg/mL fell within the low-
to-moderate range. The majority of experimental groups across all concentrations were
classified within the moderate range (0.50-0.70), indicating meaningful but moderate
membrane-protective activity relative to the pharmaceutical positive control.

The observed membrane-stabilizing activity of B. alba is consistent with the plant's
known phytochemical profile. B. alba contains betacyanins, bioflavonoids, carotenoids, -
sitosterol, and lupeol, all of which have been reported to exert antioxidant, anti-
inflammatory, and cytoprotective properties (Moutusi et al., 2019; Chaurasiya et al., 2021).
Among these, the gomphrenin-rich fractions of B. alba have been reported to inhibit pro-
inflammatory cytokines including interleukin-1f3 (IL-1p) and interleukin-6 (IL-6), reduce
oxidative stress markers such as ROS and nitric oxide (NO), and attenuate lipid

peroxidation in vitro. Since oxidative stress is a primary contributor to erythrocyte
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membrane destabilization and lysis, the antioxidant compounds present in the ethanolic
extract may have conferred protection against hypotonic-induced lysis by scavenging free
radicals and stabilizing membrane lipid bilayers. Similar membrane-protective effects
were reported by Olchowik et al. (2009), who demonstrated that polyphenol-rich plant
extracts significantly reduced erythrocyte hemolysis and enhanced membrane stability
under oxidative and hypotonic stress conditions. Their findings further suggested that
antioxidant phytochemicals may strengthen erythrocyte membrane resistance through
interactions with membrane surface components and lipid structures.

The use of ethanolic extraction in the present study may have enhanced the recovery
of these bioactive compounds. Ethanolic extraction specifically enhances the yield of
polyphenols and flavonoids compared to aqueous extraction, a pattern similarly reported
in polyphenol-rich plants such as Populus balsamifera L. (Stanciauskaite et al., 2021),
further supporting the suitability of the 70% ethanol solvent system employed in this study.

To determine whether the observed differences in membrane-stabilizing activity
among blood types and extract concentrations were statistically significant, a two-way
ANOVA was conducted to evaluate the main effects of blood type and extract

concentration, as well as their interaction, on percentage inhibition of hemolysis.

Two-Way ANOVA: Effects of Blood Type and Extract Concentration on Membrane-
Stabilizing Activity

Prior to conducting the two-way ANOVA, the assumptions of normality and
homogeneity of variances were evaluated. The Shapiro—Wilk test indicated a statistically
significant deviation from normality (W = 0.971, p = .029), while Levene’s test for

homogeneity of variances was likewise statistically significant, F(14, 84) =4.21, p <.001,
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indicating heterogeneity of variances across groups. Despite these violations, the two-way
ANOVA was retained as the primary analysis because the experimental design was fully
balanced, with equal group sizes across all treatment conditions, and ANOVA is generally
considered robust to moderate violations of assumptions under such conditions (Field,
2018).

The observed heterogeneity of variances may partly reflect inherent biological
variability among donors. Hadjesfandiari et al. (2021) reported that differences in
erythrocyte membrane composition, oxidative stress response, and antioxidant defense
capacity can influence red blood cell susceptibility to hemolysis and membrane damage,
potentially contributing to variability in membrane-stabilizing responses among donor
groups.

The results of the two-way ANOVA are presented in Table 2. The overall model
was statistically significant (F(14, 84) = 114.10, p <.001), indicating that the combination
of blood type and extract concentration accounted for substantial systematic variance in

membrane-stabilizing activity.

Table 2. Two-way analysis of variance for percentage inhibition of erythrocyte membrane

lysis
Source SS df MS F p 12 n’p
Blood Type 3.421 4 0.855 365.72 <.001 .904 .946
Concentration 0.102 2 0.051 21.86 <.001 .027 342
Blood Type x 0.065 8 0.008 3.49 .002 .017 .249
Concentration
Residuals 0.196 84 0.002 — — — —

Note: SS = sum of squares; df = degrees of freedom; MS = mean square; F = F-ratio; p = p-value; 12 = eta-squared
(proportion of total variance); n?p = partial eta-squared. Dependent variable: percentage inhibition of erythrocyte
membrane lysis.

The main effect of blood type was statistically significant, F(4, 84) = 365.72, p <
.001,n?=.904, n*p = .946. The large eta-squared value suggests that blood type explained

a substantial proportion of the variance in membrane-stabilizing activity, including the
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positive and negative control conditions. The large partial eta-squared (n?*p = .946) further
indicates that blood type contributed substantially to the variation in membrane-stabilizing
activity within the overall model. These findings confirm that the membrane-stabilizing
effects of the B. alba ethanolic extract varied significantly across blood type groups. It
should be noted that each blood type group consisted of three biological donors, and the
reported means represent values averaged across these biological replicates.

The main effect of extract concentration was also statistically significant, F(2, 84)
=21.86, p <.001, n* =.027, n*p = .342. The eta-squared value (n* = .027) indicates that
concentration accounted for a relatively small proportion of total variance in the overall
model. However, the partial eta-squared (n?p = .342) reflects a moderate effect of
concentration when considered in isolation from other sources of variance, indicating that
concentration-related differences in membrane-stabilizing activity were statistically
reliable and directionally consistent, though secondary in overall magnitude to between-
blood-type variation.

The Blood Type x Concentration interaction was statistically significant, F(8, 84)
=3.49, p=.002, n’p = .249, indicating that the rate of concentration-dependent increase in
membrane-stabilizing activity was not uniform across blood type groups. The biological

implications of this interaction are discussed in the following section.

Post Hoc Analysis
Given the statistical significance of both main effects, Tukey’s HSD post hoc
analysis was conducted to identify specific pairwise differences. The complete post hoc

comparison tables for blood type and extract concentration are provided in Appendix F.
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Post Hoc Comparisons Among Blood Type Groups

For blood type comparisons, all pairwise differences between the positive control
and the experimental blood type groups were statistically significant (p <.001), confirming
that acetylsalicylic acid produced uniformly greater inhibition than all extract-treated
groups. All comparisons between the negative control and the experimental blood-type
groups were likewise statistically significant (p <.001), confirming that the B. alba extract
conferred measurable membrane protection above the untreated hemolysis baseline across
all blood types and concentrations.

Among the experimental blood type groups, blood type B exhibited the highest
inhibition and differed significantly from blood type A (Mean Difference = —0.108, SE =
0.013, p <.001, Cohen’s d = —2.234) and blood type AB (Mean Difference = 0.062, SE =
0.013, p < .001, Cohen’s d = 1.277). Blood type A and blood type AB also differed
significantly from each other (Mean Difference = —0.046, SE = 0.013, p =.006, Cohen’s d
=—0.957). Complete pairwise comparisons are available in Appendix F.

In the present study, blood type B consistently demonstrated the highest inhibition
values, while blood type A exhibited the lowest across all concentrations. This pattern is
consistent with the previously discussed variability in erythrocyte membrane
characteristics among ABO blood groups. Human erythrocytes differ across ABO blood
types in the composition of their surface glycoproteins, glycolipid-associated antigens, and
membrane properties, which may influence their susceptibility to hypotonic stress
(Hoftbrand et al., 2019). Consistent with this, Suleiman et al. (2021) reported significant
differences in osmotic fragility among ABO blood groups. Such differences in baseline

membrane characteristics could influence the extent to which plant-derived bioactive
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compounds interact with the erythrocyte membranes and may partly account for the
differences in membrane-stabilizing responses observed in the present study. However, the
precise mechanisms underlying these differences remain unclear, and caution is warranted
in attributing the observed patterns solely to blood type-specific membrane characteristics.
Nevertheless, the statistically significant between-group differences (n*p = .946 for the
blood type main effect) suggest that ABO blood group status may represent a biologically

relevant variable in future studies evaluating the erythroprotective activity of plant extracts.

Post Hoc Comparisons Among Extract Concentrations

For concentration comparisons, all pairwise differences among the three extract
concentrations were statistically significant. The 1.0 mg/mL versus 2.0 mg/mL comparison
yielded the largest mean difference (Mean Difference = —0.090, SE = 0.014, p < .001,
Cohen’s d = —1.861), followed by 1.0 mg/mL versus 1.5 mg/mL (Mean Difference =
—0.053, SE = 0.014, p < .001, Cohen’s d = —1.093) and 1.5 mg/mL versus 2.0 mg/mL
(Mean Difference = —0.037, SE = 0.014, p = .022, Cohen’s d = —0.767). These findings
confirm a stepwise increase in membrane-stabilizing activity with each successive increase
in extract concentration.

These findings suggest that increasing extract concentration enhanced membrane
protection, likely due to greater availability of bioactive compounds that protect
erythrocyte membranes from hypotonicity-induced damage. Within the tested
concentration range (1.0-2.0 mg/mL), higher concentrations of the B. alba ethanolic
extract produced progressively greater inhibition of hemolysis, indicating a dose-

dependent membrane-protective effect. Similar concentration-dependent responses have
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been reported in other studies of membrane-stabilizing plant extracts. For example, Yesmin
et al. (2020) observed comparable membrane stabilization in the ethanolic root extract of
Piper chaba, attributing the effect to increased interactions between polyphenolic
compounds and the erythrocyte membrane. Collectively, these findings support the
concentration-dependent protective activity of polyphenol-rich ethanolic plant extracts,

suggesting that this response may not be unique to B. alba alone.

Interaction Effect: Blood Type x Extract Concentration

The significant Blood Type x Concentration interaction, F(8, 84) = 3.49, p = .002,
n’p = .249, indicates that the pattern of concentration-dependent change in membrane-
stabilizing activity was not uniform across the three blood type groups, and its

interpretation is aided by the interaction plot presented in Figure 5.
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Figure 5. Interaction plot of blood type and concentration
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As depicted, the positive control (PC) and negative control (NC) remained
relatively stable across all three concentration levels, consistent with their respective roles
as reference conditions. Among the experimental blood type groups, a general upward
trend in mean inhibition was observed from 1.0 to 2.0 mg/mL, indicating that higher
concentrations of the B. alba extract tended to produce greater membrane protection across
all blood types. However, the slope and magnitude of this increase varied among the
groups, which accounts for the statistically significant interaction effect.

Among the experimental groups, all blood types showed increased membrane
stabilization as extract concentration increased; however, the magnitude of this increase
varied across groups. Blood type B consistently exhibited the strongest membrane-
protective response, whereas blood type A showed comparatively lower inhibition values
across concentrations. Blood type AB displayed intermediate responses. These non-parallel
concentration-response patterns account for the statistically significant interaction effect
and suggest that erythrocyte responsiveness to the B. alba extract may vary according to
blood type-associated membrane characteristics. Nevertheless, given the limited number
of biological replicates per group (n = 3), these findings should be interpreted cautiously
and validated in larger studies.

Orbach et al. (2017) reported that red blood cells with lower membrane
deformability are more susceptible to osmotic stress and membrane damage. These
differences in erythrocyte membrane properties may explain why some donor groups in
the present study showed a sharp increase in membrane stabilization as extract
concentration increased. In contrast, others exhibited only minimal changes or plateau-like

responses at higher concentrations.
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Taken together, the findings demonstrate that both blood type and extract
concentration significantly influenced the membrane-stabilizing activity of the B. alba
ethanolic extract. The extract produced measurable inhibition of hypotonic-induced
hemolysis across all blood types and concentrations tested, supporting its erythroprotective
potential in vitro. These findings are consistent with previous reports describing the
antioxidant and membrane-protective properties of B. alba phytochemicals (Moutusi et al.,
2019; Chaurasiya et al., 2021).

The present findings extend earlier work by Ds et al. (2015), who examined the
effect of aqueous B. alba leaf extract on the osmotic fragility of erythrocytes in subjects
with sickle cell anemia and reported a reduction in red blood cell fragility. The current
study extends these observations to normal erythrocytes of three ABO blood types using
an ethanolic extract, a preparation with demonstrably higher yields of polyphenols and
flavonoids. It establishes that membrane-protective activity is present in morphologically
normal erythrocytes under hypotonic stress conditions. The inhibition values produced by
the B. alba extract, while consistently lower than those of the acetylsalicylic acid positive
control at all concentrations tested, were substantially and significantly elevated above the
negative control baseline across all blood type groups and concentration levels.

Several limitations of the present study should be acknowledged. The in vitro
design precludes direct extrapolation to in vivo physiological contexts, where
bioavailability, hepatic metabolism, and systemic distribution of B. alba phytochemicals
may substantially alter the effective concentrations that reach erythrocyte membranes. The
sample size of three donors per blood type, while acceptable for a preliminary experimental

investigation, limits statistical power for within-group analyses. Future studies should
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increase donor representation per blood type, include blood type O for a complete ABO
comparison, and conduct phytochemical profiling and fractionation to identify the specific
constituents responsible for the observed membrane-protective activity. Additional assay
models, such as heat-induced hemolysis, would further characterize the nature and breadth
of membrane-stabilizing effects.

Overall, the present findings are consistent with the ethnomedicinal uses of B. alba
in conditions associated with oxidative stress and blood disorders, including anemia and
inflammatory conditions (Felicilda, 2025; Pausanos, 2025), and support the potential of
this plant as a natural source of bioactive phytochemicals with erythroprotective and

membrane-stabilizing properties.
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CONCLUSIONS AND RECOMMENDATIONS

The study demonstrated that the ethanolic leaf extract of B. alba exhibited
membrane-stabilizing activity against hypotonic-induced erythrocyte membrane lysis
across blood types A, B, and AB. The extract showed a dose-dependent effect, with higher
concentrations yielding greater inhibition, although its activity remained lower than that of
the positive control. Variations in responses across blood types were observed, suggesting
that erythrocyte membrane characteristics may influence the extract's effectiveness.
Overall, the findings support the potential of B. alba as a natural source of bioactive
compounds with membrane-protective properties.

It is recommended that future researchers increase the number of donors per blood
type and include blood type O to allow a more comprehensive comparison among ABO
groups. Additional studies may employ heat-induced hemolysis assays alongside
hypotonic models to further evaluate membrane-stabilizing activity under different
conditions. Future investigations may also explore the anti-inflammatory potential of B.
alba through in vivo studies and analysis of inflammatory markers to further establish its
potential therapeutic applications. Advanced phytochemical profiling and fractionation
studies may also be conducted to identify the specific bioactive compounds in B. alba
responsible for its potential to inhibit hemolysis. Furthermore, strict adherence to proper
pipetting techniques is recommended to minimize experimental variability and improve

the accuracy and reliability of results.
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account of any unforeseen accident or injury that my son/daughter/ward might incur in connection with

the aforementioned activity.

Lorna d@&w Wanyany 8, 2026

Signature over printed name of Date
Parent/Guardian
_Allye . _Somay Ik, 2026
Signat n . ate
Student

Important: This form shall be submitted to the DSAS Office at least two (2) days before the conduct of the activity.

SUBSCRIBED AND SWORN to before me, is __ JARS 12008 aCAMIZ G
Philippines, that the herein affiant personally can

and appeargd with his/her , as evidence of

his/her personal identity.

¢ ATTY. , RMT
Doc. No. m Notarial {bmmission No. 2025-18
PageNo._72y Notary Public for Ozamiz City and Clann Notary Pubhc
Book No. City Hall Driva, Bomad Subdivizion, Aguada, Cobisitiy
Series of 20 PTR No. 6007751; G1/05/2026; Ozamiz &R No.

|## 0 R. No. 576165; 12/29/2025; Pasig B No.
7 ttorney’s Roll No. 70648 TIN No.
WCLE Zempoance B, VIO T4127; Veld until DARGTPNo.

.
L L L L P PP FesresessssresRerers e et e e ttnn CETTTTTTIr

(For DSAS Persounel only)

Artesred hy:
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MISAMIS UNVERSITY
Ozannz City
Department of Student Affairs & Services

MU-DSAS-006/02Junc2023

PARENT'S CONSENT
Misamis University

Sponsoring Grou p/Orgnni'mﬁou

I am allowing my son/daughter/ward, An'“\on\ﬂ M. Alle Il , to join

the (g@)_r,\ F mﬂu’gmd@aj& __mesearch |0|:un*m6_pmt~ (activity) to  be  held on

K =~ KMH, 2026 at _Msu- IIT, qua_n Ghy  , under the supervision of
Me. ¥arl Mayed 0. loo (Adviser Facully).

1 understand that Misamis University exercises the necessary safety precautions in this activity.

In consideration of the benefits to be derived from the above activity, 1 expressly waive any and all
claims against the administration or any member of the faculty and staff of the Misamis University on
account of any unforeseen accident or injury that my son/daughter/ward might incur in connection with

the aforementioned activity.

Fc? ju fllo ] E‘Mgﬂe 18, 2026
Signature over printed name of ate
Parent/Guardian

Anthony ; M. Rilo Il J’mﬂ% 18, 2026
Signature over printed name of ate

Student"

Important: This form shall be submitted to the DSAS Office at least two (2) days bcj’o;'c the conduct of the activity.

SUBSCRIBED AND SWORN to before’ me, this day of at

Philippines, that the herein affiant personally cyme and appeayed with his/her . 0s evid of

his/her personal identity.

ATTY. . BINAG, RMT
Doc. No. Notaria( Issicn No. 2025-18
Page No. Notary Pub{c for Dzamiz City and Clarin Notary Public
Book No. Tty Hall Drive, Bernad Sutdivision, Aguada, OzakiaGlty
Series of 20 : FTR Na. 6N07751; 01/05/2026; Ozamiz CIHTR No.

6P U R. N2, STG1E5: 12/29/2025; Masig GBP No.
Attarney’s Rell No. 70640 TIN No.
10,7 Zampeanes Mo willG014327: Vaiid until 04 R@TENo.

Setsssssssssssecstsasenrrstenie . tessnsenrrennasn

(For DSAS Personnel only)

esersrtssntenannnennnn B T L L L L LT LT T T PR T PP senseseees

Attested hy:

OIC, D¢partment of Student Affairs & Services
Date: ‘7//”/""
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SO )
SN MISAMIS UNVERSITY
\‘;M ; Ozami= City
"-'(\,;,f;f-"-;“.‘/; Department of Student Affairs & Services

Wz X

MU-DSAS-006/02June2023

PARENT'S CONSENT

Micams_ Uniyersity

Sponsoring Group/Organization

I am allowing my son/daughter/ward, Frincess Tane B, Sulite , to join
the condodt op yndegrodygte research laboratory_ work  (acrivity)  to be  held on
Janyany = Februany 2020wt _MSU-ITT, nfq,an City , under the supervision of

M. Kol Maxel O. Llao (Adviser Faculty).

1 understand that Misamis University exercises the necessary safety precautions in this activity.

In consideration of the benefits to be derived from the above activity, I expressly waive any and all
claims against the administration or any member of the faculty and staff of the Misamis University on
account of any, unforeseen accident or injury that my son/daughter/ward might incur in connection with

the aforementioned activity.

R o. i _Tonuary B, 202
Signature over printed name of Date
Parent/Guardian

. B s,,\& Janyony 18, 202¢
Signature over printed name of Date

Student

Important: This form shall be submitted to the DSAS Office at least nwo (2) days before the conduct of the activity.

..... e eateaanasaRet e s s e aser e e RNl eRReerea e aN e ale A e Nl e g e eeeae e e eltaalasaeta e sea R R astsaasaranansntnenas

SUBSCRIBED AND SWORN to before me, this JANiA 6206 RT— "

Philippines, that the herein affiant personally came and appeared with his/er , as evidence of
his/her personal identity.

Doc. No._I W ATTY.

Page No. Notarlal Cdfnmission No. 2025-18 Notary Public y
Book No_ /¥ Notary PublicYor Ozamiz City agyf,fiprin '
Series of 204‘,_ Caty Hall Drivo, Bernad Subdivision, AgupdaOragniz City

PTR No. GOOT751; 01/05/202G; GrRpingty

IBP O.R. No. 576165; 12/29/20257¥pgig 6Ty
Attarnay’s Roll No 708 oll No.

MCLE Cemphanee No. VIN-0014127; Valid until 0471472078

S h et Neeeeaa e aa e s aarr eI e re NN EE RN Rl R e R eraataaRranas

(For DSAS Personnel only)

Besessserasereetisisesiareantratarennas

Atrested hy:

OIC, D¢partmgent of Student Affairs & Services
Date: 0//”/“'
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Misamis University
. T. Felicinno St., Ozamiz. City, 7200 Philippines
MISAMIS UNIVERSITY RESEARCII ETHICS COMMITTEE

Phone: 46388 521 0367 | Fax: +6388 521 2917
Email: muresearchethics@mu.edu.ph

MU-REB-001/03 March 2022

February 4, 2026

MS. PRINCESS JANE B. SULITE
MR. ANTHONY M. FULLO Il
MS. ALLYZA JANE S. DANGGA
Principal Investigators

MUREC-UNDERGRAD Code 2026-002

IN VITRO HEMOLYTIC AND MEMBRANE-STABILIZING EFFECTS OF MALABAR
SPINACH (Basella alba) LEAVES ETHANOLIC EXTRACT ON HUMAN
ERYTHROCYTES OF DIFFERENT BLOOD TYPES (A, B, AND AB)

Dear Investigators:

After careful review of your research protocol, the MU Research Ethics Committee (MUREC) has
determined that the study poses minimal risk to the research participants. The Committee is
therefore pleased to grant ethical approval, subject to compliance with the recommendations
outlined below. You may proceed with data collection once these recommendations have been
appropriately addressed.

The following are the recommendations based on the Committee’s review:

Ethical Considerations
« Specify who will be responsible for performing the blood collection (e.g., licensed
medical personnel or trained staff).
e Clearly describe the procedures for data storage, including security measures and the
duration of data retention.
o Describe how experimental materials, particularly biohazardous waste, will be handled
and disposed of in accordance with institutional and regulatory guidelines.

Sincerely yours,

ANTES, PhD
Chair, MUREC
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APPENDIX B. Validity of test results

AlIB RESEARCH
ANALYTICS CONSULTANT fb.com/lyssbncglr

RESEARCH CONSULTANT San Juan |, Noveleta, Cavite

O®NUC

CERTIFICATION OF STATISTICAL TREATMENT

Research Title: IN VITRO MEMBRANE-STABILIZING EFFECTS OF
MALABAR SPINACH (BASELLA ALBA) LEAVES ETHANOLIC
EXTRACT ON HUMAN ERYTHROCYTES OF DIFFERENT

BLOOD TYPES (A, B, AND AB)
Research Authors:

PRINCESS JANE B. SULITE
ANTHONY M. FULLO II
ALLYZA JANE S. DANGGA

This is to certify that the data presented in the above-mentioned study conducted at
Misamis University H.T. Feliciano St., Ozamiz City 7200 Philippines, were subjected to
appropriate statistical treatment. All responses gathered were processed, analyzed, and
interpreted using established statistical procedures deemed suitable for the nature and
objectives of the research.
The application of statistical methods was conducted with diligence and objectivity,
ensuring the accuracy and reliability of the results presented. The treatment of data adhered to
recognized standards of academic and research integrity.

Issued this 1** day of May, 2026.

v
ALY;&;ANCA B AGUILAR, LPT

Statistics Practitioner
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APPENDIX C. Complete blood count (CBC) results of participants

TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(tormerly FAITH HOSPITAL)
Feliciano St., Aguada, Ozamis City
Tel. No. (088)521-0018

SECTION OF HEMATOLOGY
PID : 0025562 Lab No. : 2606984
Patient Name ;[ OR No. 171782
Age H ] DOB :Mar-01-2005 Room No. : OPD
Sex - ExamDate  :Apr.29,2026 12:08PM
Requesting Physician
Remarks -
| TEST RESULT UNIT REFERENCE RANGE |
Complete Blood Count
Hematocrit L 349 % 35.0-50.0
Hemoglobin 12.1 g/dL 12.0-16.5
RBC 4,07 X10%12/L 38-58
WBC 7.4 X10"9/L 4.0-10.0
Platelet Count 288 X1073/uL 140 - 440
Red Cell Indices
Mcv 85.7 fL 80.0-99.0
MCH 29.7 Pg 26.5-335
MCHC 34.7 % 32.0-36.0
RDW-CV 123 % 10.0-15.0
RDW-SD 38.6 fL 35.0-56.0
Differential Count
Neutrophil 58.6 % 55.0 - 65.0
Lymphocytes 31.7 % 25,0-35.0
Monocytes 7.1 % 4.0-9.0
Eosinophil 19 % 0.0-7.0
Basophil 0.7 % 0.0-2.0

P i
HAROLD L. TEE, MD., FPSO., FPSP
License No. 0077234

Pathologist
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APPENDIX C Cont’d

(formerly FAITH HOSPITAL)
Feliciano 8t., Aguada, Ozamis City -

Tel.

No.

(088)521-0018

TOBIAS FELICIANO FAITH GENERAL HOSPITAL Ii

SECTION OF HEMATOLOGY
PID . 0025531 Lab No. : 2606933
Patient Name : OR No. : 71685
Age :- DOB :Dec-08-2004 Room No. :OPD
Sex g | Exam Date : Apr. 28,2026 04:56PM
Requesting Physician
Remarks -
| TEST RESULT UNIT REFERENCE RANGE |
Complete Blood Count
Hematocrit 38.0 % 35.0-50.0
Hemoglobin 134 g/dL 12.0-16.5
RBC 4.40 X10°12/L 38-5.8
WBC 7.2 X1079/L 4.0-10.0
Platelet Count 295 X103 /uL 140 - 440
Red Cell Indices
MCV 86.4 fL 80.0-99.0
MCH 30.5 PE 26.5-33.5
MCHC 353 % 32.0-36.0
RDW-CV 129 % 10.0-15.0
RDW-SD 40,7 fL 35.0-56.0
Differential Count
Neutrophil 571 % 55.0-65.0
Lymphocytes 333 % 25.0-35.0
Monocytes 6.6 % 4.0-9.0
Eosinophil 24 % 0.0-7.0
Basophil 0.6 % 0.0-2.0

ANGELA CHRISTA NARIE C, CORTES, RMT
License No. 132442

Medical Technologist

B
HAROLD L. TEE, MD,, FPSO., FPSP

License No. 0077234

Pathologist
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APPENDIX C Cont’d

(formerly FAITH HOSPITAL)

Feliclano St., Aquada, Ozamis City

TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

Tel. No. (0808)521-0018
SECTION OF HEMATOLOGY
PID : 0025533 Lab No. 12606935
Patient Name ] OR No. : 71687
Age q | DOB  :Apr-26-2005 Room No. :0PD
Sex - ExamDate  :Apr. 28,2026 05:04PM
Requesting Physician
Remarks ~
IEST RESULT UNIT REFERENCE RANGE —I
Complete Blood Count
Hematocrit L 31.2 % 35.0-50.0
Hemoglobin L 105 g/dL 12.0-16.5
RBC 3.83 X10712/L 3.8-58
WBC 5.0 X10"9/L 4.0-10.0
Platelet Count 243 X10%3/uL 140 - 440
Red Cell Indices
MCV 81.5 fL 80.0-99.0
MCH 274 PE 26.5-33.5
MCHC 337 % 32.0-36.0
RDW-CV 12.5 % 10.0-15.0
RDW-SD 37.1 fL 35.0-56.0
Differential Count
Neutrophil L 27.5 % 55.0 - 65.0
Lymphocytes H 62.7 % 25.0-35.0
Monocytes 78 % 4.0-9.0
Eosinophil 1.6 % 00-7.0
Basophil 0.4 % 0.0-2.0
Ce—
ANGELA CHRIST, RIE C. CORTES, RMT HAROLD L. TEE, MD,, FPSO., FPSP

Licensge No. 132442

Medical Technologist

License No. 0077234

Pathologist




APPENDIX C Cont’d

TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)
Feliciano St., Aquada, Ozamis City

Tel. No. (088)521-0018
SECTION OF HEMATOLOGY
PID : 0025536 Lab No. 12606938
Patient Name 3 OR No. 171688
Age ] DOB  :Sep-05-2004 Room No. :OPD
Sex : ExamDate  :Apr.28,2026 05:05PM
Requesting Physician
Remarks :
| TEST RESULT UNIT REFERENCE RANGE |
Complete Blood Count
Hematocrit 39.2 % 35.0-50.0
Hemoglobin 139 g/dL 12.0-16.5
RBC 4.78 X10”12/L 38-58
WBC 9.1 X10"9/L 4,0-10.0
Platelet Count 303 X103 /ul 140 - 440
Red Cell Indices
MCV 82.0 fL 80.0-99.0
MCH 29.1 P8 26.5-33.5
MCHC 35.5 % 32.0-36.0
RDW-CV 12.4 % 10.0-15.0
RDW-SD 375 fL 35.0-56.0
Differential Count
Ncutrophil H 734 % 55.0-65.0
Lymphocytes L 18.9 % 25.0-35.0
Monocytes 6.0 % 4.0-9.0
Eosinophil 14 % 0.0-7.0
Basophil 0.3 % 0.0-2.0
—
ANGELA CHRISTA IE C. CORTES, RMT HAROLD L. TEE, MD,, FPSO., FPSP

Ll:ens' No. 132442
Medical Technologist

License No. 0077234

Pathologist
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TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)
Feliciano St., Aguada, Ozamis City

Tel. No. (088)521-0018
SECTION OF HEMATOLOGY
PID : 0025537 Lab No. 12606939
Patient Name OR No. 171691
Age :- DOB :Nov-24-2005 Room No. :OPD
Sex I Exam Date  :Apr.28,2026 04:56PM
Requesting Physician
Remarks :
[ TEST RESULT UNIT REFERENCE RANGE
Complete Blood Count
Hematocrit 39.7 % 35.0-50.0
Hemoglobin 13.0 g/dL 12.0-16.5
RBC 452 X10712/L 38-58
WBC H 10.1 X10"9/L 4.0-10.0
Platelet Count 286 X1073/ulL 140 - 440
Red Cell Indices
MCV 87.8 fL 80.0-99.0
MCH 28.8 PE 26.5-33.5
MCHC 32.7 % 32.0-36.0
RDW-CV 13.0 % 10.0-15.0
RDW-SD 419 fL 35.0-56.0
Differential Count
Neutrophil 56.1 % 55.0-65.0
Lymphocytes 31.6 % 25.0-35.0
Monocytes 8.0 % 4,0-9.0
Eosinophil 38 % 0.0-7.0
Basophil 0.5 % 0.0-2.0
—
ANGELA CHRISTA 1E C. CORTES, RMT HAROLD L. TEE, MD., FPSO., FPSP

Licensg No. 132442

Medical Technologist

License No. 0077234

Pathologist
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TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)

Feliciano St., Aquada, Ozamis City

Tel. No. (088)521-0018
SECTION OF HEMATOLOGY
PID : 0025539 Lab No. 12606941
Patient Name s OR No. : 71693
Age d | DOB :May-25-2005 Room No. :0PD
Sex : ExamDate  :Apr.28,2026 04:57PM
Requesting Physld:m
Remarks
| TEST RESULT UNIT REFERENCE RANGE J
Complete Blood Count
Hematocrit 409 % 35.0-50.0
Hemoglobin 14.2 g/dL 12,0-16.5
RBC 4.79 X10712/L 38-58
WBC 7.8 X1079/L 4.0-10.0
Platelet Count 293 X1073/uL 140-440
Red Cell Indices
MCV 85.4 fL 80.0-99.0
MCH 29.6 PE 26.5-33.5
MCHC 34.7 % 32.0-36.0
RDW-CV 11.3 % 10.0-15.0
RDW-SD 35.2 fL 35.0-56.0
Differential Count
Neutrophil 56.6 % 55.0 - 65.0
Lymphocytes 30.6 % 25.0-35.0
Monocytes H 9.3 % 40-9.0
Eosinophil 2.7 % 0.0-7.0
Basophil 0.8 % 0.0-2.0
e
ANGELA CHRIST RIE C. CORTES, RMT HAROLD L. TEE, MD., FPSO., FPSP

Licensp No. 132442

License No. 0077234

Medical Technologist

Pathologist
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TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)
Feliciano St., Aguada, Ozamis City
Tel. No. (0B8)521-0018

SECTION OF HEMATOLOGY
PID : 0025563 Lab No. : 2606985
Patient Name NN OR No. 171781
Age ] DOB  :May-09-2003 Room No. :OPD
Sex ] Exam Date : Apr. 29,2026 12:08PM
Requesting Physician
Remarks >
| TEST RESULT UNIT REFERENCE RANGE
Complete Blood Count
Hematocrit 36.8 % 35.0-50.0
Hemoglobin 12.8 g/dL 12.0-16.5
RBC 4,30 X10712/L 38-58
WBC 6.4 X10"9/L 4,0-10.0
Platelet Count 269 X10”3/ulL 140 - 440
Red Cell Indices
MCV 85.6 fL 80.0-99.0
MCH 29.8 Pg 26.5-33.5
MCHC 348 % 32.0-36.0
RDW-CV 124 % 10.0-15.0
RDW-SD 388 fL 35.0-56.0
Differential Count
Neutrophil 62.4 % 55.0-65.0
Lymphocytes 303 % 25.0-35.0
Monocytes 48 % 40-9.0
Eosinophil 1.7 % 0.0-7.0
Basophil 0.8 % 0.0-2.0

e —
HAROLD L. TEE, MD., FPSO., FPSP
License No. 0077234

Pathologist
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TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)
Feliciano St., Aguada, Ozamis City
Tel, No. (088)521-0018

SECTION OF HEMATOLOGY
PID : 0025538 Lab No, : 2606940
Patient Name + ORNo. 171692
Age :- DOB :Nov-04-2003 Room No. :0PD
Sex g | Exam Date : Apr. 28,2026 05:05PM
Requesting Physician
Remarks s
IEST RESULT UNIT REFERENCE RANGE J
Complete Blood Count
Hematocrit 40.6 % 35.0-50.0
Hemoglobin 13.8 g/dL 12.0-16.5
RBC 4.78 X10712/L 38-5.8
WBC 6.8 X10%9/L 4.0-10.0
Platelet Count 306 X103 /ulL 140 - 440
Red Cell Indices
MCV 849 fL 80.0-99.0
MCH 289 PE 26.5-33.5
MCHC 34.0 % 32.0-36.0
RDW-CV 119 % 10.0-15.0
RDW-SD 36.8 fL 35.0-56.0
Differential Count
Ncutrophil L 45.2 % 55.0-65.0
Lymphocytes H 44.8 % 25.0-35.0
Monocytes 7.8 % 4.0-9.0
Eosinophil 1.6 % 0.0-7.0
Basophil 0.6 % 0.0-2.0
a‘——
ANGELA CHRISTA IE C. CORTES, RMT HAROLD L. TEE, MD,, FPSO., FPSP
Licensg No. 132442 __ LicenseNo.0077234
Medical Technologist Pathologist

i
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TOBIAS FELICIANO FAITH GENERAL HOSPITAL INC.

(formerly FAITH HOSPITAL)
Feliciano St., Aguada, Ozamis City
Tel. No. (088)521-0018

SECTION OF HEMATOLOGY
PID : 0025541 Lab No. 12606944
Patient Name ;[ NN OR No. : 71690
Age H | DOB :Mar-02-2005 Room No. :OPD
Sex ] Exam Date : Apr. 28,2026 05:05PM
Requesting Physician
Remarks s
IIEST RESULT UNIT REFERENCE RANGE
Complete Blood Count
Hematocrit L 342 % 35.0-50.0
Hemoglobin L 11.8 g/dL 12.0-16.5
RBC 4.03 X10"12/L 3.8-5.8
WBC 6.7 X10"9/L 4.0-10.0
Platelet Count 209 X1073/uL 140 - 440
Red Cell Indices
MCV 84.9 fL 80.0-99.0
MCH 29.3 PE 26.5-33.5
MCHC 345 % 32.0-36.0
RDW-CV 12.4 % 10.0-15.0
RDW-SD 38.7 fL 35.0-56.0
Differential Count
Neutrophil L 51.8 % 55.0 - 65.0
Lymphocytes H 38.7 % 25.0-35.0
Monocytes 6.4 % 4.0-9.0
Eosinophil 2.7 % 0.0-7.0
Basophil 0.4 % 0.0-2.0
=
ANGELA CHRIST IE C. CORTES, RMT HAROLD L. TEE, MD,, FPSO., FPSP
Licens& No. 132442 License No. 0077234
Medical Technologist Pathologist
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APPENDIX D. Documentation

D3. Filtration process

48



APPENDIX D Cont’d

D5. Performing the Membrane-Stabilizing Activity Assay at NMSCST
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APPENDIX E. Raw results

1.0 mg/dL 1.5 mg/dL 2.0 mg/dL
T1 T2 T3 T1 T2 T3 T1 T2 T3
PC 0.425 0.4663 0.4561 0.4044 0.4162 0.4205 0.4142 0. 4358 0.4567
NC 1.7303 1.7463 1.7802 1.678 1.6463 1.6802 1.7025 1.7143 1.7059
Al 0.8226 0.8466 0.8392 0.6689 0.6408 0.6566 0.5575 0.5926 0.6263
A2 1.0218 1.0476 1.0794 0.8451 0.8228 0.8366 0.7328 7564 0.7644
A3 0.9681 0.9642 0.9486 0.762 0.781 0.7754 0.5062 0.5174 0.5169
AB1 0.8476 0.8361 0.8597 0.6284 0.637 0.6414 0.4715 0.4556 0.4685
AB2 0.6204 0.6318 0.6297 0.4371 0.4298 0.4393 0.4856 0.4843 0.4721
AB3 0.7127 0.7202 0.7364 0.5574 0.5248 0.5467 0.5488 0.5514 0.5381
B1 0.9926 0.9889 0.9923 0.7218 0.7485 0.7317 0.6316 0.6497 0.6516
B2 0.6612 0.6785 0.6841 0.6984 0.7161 0.7176 0.4975 0.512 0.5208
B3 0.8426 0.846 0.8362 0.5793 0.586 0.5923 0.5296 0.5618 0.5835

50



APPENDIX F. Complete Tukey HSD post hoc comparison

Table F1. Complete Tukey HSD post hoc comparisons among blood type groups for
percentage inhibition of erythrocyte membrane lysis

Comparison Dilf\;[eeraerrllce SE t pTukey  Cohen's d 915;/;21 93;/(;)5[
PC-NC 0.747 0.023 32.76 <.001%* 15.445 14.210 16.679
PC-A 0.199 0.019 10.69 <.001%* 4.113 3.121 5.105
PC-B 0.091 0.019 4.88 <.001%* 1.879 1.061 2.697
PC-AB 0.153 0.019 8.20 <.001%* 3.156 2.250 4.062
NC-A —0.548 0.019 —29.44 <.00I* —11.331 —12.957 —9.706
NC-B —0.656 0.019 —35.25 <.001%* —13.566 —14.899 —12.233
NC - AB —0.594 0.019 -31.93 <.00I* —12.289 —13.786 —10.791
A-B —0.108 0.013 —8.21 <.00I* —2.234 —2.875 —1.594
A—-AB —0.046 0.013 —3.52 .006* —0.957 -1.518 —0.397
B-AB 0.062 0.013 4.69 <.00I* 1.277 0.702 1.853

Note: Mean Difference = difference in estimated marginal means of percentage inhibition. SE = standard error of the
mean difference. t = t-statistic for the pairwise comparison. pTukey = p-value adjusted for multiple comparisons using
Tukey’s HSD procedure. Cohen’s d = standardized effect size. 95% CI = 95% confidence interval for Cohen’s d (Lower,
Upper). PC = positive control (acetylsalicylic acid, 0.10 mg/mL); NC = negative control (hypotonic-buffered solution
without extract). A= Blood Type A; B = Blood Type B; AB = Blood Type AB. df = 84.0 for all comparisons. Comparisons
are based on estimated marginal means averaged across concentration levels. *p <.05 (Tukey’s HSD corrected).

Table F2. Complete Tukey HSD post hoc comparisons among extract concentrations for
percentage inhibition of erythrocyte membrane lysis

Comparison Mean SE ¢ Tuke Cohen's 95% CI 95% CI

p Difference P y d Lower Upper

1.0 mg/mL—1.5 ~0.053 0.014 -3.87  <.00I* -1.093 -1.680 -0.506

mg/mL

1.0 mg/mL —2.0 ~0.090 0.014  —6.58  <.00I* -1.861 -2.490 -1.230

mg/mL

1.5 mg/mL — 2.0 ~0.037 0.014 —2.71 022% —0.767 ~1.340 -0.192

mg/mL

Note: Mean Difference = difference in estimated marginal means of percentage inhibition. SE = standard error of the
mean difference. t = t-statistic for the pairwise comparison. pTukey = p-value adjusted for multiple comparisons using
Tukey’s HSD procedure. Cohen’s d = standardized effect size. 95% CI = 95% confidence interval for Cohen’s d (Lower,
Upper). df = 84.0 for all comparisons. Comparisons are based on estimated marginal means averaged across all blood
type groups. Negative mean differences indicate that higher concentrations produced greater inhibition values. *p <.05
(Tukey’s HSD corrected).
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