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Abstract

Natural and Synthetic medications, including polyphenols, flavonoids, and vitamins, have critical roles in lowering oxidative stress while also functioning as antioxidants
and immunomodulators. Scientific evidence regarding the effectiveness of vitamin and mineral supplements in healthy individuals remains scarce. Iron and zinc are
currently the trace minerals of most concern when it comes to vegetarian diets' nutritional value. The aim of this study evaluates the bioavailability, antioxidant, and
immunomodulatory properties of Storg-I (organic Murraya koenigii leaf extract) and Storg Zn (Psidium guajava leaf extract) with synthetic vitamins in order to assess
their therapeutic potential in modulating oxidative stress and immune function. The DPPH assay was used to determine antioxidant activity, and immunomodulation
was investigated in rats utilizing humoral antibody titers and hematological analysis. In addition bioavailability was investigated using atomic absorption spectrometry
(AAS). Storg-Zn and Storg-I showed antioxidant activity with IC, values of 113.96 pg/ml and 127.95 pg/ml, respectively, and synthetic-Zn and synthetic-Iron
showed antioxidant activity with IC, values of 113.97 ug/ml and 111.05 pg/ml respectively, in the DPPH experiment. Both test compounds dramatically boosted
antibody levels and improved hematological markers in rats. Bioavailability tests demonstrated that Storg-I and Storg-Zn were well absorbed, with each having
distinct pharmacokinetic characteristics. This study shows that Storg-Zn, produced from Psidium guajava, improves immunological function and works as a powerful

antioxidant, whilst Storg-I has great bioavailability and promise as a natural iron supplement with fewer adverse effects.

Introduction

Natural and synthetic drugs are widely used as therapeutic tools for
the prevention or treatment of many diseases. These drugs mainly include
polyphenols, chalcones (precursors of flavonoids), vitamins, carotenoids,
and proteins. Experimental and epidemiological studies have shown that
many natural and synthetic drugs are involved in the reduction of oxidative
stress caused by free radicals and act as antioxidants [1]. Recently, the
nutraceutical and pharmaceutical industries have increasingly engaged
in finding natural alternative compounds as potential antioxidants and
immunomodulators. The use of phytochemicals has been introduced
as a good source of natural antioxidants and immunomodulators. This
effort aims to increase understanding and awareness of immune system
modulation and to obtain new phytochemicals with distinct targets and
processes [2].

Immunomodulation is a complex process through which immune
responses are either enhanced or suppressed to influence the progression
of disease. Immunomodulators, a broad class of drugs, include both
immune suppressants and immune stimulants. These medications have
been used to combat diseases such as rheumatoid arthritis, ulcerative
colitis, and malignancies as well as the dysregulated immune responses
[3].Free radicals can damage cells through oxidative stress, but this
process may be prevented or slowed by antioxidants. These molecules help
protect cells either by enhancing the body’s natural antioxidant defenses
or by directly neutralizing reactive oxygen species (ROS) [4]. Many plants
used in traditional medicine are reported to have immune-modulating
activities. The Murraya koenigii extract and Psidium guajava has also been
previously reported as a promising immunomodulatory agent, which acts
by stimulating humoral immunity and the phagocytic function [5,6].
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Murraya  koenigii  (Curry  Leaves/KadhiPatta/MithaNimba/
GiriNimba) and Psidium guajava L (guava) are treasures in Indian
medicinal herbs that are widely used as spices, fruits, condiments,
and for treating various diseases in India [6,7]. Curry leaves contain
many essential ingredients such as carbohydrates, proteins, fibers ,
calcium, phosphorus, iron, magnesium, copper, minerals, and vitamins
like nicotinic acid, vitamin B, C, A, and E, as well as antioxidants,
plant sterols, glycosides, and flavonoids [8]. In contrast, guava
leaves primarily consist of rutin, naringenin, gallic acid, catechin,
epicatechin, kaempferol, isoflavonoids, and flavonoids like quercetin
and guaijaverin [9]. Psidium guajava and Murraya koenigii leaves have
been studied for their excellent antioxidant capacity; however, they
remain understudied herbs [10,11]. The carbazole alkaloids present in
the leaves exhibit various biological activities, including anti- tumor,
anti-oxidative, anti-mutagenic, and anti-inflammatory effects. The
application of curry leaves paste aids in treating bruises, burns, rashes,
and insect bites [12]. Since guava leaves contain flavonoids, they are
often utilized for their antibacterial and antidiarrheal properties. The
flavonoid quercetin helps relax the intestinal muscular lining, while
polysaccharides enhance antioxidant activity. Additionally, guava has
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an immune-stimulating effect [9]. Guava leaves contain zinc, while
Murraya koenigii (curry leaves) are rich in iron.

Iron and zinc are important trace elements that deserve particular
consideration when assessing nutritional adequacy. Meat, poultry,
and fish provide some iron in the highly accessible heme form, while
animal products supply the majority of the zinc in US. diets [13],
although plant foods are often significant sources of trace elements like
copper, manganese, and iron [14]. Zinc is essential for the growth of
every living organism, and the rapid proliferation and specialization
of immune cells depend on a steady supply of this trace mineral in
the right amounts [15]. It has been suggested that zinc functions as
a co-factor or pro-antioxidant agent via three different methods:
preserving free sulthydryl groups in proteins, competing with redox-
active metals, and particularly triggering the antioxidant system
response. Zinc is necessary for the metabolism of DNA and RNA and
is needed for various specific enzymes, metalloproteins, and immune
system stability. Growth and development retardation, as well as
morbidity, are due to zinc deficiency [16]. Iron plays a crucial role in
essential functions like oxygen and electron transport and is a vital
component of many proteins and enzymes [17]. Iron deficiency is the
most common form of malnutrition. It is a general term for suboptimal
levels of iron in the body for health. Factors responsible for this include
poor diet, increased micronutrient needs, and health issues such as
diseases and infections. Body iron status can be improved by the intake
of dietary supplements and fortified foods [18]. Scientific research
is currently being conducted on the potential therapeutic benefits of
employing medicinal plant components to modulate immune response.
The present study aims to explore the comparative Bioavailability,
antioxidant, and immunomodulatory activities of Storg-I and Strog-Zn
with Synthetic vitamins.

Materials and methods

Plant materials

Storg-I is a certified organic curry leaf extract standardized to
contain 3.6% organic plant-based iron, along with essential cofactors
and co-nutrients. Storg-Zn is an organic guava leaf extract standardized
at 4%. Both Storg-I and Storg-Zn are manufactured, patented (Mother
patent No. 437203, Storg I - IND Appln No: 202043054115, Storg Zn -
IND Appln No: 202043054116, US Appln No: 17024731, EU Appln No:
EP21193681.0, PCT Appln No: PCT/IB2020/062000) and registered by
Star Hi Herbs Pvt. Ltd,, Jigani, Bangalore, Karnataka, India.

Bio-fortification method

Bio-fortified dried curry and guava leaves, free of foreign material,
are crushed to a size of 8-10 mm using a hammer mill. Extraction is
performed with 5% lemon juice and raw materials at a 1:3 ratio, heated
to 70-80°C for 3 hours. After filtration, the extract passes through
membrane filtration at 15-60 psi, followed by column elution with
cation exchange resins. The column is eluted with 5% lemon juice in
water, and the eluate is concentrated at 70-80°C to achieve 30%-40%
TDS. The concentrated solution is spray-dried at an inlet temperature of
180-190°C and an outlet temperature of 80-100°C. The dried powder is
then collected and packed in an airtight drum.

In Vitro evaluation of the antioxidant activity of Storg-Zn
and Storg-I compared to synthetic zinc and iron

The Storg-Zn and Strog-I ability to scavenge free radicals was
assessed using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
radical scavenging assay [19]. A solution of 0.1 mM DPPH in methanol
was prepared, and 2.4 mL of this solution was mixed with 1.6 mL of test
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samples in methanol at different concentrations (50, 100, 150, 200, and
250 pg/mL). The sample was vortexed thoroughly and left in the dark at
room temperature for 30 minutes. The absorbance of the samples was
measured spectrophotometrically at 517 nm. Butylatedhydroxytoluene
(BHT) was used as a reference drug at different concentrations (20, 40,
60, 80, and 100 pg/mL). The percentage of DPPH radical scavenging
activity was calculated using the following equation:

% of DPPH radical scavenging activity = (4 — 4,)/A4y x 100

Where, A, is the absorbance of the control and A is the absorbance
of the samples. Then the percent of inhibition was plotted against
concentration, and the IC, was calculated from the graph. The
experiment was repeated three times at each concentration.

In-vivo immunomodulatory activity of Storg- Zn and Storg-I
with synthetic zinc and iron

Animals and grouping

The studies were conducted in accordance of ethical clearance
was obtained from Institutional Animal Ethics Committee (IAEC)
before the experiment (BCP/IAEC/06/2022). Sprague-Dawley (SD)
rats weighing 150-200 g were used in this study. They were supplied
by the animal house, Bharathi College of pharmacy Mandya, Karnataka,
India. The rats were acclimatized and housed in polypropylene cages with
provisions for a water bottle holder and a feed hopper, using corn cobs as
bedding material. The animals were kept under conventional laboratory
conditions (maximum temperature 24°C, minimum temperature 23°C,
and relative humidity ranging from a maximum of 63% to a minimum of
48%) with a 12/12 hour dark/light cycle. Before the trial, all the animals
were acclimatized to laboratory conditions for a week.

Animals were splitted into 9 groups i.e.

Group I served as control group,

Group II served as negative control (20 mg/kg cyclophosphamide),
Group III served as positive control (50 mg/kg levamisole),

Group IV and V treated as 50 and 100 mg/kg Storg-I treatment
groups

Group VI and VII treated as 50 and 100 mg/kg Storg-Zn treatment
groups and

Group VIII and IX treated as 100 mg/kg Synthetic Iron and100 mg/
kg Synthetic Zn respectively.

Antigen preparation
Sheep red blood cell (SRBC) preparation and standardization

Sheep blood was withdrawn from the external jugular vein in a
1:1 proportion of freshly prepared Alsever's solution. SRBCs were
separated from the collected blood by centrifuging at 2500 rpm for
10min and washed with pyrogen-free normal saline (0.9% w/v). 20%
SRBC in 0.1 ml is considered as the final concentration [20].

Humoral antibody titre assay

Every group, with the exception of the control group, received 0.1
ml 0f 20% SRBC on days 7 and 14. Cyclophosphamide was administered
to all groups (apart from the control group) on days 9 and 16 in order
to decrease immunity. Every antigenically sensitized and challenged
rat was given moderate ether anesthesia on the 14th and 21st days to
allow blood to be extracted from the retro-orbital plexus. Serum was
then separated for antibody titer testing. A microtiter plate was loaded
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with 20 pL of serially diluted serum and 20 pL of saline. After adding
20 pL of SRBC to each of these dilutions, the plates were incubated for
an hour at 37°C, and the presence of hemagglutination and antibody
responses was monitored [21].

Hematological analysis

The blood was collected from each group via retro-orbital plexus into
heparinized collection tubes. To estimate hematological parameters, 0.08
ml of blood was mixed with 0.02 ml of EDTA acid (33.33 mg /ml). At the
end of the experiment, blood was collected and subjected to the analysis
of complete blood cell counts, including RBC count, platelet count, total
WBC count, and differential WBC counts [22].

In-vivo bioavailability study of Storg- Zn and Storg-I in
comparison with synthetic zinc and iron

Animals

The study was conducted using Sprague -Dawley rats (n=6)
weighing 150-200 g. The animals were obtained from the institutional
animal laboratory. The experimental protocol was approved by the
Institutional Animal Ethical Committee (IAEC), [BCP/TAEC/06/2022].
Animals were acclimated for 7 days with standard laboratory pellets
and water ad libitum. The variation in body weight among the
animals did not exceed 20% of the mean body weight. The room was
environmentally controlled at a temperature of 23°C with a relative
humidity of 60%. The photoperiod consisted of 12 hours of light and
12 hours of darkness.

Experimental design

This study aimed to compare the bioavailability of Storg-I, Storg-
Zn, Synthetic Iron, and Zinc. SD rats (8-12 weeks, weighing 150- 200
g) were selected as the animal model and were divided into 4 groups,
each containing 6 animals. The rats underwent a 2-week medication
washout period, and food was withheld for 12 hours prior to dosing,
although water was available throughout. A single oral dose of 200 mg/
kg of either Storg-I or Synthetic Iron was administered via gavage, while
a separate group received Storg-Zn and Synthetic Zn using the same
dosing protocol. Blood samples (0. 6 ml) were collected from the retro-
orbital plexus at intervals of 0.5, 1, 2, 4, 8, and 24 hours post-dosing.
These samples were centrifuged for plasma separation and analyzed
using Atomic Absorption Spectrometry (AAS) for Storg-I, Storg-Zn,
Synthetic Zn, and Iron. Plasma was separated by centrifugation at
6000 rpm for 10 minutes, and the resulting plasma sample from each
blood sample was divided into two aliquots and stored in suitably
labeled heparin collecting tubes at -20°C until used. Estimations of
C,.» T andt1/2 of all test samples were carried out using the Atomic
Absorption Spectrometry (AAS) method [23].

Determination of Iron by atomic absorption spectrometry (AAS)

Iron is determined by atomic absorption spectrophotometry by
means of an oxidizing air-acetylene flame, using an iron hollow-cathode
lamp, at a wavelength of 248.3 nm, slit: 0.5 nm, and lamp intensity: 5 mA.

Stock and standard solutions

Place 10 ml of stock solution (1 g/1 of iron) in a 100-ml flask, fill to
volume with demineralized water. Calibration range is 2, 4, 6, 8 mg/1 of
iron. Place successively 1.0, 2.0, 3.0, 4.0 ml of the solution at 100 mg/1 of
iron in four 50 ml vials, fill to volume with demineralized water.

Sample preparation

Each sample is diluted with demineralized water in order to
have a concentration of iron between 0 and 8 mg/l. Pass successively
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the calibration solutions and the blank which will be demineralized
water or a water-acid solution with concentrations used for samples.
Successively present the calibration solutions, and samples; note the
corresponding absorbance.

Determination of zinc by atomic absorption spectrometry (AAS)

Zinc is determined by atomic absorption spectrometry by direct
aspiration of the sample into an air-acetylene flame, using a zinc
hollow-cathode lamp, at a wavelength of 213.8 nm, slit: 0.5 nm and
lamp intensity: 3.5 mA.

Stock and standard solution

Prepare Zinc standard solution having concentration of 6000
ppm/100ml with demineralized water containing 0.001 per ml of
concentrated HNO,. From above stock solution prepare series of at least
six working containing from 1000 ppm to 6000 ppm per 100 ml with
demineralized water containing 0.001 per ml of concentrated HNO,.

Sample preparation

Prepare sample solution having concentration of 4000 ppm/100ml
with demineralized water containing 0.001 per ml of concentrated
HNO,. Acidified water is used to dilute each sample in order to determine
its zinc concentration. The calibration solutions and the blank (acidified
water) should be passed progressively. The corresponding absorbance
was noted after presenting the samples and calibration solutions.

Statistical analysis

Average of all results were compiled and mean + standard error of
mean (SEM) was determined. One-way ANOVA followed by Dunnett’s—
Tukey’s multiple comparison tests were used to compile all the data. P
values<0.05 were considered indicative of statistical significance. These
analyses were done using Graphpad prism version. 10.0.3(273).

Results

In-vitro antioxidant activity

The antioxidant activity of Storg-I and Storg-Zn, along with
synthetic iron and zinc, is shown in Figure 1. The antioxidant activity
of Storg-I and Storg-Zn was compared with that of synthetic iron, zinc,
and standard BHT. The free radical antioxidant scavenging activity
of standard BHT, Storg-I, and synthetic iron was found to have IC50
values of 60.52, 127.95, and 111.05 pg/ml, respectively. Additionally,
standard BHT, Storg-Zn, and synthetic zinc were found to have IC50
values of 60.52 pg/ml, 113.96 pg/ml, and 113.97 pg/ml. The present
study indicates that Storg-I exhibits a substantial effect, while Storg-Zn
shows significant free radical scavenging activity compared to synthetic
iron and zinc. The findings suggest that Storg-I and Storg-Zn could
be potential sources of natural antioxidants that may be important as
therapeutic agents in preventing and slowing the progression of aging
and age-associated oxidative stress-related degenerative diseases.

Antioxidant activity of Standard BHT

Storg (1 & 71 &7n)

100 %
% 50
50 o
70 g 60
g §
£ ——Storg g %
2 %
[ ~#-Synthetic Iron § »
- & Storg Zn »
£ s
® s Synthetic Zn
10 |.
10
o
o
120
o 50 00 10 200 250 300

Concentration(ug/ml) Concentration(ug/mL)

Figure 1. Antioxidant activity and IC—50 value of storg I, Storg Zn, synthetic Iron and zinc
compared with standard BHT
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Table 1. Effect of storg (I and Zn) and synthetic (Iron and Zinc) on humoral immune response

Hemagglutination Antibody titre (unit/ml)
Group Treatment Dose (mg/kg) X

Primary Secondary
I Normal 4.5+0.33 5.63£0.18
I SRBC + Cyclophosphamide 0.1ml + 20 2.78 +£0.27 3.4+0.30
I SRBC + Cyclophosphamide + Levamisole 50 5.08+0.13 7.23+0.36
v Cyclophosphamide + SRBC + Storg I 50 448 +0.28 5.14+0.11
\% Cyclophosphamide + SRBC + Storg I 100 5.0+0.36 6.96+0.12
VI Cyclophosphamide + SRBC + Storg Zn 50 4.81+0.12 6.92+0.41
VII Cyclophosphamide + SRBC + Storg Zn 100 6.37 +0.63 7.25+0.71
VII Cyclophosphamide + SRBC + Synthetic Iron 100 7.8+0.42 8.78 £0.54
IX Cyclophosphamide + SRBC + Synthetic Zn 100 6.21+0.21 7.12+0.32

Note: Values are expressed as mean + SEM (n=6). ‘p<0.05, Test drug treated groups were compared with Cyclophosphamide group (Statistically analyzed by One-way ANOVA followed
by Dunnett’s—Tukey’s multiple comparison tests)

Table 2. Effect of storg (I and Zn) and synthetic (Iron and Zinc) on hematological parameters

Group Treatment RBC Platelet Hb WBC
(10°cells/mm°) (10°/L) (g/dL) (10°/L)

1 Normal 53+0.13 159+12 12.6 £0.32 6.55+0.1
1T Cyclophosphamide 20 mg/kg 4.1+043 9.8+1.3 12.42 £ 0.65 335+03
1T Cyclo + 50 mg/kg Levamisole 4.8+0.14 12+1.02 12.54£0.17 5217
v Cyclo + Storg I-50 mg/kg 4.6£0.10 10.68 = 1.31 12.52+0.71 4.98+0.10
\% Cyclo + Storg I-100 mg/kg 4.92+0.57 12.8+1.12 12.65+0.21 5.48+0.12
VI Cyclo + Storg-Zn 50 mg/kg 4.82+0.82 4.64+0.73 12.58 £0.51 11.6 £ 0.34

VI Cyclo + Storg-Zn 100 mg/kg 5.05+0.16 4.98 +£0.53 12.73 £0.29 13.37+0.81
VIII Cyclo + Synthetic Iron-100 mg/kg 5.62+0.13 22.6+0.96 12.73+0.83 9.86 + 1.08
IX Cyclo + Synthetic-Zn 100 mg/kg 4.96£0.28 4.72£0.11 12.82+0.31 12.62+0.77

Note: Values are expressed as mean + SEM (n=6). "p<0.05, Test drug treated groups were compared with Cyclophosphamide group (Statistically analyzed by One-way ANOVA followed
by Dunnett’s—Tukey’s multiple comparison tests)

In-vivo Inmunomodulatory activity
Hemagglutination assay

The humoral immune response was evaluated using the antibody
titer. The levels of primary and secondary antibody titer in rat serum
increased, which is evidence that Storg I and Synthetic Iron enhanced
the humoral immune response to SRBC (Table 1). The study found that
Storg-1, at doses of 50 and 100 mg/kg, resulted in a considerable rise
in humoral antibody titer, while Synthetic Iron, at a dose of 100 mg/
kg, further enhanced the humoral immune response to SRBC. Table
1 illustrates how Storg-Zn affects the primary and secondary antibody
responses on the HA titer. Comparing the cyclophosphamide-treated
group to the control group, a notable drop in the antibody titer was
observed. The antibody titer increased significantly after administering
Storg-Zn (100 mg/kg/p.0.) in comparison to the positive group and
synthetic zinc. The treatment with Storg-Zn dramatically increased
antibody titers, as shown by the results, suggesting that the serum of
rats was producing more IgG and IgM antibodies.

Hematological analysis

The hematological count was significantly reduced by
cyclophosphamide at a dose of 20 mg/kg. In comparison to the control
group, animals treated with cyclophosphamide (negative control group)
had significantly lower RBC, WBC, and platelet counts. Blood counts
were restored after treatment with Storg-I and Storg-Zn in both low
and high doses. Administration of a 100 mg/kg dose of Synthetic Iron
and Synthetic Zinc also showed an increase in blood parameters when
compared to the cyclophosphamide-treated group. A dose-dependent
increase in blood parameters was observed in the treatment groups
(Table 2).
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Bioavailability study

The pharmacokinetic investigations of the oral administration of
Storg-1, Storg-Zn, and synthetic drugs at a single dosage of 200 mg/kg
to rats were effectively conducted in this work using the AAS method.
The average plasma concentration-time curves for the two formulations
and their synthetic drugs are shown in Table 3 and Figure 2. The results
show that Storg-I, at a dose of 200 mg/kg of body weight, was found
to take 2 hours to reach the maximum concentration of 197.3 ug/mL,
while Synthetic Iron took 2 hours to reach the maximum concentration
of 172 pg/mL in blood serum. Storg-Zn and Synthetic Zn took 2

Table 3. Results of bioavailability study of Storg I, Storg Zn and synthetic Iron and Zn

Mineral C,... (ng/ml) T, (hour) t, (hours) | AUC(ngh/mL)
Storg I 197.3 2 14 1674
Synthetic Iron 172 2 10 2349
Storg Zn 298 2 6 2522
Synthetic Zn 270 2 8.5 2935
Note: Values are expressed as mean + SEM (n=6). C_: maximum concentration; AUC:
Area under curve; T : Time taken to reach maximum concentration; t ,: half life

Bioavailabilty of Storg I and Synthetic I Bioavailabilty of Storg Zn and Synthetic Zn

400:

* StorgZn
* Synthetic Zn

Plasma concentration in ngiml.
g
Plasma concentration in ng/ml.

T T T T T T 1
4 ] 2 6 20 24 28 0 4 8 12 16 20 24 28
Time (b)

Time ()

Figure 2. Mean plasma concentration time profile of storg I, synthetic Iron, storg Zn and
synthetic Zn. Mean + SD (n=6)
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hours to reach the maximum concentrations of 298 pg/mL and 70
pg/mL, respectively. Therefore, Storg-I and Storg-Zn possess efficient
absorption in the gastrointestinal tract and significant levels in systemic
circulation. The chemical analysis of Storg-I and Storg-Zn is shown in
Tables 4 and 5.

Discussion

The growing interest in natural products as alternatives to synthetic
drugs is driven by the increasing awareness of the potential side effects
and toxicity of synthetic compounds. Natural sources, particularly plant
extracts, offer a rich repository of bioactive molecules that can provide
therapeutic benefits with fewer adverse effects [24]. Recent studies
have highlighted the biofortification, antioxidant, immunomodulatory,
and bioavailability-enhancing properties of various plant-derived
compounds, with Murraya koenigii (curry leaves) and Psidium guajava
(guava leaves) being prime examples. Plant extracts like Murraya
koenigii, rich in essential nutrients, are increasingly explored for their
potential to combat inflammation, microbial infections, and free
radical-induced diseases [25]. Similarly, guava leaves (Psidium guajava)
are packed with antioxidants, fiber, vitamins, and minerals, providing
medicinal benefits such as improved digestion, heart health, immunity,
blood sugar control, and weight management [26]. According to these
results, Storg-I and Storg-Zn, which are natural sources of iron and zinc,
may be superior to synthetic supplements, which frequently require
unique formulations to enhance absorption. Other phytochemicals
in plant extracts may work in concert to increase the bioavailability of

Table 4. Analysis specification of Storg I

Test Specification Protocol
Physical
Description Greenish brown to brown powder Organoleptic
To comply by TLC TLC

Soluble in water Not less than 90% w/w  USP

Not more than 6.00% w/w(dried at 105°

Identification
Solubility

Loss on drying 0 USP<731>
Sieve test (passes through)-40# Not less than 98% w/w USP<786>
Chemical analysis

Natural Iron Not less than 3.6 % w/w AAS
Heavy metals

Lead Not more than 3.0 ppm ICP-MS
Arsenic Not more than 1.0 ppm ICP-MS
Cadmium Not more than 1.0 ppm ICP-MS
Mercury Not more than 0.1 ppm ICP-MS
Pesticides residue Should be Absent USP
Microbiological profile

Total Plate count Not more than 10000 cfu/g USP<2021>
Total Yeast and Mould count | Not more than 100 cfu/g USP<2021>
Salmonella Negative/10g USP<2022>
E. Coli Negative/10g USP<2022>
Staph. Aureus Negative/10g USP<2022>
P. aeruginosa Negative/10g USP<62>
Coli forms Negative/10g USP<62>

Additional information
Non-irradiated and Not-treated with ETO
Kosher and Halal certified

Sanitizing treatment
Certification Status

Genetic Modification status GMO free
BSE/TSE status BSE/TSE free
Country of Origin India
Cultivated or wild crafted Cultivated

Star Hi Herbs Pvt Ltd, Plot No 50, 3" Road,
1% phase ,KIADB Ind Area, Jigani ,Bangalore 560105

3 years

Manufactured by

Shelf Life

Integr Food Nutr Metab, 2025 doi: 10.15761/IFNM.1000312

Table 5. Analysis specification of storg-Zn

Test Specification Protocol
Physical

Description Brown to dark brown powder Organoleptic
Identification To comply by TLC TLC
Solubility iﬁﬁgﬁ;\:ﬁer Notless USP

Loss on drying Z(r)itclg(;claa“ncé)ﬂ()% wiw USP<731>
Sieve test ( passes through)-40# Not less than 98% w/w USP<786>
Chemical analysis

Natural Zinc Not less than 4.0 % w/w AAS
Heavy metals

Lead Not more than 3.0 ppm ICP-MS
Arsenic Not more than 1.0 ppm ICP-MS
Cadmium Not more than 1.0 ppm ICP-MS
Mercury Not more than 0.1 ppm ICP-MS
Pesticides residue Should be Absent USP
Microbiological profile

Total Plate count Not more than 3000 cfu/g USP<2021>
Total Yeast and Mould count Not more than 100 cfu/g USP<2021>
Salmonella Negative/10g USP<2022>
E. Coli Negative/10g USP<2022>
Staph. Aureus Negative/10g USP<2022>
P, aeurginosa Negative/10g USP<62>
Coli forms Negative/10g USP<62>

Additional information

e Non-irradiated and Not-treated
Sanitizing treatment

with ETO
Certification Status Kosher and Halal certified
Genetic Modification status GMO free
BSE/TSE status BSE/TSE free
Country of Origin India
Cultivated or wild crafted Cultivated

Star Hi Herbs Pvt Ltd, Plot No 50, 3" Road,
15 phase ,KIADB Ind Area, Jigani,Bangalore 560105

3 years

Manufactured by
Shelf Life

certain minerals, which is advantageous when treating immune-related
disorders and nutritional deficiencies.

Temperature, humidity, and photosynthetic activity influence
seasonal fluctuations in carbon isotope deposition (§'°C) in guava
plants and curry leaves. Studies imply that §'*C readings can represent
variations in water-use efficiency and stomatal conductance throughout
seasons. During limited water supply or high temperatures, §'>C levels
increase, indicating less stomatal opening and enhanced water-use
efficiency. During colder and wetter seasons, §"°C might drop due
to open stomata and less selective carbon absorption. Cooler and
wetter seasons are ideal for collecting leaves due to decreased carbon
deposition in plant extracts, resulting in lower §'°C values. This is
owing to higher stomatal conductance and improved selectivity against
carbon-13 during photosynthesis, making these leaves suited for
applications requiring lower isotope Concentrations [27].

Storg-Zn (Guava) and Storg-I are potent natural antioxidants
known for their ability to scavenge free radicals, thanks to their
rich content of minerals and antioxidants that play a critical role in
maintaining overall health and regulating oxidative stress. In this study,
guava and curry leaf extracts were obtained using an aqueous solvent
to isolate the mineral compounds, and their antioxidant activity was
measured using the DPPH assay, a method that evaluates the ability of
compounds to reduce the absorbance of DPPH, a stable free radical,
at 517 nm [28]. Both Storg-I and Storg-Zn demonstrated significant
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antioxidant activity. For example, Storg-Zn IC_ of 113.96 ug/mL
indicated that it was effective at scavenging free radicals, exhibiting
significant scavenging activity when compared with the synthetic
compound, which had an IC_ of 113.97 ug/mL. Additionally, Storg-I,
with an IC, of 127.95 ug/mL, indicated substantial antioxidant activity
when compared with synthetic iron, which had an IC,; of 111.05 ug/
mL. Despite the higher IC50, the guava extract exhibited comparable
antioxidant activity to BHT, suggesting that zinc extracts from Psidium
guajava are promising natural alternatives for managing diseases linked
to oxidative stress and free radical damage. In some studies, natural
antioxidants have shown greater antioxidant efficiency than synthetic
antioxidants.

The humoral immunity and immunostimulant effects of guava
leaf extract were assessed using hemagglutination and hematological
analysis. Cyclophosphamide, an alkylating agent, suppresses immune
function by causing DNA alkylation, which results in decreased WBC
and differential leukocyte counts. However, the administration of
guava leaf extract demonstrated a significant immunomodulatory
effect, preventing mortality associated with myelosuppression [21].
The results showed that guava leaf zinc extract enhanced adaptive
immunity by stimulating B lymphocytes, which are crucial for both
innate and adaptive immune responses. Zinc plays a vital role in B
cell proliferation, leading to the production of immunoglobulins that
activate humoral immunity. At a dose of 100 mg/kg, the treatment
group exhibited a markedly improved immune response compared to
levamisole, a standard immunomodulator, indicating that guava leaf
extract holds promise as an effective immunomodulator. Similarly,
the immune system, a complex network defending the body against
infections and disease-causing agents, can be modulated through
stimulation or suppression to maintain health and prevent diseases.
Additionally, the study demonstrated that Murraya koenigii leaf extract
significantly increased the antibody titer in rats, thereby enhancing
the humoral immune response to SRBCs. This suggests that the
extract boosts B lymphocyte function, which is critical for antibody
production. Furthermore, previous research has shown that Murraya
koenigii leaf extract regulates oxidative stress metabolism, particularly
in diabetic mice, further enhancing its immunomodulatory effects
[29]. The immunostimulant effects of the aqueous extract of Murraya
koenigii leaves demonstrate its ability to enhance both specific and
non-specific immune responses. Central to humoral immunity are
antibodies produced by plasma cells and B lymphocytes, which are
crucial in pathogen defense. SRBCs, a T-dependent antigen, were used
in this study to assess the humoral immune response [5]. The study
also compared the immune-stimulating effects of Storg-I and synthetic
iron in immune-suppressed rats. The humoral antibody titer in rats
treated with Storg-I (100 mg/mL) was comparable to that of levamisole,
a standard immune stimulant. Synthetic iron also showed significant
immune-boosting effects, indicating the potential of Storg-I as an
immune stimulant, especially in immune-compromised individuals.

Comparative studies of vitamins (Zn and Iron) suggest that
while synthetic versions offer benefits, they cannot fully replicate the
advantages of natural sources [30-32]. Bioavailability refers to the
extent to which an intake enters the bloodstream and is available for
physiological use. The solubility of zinc in the intestinal lumen is critical
for absorption and is influenced by its chemical form and the presence
of absorption enhancers or inhibitors. In this study, Storg Zn exhibited
higher bioavailability compared to synthetic zinc, with an AUC of 2522
ngeh/mL at a 200 mg/kg dose and a peak concentration of 298 ng/mL at
2 hours, indicating efficient absorption and high bioavailability into the
bloodstream, supporting its therapeutic potential. Storg-I (C_ _ 197.3
ng/mL) showed better absorption than synthetic iron (C___ 172 ng/
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mL), suggesting that the iron in Storg-I is more bioavailable. Iron from
Aspergillus oryzae-enriched sources was absorbed similarly to ferrous
sulfate, with slower release and fewer side effects [33]. Nonetheless,
the encouraging findings of this investigation suggest that Storg-I and
Storg-Zn have a great deal of promise for becoming innovative, plant-
based medicines.

Conclusion

The findings of this study highlight the significant therapeutic
potential of natural products derived from Psidium guajava and
Murraya koenigii. The mineral extract of zinc from guava (Storg-Zn)
demonstrated immunostimulatory effects, evidenced by an increased
antibody titer and enhanced lymphocyte activity. This indicates that
Storg-Zn boosts immunity and acts as an antioxidant with improved
intestinal absorption and immunomodulatory properties, making
it a promising therapeutic option. Additionally, Storg-I, an aqueous
extract of Murraya koenigii leaves, exhibited notable antioxidant
capacity, potential immunomodulatory activity, and showed higher
bioavailability than synthetic iron, with reduced side effects. In
conclusion, Storg-Zn and Storg-I represent innovative natural
products with significant potential for enhancing immunity, acting as
antioxidants, and supplementing individuals with iron deficiency.
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