BRraziLIAN 4=
JOURNAL oF
BioLocy*

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

Original Article

Physical characterization and wound healing properties of
Zamzam water

Caracterizacao fisica e propriedades cicatrizantes da dgua de Zamzam

S.S. Moni** @, M. H. Sultan® @, S. Alshahrani® @, P. Tripathi® ®, A. Assiri¢, S. S. Algahtani®c @, M. A. Bakkari® ©,
0. A. Madkhali* ®, M. F. Alam® @, A. H. Algahtanif, R. Tripathi¢ @, S. S. Pancholi*¢ ®, M. Ashafaq® ® and
M. E. Elmobark?

Jazan University, College of Pharmacy, Department of Pharmaceutics, Jazan, Kingdom of Saudi Arabia

bJazan University, College of Pharmacy, Department of Pharmacology and Toxicology, Jazan, Kingdom of Saudi Arabia
°King Khalid University, College of Pharmacy, Department of Clinical Pharmacy, Abha, Kingdom of Saudi Arabia
9Jazan University, College of Pharmacy, Department of Pharmacy Practice, Jazan, Kingdom of Saudi Arabia

¢Jazan University, College of Pharmacy, Pharmacy Practice Research Unit, Jazan, Kingdom of Saudi Arabia

'Al- Dawaa Medical Services, Co Ltd, Riyadh, Kingdom of Saudi Arabia

sGanpat University, S. K. Patel College of Pharmaceutical Education and Research, Mahesana, Gujarat, India

Abstract

The objective of the study was to evaluate the quality of Zamzam water, holy water for Muslims and consumed
for its medicinal value. The present study demonstrates the physicochemical characterization and wound healing
property of Zamzam water. The physicochemical characterization of Zamzam water samples was analyzed for
dissolved oxygen, pH, conductivity, total dissolved solids, redox potential, zeta potential, polydispersity index,
and zeta size. The microbial quality of Zamzam water was also assessed by exposing water samples to open air. In
this work, Zamzam water was also screened for the medicinal value through wound healing properties in Wistar
rats. Zamzam water exhibited a unique physicochemical characterization with high levels of dissolved oxygen,
zeta potential, polydispersity index, redox potential, total dissolved solids, and conductivity before exposure to
open air. After open air exposure, Zamzam water resisted the growth of bacteria. The wound healing properties
of Zamzam water in vivo showed a 96% of healing effect on 12 day observation. The wound healing was achieved
by modulating pro-inflammatory cytokine such as interleukin -1p (IL-1p), interleukin-6 (IL-6), and tumor necrosis
factor -a (TNF-a). Followed by the level of apoptosis markers caspase-9 and caspase-3 were reduced. The present
study proved that Zamzam water is a good-quality water and showed excellent wound healing property. Therefore,
Zamzam water can be used for pharmaceutical formulations.

Keywords: Zamzam water, water quality, physicochemical parameters, bacterial growth, wound healing property.

Resumo

0O objetivo do estudo foi avaliar a qualidade da dgua de Zamzam, agua benta para os mugulmanos e consumida pelo
seu valor medicinal. O presente estudo demonstra a caracterizacdo fisico-quimica e a propriedade cicatrizante da
agua de Zamzam. A caracterizagao fisico-quimica das amostras de agua de Zamzam foi analisada para oxigénio
dissolvido, pH, condutividade, sélidos totais dissolvidos, potencial redox, potencial zeta, indice de polidispersidade
e tamanho zeta. A qualidade microbiana da 4gua de Zamzam também foi avaliada expondo amostras de dgua ao ar
livre. Neste trabalho, a 4gua de Zamzam também foi avaliada quanto ao valor medicinal através de propriedades
cicatrizantes em ratos Wistar. A dgua de Zamzam exibiu uma caracterizacao fisico-quimica Gnica com altos niveis
de oxigénio dissolvido, potencial zeta, indice de polidispersidade, potencial redox, sdlidos totais dissolvidos e
condutividade antes da exposi¢do ao ar livre. Ap6s a exposi¢do ao ar livre, a dgua de Zamzam resistiu ao crescimento
de bactérias. As propriedades de cicatrizagdo de feridas da dgua de Zamzam in vivo mostraram um efeito de
cicatrizacdo de 96% no 12° dia de observacdo. A cicatrizagdo da ferida foi alcangada pela modulagao de citocinas
pré-inflamatérias como a interleucina-1p (IL-1p), interleucina-6 (IL-6) e fator de necrose tumoral -a (TNF-a).
Seguido pelo nivel de marcadores de apoptose caspase-9 e caspase-3, estes foram reduzidos. O presente estudo
provou que a dgua de Zamzam é uma agua de melhor qualidade e mostrou excelente propriedade de cicatriza¢do
de feridas. Portanto, a 4gua de Zamzam pode ser usada para formulag¢des farmacéuticas.

Palavras-chave: dgua de Zamzam, qualidade da agua, pardmetros fisico-quimicos, crescimento bacteriano,
propriedade cicatrizante.
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1. Introduction

Water is one of the most valuable natural resources
on the earth planet. Water is a necessary nutrient for
the survival of cells, and it first serves as a construction
ingredient. It controls and regulates our body temperature
through sweating and respiration required to function many
physiological functions within the human body properly.
Water accounts for 75% of an infant’s body weight and 55% of
the bodyweight of an elderly person, and it is necessary for
cellular balance and survival. Water quality impacts human
health and is greatly influenced by topography, geological
formations, and climatic condition (Balasubramanian et al.,
2015; Zhu et al., 2012; Zhu et al., 2011; Vidyasagar, 2007;
Zhu and Yang, 2007; Subramani et al., 2005; Cazier and
Gekas, 2001; Helena et al., 2000). Human activities,
such as industrialization and urbanization, produce
effluents that affect natural water quality (Zhu, 2016).
Balasubramanian et al., 2015; Zhu et al., 2012). One of the
most important resources used by the pharmaceutical
industry is water. It may be used as an excipient or used
to reconstitute products during synthesis, manufacturing,
or as a cleaning agent for vessels and equipment.
Different levels of water quality are required for various
medicinal applications. Water quality control, particularly
microbiological quality control, is a significant problem,
and the pharmaceutical sector invests significant resources
in the development and operation of water purification
systems. Zamzam is holy water considered a wonderful gift
from God referred to as Allah in the Quran. Zamzam water
is a natural treasure for Muslims in Saudi Arabia and across
the globe. They believe in its importance either religiously
or for its holistic medicinal value (Shomar, 2012). The holy
water is drawn from the well of Zamzam, which is located
near Kaaba, Masjid Al-Haram, Mecca, Saudi Arabia. Based
on the medicinal and cultural factors, we were curious
to study the quality and medicinal benefits of Zamzam
water. In this study, we used physicochemical parameters,
microbial load study to determine the purity of Zamzam
water, and wound healing property to demonstrate the
medicinal value.

2. Materials and Methods

2.1. Determination of quality of Zamzam water

Zamzam water was purchased from the King Abdullah
Zamzam Project, Mecca, Saudi Arabia. The water samples
were analysed immediately after the collection and
after the exposed to atmospheric air. The exposure of
Zamzam water to air was performed by placing 30 ml
of water in individual Petri dishes for two weeks and
their bacteriological load was determined by the spread
plate technique on Muller Hinton (MH) agar media.
The physicochemical characterization study of Zamzam
water samples was performed before and after exposure
to air. However, the bacteriological study was performed
only after the exposure to air.
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2.2. Physicochemical characterization of water samples

The physicochemical characterization of Zamzam
water sample was analyzed for dissolved oxygen (DO),
pH, oxidation-reduction or redox potential (ORP), total
dissolved solids (TDS), zeta potential (ZP), electrical
conductivity (EC), polydispersity index (PDI), and zeta
size. DO is molecular oxygen that is dissolved in water, and
was determined using the dissolved oxygen meter, Lutron
DO0-5509, Taiwan. The instrument was calibrated according
to the manufacturer’s instructions, and the DO value was
expressed in milligrams per liter (mg/L). The pH is the
measure of acidity or alkalinity of water-based samples.
Both pH and ORP were measured using the Oakton pH
700 Benchtop Meter, USA. The ORP is expressed in millivolt
(mV).TDS is the measurement of dissolved inorganic salts
and organic matters in drinking water. The TDS value is
expressed in parts-per-million (ppm).

ZP is the electrical charge that develops at the interface
between a solid surface and its liquid medium. It is a
measurement to monitor the water clarification capabilities
by measuring the repulsive interaction between the
dissolved particles, which migrate toward the electrodes
of an opposite electric charge at a specific velocity. The ZP
is expressed in millivolts (mV). The electric conductivity
was also measured and expressed in milli siemens per
centimeter (mS /cm). The PDI is the breadth of the molecular
weight distribution, and it measures the deviation from
the uniformity of dispersion. Particle size analysis is the
measure to understand the size of the particle’s composition
of water. ZP, PDI, and zeta size analysis were performed
by using Zeta nano sizer ns, Malvern Instruments, UK.

2.3. Bacteriological quality in water samples

The atmospheric air exposed Zamzam water sample
was screened for bacteriological load. 100 nl of water
samples were placed on MH agar plates and were spread
thoroughly on the agar surface. After spreading the
water samples, the plates were incubated at 37 °C in a
bacteriological incubator for 24 hrs. After incubation, the
growth of bacteria was expressed as a colony-forming unit
per milliliter (CFU/ ML) of water.

2.4. In vivo wound healing property

After screening the physicochemical and microbial
load studies, we conducted an experiment to explore
potential medicinal properties of Zamzam water through
wound healing efficacy in vivo. Healthy male Wistar rats
weighing 170 - 200 g were obtained from the Central
Animal Laboratories, Jazan University, Jazan. They were
acclimatized to laboratory conditions and handled in
strict compliance with the guidelines of the International
standard and Institutional Animal Care and Use committee
(IACUC). The study was approved by Institutional Research
Review and Ethics Committee (IRREC), Reference number
908/1012/1441. The animal room temperature was
maintained at 22 + 08° C and the humidity was about 56 +
6%, achieved by exposing with an alternating 12 h light/
dark cycle. The rats were divided into four groups, each
group with 3 rats, into cages (54 cm x 29 cm x 15 cm).
The experimental groups were as follows:
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Group 1: Normal control group

Wounds were not induced, and they did not receive
any drug or Zamzam water treatment. All the animals
received a standard palette diet and were supplied with
fresh water that they could access freely.
Group 2: Disease group

Wounds were created according to the protocol
established by Sivakumar et al. (2018). In this process, the
experimental rats were anesthetized with an intraperitoneal
injection of xylazine hydrochloride (10 mg/kg) and
ketamine hydrochloride (25 mg/kg). Then, the hair was
removed by using commercially available hair remover
on the dorsal surface of the abdominal region. An area
of 1 x 1 cm of skin was cleaned with ethanol swab, 10%
povidone iodine solution, and a 10 mm diameter section
of skin was removed with a sterile surgical blade to create
a circular wound. The diseased group did not receive any
drug for the treatment of wound. All the animals received
astandard palette diet and were supplied with fresh water
that they could access freely.
Group 3: Standard drug treatment group

In the standard drug treatment group, wounds were
created as described in Group 2. After wounds were created,
animals received povidone iodine cream via spreading
on the wound area once day for 12 days. All the animals
received a standard palette diet and were supplied with
fresh water that they could access freely.
Group 4: Zamzam water treatment group

In the Zamzam water treatment group, wounds were
created as described in Group 2. After wounds were created,
animals received 100 ul of Zamzam water, which was
poured on the wound site and spread fully on the wound
area once a day for 12 days. All the animals received a
standard palette diet and were supplied with Zamzam
water that they could access freely.

2.5. Measurement of wound contraction

Wound size was measured by with the help of a
transparent ruler on days 0, 2, 4, 6, 8, and 12 for Groups
2, 3, and 4. Wound healing was measured as described
by Nagar et al. (2016) by using the following formula
(Equation 1)

Percentage of wound healing =

Initial wound area — wound area on specific day
‘ pecifieday g9 (1)
Initial wound area

2.6. Collection of serum

On the 6™ day of treatment, blood was collected
from all the animals with the tail-vein method, pooled,
and stored in individual Flacon blood collecting tubes
without an anticoagulant.The blood samples were
allowed to clot by placing the tubes in a slanting position
and were centrifuged at 1,000-2,000 x g for 10 minutes
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in a refrigerated centrifuge. The serum was obtained
by collecting the supernatant. The serum was kept in
a refrigerator at 2 - 8 °C and used for further assays to
determine the cytokine levels. The pro-inflammatory
cytokines IL-1p, IL-6, and TNF-a levels were estimated
by the enzyme linked immunosorbent assay. Apoptosis
markers caspase-9 and caspase-3 was determined by a
UV/VIS spectrophotometer assay.

2.7. Estimation of pro inflammatory cytokines

Pro-inflammatory cytokines IL-1B, IL-6, and TNF-a
were determined by sandwich enzyme linked immune
sorbent assay (ELISA) in the serum sample using Abcam
kits, USA. The end reaction was determined by the density
of color development and measured at 450 nm using an
ELISA reader (Biotek ELX 800).

2.8. Determination of apoptosis markers

Apoptosis markers caspase-9 and
caspase-3 were determined in the serum sample by
using the spectrophotometric technique, according to the
protocol described in Abcam kits, USA. The end reaction
for caspase-9 and caspase-3 were quantified by pNA
light emission, which was measured at 405 nm using
an ELISA reader (Biotek ELX 800). The concentration of
caspase-9 and caspase-3 were calculated by extrapolating
on the standard curve.

3. Results and Discussion

The present research revealed the physicochemical
characterization of Zamzam water and wound healing
property. The first quality study of Zamzam water was
performed by an Egyptian commission to Hijaz in 1935.
In 1971 Zamzam water was analysed by the Ministry of
Agriculture and its consultants, Riyadh, Saudi Arabia. Later
studies were performed by analyzing the Zamzam water
chemically as well as physiochemically (Khalid et al.,
2014). The present study was designed to analyze various
physicochemical parameters including DO, pH, conductivity,
TDS, electric potential, ZP, PDI before and after open air
exposure (Tables 1-2).

3.1. DO analysis

Earlier reports have shown that the DO level was
5.8 mg/L in freshly collected Zamzam water from the
Zamzam well (Abu-Samn, 1982) but, water samples from
Dawooddiyah and Masfalah (wells located adjacent to the
Zamzam well) did not show any DO level (Graumlich et al.,
1986). Contrastingly the present study demonstrated the
dissolved oxygen level in Zamzam water was showing

Table 1. Physical characterization of Zamzam water before exposure to open-air.

DO (mg/L) pH EC (mS /cm)

TDS ppm

ORP (mV) ZP (mV) PDI

34 8 0.718

-50.6 -8.72 0.267

DO: Dissolved oxygen; pH: Scale used to specify how acidic or basic; EC: Electrical conductivity; TDS: Total dissolved solids; ORP: Redox potential;

ZP: Zeta potential; PDI: Polydispersity index.
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Table 2. Physical characterization water after exposure to open-air.

DO H EC TDS ORP
(mg/L) P (mSfcm)  ppm (mV)
4.6 8.3 2.26 210 -58.7

DO: Dissolved oxygen; pH: Scale used to specify how acidic or basic; EC:
Electrical conductivity; TDS: Total dissolved solids; ORP: Redox potential.

3.4 mg/L. An earlier study suggesting that the concentration
of DO reduce drastically in packed concentrated orange
juices and reported that the oxygen was consumed due to
oxidative reactions (WHO, 1996). The concentration of DO
was increased when Zamzam water exposed to open-air
for two weeks. Furthermore, there is no more published
literature regarding the concentration of dissolved oxygen
in drinking water before and after the packaging of water.

3.2. pH analysis

pH is the measurement of the potential activity of
hydrogen ion (H*) concentration. pH is an important factor
that influences water quality. The pH of water regulates the
solubility of chemical constituents, such as phosphorus,
nitrogen, carbon, and heavy metals.The pH of Zamzam
water was 8, which is a little high than what was found in
an earlier report that found a pH of 6.9 in Zamzam water
(Al-Gamal, 2008). A similar report published by Shomar
in 2012 stated that the pH of sterile water is between
5 and 7 according to United States Pharmacopeia (USP,
2005). Zamzam water was alkaline with a pH of 8 that
contains lithium, arsenic, calcium, potassium, nitrites
etc. The alkalinity of water from natural resources is
determined by the quality of soil and rock through
which it passes, including the carbonate, bicarbonate,
and hydroxide compounds contained therein. The pH of
the Zamzam water samples was increased slightly (they
became more alkaline) after exposure to the open air.
The hardness of water is attained at the pH level above
8.5.1f the Zamzam water processed for further purification
through distillation, reverse osmosis and ultrafiltration
may lead to pharmaceutical grade water that could comply
with Pharmacopeia standards.

3.3. TDS analysis

The TDS is the presence of inorganic salts and/or organic
matter in water. In this study, the Zamzam water showed a
TDS value of 371 ppm. According to the WHO’s TDS report
(WHO, 1996) on the quality of water, water with less than
300 ppm s an excellent grade of water. One earlier report
showed that Zamzam water contains 1011 ppm (Al-Gamal,
2008). Al-Badaii et al. (2013) reported that the TDS value
of Semenyih river water, Selangor, Malaysia ranged from
17.66 to 80 mg/L during the rainy season (WHO, 2017).
In the present study, TDS was increased when the water
samples were exposed to air, which is probably due to
dust particle accumulation. The turbidity of water caused
by suspended chemicals and the presence of pathogenic
microorganisms can have both water safety and aesthetic
implications and can be an effective indicator of hazardous
water (Bahteria and Jain, 2016). Total suspended solids

4

imitate the number of sediments suspended in water,
which indicates water clarity.

3.4. EC analysis

EC is the conduction ability of water, which is also a
measure of the number of dissolved mineral salts or ions
in water. The conductivity of water is highly influenced by
the geological area through which the water flows. A water
sample has less conductivity when it passes through
granite bedrocks because of the presence of inert materials.
However, a natural perennial stream that passes through
clay soils show higher conductivity due to the presence
of ionizing materials (Matsiyevska, 2017; WHO, 2017;
Al-Badaii et al., 2013; Bahteria and Jain, 2016; Gupta and
Paul, 2013; El-Zaiat, 2007). In this study, Zamzam water
showed the EC of 0.718 mS /cm, which is equivalent to
718 micro siemens per centimeter.In 2007, El-Zaiat et al.
reported that the EC of Zamzam water was 1390 micro
siemens. According to European Pharmacopeia standards,
the conductivity of water for pharmaceutical use should
be < 4.3 uS/cm at 20° C, whereas the conduction of water
for pharmaceutical use as per US pharmacopeia should
be < 1.3 uS/cm at 25 °C. The EC of Zamzam water was
very high compared to these standards, demonstrating
that Zamzam contains many minerals. The conductivity
of Zamzam water was further increased when exposed
to open air.

3.5. ORP analysis

ORP is the measure of electric potential energy per unit
of charge. ORP is an important parameter in analyzing the
quality of drinking water (Goncharuk et al., 2010).Redox
reaction indicates the transfer of electrons between atoms
and the availability of electrons is directly proportional to
the oxidation and reduction potential of water. The ORP
value of tap water, packaged drinking water, and rainwater
generally have a positive ORP between 200-400 mV
(Kim et al., 2000). In this study, the ORP of Zamzam water
was -50.6 mV before open air exposure. Table 2 shows
that the ORP values of Zamzam water increased to
-58.7 mV, probably redox potential varied with type of
microbial contamination of water (Okouchi et al., 2002).
Certain studies have demonstrated that the ORP value
of healthy human biological fluids, such as oral fluid
and mother’s milk, have an ORP of -7 (Nobbmann et al.,
2010; Rael et al., 2009; USP, 2005; Okouchi et al., 2002).
Therefore, a negative ORP value helps in the maintenance
of healthy body physiology. The WHO recommends that
the ORP of drinking water should not be more than 60 mV
(Kim et al., 2000). Therefore, Zamzam water can be used
as drinking water. On the other hand, the redox potential
was fluctuated tremendously indicating the contamination
of Zamzam water sample after open-air exposure which
was reflected in microbial studies.

3.6. ZP analysis

ZP analysis of water provides measurable value to help
monitor optimal water clarification capabilities. In this
study, the ZP of Zamzam water (Figure 1A) was -8.72 mV
before exposure to open air. An earlier study reported that
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the ZP ranged between -10 to +5 mV indicating minimal
contaminants present in water (Sun et al., 2018). The ZP
increased to above -14 mV (Figure 1B) when the Zamzam
water was exposed to open air, indicating contamination.
In ZP analysis, the electrophoretic mobility is determined
by particles in dispersion or molecules in solution where
frequency shift of the light scattered by the charged
particles or organisms that are stirring in an external
electric field. The electrical current of Zamzam water was
determined directly from electron donors of organic matters
of bacterial colonization, which led to the production of
electrons. This mobility of the Zamzam water was reflected
in Table 3 under experimental conditions.The PDI value
of Zamzam water before air exposure was 0.267, which
showed the uniformity of particle distribution. However,
after exposure to the open air the PDI value of Zamzam
water was increased to 0.623 (78.9%).

3.7. Bacteriological quality analysis

The microbial contamination of water samples
determines the quality of water for drinking purposes and
pharmaceutical applications. To a greater or lesser extent,
natural waters come into touch with the surrounding air.
If the pure water is allowed to come into contact with
air, its purity will swiftly deteriorate. The present study
demonstrated that the quality of Zamzam water sample
before and after exposure to open air. This was directly

Zeta Potential Distribution

140007
120001

Total Counts

Apparent Zeta Potential (mV)

A

Zeta Potential Distribution

Total Counts

Apparent Zeta Potential (mV)

B

Figure 1. Zeta potential analysis of Zamzam water. (A) Before
exposure to open-air; (B) After exposure to open-air.

Table 3. Zeta analysis and bacterial load after exposure to open-air.

Properties of Zamzam water

linked to the microbial colonization that means microbial
contamination. The bacterial contamination of water can
be easily accessed by ORP values since the redox reaction
depends on the biodegradation process. After exposure
of Zamzam water to the open air for two weeks, minimal
bacterial growth was occurred, which was reflected in
ORP values (Table 3).

The ZPvalue gives an understanding of the electrophoretic
behavior of bacteria in the aqueous system, which can
directly indicate bacterial colonization. Therefore, the
measurement of ZP indicates bacterial growth. The present
study demonstrated that the ZP value of Zamzam water
was -8 mV before open-air exposure, which increased to
-14.6 mV after open-air exposure. The bacterial growth in
Zamzam water was observed as 1 x 10-* CFU/mL, proving
the purity of water. The CFU value in Zamzam water was
less probably due to the presence of a limited amount of
arsenic and lithium (Shomar, 2012). According to the United
States Pharmacopoeia (USP,2005) water for injection should
be sterile and prevent microbial contamination thereafter.
Based on the standards of USP NF 24, Zamzam water is
bacteriostatic and can be considered as pharmaceutical
grade water. However, the presence of trace levels of
arsenic can be considered as medicinally significant to
heal many ailments.

3.8. Wound healing properties

Wound healing is comprised of various phases involving
overlapping mechanisms that are comprised of many types
of cells, signaling molecules, and extracellular matrices.
The various phases are inflammation, angiogenesis,
epithelization progression, matrix deposition, and
remodeling (DeClue and Shornick, 2015; Diegelmann and
Evans, 2004; Rippon et al., 2016; Atkin and Ousey, 2016).
During the course of treatment, the effect of Zamzam
water on wound healing was observed from the 3™ day
onwards. By the 12t day of treatment, almost 96% of the
wound healing process was complete in Group 4 (Table 4).
Rippon et al., 2016 demonstrated a counter-intuitive model
about healing wounds using the “hyper-hydration” of
tissue, in which tissue is hydrated beyond the normally
acceptable therapeutic level. Another study has reported
that hydrotherapy provides an optimal healing environment
through autolytic debridement and absorption of wound
fluid, which enables re-epithelialization to occur in an
unrestricted fashion (Pinto et al., 2018; Lin et al., 2017).
However, in this work, Zamzam water showed potent
wound healing properties, which may be due to the
presence of a trace level of many minerals. Pinto et al. (2018)
reported that arsenic contaminants in water inhibited
wound healing process because of decreased the rate of
cellular migration. Zamzam water has trace level of arsenic
and enriched with other minerals, including zinc, which

ZP (mV) PDI % PDI

ZS (d.nm) MOB (mS/cm) BL (CFU/ML)

-14.6 0.623 78.9

1589 -1.441 1x10°

ZP: Zeta potential; PDI: Polydispersity index; ZS: Zeta size; MOB: Mobility of particles in a colloidal system; BL: Bacterial load.

Brazilian Journal of Biology, 2022, vol. 82, 262815

5/11



Moni, S.S. et al.

Table 4. Comparative percentage wound healing of various treatment groups.

Day Group 2 Group 3 Group 4
3 1792 £0.27 24 +0.49™ 30.53 £ 1.02"##
5 40.7 +0.55 4484 +1.247 44.5 £1.3"n
8 57.2 £0.61 62.2+0.94" 65.3£0.2"#
12 72.52 £1.11 93.3+1.08" 96.26 +0.87"*

Values are the mean * SD, n=3; data were analyzed by Dunnett test (Sample vs Control), post hoc test. **Extremely significant when compared
to Group 2 at p < 0.01 significant level. #*Extremely significant when compared to Group 3 at p < 0.01 significant level. *Significant when
compared to Group 3 at p <0.05 level. ™ Nonsignificant when compared to Group 3. Group 2: Disease control (wound without treatment);
Group 3: Standard control (treatment with povidone iodine cream); Group 4: Zamzam water treatment group.

plays an important role in protein and collagen synthesis
and in angiogenesis process that leads to wound healing
(Banerjee et al., 2015; Dangleben et al., 2013). Therefore,
the present study showed a faster healing process with
Zamzam water than povidone cream.

Cytokines are groups of lower molecular protein
functional intracellular mediators that regulate immune
cell homeostasis and harmonize immune responses.
The results of this study on cytokine networks expressed
as individual figures which is self-exemplary. Cytokine IL-
1B is also known as lymphocyte activating factor, which
is an important mediator of inflammatory responses
(Lopez-Castejon and Brough, 2011; Tanaka et al., 2014).

Figure 2 depicts the IL-1p levels of the four treatment
groups. The study demonstrates that after creating wounds
in Group 2, the animals’ IL-1p levels were increased
by 44.26%, which is significant (p < 0.01) compared to
Group 1. In the treatment Group 3 with povidone iodine
cream decreased the IL-1p levels level to 21.5% have been
reduced after the treatment in group 3. However, the
wound treatment with Zamzam water was observed 38%
reduction in group 4. The values were almost equivalent
to the normal value of control group representing with 2%
elevation when compared to Group 1. Studies suggesting
that IL-1p is highly correlated with human surgical wound
and plays a key role in human wound paradigms (Lopez-
Castejon and Brough, 2011; Hu et al., 2010; McFarland-
Mancini et al., 2010). The IL-1p expression and increased
secretion due to induction of pro-IL-1f expression, an initial
step encountered pathogen associated molecular patterns
or may be due to danger associated molecular pattern.
Danger associated molecular patterns are endogenous
molecules released from necrotic dead cells (Takeuchi and
Akira, 2010). On comparing the results between Group
3 and Group 4, treatment with Zamzam water exhibited
a better effect in controlling IL-1 B. This might be due
to the presence of arsenic in Zamzam water, as earlier
studies suggest that arsenic was associated with the down
regulation of both Th, and Th, cytokines (Ambrosch et al,,
2008; Yang et al., 2016).

Interleukin-6 (IL-6) is a pleotropic cytokine with a
key role in the amalgamated immune response network
against various infections (Lin et al., 2003). IL-6 plays a
pathological effect on tissue injuries, chronic inflammation,
autoimmunity, and the level of bacterial infection of wounds
(Rose-John et al., 2017; Lin et al., 2003; Sun et al., 2018).
However, studies also suggest that IL-6 modulates the
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Figure 2. Serum IL-1p level of treatment groups. *Significantly
lesser at p < 0.05 on comparing with Group 2; **Highly significant
lesser at p < 0.01 on comparing with group 2; ns: nonsignificant
when compared to Group 3. Group 1: Normal control; Group 2:
Disease control (wound without treatment); Group 3: Standard
control (treatment with povidone-iodine cream); Group 4: Zamzam
water treatment group.

immune response, which has important roles in wound
healing, probably by regulating leukocyte infiltration,
angiogenesis, and collagen accumulation. The IL-6 levels
of the four treatment groups are presented in Figure 3.
IL-6 levels were increased 117% in Group 2 (p <0.001 level),
showing a high significance. In the Groups 3 and 4 the levels
were decreased. Group 3 showed a reduction of 33.46% in
IL-6 levels. However, IL-6 levels in Group 4 reduced 53.93%.
There was no significant difference between Groups 3 and
4 (p <0.05 level). In 2018, Sun et al. (2018) reported that
filtered water exhibited high concentration of hydrogen
and played a major role in suppressing IL-6 and TNF-a
levels due to the decreased expression of mRNA.

TNF-a is a cytokine chemically low molecular weight
protein derived mainly from macrophages, which is
involved in inflammatory mechanism (Ashcroft et al., 2012).
TNF-a is the predominant pro-inflammatory cytokine
involved in inflammatory reactions. The TNF-a levels
of the four treatment groups are presented in Figure 4.
In this study, the TNF-a increase in Group 2 had a high
significance (p <0.001). The percent release of TNF-a in
Group-2 was 141.56%. The level of TNF-a was decreased
after the treatment with standard povidone iodine cream
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Figure 3. Serum IL-6 level of treatment groups. ***Extremely high
significant at p < 0.001; **Extremely significant at p < 0.01 on
comparing with Group 2; ns: nonsignificant when compared to
Group 3. Group 1: Normal control; Group 2: Disease control (wound
without treatment); Group 3: Standard control (treatment with
povidone iodine cream); Group 4: Zamzam water treatment group.

and with Zamzam water. The percent reduction of TNF-a
in Group 3 was 53.76%, which was significant (p < 0.01).
However, the level of TNF-a was reduced by 60.6%, which
was significant (p < 0.01). The efficacy of Zamzam was
better than the povidone iodine cream, but it was non-
significant (p < 0.05). Furthermore, the level of TNF-a in
Group 4 was about 4.9% high when compared to normal
Group 1.Earlier reports showed that the TNF-a quickly
and drastically releases and induces inflammation at
the site wound (Ritsu et al., 2017). However, the wound
healing mechanism is a complicated, since TNF-a induces
vessel growth, a key step in the wound healing processes
(Frank et al., 2003).

Yang et al. (2016) reported that hydrogen water
treatment reduces the IL-6 and TNF-a levels in the
neonatal hypoxic-ischemic encephalopathic condition.
Earlier reports have suggested that oral zinc supplements
reduce the TNF-a in mice with E. coli-LPS-induced
diarrhea (Yusuf et al., 2019). Khalid et al. (2014) reported
that the mineral composition in Zamzam water serves
to benefit and regulate health and that Zamzam water
is effective against cancer. Programmed cell death is
termed as apoptosis process due to the cascade system
that comprises various characteristic cell changes via cell
shrinkage, nuclear fragmentation, chromatin condensation,
and chromosomal DNA fragmentation. Caspase-9 is a
protease enzyme that plays a key role in mitochondrial
damage which is due to various environmental factors
such as stimuli, chemotherapies, radiation, and stress
(Lietal.,,2017). The levels caspase 9 of the four treatment
groups are presented in Figure 5. In the present study
the caspase-9 was increased exponentially in Group
2 (p <0.001). In the Group 3 and group the reduced level
was observed on the 8™ day. In Group 3, caspase-9 levels
were reduced about 29.87% (p < 0.01) whereas in Group 4,
they were reduced by 38.40%. Caspase-3 is a death protease
an important executioner caspase and is activated by
caspase-8, 9, or 10. Caspase-3 involved in catalyzing and
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Figure 4. TNF-a level of treatment groups. ***Extremely high
significant at p < 0.001; **Extremely significant at p < 0.01 on
comparing with Group 2; ns: nonsignificant when compared to
Group 3. Group 1: Normal control; Group 2: Disease control (wound
without treatment); Group 3: Standard control (treatment with
povidone iodine cream); Group 4: Zamzam water treatment group.
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Figure 5. Caspase 9 levels of treatment groups. ***Extremely high
significant at p <0.001 when compared to Group 1; **Significantly
lesser at p < 0.01 on comparing with Group 2; ns: nonsignificant
on comparing with group 3 at p < 0.05. Group 1: Normal control;
Group 2: Disease control (wound without treatment); Group 3:
Standard control (treatment with povidone-iodine cream); Group
4: Zamzam water treatment group.

in the cleavage of many key cellular proteins (Enari et al.,
1998; Brentnall et al., 2013).

The levels 3 of the four treatment groups are depicted
in Figure 6. In this study, the caspase-3 level was
increased exponentially in Group 2 like caspase-9 at
p <0.001 significant level. In Groups 3 and 4, the level of
caspase-3 was reduced proportionately. In Group 3 the
level of caspase-3 was reduced 28.4% (p <0.01). However,
in Group 4 it was reduced 36% (p <0.01). Caspase-9 and
caspase-3 can stimulate the intrinsic cell death through
increased ROS production, which leads to cell damage
(Brentnall et al., 2013). However, both the standard
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Figure 6. Caspase 3 levels of treatment groups. ***Extremely
high significant at p <0.001 when compared to Group 1; **Highly
significant lesser at p < 0.01 on comparing with Group 2; ns:
nonsignificant when compared to group 3 at p < 0.05. Group
1: Normal control; Group 2: Disease control (wound without
treatment); Group 3: Standard control (treatment with povidone-
iodine cream); Group 4: Zamzam water treatment group.

Dorsal view

A3 B3

drug and Zamzam water treatment protected from cell
death, which was reflected in wound healing through
tissue regeneration, which was observed on 12 day of
treatment (Table 4). Both caspase-9 and caspase-3 were
not significantly reduced much compared to cytokine
networks. Therefore, the understanding of wound healing
is a complex phenomenon by altering the inflammatory
markers level, imitating angiogenesis and remodeling
is highly challenging (Takeuchi and Akira, 2010).
Figure 7 demonstrates the stepwise in vivo wound healing
property of Zamzam water and povidone iodine cream as
self-exemplary. It is obvious that Zamzam water was having
wound healing property when compared to povidone
iodine cream. In the Zamzam water treatment group the
animals developed hairs and cover total wound on the
12t day obviously the effect was better than povidone
iodine cream. The present study proved that Zamzam
water showed a better immunomodulation effect and
exhibited excellent wound healing property.

C3

Figure 7. A comparative wound healing study. A1: Control animals, dorsal view of wound soon after creating on the 1% day; B1: Dorsal
view of the wound after treating with povidone-iodine cream on 3" day; C1: Dorsal view of the wound after treating with Zamzam
water on 3% day; A2: Control animals, dorsal view of the wound on 6% day; B2: Dorsal view of the wound after treating with povidone-
iodine cream on 6™ day; C2: Dorsal view of the wound after treating with Zamzam water on 6" day; A3: Control animals, dorsal view
of the wound on 12t day; B3: Dorsal view of the wound after treating with povidone-iodine cream on 12t day; C3: dorsal view of the

wound after treating with Zamzam water on 12t day.
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4. Conclusion

Despite the controversial report on Zamzam water, the
present study showed that the Zamzam water can be used
as drinking water since it has unique physicochemical
parameters that comply with the quality of good drinking
water as reported in the manual of WHO. Furthermore,
Zamzam water can be used as pharmaceutical grade water
for various drug formulations since it has bacteriostatic
quality. However, the parameters such as pH were
little high, and conductivity was higher to comply with
Pharmacopoeia standards since Zamzam water is highly
rich in minerals. In the in vivo wound healing model,
both the standard drug and Zamzam water showed a
good spectrum of activity. However, the level of efficacy
was higher in Zamzam water when compared to standard
drug treatment. The study proved that Zamzam water has
medicinal properties. Further studies should be conducted
for the pharmaceutical characterization of Zamzam water
to ascertain the quality of various drug formulations and
their pharmaceutical significance.
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