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Abstract: The current study aims to utilize the concept of the hydrophilic–lipophilic balance (HLB)
value of ingredients for the development of a stable emulsion-based moisturizing cream and lotion
for cosmetic application. The combination of a hydrophilic and lipophilic emulsifier such as glyceryl
stearate (HLB value 3.8) and PEG-100 stearate (HLB value 18.8) were found to be effective to emulsify
the chosen oil phase system at a specific concentration to achieve the required HLB for the development
of the stable emulsion-based system. The developed formulation was characterized for pH, viscosity,
spreadability, rheology, and droplet morphology. The influence of carbopol® ETD 2020 and the
concentration of the oil phase on the rheology of the product was investigated and found to be
significant to achieve the required thickening to convert the lotion into a cream. The formulation
system developed through utilizing the concept of HLB was compared to a product developed
through the conventional approach. It was observed that the utilization of the HLB method for the
development of an emulsion-based product is a promising strategy compared to the conventional
method. The physical stability and thermodynamic stability tests were carried out under different
storage conditions. It was observed that the developed formulation was able to retain its integrity
without showing any signs of instability during storage.
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1. Introduction

The appearance of the skin and its function are well maintained by a significant balance between
the water content and lipid content of the stratum corneum (SC) [1,2]. The balance can be disturbed by
exposure to external stimuli such as humidity; ultraviolet radiation (UV); temperature; and endogenic
factors, i.e., hormones [2,3]. Besides this, the regular application of soap; face wash; detergent;
and topical irritants, including alcohol and hot water, can also strip lipids from the skin surface [2,4].
The disruption of this balance results in a dermatological condition known as dry skin, a condition
observed mainly in patients with atopic dermatitis [2,5]. In these circumstances, suitable cosmetic
products are used to improve skin hydration, preserve the skin’s natural condition, and avoid dryness
of the skin. Moisturizers can improve skin dryness by maintaining water in the SC and creating an
exogenous barrier to avoid transepidermal water loss (TEWL), which results in soft and moisturized
skin [6,7]. Additionally, moisturizers help in treating skin dryness, ruggedness, and desquamation
in non-treated psoriasis patients and in patients with acne who receive oral isotretinoin or topical
tretinoin [6,8]. Moisturizers are also used to restore the skin barrier function in rosacea patients when
used as an adjunctive therapy [9].
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The hydration of the skin is restored by moisturizers through different mechanisms. For example,
water from the aqueous phase may infiltrate the skin and contribute to an instant hydration effect.
Additionally, humectants retain and attract large quantities of water to SC or the emollients from the
lipid phase minimize the TEWL by filling the gaps between the desquamating corneocytes which
helps to create smooth skin texture [6]. Additionally, emollients may interact with the intercellular
skin lipids and restore the role of the skin as a barrier function and reduce the further loss of water.
Emollient also shows occlusive properties to prevent water evaporation by creating a hydrophobic
film over the skin [6]. Despite the important role of skin moisturizers to maintain the dignity and
vitality of the skin to provide a healthy appearance, most of the available moisturizers are based
on synthetic ingredients with known toxicity. Therefore, there is a considerable need to search for
semi-synthetic/natural alternatives. In the vast majority, cosmetic preparations (lotion, cream, emulsion)
are a biphasic semisolid formulation in which hydrophilic–lipophilic balance (HLB) plays a crucial role
to balance the interfacial tension between the two immiscible liquids. A deep understanding of the
HLB value helps to determine the required HLB (rHLB) which eventually helps to establish a stable
biphasic emulsion formulation [10]. The HLB value permits the ability of the surfactant/emulsifier to
stabilize the water-in-oil or oil-in-water emulsions. Surfactants with HLB values in the range of 4 to 8
usually stabilize water-in-oil emulsions (HLB number 4–6 results in the formation of poor emulsion;
HLB number 6–8 results in the formation of a milky emulsion after vigorous agitation), while HLB
values in the range of 8 to 18 stabilize oil-in-water emulsions (HLB number 8–10 results in the formation
of a stable milky emulsion; HLB number 10–13 results in the formation of a translucent to clear
emulsion; HLB number >13 results in the formation of a clear emulsion) [11]. The present investigation
focuses on the formulation design of stable moisturizers, utilizing HLB concepts, their characterization,
and the comparative evaluation of moisturizing cream with lotion.

2. Materials and Method

2.1. Materials

Cetyl alcohol, disodium EDTA, glycerin, propylene glycol, mineral oil, and sodium hydroxide
were obtained from Sigma-Aldrich (Taufkirchen, Germany). Alpha-Tocopherol was obtained from
BASF Lampertheim (Lampertheim, Germany). Almond oil was obtained from Gustav Heess (Leonberg,
Germany). The acrylic acid copolymer was obtained from Ashland Specialty Ingredients (Wilmington,
DE, USA). Carbopol ETD 2020 was obtained from Lubrizol India Private Limited (Mumbai, India).
Glyceryl stearate and PEG-100 stearate were obtained from Croda India (Mumbai, India). Dimethicone
and dimethiconol were obtained from Dow Corning (Midland, MI, USA). Phenoxyethanol and
ethylhexylglycerin were obtained from Salicylate and Chemical Private Limited (Mumbai, India).
Aloe vera extract was obtained from Acetar Bio-Tech Inc (Xian, China). All the ingredients were of
cosmetic/pharmaceutical grade.

2.2. Preparation of Moisturizing Cream and Lotion

The emulsions were prepared following the design shown in Table 1 by adopting the reported
method with a slight modification [12,13]. The aqueous phase and the oil phase was prepared separately,
as per the scheme shown in Table 1. In a clean glass beaker, the required quantity of purified water
was taken and heated up to 70 ◦C. Disodium EDTA was added into it under stirring until a clear
solution was obtained. Carbopol ETD 2020 was added into a purified water solution under stirring
until a lump-free dispersion was obtained. Glycerin, acrylic acid copolymer, propylene glycol, and Aloe
vera extract were added into the aqueous dispersion system of carbopol under continuous stirring
by maintaining the temperature of the aqueous phase to 70 ◦C. Similarly, for the preparation of the
oil phase, mineral oil, glyceryl stearate, PEG-100 stearate, almond oil, and cetyl alcohol were taken
into a clean glass beaker and heated all together up to 70 ◦C under continuous stirring until the clear
phase was obtained. The aqueous phase and the oil phase were maintained at 70 ◦C with continuous
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stirring. The aqueous phase was poured into the oil phase under high-shear homogenization (using
T 25 digital Ultra-Turrax, IKA-Werke, Staufen, Germany). The two phases were homogenized at
6500 rpm for 15 min at 70 ◦C and then cooled to room temperature. When the temperature of the
developed emulsion system reached 50–55 ◦C, a post-emulsification material such as dimethicone,
dimethiconol, alpha-tocopherol, phenoxyethanol and ethylhexylglycerin was added under continuous
stirring and the mixture was cooled to room temperature. The initial pH of the developed moisturizing
formulation was recorded and adjusted to a final pH of 5–6 with NaOH solution (1N).

Table 1. Percentage composition of different formulations of moisturizing cream lotion.

Ingredients
F1 F2 F3 F4 F5

% w/w % w/w % w/w % w/w % w/w

Aqueous Phase Material
Disodium EDTA 0.025 0.025 0.025 0.025 0.025
Glycerin 8.000 3.000 3.000 3.000 3.000
Acrylic Acid
Copolymer - 2.000 - 2.000 2.000

Propylene Glycol 0.500 0.500 - 1.000 1.000
Aloe vera extract 2.500 2.500 2.500 2.000 2.000
Carbopol ETD 2020 0.500 0.400 - 0.500 0.200
Oil Phase Material
Mineral Oil 6.000 12.000 12.000 10.000 5.000
Glyceryl Stearate 3.000 2.500 1.500 4.986 2.493
PEG-100 Stearate 5.000 4.500 3.500 5.014 2.507
Almond Oil 2.000 2.000 3.000 2.000 1.000
Cetyl Alcohol 6.000 4.000 3.000 4.500 2.250
Post Emulsification Material
Dimethicone 1.500 1.500 1.500 0.010 0.010
Dimethiconol 1.500 1.500 1.500 0.190 0.190
Alpha Tocopherol 0.100 0.100 0.100 0.500 0.500
Phenoxyethanol and
Ethylhexylglycerin 2.000 1.500 1.000 1.000 1.000

Sodium Hydroxide Q.S to adjust
pH 5.0–6.0

Q.S to adjust
pH 5.0–6.0

Q.S to adjust
pH 5.0–6.0

Q.S to adjust
pH 5.0–6.0

Q.S to adjust
pH 5.0–6.0

Purified Water Q.S to 100 Q.S to 100 Q.S to 100 Q.S to 100 Q.S to 100

2.3. Characterization of Moisturizing Cream and Lotion

2.3.1. Organoleptic Characteristics

The optimized formulations of the moisturizing cream and lotion were characterized for
various organoleptic characteristics, such as physical appearance, color, texture, phase separation,
and homogeneity, by visual observation. The samples were placed between the thumb and
index finger and then the homogeneity and texture characteristics of the developed moisturizing
formulationwere assessed.

2.3.2. Spreadability

The spreadability of the optimized moisturizer formulation was determined by keeping a small
amount of the sample between two glass plates [14]. Further, weight was added gradually to the upper
glass plate with time intervals of 1 min. The spreading diameter of the tested sample was measured
each time after the addition of weight. The results are expressed in terms of the spreading area as a
function of the applied weight [14–16].

2.3.3. pH

Accurately weighed quantities of the moisturizing cream and lotion were dissolved with a known
quantity of deionized water to make a 10% w/v dispersion system. The pH of this 10% w/v dispersion
of moisturizing cream and lotion was determined using a digital pH meter (Mettler-Toledo Ingold Inc.,
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Billerica, MA, USA). A pH measurement of the sample was performed in triplicate, and the average
value was reported [14].

2.3.4. Rheology

A Brookfield RS/-CPS rheometer (cone plate model, instrument type RS3CPS115LS) was used
with a spindle C50-1 to determine the viscosity of each formulation (cream and lotion), exploiting
the software Rheo 3000 V1.2 (2008) for the analysis of the result. The tests were carried out at room
temperature (25 ◦C). All the measurements were made in triplicate and the average value was reported.

2.3.5. Droplet Morphology

The optimized formulation of the moisturizing cream and lotion was assessed for the droplet
morphology using a polarized microscope (Nikon Instruments Inc., Melville, NY, USA) after appropriate
dilution with distilled water.

2.4. Stability Study

The optimized formulations of the moisturizing cream and lotion were evaluated for their
thermodynamic [17,18] and physical stability.

2.4.1. Thermodynamic Stability

The optimized formulations of the moisturizing cream and lotion were characterized for the
heating-cooling cycle (3 alternate cycles at 45 ◦C and 4 ◦C for 48 h) and observed for any sign of
instability (such as change in color, precipitation, and phase separation) [17,18]. Furthermore, samples
of moisturizing cream and lotion were also subjected to a centrifugation cycle (3500 rpm for 30 min)
and freeze-thaw cycle (3 alternate cycles at −21 ◦C and 25 ◦C for 24 h) to observe the chances of phase
separation and change in appearance under stress conditions [19].

2.4.2. Physical Stability

Assessments of the physical stability of the optimized moisturizing cream and lotion were
performed at different storage conditions (40 ± 2 ◦C/75% ± 5% RH and 25 ± 2 ◦C/60% ± 5% RH for
30 days) to observe the overall stability of the developed formulation system. The parameters observed
to assess the overall system stability were change in pH, color, odor, and consistency [20,21].

3. Results and Discussion

3.1. Preparation of Moisturizing Cream and Lotion

All the ingredients chosen for the formulation development were of cosmeceutical/pharmaceutical
acceptable grade. Disodium EDTA was used as a chelating agent. Glycerine and propylene glycol
were used as humectants. Acrylic acid copolymer, carbopol ETD 2020, and cetyl alcohol were added as
thickening agents. Aloe vera extract, alpha-tocopherol, and almond oil were used as skin conditioning
agents. Additionally, dimethicone and dimethiconol were used as emollient/skin conditioning agents.
Mineral oil was used as an occlusive, while glyceryl stearate and PEG-100 stearate were used as
emulsifiers. Phenoxyethanol and ethylhexylglycerin were added as preservatives, and sodium
hydroxide solution (1N) was used as a pH adjuster. It was found that the formulations F1, F2, and F3,
containing the ingredients at different proportions (shown in Table 1), were not able to form a stable
emulsion system after the homogenization of the oil and aqueous phase, as shown in Figure 1. This is
because the HLB contribution from the emulsifier in formulations F1, F2, and F3 was less than the
rHLB of the oil phase (Table 2). To design an emulsion-based stable formulation, we utilized the
concept of rHLB for the complete and uniform homogenization of the oil and aqueous phase of the
formulation components.
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Figure 1. Appearance and various types of instability observed in different formulations. (F1) congealing
and creaming were observed, (F2) formation of lumps and phase separation were observed, (F3) oil
separation was observed, (F4) stable moisturizing cream, and (F5) stable moisturizing lotion.

Table 2. HLB contribution by the oil phase of different formulations to determine the rHLB of
the emulsifier.

Oil Phase

Formulation Mineral Oil (HLB = 10.5) Almond Oil (HLB = 6.0) Cetyl Alcohol (HLB = 15.5) rHLB Value of
Formulation

%w/w HLB
Contribution %w/w HLB

Contribution %w/w HLB
Contribution

F1 6 4.5 2.0 0.86 6.0 6.64 12.00
F2 12 7.0 2.0 0.67 4.0 3.44 11.11
F3 12 7.0 3.0 1.0 3.0 2.58 10.58
F4 10 6.36 2.0 0.73 4.5 4.23 11.32
F5 5 6.36 1.0 0.73 2.25 4.23 11.32

Utilization of rHLB Concept for Development of Emulsion-Based Stable Formulation

For the formulation design of an emulsion-based stable cream or lotion, a formulation system
with different proportions of oil and water phases needed a suitable emulsifier with an rHLB value
for the complete emulsification of two immiscible phases [22,23]. The HLB value is not just an
essential parameter for the selection of an emulsifier but also an important step in the formulation of
the stable emulsion-based product. It can be seen as a significant factor in determining the quality
control of the product [24–28]. Therefore, the HLB of each ingredient needs to be known before
proceeding with formulation development. Additionally, topical cosmetic products must take into
account the HLB value of the finished product for the moisture and oil equilibrium of the skin.
Therefore, the formulation’s system must impart the appropriate HLB value for skin conditions.
Additionally, emulsion-based topical formulations, specifically where synthetic surfactants are used,
with a combination of emulsifiers with rHLB values equal to the oil phase give a stable system [29].

The HLB value of the oil and emulsifier was determined according to the reported method with
slight modifications [12,13,30]. The HLB three-step system was followed for the preparation of a stable
formulation vis-a-vis(a) the determination of the HLB requirement of oil, (b) the determination of
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the most effective emulsifier (HLB value), and (c) the determination of the emulsifier concentration
required to achieve the desired stability/rheology. The rHLB for the oil phase is the sum of the HLB in
combination with an emulsifier, as shown in Table 2.

To determine the rHLB of two emulsifier combinations in the development of the moisturizing
cream and lotion, they were calculated by the reported method [12,13,30]. The quantity of emulsifier
(A) required to blend with any other emulsifier (B) to reach the rHLB was calculated as follows [23,30]:

%A =
100 (rHLB−HLBB)

HLBA−HLBB

%B = 100−%A

Finally, the quantity of two emulsifiers (glyceryl stearate and PEG-100 stearate) needed to achieve
the rHLB for the oil phase was calculated (as shown in Table 3) to obtain a stable system of moisturizing
cream and lotion.

Table 3. The hydrophilic–lipophilic balance (HLB) contribution by individual emulsifiers of different
formulations to achieve the required hydrophilic–lipophilic balance (rHLB).

Glyceryl Stearate (HLB
Value = 3.8)

PEG-100 Stearate (HLB
Value = 18.8)

Final HLB Value of
the Formulation

rHLB of
Formulation

Formulation %w/w HLB
Contribution %w/w HLB

Contribution

F1 4.5 1.94 4 8.84 10.78 12.00
F2 4.5 2.28 3 7.52 9.80 11.11
F3 1.75 2.41 1.0 6.83 9.24 10.58
F4 4.986 1.89 5.014 9.42 11.32 11.32
F5 2.493 1.89 2.507 9.42 11.32 11.32

It was found that the overall HLB value contributed by the oil phase of formulations F1, F2,
and F3 was 12.0, 11.11, and 10.58, respectively (Table 2). However, the overall HLB value contributed
by the emulsifier combinations of formulation F1, F2, and F3 was 10.78, 9.8, and 9.24, respectively
(Table 3). This difference in the contributed HLB of the oil phase and rHLB achieved by the emulsifier
combination is the reason for the instability observed in the case formulations F1, F2, and F3. However,
the overall HLB contributed by the oil phase of formulations F4 and F5 was 11.32 (Table 2), and the
rHLB achieved by the emulsifier combination in the case of F4 and F5 was 11.32 (Table 3). The stability
of the formulations F4 and F5 compared to F1, F2, and F3 is due tothe fact that the HLB contribution by
the oil phase is equal to the rHLB achieved by the emulsifier combination.

3.2. Characterization of Optimized Moisturizing Cream and Lotion

3.2.1. Organoleptic Characteristics

Organoleptic properties play a crucial role in cosmetics due to their ability to improve consumer
compliance by elevating the elegance and aesthetics of a formulation. The results of the various
organoleptic properties of the optimized moisturizing cream and lotion are shown in Table 4. It was
found that both of the formulations (F4 and F5) had a cosmetically appealing appearance, smooth
texture, and homogenous dispersion, with no signs of phase separation.

Table 4. Organoleptic characteristics of the optimized moisturizing cream (F4) and lotion (F5).

Formulation Physical
Appearance Colour Phase

Separation Homogeneity Immediate Skin Feel

F4 Thick cream White to off
white color No Homogeneous Moisturizing, no grittiness,

light, not greasy

F5 Thin lotion White to off
white color No Homogeneous Moisturizing, no grittiness,

light, not greasy
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3.2.2. Spreadability

The spreadability of semi-solid cosmetics—i.e., the ability of a cream or gel to spread uniformly
on the skin—plays a significant role in the effectiveness of the topical application. The efficacy of
moisturizing cream and lotion depends on their ability to spread over the skin easily. The spreading
behavior of the semi-solid preparation helps to apply the product to the skin evenly. Therefore,
the developed formulation must have good spreadability and meet the ideal reliability in topical
applications [31]. Additionally, this is considered a significant element of the marketing.

The cosmetic formulations in the form of cream and lotion with plastic or pseudo-plastic property
are thick under static conditions and get thinner after the application of shearstress. The resulting
behavior is helpful in the easy spreadability of the formulation over the skin. The spreadability
investigation of the moisturizing cream and lotion revealed that an increase in applied force in the form
of weight enhances the spreading area of the developed moisturizing cream and lotion (illustrated in
Figure 2). The observation of the results confirmed that the developed moisturizing cream and lotion
have optimum spreadability behavior and are found to be suitable for topical application.
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3.2.3. pH

The initial pH of the cream and lotion has been recorded. The pH of normal skin lies in the range
of 5.0–6.0 [14]. The pH of the developed formulation just after the preparation was found to be more
acidic than that of the pH of normal skin. The pH of the developed moisturizing cream and lotion has
been adjusted by adding NaOH solution (1N) drop by drop under continuous mixing. The final pHs of
the moisturizing cream (F4) and lotion (F5) were found to be 5.20 ± 0.025 and 5.25 ± 0.03, respectively.
It seems that the developed moisturizer does not cause skin irritation.

3.2.4. Viscosity

The consistency of the semisolid preparation is one of the key attributes of topical formulations,
as it is applied to the skin as a thin layer. Usually, the consistency of any semisolid formulation is
indicated by its viscosity [32]. It was observed that the viscosity of the cream and lotion was inversely
related to the shear stress. The viscosity decreases with an increase in shear stress, indicating the
non-Newtonian behavior of flow; this behavior is favored because of its low resistance to flow when
applied under high shear conditions [30,33,34]. The viscosity of the developed cream and lotion
formulation was determined by a Brookfield rotational rheometer (Brookfield Engineering Laboratories,
Inc., Middleboro, MA, USA) of the cone and plate type using spindle C50-1. The viscosity of the
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moisturizing cream and lotion formulations was found to be 8427.52 ± 7.36 Pa·s and 312.26 ± 1.68 Pa·s
at a shear stress of 50.56 Pa and 5.62 Pa and a shear rate of 0.01 s−1 and 0.02 s−1, respectively. The results
of the rheological behavior of the moisturizing cream and lotion are shown in Figure 3. Figure 3
illustrates that the rheological behavior of the moisturizing cream exhibits a pseudo-plastic flow,
while the moisturizing lotion exhibits a Newtonian flow.
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3.2.5. Droplet Morphology

The droplet morphology of the optimized formulation of the moisturizing cream and lotion was
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3.3. Stability Study

The majority of cosmetic and pharmaceutical creams comprises of water-in-oil (w/o) or oil-in-water
(o/w) type emulsions. They are thermodynamically unstable and typically break into two separate
phases [35]. This instability could be reflected at different times and through a variety of destabilizing
physicochemical processes—for example, phase inversion, creaming, coalescence, and flocculation [36].

3.3.1. Thermodynamic Stability

The thermodynamically stable formulation system is in its state of lowest energy or in chemical
equilibrium with its environment, which ultimately helps to detect the presence of metastable
formulations. The optimized formulation of the cream and lotion based on the HLB system study were
subjected to stress tests, including heating-cooling and freeze-thaw cycles, as well as a centrifugation
cycle. The optimized moisturizing cream and lotion did not exhibit any sign of instability (such
as precipitation, phase separation, and creaming) under the given stress conditions. Furthermore,
no cracking and coalescence were found during the thermodynamic stability tests.

3.3.2. Physical Stability

To make the stability test expressive, it is necessary to determine the variables that will be evaluated
in order to identify the acceptance requirements and/or methods that can quantify the variations
in attributes over time. Physical stability tests were carried out under different storage conditions
(40 ± 2 ◦C/75% ± 5% RH and 25± 2 ◦C/60%± 5% RH for 30 days). All the observations were recorded at
different timeintervals (0, 1, 2, 3, and 4 weeks). The parameters observed for physical stability were the
visual appearance (color, odor, and consistency), homogeneity, and phase behavior. These parameters
must also take into account the key product characteristics, as these features remain unchanged or
alteredwithout compromising the product efficiency and presentation [37,38]. The stability study
demonstrated that both the moisturizing cream and lotion were able to retain their integrity without
showing any signs of instability (Table 5).

Table 5. Physical stability of the optimized moisturizing cream and lotion.

Parameters Condition W0 W1 W2 W3 W4

Appearance 25 ± 2 ◦C/60% ± 5% RH
Thick

cream/Thin
lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

40 ± 2 ◦C/75% ± 5% RH
Thick

cream/Thin
lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

Thick
cream/Thin

lotion

Colour
25 ± 2 ◦C/60% ± 5% RH White to off

white color
White to off
white color

White to off
white color

White to off
white color

White to off
white color

40 ± 2 ◦C/75% ± 5% RH White to off
white color

White to off
white color

White to off
white color

White to off
white color

White to off
white color

Phase separation 25 ± 2 ◦C/60% ± 5% RH No No No No No
40 ± 2 ◦C/75% ± 5% RH No No No No No

Homogeneity 25 ± 2 ◦C/60% ± 5% RH Homogeneous Homogeneous Homogeneous Homogeneous Homogeneous
40 ± 2 ◦C/75% ± 5% RH Homogeneous Homogeneous Homogeneous Homogeneous Homogeneous

4. Conclusions

In this investigation, the rHLB for the oil phase used was observed to be between 10.5 and 12.
However, the emulsifier blends used in the formulations F1-F3 were incapable of achieving the rHLB
and ultimately resulted in the instability of the formulation system. The rHLB concept was applied
to calculate the required quantity of the emulsifier blend for the successful development of stable
cream and lotion. Thus, our study demonstrated the successful development of an emulsion-based
moisturizing cream and lotion (F4 and F5) using biocompatible ingredients such as Aloe vera extract,
glycerin, carbopol ETD 2020, dimethicone, almond oil, and other excipients as emollients, humectants
and skin conditioning agents. The developed moisturizing cream has favorable physicochemical
properties for dermal use, exhibiting pseudo-plastic flow behavior due to a balanced o/w cream base.
The vehicle used in the optimized formulation may, therefore, be a promising tool for developing an
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efficient topical delivery system, in particular for treating skin dryness and/or skin disorders such as
atopic dermatitis.
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