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ABSTRACT

Objective: The aim of this study was to develop suitable pharmaceutical gel formulations of pectin beads using semisynthetic celluloses or synthetic 
carbomers as a gelling agent.

Materials and Methods: Low methoxyl pectin (LMP) beads loaded with rutin composing 3% non-amidated LMP, 15% sorbitol and 1% sodium 
bicarbonate with 2% w/v of rutin were prepared, characterized, incorporated in various pharmaceutical gel bases and evaluated for rabbit skin 
irritation by close patch test.

Results: Rutin wetted bead formulation which showed spherical shape (around 700 µm), high rutin encapsulation efficiencies (82.02±0.91%), low 
conductivity (900 µS at 30 minutes) and faster rutin release (more than 80% in 30 minutes) was selected to incorporate in gel. The wetted rutin beads 
exhibited good stability (beads suspended in gel without breaking or gel color changing) in the gel composed of 0.4% w/v Carbopol® Ultrez 21 with 
0.04% w/v guar gum at pH 5.0.

Conclusion: Rutin wetted beads in developed pharmaceutical gel formulation showed higher percentages of rutin remaining when stored at room 
temperature (27±2°C) than non-loaded rutin of about 1.53 times and gave no irritation in rabbit skin irritation test, however, the safety on human 
skin applications should be confirmed.
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INTRODUCTION

Pharmaceutical gels are semi-solid preparations consisting of 
dissolved or dispersed active compound in either a hydrophilic 
or hydrophobic base with a gelling agent and other components. 
The number of newly formulated pharmaceutical gel products 
containing drugs and chemicals continues to increase every 
year [1-3]. The pharmaceutical gel formulation requires the use of 
an appropriate gelling agent with preferred characteristics include 
the inertness, safety, compatibility with other ingredients, good 
adhesion, permission of drug permeation while not being absorbed 
into blood circulation and irritation-free [4]. Many gelling agents 
have been commercially employed in the preparation of topical gels, 
including the semisynthetic cellulose derivatives [5,6] and synthetic 
carbomers [7]. Cellulose derivatives such as methyl cellulose (MC), 
hydroxypropylmethyl cellulose (HPMC), sodium carboxymethyl 
cellulose (SCMC) are the most popular cellulose derivative gelling 
agents used in pharmaceutical gel formulations. These semisynthetic 
cellulose derivatives are less sensitive for microbial contamination 
than natural gelling agents such as tragacanth, gum acacia, sodium 
algininate and gelatin. Carbopol® is a synthetic polymer gel consisting 
of polyacrylic acid crosslink subunit. Because of the synthetic nature 
of Carbopol®, the physical properties are highly controllable and 
reproducible during manufacturing and higher stability than natural 
gelling agents when prepare as gel [8].

Pectin, anionically charged structural plant polysaccharide consisting 
of a linear backbone of α-(1-4)-d-galacturonic acid residue [9], is an 
interesting candidate for pharmaceutical use as a carrier of a variety of 
drugs for controlled release applications. Pectin forms water-insoluble 
complexes with several drugs and be useful for sustained-release 
preparations [10-12]. Many techniques have been used to manufacture 
the pectin beads, especially ionotropic gelation. These simple 
techniques, together with the very safe toxicity profile, starting with the 

pectin droplets came in contact with the crosslinking solution (calcium 
chloride or zinc chloride solutions) after that the ionic interaction 
was occurred and formed gelled sphere beads. Rutin was selected as a 
model drug in this study. Rutin (quercetin-3-O-rutinoside), the flavonol 
glycoside of quercetin, is abundantly found and distributed in plants. 
It presents important properties in human health like its significant 
scavenging properties and anti-inflammatory activity [13,14] which 
will be beneficial for further develop as pharmaceutical gel formulation. 
The aim of this study was to develop suitable pharmaceutical gel 
formulation of pectin beads using semisynthetic celluloses or synthetic 
carbomers as a gelling agent. The physicochemical stability as well as 
rabbit skin irritation test of the selected pharmaceutical gel containing 
rutin loaded in pectin beads were evaluated.

MATERIALS AND METHODS

Materials
Non-amidated low methoxyl pectin (LMP) (Unipectine OF300C; 
DE=30% and DA=0%) were purchased from Cargill™ (Saint Germain, 
France). Rutin hydrate, sodium bicarbonate (NaHCO3), sodium luaryl 
sulfate (SLS), Carbopol® ETD 2020 and Ultrez 21 were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). Sorbitol pure anhydrate, 
Carbopol® 940 was purchased from Cooperation Pharmaceutique 
Francaise (Melun, France). HPMC, SCMC and guar gum were provided 
from Colorcon Limited (Orpington, UK). All reagents were analytical 
grade.

Preparation of LMP beads by encapsulator
Rutin loaded in the beads using the ionotropic gelation technique [15-17] 
was modified. The bead formulation which would obtain the soft texture 
was selected from our previous study [18]. Wetted beads were kept in 
1% concentrated paraben solution at 4±2°C whereas dried beads were 
dried at 37±2°C for 24 hr in a drying room.
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Wetted and dried LMP beads loaded with rutin characterization
Morphological studied
Morphological examinations of wetted and dried LMP beads were 
conducted by CETI® Microscope (CETI® Stereoscopic zoom microscope 
with built-in high resolution CCD-camera, Berkshire, United Kingdom). 
The experiments were performed at magnifications ×200. Size and 
shape of wetted and dried beads approximately 30  samples were 
evaluated by Xli Cap V18 Camera software (XL Imaging Limited, 
SA2 8PP, UK).

Water content determination
The water contents of wetted and dried beads were determined using 
moisture analyzer at 160°C until a stabilization of weight was achieved 
(OHAUS MB35, Greifensee, Switzerland).

Encapsulation efficiency
The amounts of rutin loaded into wetted and dried beads were 
determined by adding 100  mg of each bead into 1  L of phosphate 
buffer (PB) pH  7.4 for 3  hr until all of them were disintegrated. The 
solution was filtered and measured the absorbance at 267  nm by 
ultra violet (UV) spectroscopy (Biochrom Libra S22, Cambridge, UK). 
Rutin contents were determined from the standard curve of rutin in 
PB, which demonstrated linear with high correlation (r2=0.9989). 
The following regression equation was obtained: y=0.0259 x+0.0108, 
where y was the absorbance and x was the concentration of rutin 
(mg/L). The experiment was done in triplicate. The percentages of 
encapsulation efficiencies were calculated according to the following 
equation: Encapsulation efficiency (%)=AQ/TQ×100. Where AQ is the 
actual quantity of rutin present in the matrices and TQ is the theoretical 
quantity of rutin.

Conductivity measurement
The relationship between conductivity and electrolytes which occurred 
when wetted and dried beads contacted the vehicle was investigated by 
conductivity meter (JENWAY, 4520, Essex, CM6 3LB, UK). Briefly, 100 mg 
of each bead was added into 50 ml of deionized water and measured 
the conductivity at 0, 0.5, 1, 1.5, 2 and 8  hr. The conductivity (µS) of 
wetted or dried beads in term of relative conductivity of the solution 
was calculated according to the following equation: The  conductivity 
(µS) = (The conductivity of solution at several times − the conductivity 
of deionized water)/the weight of beads. The experiment was done in 
triplicate.

In vitro rutin release
The releases of rutin from wetted and dried bead were investigated 
using an in vitro rotating paddle dissolution apparatus (Sotax AT7, 
Binningerstrasse, Allschwil). The dissolution study was performed in 
PB (KH2PO4/1N sodium hydroxide [NaOH]) pH 7.4 at a rotation speed 
of 50  rpm and a temperature of 37±0.2°C. The accurately weight of 
beads (100 mg) were added to 1 L of dissolution medium. Samples were 
withdrawn at various time intervals up to 180  minutes by automatic 
pump and analyzed spectrophotometrically at 267 nm. All dissolution 
runs were performed in triplicate.

Gel preparation
Gels containing of HPMC, SCMC and guar gum at concentrations 
1-5%  w/v were prepared by dissolving each gelling agent in the 
deionized water with vigorous stirring using magnetic stirrer 
(stirrer, Heidolph SO 111, Germany). For MC, approximately half of 
the required volume of deionized water was heated to ~90°C before 
MC powder was stirred in and thoroughly wetted. The remainder 
of cold deionized water (~4°C) was then added to the heated-MC 
mixture and gently stirred. Following manufacture, all gels were 
placed in a vacuum to remove entrapped air. For Carbopol® 940, 
ETD 2020 and Ultrez 21, 0.1-0.5%  w/v was added to deionized 
water and mixed using magnetic stirrer. The mixture was agitated 
for 30  minutes and the dispersion was then allowed to hydrate 

and swell for 60  minutes. The pH of the unneutralized Carbopol® 
were measured to be 2.9-3.3. Then, the Carbopol® dispersion was 
neutralized with 98% triethanolamine (TEA) until the desired 
pH value was approximately reached (5.0, 6.0 and 7.0). During 
neutralization, the mixture was stirred gently with a spatula until 
homogeneous gel was formed. The selected Carbopol® were added 
guar gum (0.04%  w/v of formulation) then stirred in water and 
followed the same preparation protocol that mention above. All gels 
were added 1% concentrated paraben as preservative and allowed 
to equilibrate for at least 1 hr at room temperature then stored at 
4±2°C until use for further experiment. Finally, 0.01% wetted LMP 
beads loaded with rutin were incorporated into the prepared gel 
bases.

Physicochemical stability of the gel formulations containing LMP 
beads loaded with rutin
Physical stability
The gels containing rutin wetted beads were put in transparent tight 
containers and stored at room temperature (27±2°C) for 3 months. The 
physical characteristics including the bead characteristic, gel color, gel 
phase separation and sedimentation of beads were evaluated.

Chemical stability
The percentages remaining of rutin contents in wetted beads in the 
selected gel formulations at 0-3  months were determined by high-
performance liquid chromatography (HPLC). The HPLC conditions of 
rutin acid were LC1200 ultra violet-visible detector and LC1100 HPLC 
pump (AS 1000, Thermo Finigan, USA) using Luna® C18, 10  µm i.d., 
250×4.0 nm, Phenomenex USA column and a mobile phase containing 
H2O/MeOH (1:1, v/v) at the flow rate of 1 ml/minutes. The 2-3 beads 
were collected from the gel, ground in PB pH 7.4 until disintegrated and 
filtered through a 0.45  µm membrane filter to obtain clear solution, 
prior to injection onto the HPLC column. An amount of 20 µl of the 
samples was injected into the column and monitored at 267  nm UV 
detector. The rutin contents were determined from the standard curve 
of the standard rutin, which demonstrated linear with high correlation 
(r2=0.9994). The following regression equation was obtained: 
y=0.0228x+0.0698, where y was the peak area and x was the quantity 
of rutin (µg). The experiment was done in triplicate.

Viscosity measurements
A viscosimeter (Brookfield digital viscosimeter DV II RVTDV-II USA) 
was used to measure the viscosities (in pascal-second [Pa·s]) of the 
selected gel. The spindle (numbers of TF 96) was rotated at 10  rpm. 
Sample of the selected gel was settled over 30  minutes at the assay 
temperature (25±2°C) before the triplicate measurements were taken.

pH measurements
The pH was measured in each gel, using a pH meter (Philips PW 9422, 
UK), which was calibrated before each use with buffered solutions at 
pH 4, 7 and 10.

Rabbit skin irritation test by the closed patch test of the selected 
gel formulations containing LMP beads loaded with rutin
Three male rabbits (New Zealand White, 1.5-2.5 kg) were kept carefully 
following an acclimation period of 7 days to ensure their suitability for 
the study within a limited-access rodent facility with environmental 
conditions set to 25±2°C, 60-90% RH and 12 hr light/12 hr dark cycle. 
Animals were provided ad labium access to a commercial rabbit diet 
and the drinking water was supplied to each cage. Back of the animals 
was shaved to be free of fur with an electric clipper 24 hr before sample 
application. The shaved areas were divided into 10 sites of 2.5×2.5 cm 
each. An amount of 0.5 g of each sample and 5% SLS solution (positive 
control) was placed on each site. For gel containing rutin beads, the 
wetted beads were crushed by fingers before applied. The untreated 
site was used as a negative control. The treated sites were covered with 
gauze and the wrapped with a non-occlusive bandage. After 24 hr, the 
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bandage and the test samples were removed and the treated sites were 
washed 2 times with distilled water and air dried. One hour later, the sites 
were examined by optical visualization and measured by Mexameter® 
(Courage & Khazaka, Cologne, Germany) for skin edema and erythema. 
Scoring of erythema and edema was performed at 24, 48 and 72 hr [19] 
(and adopted by OECD Test Guideline 404). The primary irritation index 
(PII) was calculated using the following equation: PII = ([∑ erythema 
grade at 24/48/72 hr+∑ edema grade at 24/48/72 hr]/3×number of 
animals). The irritation degree was categorized based on the PII values 
as negligible (PII=0-0.4), or slight (PII=0.5-1.9), moderate (PII=2-4.9) 
or severe (PII=5-8) irritation. This study protocol has been reviewed 
and approved by the Ethical Committee of Faculty of Medicine, Chiang 
Mai University in Thailand.

Statistical analysis
All data were presented as mean ± standard deviation. The Kruskall–
Wallis test was used to evaluate the significance of differences at the 
significant level of p<0.05. Statistical analysis was performed using 
SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Beads preparation and morphological studied
All beads were spherical shape with around 550  µm for dried and 
700 µm for wetted bead size. The micrographs of the wetted and dried 
beads are presented in Fig. 1. The percentages of water contents were 
89.90±2.13 and 13.78±0.89% in wetted and dried beads, respectively. 
The wetted beads exhibited higher percentage of water content than 
the dried one, due to pectin which is the insoluble fibers produces a 
mesh-like structure that traps compounds or other liquid, like a sponge 
absorbs water [20].

Rutin encapsulation efficiencies of wetted and dried beads were 
82.02±0.91 and 80.45±1.78%, respectively. Poor aqueous solubility of 
rutin was responsible for its high encapsulation in the beads [18]. Several 
gelling agents have a limit electrolyte capacity. Adding of electrolytes in 
higher concentrations (above 3-4%) can precipitate the polymer and 
breakup the gel system [21]. Thus, the conductivity measurement of 
wetted and dried beads should be evaluated for their compatibility 
to the gels. Conductivity which measure of the concentration of ions 
in solution is proportional to the current that flows between the 
electrodes. Ions must be present in solution to carry the charge from 
one electrode to another. Increasing the number of ions in solution will 
increase the amount of charge that can be carried between electrodes 
and will increase the conductivity. The conductivities of rutin wetted and 
dried beads in deionized water are presented in Fig.  2. Both wetted 
and dried beads were reached their maximum conductivity about 900 
and 1500 µS, respectively in 30 minutes. Dried beads exhibited higher 
conductivity than wetted one of about 1.67 times. The result indicated 
that the bead drying process was affecting significantly the amount 
of ions retained especially on the bead surface that also explained on 
higher conductivity found in the rutin dried beads. The drying process 
of beads may be resulted in the increase of salt concentration (CaCl2) of 
the residual solution then the super-saturation increases and induced 
salt crystal growth.

The rutin releases of wetted and dried beads were assessed in vitro in 
phosphates dissolution media (pH 7.4). Fig. 3 demonstrate the release 
behavior of rutin from wetted and dried pectin beads in PB. Although, 
using PB as dissolution media may not be accessed the actual release 
profiles of pectin beads according to the ion exchange between Ca2+ 
and K+ and disintegration of pectin matrix [22,23]. Many drug release 
profiles were anticipated by using PB [24,25]. Obviously, the release 
of rutin from wetted was faster than dried bead formulation. Initially, 
a rapid release was observed in wetted beads at 5  minutes while 
dried beads required at least 15 minutes of lag time. More than 60% 
of rutin in wetted beads was released at 30  minutes, compared with 
>40% released from dried beads at 1 hr. Rutin release from hydrophilic 
matrices such as pectin that used in the current study will be controlled 

by the rate of hydration of bead matrix. In hydrophilic matrix systems, 
the carrier on the surface of the matrix initially hydrates during 
dissolution to generate an outer viscous gel layer. This phase is then 
sequentially followed by matrix bulk hydration, swelling and erosion. 
If the matrix does not hydrate, the outer viscous gel layer cannot be 
formed immediately, which may take more time of drug release during 
the initial phase. The hydration of polymer in a hydrophilic matrix 
system during dissolution has profound critically influence on drug 
release [26-28]. In conclusion, rutin loaded in wetted bead formulation 
which demonstrated low conductivity and faster rutin release behavior 
was selected to incorporate in various gel formulations then evaluate 
for the physicochemical stability and rabbit skin irritation.

Physicochemical stability of the selected gel formulations 
containing wetted LMP beads loaded with rutin
In recent decades, synthetic and semi-synthetic macromolecules are 
mostly used as gelling agents in pharmaceutical dosage forms. Some 

Fig. 2: Conductivities of rutin wetted and dried beads in deionized 
water at several times

Fig. 3: Dissolution profiles of rutin wetted and dried beads in 
phosphates buffers

Fig. 1: The morphology of wetted (left) and dried (right) 
low methoxyl pectin beads loaded rutin observed under the 

microscope at magnifications ×200
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of these agents include: Carbomers, cellulose derivatives and natural 
gums. In this study, the gel bases including 4 and 5% w/v MC, HPMC 
and SCMC (pH 5.0), 2% w/v guar gum (pH 5.0), 0.4% w/v Carbopol® 
940, ETD 2020 and Ultrez 21 (pH 5.0, 6.0 and 7.0), 0.4% w/v Carbopol® 
Ultrez 21 with 0.04% w/v guar gum (pH 5.0) gels were incorporated 
with 0.01%  w/w wetted LMP beads loaded with rutin. Guar gum, a 
natural gelling agent, is mainly consisting of the high molecular weight 
polysaccharides and is obtained from the endosperm of the seed of 
the guar plant, Cyamopsis tetragonaloba (L) Taub. (syn. Cyamopsis 
psoraloides) [29]. 2% Guar gum gel base did not obtain clear gel 
(as compared to Carbopol® gel). Thus, the incorporated rutin beads were 
not seen in this gel. The characteristic of gels containing rutin wetted 
beads at room temperature after 1 month storage can be divided into 
four types (Fig. 4). The rutin beads were dropped down to the bottom 
of containers when using all cellulose derivatives as gelling agent (MC, 
HPMC and SCMC) at concentrations 4-5% w/v. Moreover, the cellulose 
derivatives gel bases were lost their viscosity and changed to be liquid 
(Fig. 4a). Minimum gel forming concentrations of cellulose derivatives 
are different based on the type and the molecular weights of them but 
the medium range is about 4-6%  w/v. Adding higher concentrations 
(above 3-4%) of electrolytes can precipitate the polymer and breakup 
the gel system [21]. The electrolytes of the LMP beads including Ca2+ 
and Cl− which remained from unwashed crosslinking solution may 
be responsible for breaking up the cellulose derivatives gel system. 
For synthetic Carbopol®, the rutin beads were dropped down and gel 
system were broken when using Carbopol® 940 at pH 5.0 and 6.0. Some 
rutin beads were broken when incorporated in 0.4%  w/v Carbopol® 
ETD 2020 and Ultrez 21 gel bases at pH 5.0 (Fig. 4b) whereas Carbopol® 
gel bases at pH 6.0 and 7.0 showed the dissolving of rutin beads and the 
color of gels were changed to yellow which is the color of rutin (Fig. 4c). 
The best characteristic of gel and rutin beads was shown in 0.4% w/v 
Carbopol® Ultrez 21 with 0.04% w/v guar gum at pH 5.0 which rutin 
beads still suspended for 1 month at room temperature without bead 
breaking or color changing of the gel (Fig. 4d). Carbopol® polymers must 
be neutralized in order to achieve maximum viscosity. Unneutralized 
dispersions have an approximate pH range of 2.5-3.5 depending on 
the polymer concentration. Once a neutralizer such as NaOH or TEA 
is added to the dispersion, thickening gradually occurs. Optimum 
neutralization can be achieved in a pH range of 5.0-9.0 (Carbopol® data 
sheet, Novenon, TDS 237, Ohio, USA). The viscosity of Carbopol® gel is 
moderately sensitive to ions. Increased levels of monovalent ions will 
result in a decrease in viscosity, also di-or multi-valent ions (like Ca2+) 
will precipitate Carbopol® polymers. Even if Carbopol® ETD 2020 and 
Ultrez 21 which provides superior electrolyte tolerance compared to 

most Carbopol®, the breaking rutin beads were observed. Adjusting pH 
of Carbopol® gel more than 6.0 can dissolve rutin beads because the 
viscosity of LPM pectin bead decrease as pH of system increase [30,31] 
and rutin is freely soluble in alkaline conditions [32-34]. The rutin 
beads can be suspended when added low amount of guar gum into 
Carbopol® Ultrez 21. Thus, using guar gum as stabilizer imparted the 
important function of gel base which resulting in improved stability and 
reduced degradation of rutin beads in electrolyte containing system. 
Mechanism that is commonly exploited to improve stability included 
large size of stabilizer such as guar gum adsorb on the particle, creating 
bulky moieties on the particle surface. These moieties prevent particle-
particle, particle-electrolyte interactions which results in limited 
particle aggregation and degradation [35,36].

The gel composing of 0.4% w/v Carbopol® Ultrez 21 with 0.04% w/v 
guar gum at pH 5.0 incorporated with rutin wetted beads was selected 
for further physicochemical stability evaluations. After 3  months 
storage at room temperature (27±2°C), the selected formulation gave 
good physical stability with no bead degradation and sedimentation, 
no gel layer separation and no gel color change. The viscosity of the 
selected gel incorporated with rutin wetted beads was measured and 
no significant different between the viscosity before (5.79±0.40 Pa·s) 
and after (5.84±0.17 Pa·s) storage. Fig.  5 showed the percentage 
remaining of rutin in the selected gel formulations at room temperature 
for 3 months. The percentages of rutin remaining in non- and loaded 
in LMP beads were 65.00±3.91 and 80.99±1.32%, respectively. Rutin 
beads incorporated in the selected gel formulation showed higher 
percentages of rutin remaining than that not loaded in LMP beads 
of about 1.53  times. In general, microencapsulation is one of the 
most frequently employed techniques used to overcome the stability 
problems of active components in order to protect them from oxidation 
providing an increased shelf life [37-39].

Rabbit skin irritation evaluation by the closed patch test
The calculated PIIs of all rutin bead gel formulations in rabbit skin 
irritation by the closed patch test at 24-72  hr were in the range of 
0.22-0.11 except the rutin solution (PII=0.34-0.64, slight irritation) and 
the positive control (5% SLS, PII=1.22-0.78, slight irritant) (Table  1). 
The result for erythema of gels containing wetted beads was not 
significantly different from untreated area (negative control) after 
patch removal, although the increase of PIIs can be observed. Thus, 
these developed gel formulations gave no irritation. Since the gel base 
which was composed of 0.4% w/v Carbopol® Ultrez 21 together with 
0.04% w/v guar gum gave no skin irritation. The irritation was from 
rutin which in the material safety data sheet, rutin may cause allergic 
reaction or irritation to the skin (Sunrise Science Products, CA, USA). 
Moreover, the higher PII of rutin solution may be also due to its pH 7.0 
which more than the optimum pH balances of skin (pH  5.5) [40]. 
This has also supported this slight skin irritation results. However, 
the gels containing rutin wetted beads showed no irritation in rabbit 
skin, because of the reduction of the direct contact between rutin and 

Fig. 5: The percentages of rutin remaining of non- and loaded in 
low methoxyl pectin beads and incorporated into the selected gel 
formulation at room temperatures (27±2°C) storage for 3 months

Fig. 4: Characteristic of gels containing rutin wetted beads at 
room temperature for 1 month: (a) Rutin beads were dropped 

down to the bottom, (b) rutin beads were broken,  (c) rutin beads 
were dissolved into gel base (d) rutin beads were suspended in 

gel base

dc

ba
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the skin. Thus, this gel formulation containing rutin beads could be 
regarded as safe for applications on skin. Furthermore, the in vivo skin 
irritation evaluation in human volunteers should be done in order to 
confirm the safety for human skin applications.

CONCLUSION

LMP beads loaded with rutin composing 3% non-amidated LMP, 15% 
Sorbitol and 1% NaHCO3 with 2% w/v of rutin were prepared using 
the encapsulator. Wetted and dried beads loaded rutin were examined 
morphology, water content, encapsulation efficiency, conductivity 
and in vitro rutin release. Then, various gelling agents including 
1-5% w/v of HPMC, SCMC, guar gum and 0.1-0.5% w/v of Carbopol® 
940, ETD 2020 and Ultrez 21 were prepared and incorporated with 
rutin beads. The results found that rutin wetted beads demonstrated 
low conductivity, faster rutin release behavior and were selected 
to incorporate in various gel formulations. The selected gel which 
composed of 0.4% w/v Carbopol® Ultrez 21 with 0.04% w/v guar gum 
at pH 5.0 gave good stability (beads suspended in gel without breaking 
or gel color changing) and no irritation on rabbit skin irritation.
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