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Abstract

Objective: To formulate and evaluate Sea buckthorn (Hippophae Rhamnoides) extract loaded oral herbal
gels.

Materials and Methods: Oral herbal gels were formulated incorporating the extracts of Hippophae
rhamnoides using carbopol 934 and carbopol 940 as the gelling agent. Eight batches were formulated by
varying the concentration of the extract and gelling agent (F1 to F8). The prepared formulations were
evaluated for various parameters like physical appearance, pH, spreadability, viscosity, homogeneity, in-
vitro release profile and antimicrobial activity against fungi and bacteria. The antimicrobial activity was also
compared with a marketed gel formulation.

Results: The oral herbal gel containing extracts of Hippophae rhamnoides were prepared by simple
dispersion method. Eight batches were prepared with two variables: varied drug concentration and polymer
concentration. All the prepared formulation using different concentration of extract showed the percentage
drug content ranging from 17.92% to 31.97%, pH values in between 6.0 to 7.2 and spreadability values
ranged between the 4.0 to 6.0 cm. Formulation F2 and F4 showed highest percentage drug release among all
the prepared formulations i.e., 78.12% and 76.56%. It also shows good zone of inhibition as compared to
extract alone i.e., 31 mm with gel extract containing gel formulation and 40 mm zone of inhibition for extract
alone. Out of all the formulations, formulation F4 containing herbal extracts showed a good spreadability
and very promising antimicrobial activity comparable with a marketed gel.
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Introduction: The thorny nitrogen-fixing deciduous shrub known as Sea Buckthorn (SB)
(Hippophae rhamnoides L., Elaesagnaceae) is grown across the world for its therapeutic
and dietary benefits. The highly abundant vitamins A, B1, B12, C, E, K, and P, as well as
flavonoids, lycopene, carotenoids, and phytosterols, make sea buckthorn fruits, seeds, and
other portions highly prized. Due to its abundance in strong antioxidants, it is
therapeutically significant. These substances are fascinating from a chemical perspective,
but they're also interesting because many of them have biological and therapeutic
properties, such as antioxidant, cardiovascular, cancer therapy, healing, anti-inflammation,
anti-radiation effect, treatment of gastrointestinal ulcers, liver protective agent, antioxidant,
platelet aggregation, and immunomodulator properties. The last two decades have seen a
significant increase in research on SB, and modern phylogenetic methods have proved the
existence of multiple subspecies. The eight subspecies of H. rhamnoides L., as established
by Bartish et al. (2002), appear to be the most prevalent and widely accepted taxonomy at
the moment (Sun et al. 2002; Ma et al. 2016). Increasingly research is being done on SB
as it becomes more significant, particularly regarding the berry's makeup and health
benefits (Zieliska and Nowak 2017; Kaur et al. 2017). (Olas 2018). Similar to this, there
are several other study publications exploring the use of SB components in contemporary
food products.

Although mechanical plaque control methods have the potential to maintain adequate
levels of oral hygiene, clinical experience and population-based studies have shown that
such methods are not being employed as accurately as they should be by a large number of
people. Therefore, several chemotherapeutic agents have been developed to control
bacterial plague, aiming at improving the efficacy of daily hygiene control measures. The
interest in plants with antibacterial and anti-inflammatory activities has increased to
overcome the consequence of current problems associated with the wide-scale misuse of
chemotherapeutic agents that induce microbial drug resistance [1].

Plant-based drugs have played an important role in the modern drug industry. Since ancient
times, SB has been used to cure several ailments. SB has emerged as an important plant,
which has been investigated for numerous pharmacological properties and shown to be
beneficial in a number of therapeutic areas. Several clinical trials have demonstrated the
therapeutic potential of SB for the treatment of many diseases including cardiovascular,
inflammation, diabetes, platelet inhibition, etc. There is huge potential for developing
standardized herbal products from different parts of SB. There are various advantages of
using SB as medicinal agent. It is very beneficial for dental complications such as mouth
ulcers, bleeding gums, gingivitis, tender gums, periodontitis, and even prevent foul odor in
your mouth. It also helps in chronic problems like OSMF (Oral Submucosal Fibrosis) by
decreasing the inflammation and burning sensation in mouth ultimately helps in mouth
opening. In a recent study it is observed that SNEC oral gel consisting of curcumin is used
as natural pain Kkiller but now it can also minimize oral pain. It also consists of ayurvedic
properties like golden herb turmeric/curcumin is antimicrobial and antifungal, it may help
heal the reddening and bleeding of gums. In a study conducted by Ganju et al., 2005, he
observed that immunomodulatory activity of SB leaf extract and suggested that the SBT
leaf extract has a significant anti-inflammatory activity. Similarly, Balakrishna et al., 2019
certified that Sea buckthorn oil can be used as an anti-inflammatory nutraceutical and
Mehani et al., 2021 prepared novel poly herbal mucoadhesive formulation for treatment of
oral aphthous ulcer.
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Seabuckthorn (SB) has received worldwide attention for therapeutic, nutraceutical and
cosmetic purposes. It is used for the treatment of a number of diseases. Hundreds of
commercial products containing SB are available in the market. SB has a rich history of
use in treating numerous medical conditions. It has been called a "wonder" plant in many
Asian countries, including China, India, and Pakistan. In Mongolia, extracts from the
leaves and branches of the plant are used medicinally to treat colitis and enterocolitis in
humans and animals. In Middle Asia, the leaves are used to treat GI and skin disorders, and
are topically applied to treat rheumatoid arthritis. Sea buckthorn contains carotenoids,
tocopherols, sterols, flavonoids, lipids, ascorbic acid, and tannins. The aim of present study
was to prepare an oral herbal gel consisting of Hippophae Rhamnoides for maintaining oral
hygiene by avoiding misuse of chemotherapeutic agents that generally produce microbial
drug resistance. So by preparing an oral herbal gel will be beneficial in controlling
mechanical plaque to maintain appropriate levels of oral hygiene.

Material and methods

Material

Standardized 75% dried ethanolic extract of SB leave was obtained as a gift sample from
Aushadhi Herbals New Delhi, India. Gallic acid was purchased from Sigma. All other
solvents and reagents used were of analytical grade.

Method
Procedure for calculating gallic acid equivalent (GAE):

10 mg of 75% dried ethanolic extract of SB leaves was dissolved in 10 ml of water i.e.;
Img/ml solution was prepared. Then to the aliquot (50 microliter) taken from stock
solution(1mg/ml) of the 75% dried ethanolic extract of SB leaves, 3.5ml of distilled water
and 250 microliter of Folio’s Ciocalteau Reagent was added, then the mixture was kept at
room temperature for 1-8 min. Then 750 microliter of saturated sodium carbonate solution
was added and mixture was kept at room temperature for 2 hours and absorbance of color
developed was recorded at 765nm with the help of UV-Visible spectrophotometer against
blank. Total phenols content(mg/g) in the SBT leaf extract was expressed as Gallic Acid
Equivalent using standard curve (R?=0.986) prepared from Gallic acid (0.1mg/ml)
solution. Then, sodium carbonate solution was dissolved in 200 gm anhydrous sodium
bicarbonate in 800 ml of water if bring to boil, after cooling a few crystals of sodium
bicarbonate was added and wait for 24 hours at room temperature, then filtered through
what man filter paper and then 200 ml water was added and stored at room temperature.

Calculate Gallic acid equivalent formula:
C=CixVIM

Where,
C = Total content of phenolic compounds in mg/g, in GAE (Gallic acid equivalent).
C,= The concentration of Gallic acid established from the calibration curve in mg/ml
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V = The volume of extract in ml
M = The weight of plant extract in gm

Measurement of gallic acid equivalent to extract in phosphate buffer (7.4):

10 mg gallic acid was dissolved in 10 ml of water and 50 microliters was taken from stock
solution(1mg/ml) of the 75% dried ethanolic extract of SB leaves, 3.5ml of distilled water
and 250 microliter of Folin’s Ciocalteau Reagent was added, then mixture was kept at room
temperature for 1-8 min and 750 microliter of saturated sodium carbonate solution was
added. Mixture was kept at room temperature for 2 hours and absorbance of color
developed was recorded at 765nm with the help of UV-Visible spectrophotometer against
blank.

Standard curve of gallic acid in water:

100 mg of gallic acid was dissolved in 10 ml of water and first stock was prepared. 10ml
from primary stock solution was taken out and make up the volume in 100 ml of volumetric
flask was done and second stock was prepared. Again 1ml was pippet out in second stock
and volume makeup was done in 10 ml of volumetric flask (third stock) and the aliquot (50
microliter) were taken from stock solution (Img/ml) of the 75% dried ethanolic extract of
SB leaves, 3.5ml of distilled water and 250 microliter of Folin’s Ciocalteau Reagent was
added, then mixture was kept at room temperature for 1-8 min and 750 microliter of
saturated sodium carbonate solution was added. Mixture was kept at room temperature for
2 hours and absorbance of color developed was recorded at 765nm with the help of UV-
Visible spectrophotometer against blank.

Preparation of gel

Sea-buckthorn gels were prepared by simple dispersion method. Eight batches were
prepared using varying polymer & 75% dried ethanolic extract of SB leaves concentration.
Carbopol 934 was soaked in distilled water overnight and dispersed using mechanical
stirrer in 1200 rpm. Another solution containing varying concentrations of extract and the
required quantity of methyl paraben and propyl paraben were added with continuous
stirring. Propylene glycol was also added to the solution. This prepared solution was further
mixed with Carbopol 934 solution thoroughly with continuous stirring, volume was made
upto 25ml with water. pH was adjusted by drop wise addition of triethanolamine to get gel
of required consistency.

Table 1: Results of Preformulation Studies of extract

1. UV-Spectrophotometery PBS 6.8 PBS 7.4 Distilled water
a. Absorption maxima 750 nm 740 nm 765 nm
b. Beer’s Law limit 5-25pg/ml 10-50 pg/mi 10-50 pg/ml
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C. Regression equation y=0.9177x+0.9215 y=0.0329x y=0.1053x
d. R? 0.9834 0.9838 0.9867
2. Log P 1.5

Table 2: Formulation of sea-buckthorn gel with various polymer concentration

Batch No. F1 | F2 F3 F4 F5 F6 F7 F8
Extract (gm) 0.5 0.5 0.5 0.5 0.75 1 125 | 15
Carbopol 934 (gm) [ 0.5% | 0.75% | 1% | 1.25% | 1% 1% 1% 1%
Triethanolamine (ml) | @.s. g.s. g.s. g.s. g.S. g.S. g.s. g.s.
DMSO (ml) 5 5 5 5 5 5 5 5
Ethanol (ml) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Methyl paraben (gm) | 0.2 0.2 0.2 0.2 0.2 0.2
Propyl paraben (gm) 0.1 0.1 0.1 0.1 0.1 0.1
Distilled water (ml) 50 50 50 50 50 50 50 50

Evaluation of SB oral herbal gel
Visual appearance

The prepared gels were tested for color, clarity, texture, transparency and presence of any
gritty particles.

pH determination: The value of pH of SB gel was measured using digital pH meter at the
room temperature.

Spread ability

The spread ability of gel formulation was determined by measuring the spreading diameter
of 1 g of gel between two horizontal plates (20 cm x 20 cm) after 1 min. The standard
weight applied on the upper plate was 125 gm.

Texture analysis: The texture analysis was done using texture analyser.
Homogeneity
All developed gel formulations were tested for homogeneity by visual inspection after the

gels have been set in to the container. They were tested for their presence and appearance
of any aggregates.

Rheological properties: Viscosity of SBT gel formulation was measured using Brookfield
viscometer with helipath, using spindle number 96 at 10 rpm.
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Stability studies: Sea buckthorn gel was subjected to stability studies as per ICH
guidelines. Formulations were studied at 25°C + 2°C/ 60 + 5% RH and 40°C % 2°C/75 +
5% RH

Anti-microbial study:

Anti-microbial activity was checked by agar well diffusion method. In this method two
microbial cultures Candida albicans (fungi) and E Coli (bacteria) were used. Muller Hinton
agar (anti-bacterial) and sabouraud dextrose agar (anti-fungal) media was prepared. The
agar was then poured into petri plates after complete solidification liquefied medium,
which had been inoculated with the test organisms, the well was made aseptically with
flamed cork borer on the surface of the agar plate. The gel and leaf extract were delivered
into each wells. These were incubated at 37°C for 24 h and were made, zone of inhibition
for comparison with those of extract, from the inhibition of zones antimicrobial activity
was expressed in terms of average diameter of the zones of inhibition measured.(Table 3
& Figure 1) Triplicates were carried out for each extract against each of the test organism.

In-vitro release study:

In-vitro release test was performed with Franz diffusion cell by dialysis membrane for the
study. One gram of the gel was placed outside the membrane (donor compartment). The
entire surfaces of the membrane were in contact with the receptor compartment containing
50 ml of phosphate buffer pH 6.8. The donor compartment was covered with parafilm to
prevent the drying out of the gel. The receptor compartment was continuously stirred (50
RPM) using magnetic stirrer at 37°C. The study was carried out for 4 to 5 h. The sample
was withdrawn at predetermined time intervals and the same volume was replaced with
fresh buffer medium. The absorbance of the withdrawn sample was measured after suitable
dilutions at 765 nm to estimate gallic acid using the same method as discussed earlier in
this paper. The experiment was carried out in triplicate and average values were reported.

Stability studies:

Selected formulations (F1, F2, F3, F5 and F6) were subjected to stability study.
Formulations were stored at room temperature for two months. Stability was evaluated by
pH measurements of the gel formulations.

Results

Pre-formulation studies: The result of pre-formulation studies of 75% dried ethanolic
extract of SB leaves was observed in Table 1.

Formulation of herbal gel: Eight formulations of herbal gels were formulated by varying
the concentration of polymer and herbal extract in each of the formulation as shown in
Table 2.

Percentage drug release and pH measurement: The results for percentage drug release
profile and pH values were observed in Table 4.
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Stability studies: The result of stability studies of various formulations F1 to F8 can be
observed in Table 5.

Drug release kinetics study: The result for drug release kinetic values of various
formulations can be observed in Table 6.

Discussion

The present research work was undertaken to explore the potential of SB extract loaded gel
in keeping oral cavity healthy. The phenolic components of the extract can inhibit the
harmful bacteria and fungi and maintain oral hygiene. The prepared gel also has local anti-
inflammatory, local analgesic, antiseptic and anti-oxidant effects. Balakrishna et al., 2019
proved that Sea buckthorn oil can be used as an anti-inflammatory nutraceutical. Mehani
et al., 2021 prepared novel poly herbal muco-adhesive formulation for treatment of oral
aphthous ulcer.

Results of prefomulation studies of SB extract are tabulated in table 1 .

All the prepared gel formulations were evaluated for parameters such as physical
appearance, pH, homogeneity, spread ability, clarity, viscosity drug content and in-vitro
drugrelease. The observation reveals that the gels were having smooth texture and were
elegant in appearance. The pH of all prepared gels was found to be in range of 6.0-6.8. All
the gels showed good spreadability. Also from the data it was observed that increase the
concentration of plant extract increases the spreadability. All the prepared gels showed
good homogeneity with absence of lumps. The developed preparations were much clear
and transparent. The viscosity of all the developed gels was found to be excellent and
within the range 4650-8900 cps.

The antimicrobial activity was studied using the well diffusion method. Out of all the
formulations, F6 gel containing highest concentration of extract showed the highest zone
of inhibition that can be observed in Table 3 against Candida albicans & E. coli. Ganju et
al., 2005 conducted immunomodulatory activity of Seabuckthorn (SBT) leaf extract and
suggested that the SB leaf extract has a significant anti-inflammatory activity. The result
is shown in Figure 1. The percentage drug release graph of optimized formulation of SB
extract is shown in Figure 2.

In-vitro release test was performed with Franz diffusion cell by dialysis membrane in buffer
pH 6.8 for 6 hours for optimized formulation F6 (Fig 5). Percent drug release was fitted
in different kinetic equations and R square value is tabulated in Table 6.

Table 3: Zone of Inhibition

Zone of Inhibition (mm)
P ti
Micro-Organism reparation 0.5% 0.75% 1% 1.5%
Gel 31 32.5 35 38
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Figure 1: Prepared gel against Candida albicans and E. coli

Table 4: Results for evaluation parameters

2852




Formulation Development and Evaluation of Sea Buckthorn (Hippophae Rhamnoides) Extracts Loaded

Oral Herbal Gel Section A-Research paper
Formulation o
Code Percentage drug release graph of optimized
formulations (F6)
17.92%
L 40 y = 6.0189x + 3.4095
S R?=0.9626
F2 < 3° 14.20%
o> 30
>
F3 5 2 24.60%
L 20
£ 15
F4 S 10 27.10%
]
a s
F5 0 29.12%
0 1 2 3 4 5 6
F6 Time (hrs) 31.97%
F7 Brown | Homogenous | Smooth 7100+10 6.9+0.12 25+5 18.76%
F8 Brown | Homogenous | Smooth 7750+10 6.5+0.12 4045 15.86%

Figure 2: Percentage drug release graph of optimized formulation (F6)

Table 6: Drug release kinetics of various formulations

Formulations Kinetics of drug release |
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Cumulative | Zero order | First order | Higuchi Peppas
drug release model model model parameters
(%)
F6 40 0.935 0.96 0.90 0.97

Table 7: Results of stability studies

Formulation Percentage drug content after stability pH measurement after stability
F1 17.92 6.0
F2 14.20 6.1
F3 24.60 7.1
F5 29.12 7.3
F6 31.97 7.2
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Conclusion

SB extract has great nutritional and therapeutic values. It is a plant that is frequently used
in traditional medicine for a range of clinical issues. Its pharmacological activities have
been scientifically examined, and include antiulcerogenic, in vitro and in vivo antioxidant,
cardiac disease, antiatherogenic, radio protecting, and positive effects on experimental
injury and clinical liver conditions, as well as the prevention of platelet aggregation. The
bioactive and antioxidant qualities of sea buckthorn are due to a variety of phenolic
components in the plant, including phenolic acids, flavonoids, and hydrolysable tannins.
Thus, SB extract loaded herbal gel for good oral hygiene can be prepared. Herbal
formulations are mostly preferred by consumers with a belief that they are free from any
kind of side effects.
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