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ABSTRACT

Polyherbal formulations have proved to be efficacious for the therapeutic treatment of various diseases,
However, the development of validated robust analytical methods for quantification is a major challenge.
The aim of this project was to develop a simple analytical method for the quantification of 6-gingerol
(6-GIN), E-guggulsterone (E-GGS) and Z-guggulsterone (Z-GGS) in nanoemulsion based gel using
reverse phase high performance liquid chromatography (RP-HPLC). 6-GIN, E-GGS and Z-GGS were
quantified using acetonitrile: water: methanol (70:20:10 V/V/V) as the mobile phase at 1.0 mL min™ flow
rate with photodiode array detection. The developed method was validated for linearity, accuracy, preci-
sion, specificity and robustness as per ICH Q2 (R1) guidelines. The drug content of the three actives
in the developed nanoemulgel was found to be between 90% to 110% w/w. The developed analytical
method is simple and can be used for quantification of 6-GIN, E-GGS and Z-GGS in fixed dose product

containing these actives.
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INTRODUCTION

Herbal formulations provide many alternative
therapeutic approaches for the treatment of various
diseases. These often contain two or more chemical
compounds which play a significant role in treatment
of acute and chronic conditions'. Hence, it becomes
essential to quantify the analyte of interest and to
determine its contentin formulation and plasma. However,
the quantification of the same poses a major challenge
due to the complexity of separation. High performance
liquid chromatography (HPLC) is among the widely used
methods for separation and quantification of chemical
compounds.

Rheumatoid arthritis (RA) is a chronic immune-
mediated disorder associated with persistent
inflammation, swelling and stiffness of joints23. 1.3
million American population has RA, 41 in each 100,000
human population have RA. Diagnosis of the disease

can be done in the initial three months to two years from
the onset of disease?. Topical application of drugs for
therapeutic treatment of RA have gained the interest
of scientists, due to fewer side effects as well as ease
of administration. Concerns about the adverse effects
and economic burden of topical dosages containing
conventional drugs for RA has led to the use of natural
remedies in treatment of RA.

Ginger oleoresin (GOR) contains shogaol and
gingerols, extracted from ginger rhizomes (Zingiber
officinale) and inhibit and cyclooxygenase-2 (COX-2),
translating to anti-inflammatory activity. 6-Gingerol is
reported to inhibit prostaglandin (PG) and leukotriene
biosynthesis via suppression of 5-lipoxygenase (5-LOX)
and PG synthetase*®. Further, itinhibits pro-inflammatory
cytokines synthesis such as IL-1B, IL-6, and TNF-q,
resulting in anti-inflammatory activity’. Chemically,
6-Gingerol (6-GIN) is 5-hydroxy-1-(4-hydroxy-3-meth-
oxyphenyl) decan-3-one. Lipid guggul extract (LGE)
contains E-and Z- guggulsterones and is obtained from
mukul myrrh (Commiphora mukul). It is reported for
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anti-inflammatory activity by ameliorating the levels of
IL-6, TNF-a, IL-1B, NO, IL-12 and IFN-y8. E- and Z- gug-
gulsterones decrease and pro-inflammatory cytokines
and suppress cyclooxygenase-2 (COX-2) mRNA levels,
thereby demonstrating anti-inflammatory and anti-arthrit-
ic activity. Chemically, E-guggulsterone (E-GGS) and
Z-guggulsterone (Z-GGS) are 4, 17(20)-pregnadiene-3,
16-diones®'°. The chemical structures of 6-GIN, E-GGS
and Z-GGS are illustrated in Fig. 1.
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Fig. 1: Chemical structure of a) 6-gingerol,
b) E-guggulsterone and c) Z-guggulsterone
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Ginger oleoresin (GOR) and lipid guggul extract
(LGE) are lipophilic in nature, hence delivering them as a
nanoemulsion can potentially increase their efficacy inthe
management of pain and inflammation associated within
RA. Literature study reports that different methods like
RP-HPLC'", LC-MS'"2*® and HPLC-UV-ES-MS' have
been used for the estimation of the above constituents
individually in plasma'® and extracts'. The quantification
of all three phytoconstituents in a pharmaceutical dosage
has not been reported till date. In the present study,
the authors have tried to develop a simple, specific
and accurate method for the quantitative estimation of
6-GIN, E-GGS and Z-GGS in nanoemulgel dosage form
developed for management of RA.

MATERIALS AND METHODS

Gingeroleoresin and lipid guggul extract were offered
as gift samples from Sunpure Extracts Pvt. Ltd., New
Delhi and Arjuna Naturals Pvt. Ltd., Kerala, respectively.
6-Gingerol (HPLC purity 96.8%), E-guggulsterone (HPLC
purity 99.6%) and Z-guggulsterone (HPLC purity 97.6%)
working reference materials (E-GGS and Z-GGS) were
obtained as individual working reference materials and
were procured from Natural Remedies Pvt. Ltd., Kerala.
Methanol and acetonitrile (HPLC grade) were boughtfrom
SD Fine Chemicals Ltd., All other solvents and chemicals
used inthis project were of analytical grade. 6-GIN, E-GGS
and Z-GGS loaded nanoemulgel was formulated in the
lab for the management of RA.

HPLC instrumentation and chromatographic
conditions

Agilent HPLC system (Infinity 1260) with auto
samplerand photo diode array (PDA) detector was used.
The chromatography separation of 6-GIN, E-GGS and
Z-GGS was performed on C18 column (250x 4.5mm,
5pm) at 37+0. 02 °C. Acetonitrile (ACN): water (H,0):
methanol (MeOH) in the ratio (70:20:10 V/V/V) was
used as mobile phase with 1.0 mL min ' flow rate. The
phytoconstituents peaks were detected at 235 nm using
10 pL injection volume.

Preparation of working reference material stock
solution

5 mg each of 6-GIN, E-GGS and Z-GGS was
dissolved in 5 mL methanol and sonicated to prepare
three stock solutions of the working reference material
(1000 pg mL™).
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Method development

The further dilution of stock solution was done to
get 10 ug mL" of 6-GIN, E-GGS and Z-GGS each using
the mobile phase. Further, the samples were loaded
in autosampler for recording the chromatograms. The
chromatographic condition was optimized to obtain well
resolved peaks in a reasonable analytical run time.

Method validation

The developed analytical method was validated
for the following parameters according to ICH Q2 (R1)
guidelines.

System suitability

System suitability was performed by loading six
injections containing 30 pg mL" of G-GIN, E-GGS
and Z-GGS each. The number of theoretical plates,
retention time, resolution and asymmetry factor of the
chromatographic peaks were determined.

Linearity and range

Linearity studies were performed using a calibration
curve of 10-100 pg mL* of 6-GIN, E-GGS and Z-GGS
each in methanol. The graph of peak area was plotted
against corresponding concentrations in yg mL" and
subjected to linear regression analysis to obtain the slope
and y-intercept.

Specificity

Specificity was carried out by dissolving 500 mg of
placebo nanoemulsion containing castor oil, fenugreek oil,
Capmul MCM, oleic acid, Kolliphor ELP, Tween 80 and
propylene glycolin 10 mL methanol. The working solution
was then prepared by diluting the above-mentioned stock
solution using the mobile phase.

Precision

Precision study was carried out by performing
repeatability, intermediate precision and reproducibility.
Repeatability was done by the preparation of minimum six
different samples (n=6) of 30 ug mL" of 6-GIN, E-GGS,
Z-GGS eachwhichwere analysed. Intermediate precision
was performed at two different levels (intra-day and inter-
day study). Intra-day precision was performed by preparing
30 ygmL'of 6-GIN, E-GGS and Z-GGS, respectively and
analysing (n=6) at 3 different time intervals on the same
day. Inter-day precision was determined by analysing the
samples (n=6) for three successive days.
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Accuracy

Accuracy study was performed by spiking working
reference material solution of 6-GIN, E-GGS and Z-GGSto
the placebo. Concentrations of 6-GIN, E-GGS and Z-GGS
corresponding to 80%, 100%, and 120% were spiked and
percent recovery was calculated. The study was carried
out in triplicate and mean %RSD was calculated.

LOD and LOQ

The limit of detection (LOD) is used to determine
the lowest detectable concentration while LOQ is the
minimum quantifiable concentration of the analyte.
The following equations were used to calculate LOD
and LOQ:

10x o
Slope

Limit of quantification (LOQ) =

3.3x0

Limit of detection(LOD) = Slope

where, o is the standard deviation of the response.

Robustness

Robustness was performed by changing the
temperature and flow rate. Parameters like tailing factor,
resolution, asymmetric factor and number of theoretical
plates were determined. The following changes were
made to evaluate the robustness.

Variation in flow rate: The reliability of the standard
was measured by altering the flow rate from 0.9 mL min
to 1.1 mL min™.

Variationintemperature: The reliability of the standard
was measured by changing the temperature of column
from 36.5 °C to 37.5 °C.

Drug content determination

The concentration of 6-GIN, E-GGS and Z-GGS
in the NE gel was determined by using the developed
method. 1g of NE gel was diluted to 10 mL methanol.
After suitable dilutions with mobile phase (ACN: methanol:
water-70:10:20), the amounts of 6-GIN, E-GGS and
Z-GGS in the nanoemugel were determined.

In vitro diffusion study

The in vitro drug diffusion of the optimized gel was
performed using Franz Diffusion apparatus on nylon
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membrane (0.45um). The membrane was pre-soaked in
the release media overnight atambienttemperature. The
receptor compartmentwas filled with phosphate buffer pH
7.4: ethanol (1:1) + 3 %w/w Tween 80 (release media) in
isothermal condition (37 °C+2 °C) and stirred at 100 rpm
on a magnetic stirrer. Aliquots were removed at hourly
time intervals (1-12 h. and at 24 h) and analyzed for
the content of three actives by the developed analytical
method. The samples were replenished with fresh media
after removing the aliquots. A graph of % cumulative drug
release was plotted against the time to study the release
of the actives'”.

Stability studies

Stability studies of the developed gel were conducted
at different stability conditions — 5 °C + 3°C (3 months),
long term stability studies: 25 °C + 2 °C/ 60% RH + 5%
RH (3 months), accelerated stability conditions 40°C +
2°C/ 75% RH + 5% RH (3 months) as per ICH Q1A (R2)
guidelines.

Statistical analysis

All values are expressed as mean + S.D. of
determinations. Statistical differences were analysed
by using one-way analysis of variance (ANOVA).
Stability study drug content assays were analysed
using the student’s t-test at 95% confidence interval.
For all statistical analyses, Microsoft Excel 2013 was
used. Values of p < 0.05 were considered significant
in all tests.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

An HPLC based analytical method for diffusion
studies and assay was developed using ACN: H,O:
MeOH in the ratio 70:20:10 V/V/V as the mobile phase,
and a 1.0 mL minflow rate using C-18 (250 x 4.5mm,
5pm) 37 °C +0.2 °C was found to be optimum and yielded
reproducible peaks. Chromatographic conditions were
varied to obtain a chromatogram with best peak shape
and good resolution. Table | highlights the optimization

Table I: Optimization of chromatographic conditions

Chromatographic condition

Observation

Conclusion

Column: C18 (250 x 4.5mm, 5pym)
PDA wavelength 235nm

ACN: water 50:50 (V/V)

Run time 35mins

Peak splitting was observed with no
sharp peak

Method was not
accepted

Column: C18 (250 x 4.5 mm, 5um)
PDA wavelength 235 nm

ACN: water 60:40 (V/V)

Run time 20 mins

Dual peaks were observed for all three
actives.

Method was not
accepted

Column: C18 (250 x 4.5mm, 5pym)
PDA wavelength 235nm

ACN: water 70:30 (V/V)

Run time 20mins

Peak resolution between 2nd and 3rd
peak was less than 2%

Method was not
accepted

Column: C18 (250 x 4.5mm, 5um)
PDA wavelength 235nm

ACN: MeOH: water 70:10:20 (V/V/V)
Run time: 10 mins

Well resolved and high intensity peaks
achieved. Selected mobile phase for
further study based the run time and
peak resolution.

Method was used
for validation

Column: C18 (250 x 4.5mm, 5um)
PDA wavelength 235nm

ACN: MeOH: water 70:20:10 (V/V/V)
Run time: 10 mins

Peak resolution between 2nd and
3rd peak merges and fronting was
observed

Method was not
accepted
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of chromatographic conditions. Initially, water and ACN

were used in varying ratios and later methanol was added

to obtain the desired chromatogram. The retention times
of 6-GIN, E-GGS and Z-GGS were3.5min + 0.5, 5.32min
+ 0.5, 6.23min +0.6, respectively at 235nm (Fig. 2).

Linearity and range

Linearity was performed by preparing 6 different
dilutions of 6-GIN, E-GGS and Z-GGS in the range 10-
100 pg mL" in triplicate. The correlation coefficient (R?)
of all the phytoconstituents were found to be 0.99. The R?
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Fig. 2: a,b,c,d and e show different chromatograms condition by varying the ratio of solvents in mobile phase and
different run times

Table II: Linearity study of 6-gingerol, E-guggulsterone and Z-guggulsterone

Parameter

6-gingerol

E-guggulsterone

Z-guggulsterone

Linearity range

10-100 pg mL™

10-100 pg mL

10-100 pg mL™

Regression equation

y=3880.5x-3826.7

y=284.55x-1780.1

y=493.92x-4848.7

Correlation coefficient 0.9987 0.9912 0.9941
Slope 3880.5 284.55 493.92
Intercept 3826.7 1780.1 4848.7
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Table lll: System suitability study of 6-gingerol, E-guggulsterone and Z-guggulsterone

Parameter 6-gingerol E-guggulsterone Z-guggulsterone | Acceptance criteria
Retention time 3.99 6.14 6.98 -
Resolution - 8.88 2.61 R>2
No. of theoretical 7408.67 6828.17 6358.83 N > 2000
plates
Asymmetry factor 1.08 0.92 0.87 A<?2

Calibration curves for 6-GIN, E-GGS and Z-GGS

450000
5 400000 y = 3880.5x - 3826.7
= 300000
S 250000
% 200000
2, 150000
§ 100000 y =493.92x - 4848.7 y = 284.55x - 1780.1
2 R2=0.9941 ) - )
> 50000 : HRZ =0.9912
0 A — e —_
20 40 60 80 100 120
Concentration (ug mL1)
®mean 6-GIN @®mean £-GGS mean Z-GGS
Fig. 3 : Calibration curve of 6-gingerol, E-guggulsterone and Z-guggulsterone
Table IV: Precision study of 6-gingerol, E-guggulsterone and Z-guggulsterone
Parameter 6-gingerol E-guggulsterone Z-guggulsterone
Mean area mAU | % RSD | Mean area mAU | % RSD Mean area mAU | % RSD
Repeatability 115610.33+ 1.69 6365.5+68.18 1.07 10467.67+144.29 1.37
(n=6) 1965.11
Inter-day precision 124531.249+ 0.47 6478.5+58.15 0.25 11348.549+132.189| 0.51
(n=6) 1875.11
Intra-day 118158.333+ 0.75 | 6717.333+78.26 1.16 10508+188.42 1.79
precision(n=6) 891.89
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and %RSD were within the limits. The calibration curve
graph and data are depicted in Fig. 3 and Table II.

System suitability

The results of system suitability are shown in
Table Ill. All the parameters of the system suitability
like theoretical plates, tailing factor and resolution
demonstrated that the developed method was suitable
for quantitative analysis.

Specificity

The mobile phase did not show interference with
any of the analytes at their respective retention times,
indicating that the optimized method is specific.

Precision

The results of repeatability and intermediate precision
are illustrated in Table IV. The % RSD of 6-GIN, E-GGS
and Z-GGS was below 2% that validates the reproducibility
of the developed method.

Accuracy

The mean recovery of 6-GIN, E-GGS and Z-GGS
was between 97% to 103% at three different levels. The
results forrecovery at80, 100, and 120% were foundto be
within the predefined range. As a result, the methodology
was proved to be reliable, and the results are displayed
in Table V.

Table V: Accuracy study of 6-gingerol, E-guggulsterone and Z-guggulsterone

Std
amount

(ng mL")

Amount
added

(vg mL"7)

Level

Total
amount (pg
mL")

Amount
recovered

(vg mL")

% Recovery

6-gingerol 80% 30 24

54 53.12 98.38

100% 30 30

60 61.40 102.34

120% 30 36

66 67.21 101.84

E-guggulsterone 80% 30 24

54 53.05 98.24

100% 30 30

60 59.38 98.96

120% 30 36

66 67.123 101.71

Z-guggulsterone 80% 30 24

54 54.42 100.77

100% 30 30

60 60.09 100.16

120% 30 36

66 65.4 99.09

Table VI: Robustness study of 6-gingerol, E-guggulsterone and Z-guggulsterone

Variable

Level (x)

6-gingerol

E-guggulsterone

Z- guggulsterone

Mean area

Mean area

% RSD

Mean area

% RSD

Flow rate

119118.33 + 672.29

6670.67 + 116.13 | 1

.74

10126.33 + 111.73

1.10

118426.50

6781.48

10411.67

116358.67 + 741.03

6393.33 + 127.33

10599.33 £59.18

Tempera-
ture

114248+1448.01

6780.333+70.06

10652.667+193.42

118426.50

6781.48

10411.67

117295.67+318.72

6578+52.37

10581.33+72.27
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Table VII: In vitro drug release study of 6-GIN,
E-GGS and Z-GGS in nanoemulgel

% Drug
release of
6-GIN

% Drug
release of
E-GGS

% Drug
release of
Z-GGS

0

0

0

—_

03.22+1.23

02.41+1.33

05.07+0.41

08.40+0.87

05.55+2.87

10.95+1.45

14.83+2.48

9.29+1.22

17.80+1.78

22.08+1.68

13.26+1.69

24.91+2.56

31.14+1.97

17.85+1.42

33.36+3.01

41.86+2.24

23.46+2.44

42.40+2.48

54.70+0.99

30.88+2.98

51.95+1.44

68.48+3.23

38.45+2.03

63.06+2.23

© [0 (N[O o b W [N

82.07+2.74

45.58+2.77

73.06+2.43

N
N

99.72+2.45

57.98+2.65

86.42+1.21

LOD and LOQ

The LOD of 6-GIN, Z-GGS and E-GGS was found
to be 0.260 pg mL", 0.451 pg mL" and 0.131 pg mL",
respectively. The LOQ of 6-GIN, Z-GGS and E-GGS
was 0.789 yg mL", 1.367 pg mL" and 0.397 pg mL",
respectively.

Robustness

The robustness study revealed that the developed
method was reliable and minor variations in the
chromatographic conditions did not impact the peak
area. The results of robustness studies is highlighted
in Table VI.

Assay of actives

The content of actives in the nanoemulgel was found
to be 105.28 + 1.27%, 103.50 + 1.23% and 94.32 =+
1.30%for 6-GIN, E-GGS and Z-GGS respectively.

In vitro diffusion study

In vitro diffusion study of nanoemulsion loaded gel
was performed in phosphate buffer pH 7.4: ethanol (1:1)

Table VIII: Stability study of nanoemulgel

Active constituent

Day 0

5°C+3°C

25°C+2°C/60% = 5% 40°C+2°C/75%= 5% RH

6-GIN (%)

105.28+0.47

105.33+0.63

105.12+1.54 104.54+0.39

E-GGS (%)

103.50+1.54

102.87+1.42

103.37+0.59 102.36+2.18

Z-GGS (%)

99.32+0.73

99.06+1.39

99.08+1.49

98.36+0.90

In vitro diffusion study of nanssssoemulgel in phosphate buffer pH
7.4: Ethanol (1:1) + 3 % Tween 80

120

o o o
o O o

N
o

% Cumulative drug release

Time (in h)

——6-GIN —e—E-GGS —o—Z-GGS

15

Fig. 4: In vitro drug release of 6-GIN, E-GGS and Z-GGS
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+ 3% Tween ® 80 in Franz diffusion cell using nylon
membrane (0.45pm). At 24th h, around 99.72+2.45%,
57.98+2.65 % and 86.42+1.21% of 6-GIN, E-GGS and
Z-GGS, respectively were released from the gel matrix
(shown in Table VIl and Fig. 4). However, in case of
nanoemulsion, the release was faster and at 8th h,
around 80% of actives were released.

Stability studies

Stability studies indicated that the developed
formulation was found to be stable at all the stability
conditions. Results illustrated in Table VIII indicate that
there was no significant change (p > 0.05) in the content
of 6-GIN, E-GGS and Z-GGS.

CONCLUSION

A RP-HPLC method was successfully developed for
the quantitative estimation of 6-Gingerol, E-guggulsterone
and Z-guggulsterone in fixed dose combination
nanoemulgel. The developed method was able to quantify
6-GIN, Z-GGS and E-GGS accurately in this formulation.
The developed method was reproducible and robust. The
results of validation study were within the specified limits
as per the guidelines. The developed method was found
to be reproducible and accurate. Further, it also fulfilled
linearity, precision, specificity, and suitability parameters,
indicating that the method is reliable for quantification.
This method can be easily adopted for analysis and
quality control of 6-GIN, Z-GGS and E-GGS in fixed dose
combination dosage form.
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