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Background: Standardization and quality control of homeopathic drugs is very chal-
lenging. As mother tinctures are derived from complex natural resources, there is a
need of systematic evaluation of chemical markers which correlate with the proposed
biological activities of mother tinctures.

Methods: In present study, High-Performance Thin-Layer Chromatography (HPTLC)
standardization method of homeopathic mother tinctures of Toxicodendron pubescens
using quercitrin and rutin as chemical markers is validated and correlations of content of
these markers with its anti-inflammatory effects are established.

For HPTLC analysis, precoated silica gel plates were used as stationary phase. Two fla-
vonoids, namely quercitrin and rutin were used as markers. Separation was achieved us-
ing methylene chloride:methanol:water:glacial acetic acid (15:1.5:1:8 v/v/v) as mobile
phase. The developed plates were scanned at 365 nm.

Results: It was observed that quercitrin (Rf value 0.63) and Rutin (Rf value 0.41) are well
resolved. The minimum detectable concentrations for quercitrin and rutin were 5 ng/
spot. The linearity range was between 100 and 2000 ng/spot for both the markers. Sub-
sequently, anti-inflammatory activity of these formulations was determined against
carrageenan-induced paw edema in rats, pain threshold determined by electronic Von-
Frey apparatus and paw withdrawal latency (PWL) on hot-plate. All the tested formula-
tions of Rhus Tox showed anti-inflammatory and analgesic activity against carrageenan
induced paw edema in rats. Quantitative correlation between the content of markers and
anti-inflammatory activity of mother tinctures was established. Results: Anti-
inflammatory effect as well as effect on paw withdrawal and pain threshold, at third
hour after carrageenan injection, correlated with quercitrin and rutin content in the
respective formulations.

Conclusions: This study validates a quantitative HPTLC method for standardization of
homeopathic mother tincture of Rhus Tox and establishes quercitrin and rutin as
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markers corresponding its biological activity. Contents of quercitrin and rutin in T. pu-
bescens mother tincture correlates with its anti-inflammatory and analgesic actions
and the validated HPTLC method can be used in standardization of homeopathic mother
tincture of T. pubescens. Homeopathy (2016) 105, 48—54.
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Introduction

Homeopathic medicines are criticized for inconsistent
efficacy and lack of stringent quality control parameters.
However, lower dilutions of homeopathic medicines con-
taining detectable amount of active ingredients can be sub-
jected to chemical profiling and quantification of active
ingredients or chemical markers." A vast number of ho-
meopathic drugs contain hydro-alcoholic extracts of me-
dicinal plants. Though, the issue of standardization of
ultra-high homeopathic dilutions can’t be effectively
resolved due to practical absence of active ingredients,
the quality of lower dilutions based on the concentrations
of the active principles needs urgent attention. Homeopath-
ic pharmacopoeias of different nations are continuously
revising the monographs of homeopathic drugs through in-
clusion of sophisticated analytical techniques." Use of
Thin-Layer =~ Chromatography (TLC) and High-
Performance Thin-Layer Chromatography (HPTLC)
fingerprint profiles are routinely used for deciding the iden-
tity, purity and strength of the homeopathic drugs.”

In India the market of homeopathic medicines is
growing at 25% a year, and more than 100 million people
depend on homeopathic remedies for their routine health
care. The popularity of these remedies is continuously
escalating in India.” Global market for the homeopathic
drugs is of multibillion US dollars. Considering such enor-
mous market volume and widespread consumption of ho-
meopathic drug, implementation of validated, accurate
and sensitive analytical methods in standardization of ho-
meopathic drugs is an urgent need.

Rhus Tox is also known as ‘Poison Ivy’ and belongs to
the family: Anacardiaceae and information regarding
experimental proving of the biological activities of this ho-
meopathic drug is available in scientific literature.” The
fresh leaves of Rhus Tox contain a volatile principle called
toxicodendrol which contains a complex active principle-
urushiol.” In homeopathy, the mother tincture of Rhus
Tox is not used in treatment but all higher dilutions are
manufactured using it.

The homeopathic pharmacopoeias belong to the partic-
ular country and the regulations are laid by respective Gov-
ernments. For the quality control of homoeopathic drugs,
Government of India published Homoeopathic Pharmaco-
poeia of India. As per Drugs and Cosmetics Act 1940, ho-
moeopathic medicine should contain compounds and drugs
which are mentioned in any official pharmacopoeia and
authentic reference. The Indian Homeopathic Pharmaco-
poeia, European and French pharmacopeias prescribe qual-
itative TLC analysis of quercitrin and rutin in the Rhus Tox
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formulations. However, there is no data to substantiate the
correlation of marker content with the anti-inflammatory
activity of Rhus Tox. Further, qualitative determination of
these flavonoids may not be true representatives of quality
and biological activity of the Rhus Tox formulations. In
present piece of work, five different mother tincture formu-
lations of Rhus Tox — a prototype, anti-inflammatory ho-
meopathic formulation — from different manufacturers
were quantified using validated HPTLC method for querci-
trin and rutin as the chemical markers. Correlation of the
flavonoid marker content with anti-inflammatory efficacy
was established through evaluation of anti-inflammatory
activity of mother tinctures in the Carrageenan-induced
rat paw edema method as described by Patil et al.’

Materials and method

Mother tinctures, standards and reagents

Four marketed mother tincture preparations were ob-
tained from Indian manufacturers named SBL Pvt. Ltd.,
Delhi (India); Sintex International Pvt. Ltd., Kalol, Gujarat
(India); HAPCO (HAPCO publishing Co. Pvt. Ltd.), Kol-
kata (India); and a German manufacturer, Reckweg and
company, Germany. A mother tincture prepared according
to Homeopathic Pharmacopoeia of India using the
authentic gift sample of Rhus Tox from Homeopathic Phar-
macopoeia laboratory, Ghaziabad, U.P. (India); this is
mentioned as ‘self prepared’ formulation. Carrageenan
(A), rutin, quercitrin hydrate and Diphenylboric acid ami-
noethylester were obtained from Sigma—Aldrich, USA.
Macrogol-400, Methanol, glacial acetic acid, dichlorome-
thane of analytical grade was purchased from Loba chemie,
India.

Chromatographic study was performed on 20 cm X
10 cm aluminum-backed HPTLC plates coated with
200 pum layers of silica gel 60 F,s4, purchased from
E Merck. Densitometry detection was performed with a
Camag TLC Scanner 3 (Camag, Muttenz, Switzerland)
fitted with win CATS software (version 1.3.0.). Chemical
marker and samples were applied on the HPTLC plates
using Linomat 5 (Camag) applicator under nitrogen gas
flow.

Animals

Male Wistar rats of 8—9 weeks age weighing
180—200 g were used in the study were procured from
institutional animal house facility. All the animal study
procedures were approved by Institutional Animal Ethical
Committee (Registration No. 651/02/C/CPCSEA with
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resolution number RCPIPER/IAEC/2013-14/02, approved
15/04/2013). The animal experimentation was approved
by the Institutional ethical committee after due consider-
ation that the exact mechanism of anti-inflammatory ac-
tion of Rhus Tox mother tincture is not known and
hence, in-vitro alternative methods to test anti-
inflammatory activity could not be used for present study.
Rats were housed in standard plastic cages on sawdust
bedding in an air-conditioned room at 22°C under lighting
controls (12-h-light/12-h-dark cycle). Standard rat feed
pellets (Amrut rat feed, manufactured by Nav Maharashtra
Chakan, India) and tap water was given ad libitum. Each
kilogram of rat feed contained 212 g of casein, 3 g of L-
cystine, 439 g of starch, 50 g of cellulose, 100 g of sucrose,
100 g of maltodextrin, 50 g of soya bean oil, 35 g of salt
mix and 10 g vitamin mix.

Preparation of mother tincture

Dried coarse powder of leaves of Rhus Tox was pulver-
ized and 10 g of powder was mixed with 100 ml of 70 %
ethanol and kept in a glass jar for 7 days with intermittent
shaking every day.®” On 8th day, the mixture was filtered
through Whatman filter paper and the filtrate was used as
mother tincture.

Preparation of stock standards

Stock standard solutions of quercitrin and rutin were pre-
pared separately by dissolving 5 mg each in 20 ml of 96%
v/v ethanol. It was then further diluted with the same sol-
vent to obtain concentrations of 10, 20, 50, 100 and
200 wg/ml each.'’

HPTLC for standardization of mother
tincture

The samples and standards were applied on HPTLC
plates as bands of 8 mm and methylene chloride:metha-
nol:water:glacial acetic acid (15:1.5:1:8 v/v/v) was used
as mobile phase. Mobile phase components were mixed
prior to use and the development chamber (20 x 10) was
left for saturation with mobile phase vapor for 20 min
before each run at room temperature (25°C +£ 2). Densi-
tometry scanning was done in absorbance-reflectance
mode at 365 nm using a deuterium lamp with slit dimen-
sions at 6 mm.

Linearity studies

To study linearity for quercitrin and rutin, fixed volume
of 10 ul each stock standards solution were separately
applied on HPTLC plate to obtain 100, 200, 500, 1000,
and 2000 ng/band concentration of quercitrin and rutin,
respectively. The plates were developed and scanned as
stated above. Each sample was applied in triplicates. The
plates were developed and scanned as described above.
The amounts of quercitrin and rutin present in the samples
were calculated by interpolation.''
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Quantification of quercitrin and rutin in marketed
mother tincture

Standard and test samples were applied on HPTLC
plates. The plates were developed and scanned at 365 nm
for quantitative evaluation. Contents of quercitrin and rutin
in standard and marketed mother tincture were estimated
using linearity equation.

Validation of HPTLC method

The HPTLC method was validated as per ICH guideline
Q2 (R1)."" For determining precision, quercitrin and rutin
solutions having appropriate concentration were applied in
six replicates (n = 6) and quantified. For determination of
intra-day and inter-day precision, freshly prepared querci-
trin and rutin standard solutions were applied in triplicates
on the same day and on three different days. The specificity
of the method was ascertained by analyzing standard quer-
citrin and rutin and samples of mother tincture. The spots
for quercitrin and rutin in the samples were confirmed by
comparing the Rf and peak purity spectra of the spots.
The robustness of method was estimated by making delib-
erate changes in the composition of mobile phase (£5%),
mobile phase volume (5% v/v), development distance
and chamber saturation time. Two mobile phases as di-
chloromethane:methanol:water:glacial acetic acid
(15:3:2:8 v/v/v) and of dichloromethane:methanol:water:-
glacial acetic acid (15:1.5:1:8 v/v/v) were used. The satu-
ration time of developing chamber with mobile phase
was 20 min + 2 min (£10%). The results were indicated
by the standard deviation between the data for each vari-
able condition. The accuracy of the method was deter-
mined by performing recovery experiments at three
different levels (80%, 100% and 120% addition of querci-
trin and rutin) using the standard addition method. The
known amounts of quercitrin and rutin standards (50 ug/
ml) were added by spiking. The values of % recovery
and average value of % recovery for quercitrin and rutin
were calculated.

Biological activity

Carrageenan-induced paw edema: Anti-inflammatory
and analgesic activity in carrageenan-induced paw edema
in rats For determination of the anti-inflammatory and
analgesic activity, rats fasted for twelve hours were orally
administered with 0.1 ml of mother tincture mixed with
0.9 ml of distilled water 30 min prior to subplantar injec-
tion of 0.1 ml of 1.2% carrageenan solution (n =7 per group
per formulation). Oral Diclofenac sodium at 5 mg/kg dose
(in 1 ml water) administered 30 min prior to carrageenan
served as the standard drug. The negative control group
received 1 ml water. The paw volumes were measured at
0 min (immediately after carrageenan injection) and up
to 6 h at an interval of one hour. Paw volume was deter-
mined using digital Plethysmometer (Ugo Basile, Italy;
model 7140).

Percentage rise in the paw volume at third hour post
carrageenan injection, calculated by following formula'”



was considered to compare the anti-inflammatory activity
of mother tinctures.

\%40]
Rise = Vt — — 1 1
% Rise = Vit V0 x 100 (D)

Where, Vt = Paw volume at third
Vo = Paw volume immediately after carrageenan injec-
tion

Carrageenan-induced mechanical hyperalgesia: It was
estimated as paw withdrawal threshold (PWT) using elec-
tronic Von Frey analgesiometer (IITC life science). Pres-
sure was applied on the carrageenan injected paw using
semi rigid probe tips and the pressure (in grams) at which
paw withdrawal occurred was recorded as PWT."”

Carrageenan-induced thermal hyperalgesia: It was
measured by determining the paw withdrawal latency
(PWL) for the carrageenan injected paw of rats freely mov-
ing on the Eddy’s hot plate maintained at 51°C.'®'® The
rise in PWL was taken as an indication of the analgesic
effect.

Results

Present study establishes a quantitative correlation be-
tween flavonoid markers with the anti-inflammatory activ-
ity of Rhus Tox mother tinctures. The quercitrin and rutin
concentration was quantified with validated HPTLC
method.

The mothers tincture were investigated for quercitrin
and rutin content using silica gel 60 F 254 as stationary
phase and methylene chloride: methanol: water: glacial
acetic acid (15:1.5:1:8 v/v/v) as the mobile phase. The
chamber saturation time was optimized 20 min whereas
quantitative estimations were performed at 365 nm. The ru-
tin (Rf =0.41, Figure 1) and quercitrin (Rf = 0.63, Figure 2)
were well resolved without any interference. The peaks of
flavonoids were quantified before and after derivatization
with diphenylboric acid aminoethylester and macrogol-
400 in 96% ethanol. Figure 3.

The linear regression data were obtained for calibration
curves showed an excellent linear relationship over wide
range of concentration 100—2000 ng/spot for both stan-
dards quercitrin and rutin with reference to their peak
area. Linearity curve for quercitrin was found to be
y = 3767.8x — 2489.7 with regression value 0.9901 and
for rutin was found to be y = 4056.3x — 2582.4 with regres-
sion value 0.9912.

HPTLC analysis

Quantification of quercitrin and rutin in marketed mother
tincture: The concentration of rutin, quercitrin within mar-
keted formulation was quantitated by the developed
HPTLC method. The results are shown in Table 1. In all
the marketed formulations along with self-prepared prepa-
ration, the presence of rutin and quercitrin was found. The
quantitative analysis shows the variation in rutin and quer-

Standardization of Toxicodendron pubescens
HP Jadhav et al

Figure 1 Revealed Rf value of Rutin.

Figure 2 Revealed Rf value of Quercitrin.

citrin in marked formulation (Table 1). The concentration
of quercitrin decreases in order of Sintex, Reckweg, self-
prepared, SBL and HAPCO whereas, for rutin the order
was Sintex, SBL, Reckweg, HAPCO and self-prepared.
Method validation of HPTLC: The developed HPTLC
method was validated for different parameters as per ICH
guidelines like linearity, precision, robustness, specificity,
accuracy which helped for quantitative analysis of querci-
trin and rutin in Rhus Tox. The peaks of quercitrin and rutin
also well resolved. The compounds were confirmed by
comparing the Rf and spectra with that of standards peak
at start, mid and end position. Absence of any interfering
peak indicated that the method was specific. The intra-
day and inter-day precision analysis (n = 3) results showed
% RSD less than 2, indicates that the method is precise.
Robustness of method was studied by conscious change
in mobile phase composition and by altering chamber
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Figure 3 Revealed densitometric analysis of Quercitrin and Rutin
(From bottom to top: Peak-1: Que. — 10 ug/ml, Peak-2: Que. —
20 pg/ml, Peak-3: Que. — 50 ug/ml, Peak-4: Que. — 100 pg/ml,
Peak-5: Que. — 200 ng/ml, Peak-6: rutin — 10 ug/ml, Peak-7: Ru-
tin — 20 ug/ml, Peak-8: Rutin — 50 ug/ml, Peak-9: Rutin — 100 ug/
ml, Peak-10: Rutin — 200 wug/ml).

Table 1 Amount of quercitrin and rutin found in Rhus Tox

Rhus Tox Quercitrin Rutin

Amt. (ng/spot) S.D. Amt. (ng/spot) S.D.
A (Self prepared) 2.91 0.88 1.22 0.31
B (SBL) 2.82 1.21 2.46 0.0015
C (Reckweg) 4.80 1.44 2.40 0.0011
D (Sintex) 5.09 0.92 3.46 1.26
E (HAPCO) 1.98 0.85 1.58 0.50

Amt. = Amount, S.D. = Standard Deviation.

saturation time. Results indicated % RSD less than 2 shows
the developed method was robust one. The summary of re-
sults of validation parameters is shown in Table 2.

Biological activity

Anti-inflammatory and analgesic effects of Rhus Tox
mother tinctures: All the tested mother tincture formula-
tions showed anti-inflammatory effects as the rise in paw

Table 2 Method validation parameters for quercitrin and rutin

volume is inversely proportional to the anti-inflammatory
activity. In the rats treated with Diclofenac (5 mg/kg) the
rise in paw volume was 26 £2.9% as compared to
73 + 4.3% in negative control group. There was no statis-
tically significant difference in the anti-inflammatory activ-
ity of Diclofenac and mother tinctures of Rhus Tox. The
intensity of anti-inflammatory activity was found to
descend in the order of the mother tincture formulation
from Sintex, Reckweg, self-prepared, SBL. and HAPCO.

Carrageenan-induced mechanical hyperalgesia: Effect
of drug treatments on the hyperalgesia induced by sub
plantar injection of carrageenan was estimated using elec-
tronic Von-Frey apparatus. The pressure (in grams) exerted
by the semi rigid Von-Frey filament at which rat shows paw
withdrawal was taken as a parameter of hyperalgesia. The
values in second column of Table 3 indicate the mean
PWT of three readings recorded at interval of one minute
at the third hour post carrageenan injection. The analgesic
effect of Diclofenac was most potent (PWT =22.23 4+ 3.9).
The effects of mother tinctures were more than the control
group values however this rise in the PWT was not statisti-
cally significant.

Diclofenac treatment increased the PWL in carrageenan
injected animals. The mother tincture increased the PWL
but in statistically insignificant manner.

As shown in the Figure 4, the content of quercitrin and
rutin showed correlation with the anti-inflammatory effects
of mother tinctures. Such correlation was not evident be-
tween the flavonoid content parameters related analgesic
activity.

The biological effects of Rhus Tox mother tinctures
including anti-inflammatory activity, PWL and PWT were
plotted against the quercitrin and rutin contents. It was
observed that anti-inflammatory activity of the mother tinc-
tures was proportional to the content of both rutin and quer-
citrin. However, such correlation was not evident when the
concentrations of these flavonoids were plotted against
PWL and PWT. Figure 4 depicts the correlation of quercitrin
and rutin contents (Table 3) with the anti-inflammatory activ-
ity of mother tinctures. The formulations obtained from Sin-
tex Pvt. Ltd. Showed highest contents of quercitrin and rutin
and the percentage rise in paw edema in the rats receiving this
mother tincture was least amongst the tested samples.

Validation parameters Quercitrin Rutin Maximum acceptance
R 0.63 0.41 -
Linearity
Linearity range 100—2000 ng/spot 100—2000 ng/spot
Correlation coefficient (r%) 0.9901 0.9912 Within 0.9—1.1
Linear regression equation, (Y = mX + c) y = 3767.8x — 2489.7 y = 4056.3x — 2582.4 .
Selectivity Selective Selective —
Specificity Specific Specific No interference observed
Robustness Robust Robust -
Repeatability (n = 6) 0.94 1.73 % RSD =2%
Precision Intraday (n = 3) 1.03—1.31 0.7-1.2 % RSD =2%
Interday (n = 3) 0.5-2.2 0.74—-2.74
Accuracy (% Recovery) 97.24% 97.29%

% RSD = % Relative Standard Deviation.
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Table 3 Correlation of biological activity with present chemical ingredients
Sr. No. Formulation Amount found in Biological activity Mechanical hyperalgesia Thermal hyperalgesia
formulations (ng/spot) (% Rise in inflammation)  PWT (g) PWL seconds
Quercitrin Rutin
1. Negative control 72.64 +4.3 9.4+141 75+1.15
2. Diclofenac 25.82+2.9* 2223+ 3.9 15.66 +1.4*
3. Sintex 5.09 3.46 35.40£1.9" 13.76 £ 2.6 13.66 + 1.1
4. Reckweg 4.80 2.40 36.03 + 3.6* 11.02+1.4 10.83+1.7
5. Self-prepared 2.91 1.22 36.92 £+ 3.8" 15.16 £ 3.6 11.33+1.7
6. SBL 2.82 2.46 39.98 £6.9" 12.61+2.2 11.33+25
7. HAPCO 1.98 1.58 50.25 £ 4.6" 13.24+2.4 13.33+1.4
ANOVA P =***0.0001 P =70.0359 [F = 2.4, P =70.048 [F = 2.4;
[F=12; df = 6; df = 6; n = 7/group] df = 6; n = 7/group]
n = 7/group]

(ANOVA = Analysis Of Variance, PWT = Paw Withdrawal Threshold, PWL = Paw Withdrawal Latency, df = degree of freedom).

(For Bonferroni multiple comparison post-test *p < 0.05).

Figures indicate % rise in inflammation and increased hyperalgesia. n = 7 animals per group.

***P < 0.001 compared with control.

*P < 0.01 compared with control.

Statistical analysis was done by one way ANOVA test.
Bonferroni multiple comparison test < *0.05.

Figure 4 Revealed correlation of Quercitrin and Rutin of Rhus Tox mother tincture with its biological activity.

Discussion

Homeopathic medicines are prepared as hydro alcoholic
extracts of source material including plants, animals, mi-
crobes, mineral and nosodes. Obviously, maintenance of
the quality and consistency of such medicines developed
from such diverse origins is a challenge. With the advent
of sophisticated, highly sensitive analytical methods, at
least the crude drug material and lower dilutions like ho-
meopathic mother tinctures can be subjected to standardi-
zation. Recent editions of homeopathic pharmacopoeias
of different countries include TLC, High Performance
Liquid Chromatography (HPLC) and HPTLC methods of
standardization for the mother tinctures used in homeopa-
thy. However, the markers specified in such monographs
are not validated in terms of their relevance with the biolog-
ical activity.

HPTLC is an effective analytical method for detection
and quantification of analytes at micro and nanogram
levels. With minimum operating cost, it has been very
prominent method with rich sample throughput and normal
sample clean-up for detection. HPTLC supersedes HPLC
method because of its less analysis time, economy and
conceited power for detection of complex mixture of phy-

toconstituents with higher resolution.'” HPTLC analysis
offers chromatographic fingerprinting of compounds,
which helps to detect new compounds from complex herbal
extract."”

TLC is mainly principled on simple steps: it is an open
system, dependent on environmental factors (temperature,
light, fumes, humidity), that can influence the resulting
data which are not fully controlled, reproducible and reli-
able. The problems associated with conventional TLC
methods like dependence of environmental factors, open-
ness of the system etc. are overcome by HPTLC.'
Recently, the HPTLC methods have been employed for
standardization of the homeopathic mother tincture of
Nux Vomica.”’

Results of present study on mother tincture of Rhus Tox
reveal that HPTLC method for quantitative estimation of
quercitrin and rutin has advantages over the qualitative
method prescribed in current editions of Homeopathic
Pharmacopoeias. This quantitative method is rapid, simple,
precise, accurate and specific. Major contribution of this
study is an effort to correlate the contents of the markers
with the biological activity of mother tinctures. It was
observed that the content of quercitrin and rutin were in
proportion to the biological activity of the Rhus Tox mother
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tinctures from different sources. Further, consolidation of
such correlations through in vivo and in vitro experimental
models of inflammatory process can substantiate the rele-
vant marker for standardization of Rhus Tox mother tinc-
ture.

In present context, the standardization of high and ultra
high dilutions of homeopathic medicines is difficult to
achieve through chemical or instrumental analysis. Howev-
er, these methods in association with the biological
standardization satisfactorily resolve the issue of standardi-
zation of lower dilution like mother tinctures used in home-
opathy. The mother tinctures of Rhus Tox can be
standardized according to the validated HPTLC method us-
ing quercitrin and rutin as a valid markers related to anti-
inflammatory activity. Further studies to substantiate the
correlation between marker content with the biological ac-
tivity through in vivo and in vitro assays is warranted to
consolidate the validity of chemical markers in standardiza-
tion of the mother tinctures of other homeopathic medicines.
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