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Abstract

Background: Picrorhiza kurroa Royle commonly known as ‘Kutki or Kutaki’is an important medicinal plant in Ayurve-
dic system of medicine and has traditionally been used to treat disorders of the liver and upper respiratory tract. The
plant is the principle source of iridoid glycosides, picrosides |, Il and kutkoside used in various herbal drug formula-
tions mainly as strong hepatoprotective and immune-modulatory compound. The species has become endangered
to near extinction due to the unregulated collection from the wild, slower plant growth and ecological destruction of
natural habitats. There is a severe shortage of plant material, while the market demand is ever increasing. Hence, it is
very important to apply a simple and precise analytical method to determine and validate the concentration of the
major bioactive constituents in different populations of this plant species for development of a high yielding chemo-
type for large scale production and its commercial exploitation on scientific lines.

Results: This study assessed and validated a fast and reliable chromatography method for the determination of pic-
roside-l and picroside-Il in different populations of this priortized medicinal plant species. Separation and resolution of
picrosides was carried out on a reversed phase (C-18) column by using a mobile phase of methanol and water (40:60
v/Vv). The detection of picrosides was carried out at 270 nm. The average levels of these two major marker compounds
in all the seven accessions showed significant quantitative variation (ANOVA, p < 0.05) between mean levels of marker
compounds and their accumulation in different parts of the plant viz. roots, rhizomes and leaves. The highest content
of pk-I was found in the accession from Gurez altitude (3750 masl) while the highest content of pk-Il was found in
accession from Keller (Shopian) altitude (3300 masl) demonstrate that picroside accusation is directly correlated with
altitudinal variation. The method was validated in terms of linearity, accuracy and precision (within- and between-
assay variation).

Conclusion: A simple chromatographic method with the ability to separate both the major chemical constituents
effectively in different herbal extracts of P kurroa and other related species has been standardized and validated,
which is more suitable for regular and normal analysis of picrosides in different herbal formulations. The paper
accomplish that picroside concentration in different samples showed significant variation based on altitude and other
agroclimatic factors, which can be useful in the selection and collection of superior genotypes with higher concentra-
tion of these marker compounds.
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Background properties (Dubey et al. 2004). A large number of plant
Plant based molecules are continuously gaining wide derived molecules of pharmaceutical interest accumlates
spread acceptance due to their effective therapeutic in plants as secondary metabolites. Realizing the threat

of extinction of plants like P kurroa and importance of
*Correspondence: bioshakir@gmail.com phytoceuticals produced by such plants, attention has
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plant species involving conventional and biotechno-
logical interventions. Picrorhiza kurroa Royle ex. Benth
(Scrophulariaceae) is a fast depleting high value medici-
nal plant, endemic to alpine Himalayan mountains (2700
and 5000 masl) distributed from Kashmir to Sikkim. In
view of these facts, it was felt immensely to focus on
marker guided phytochemical investigation of this high
value medicinal plant, which yield clinically proven
hepatoprotective and immune modulating glycosides in
its underground parts (Anonymous 1996; Gupta et al.
2006). Picrorhiza kurroa an endemic plant of the alpine
Himalayan range of India also known as kutki, is mainly
found in the north western Himalayan region from Kash-
mir to Kumaun and Garhwal regions in India and Nepal.
Picrorhiza kurroa yield a crystalline product called ‘kut-
kin’ which is a mixture of two major C9 iridoid glycosides
such as picroside I and II and kutkoside (Fig. 1) (Kumar
et al. 2004). Hepatoprotective, anticholestatic, antiulcero-
genic, antiasthematic, antidiabetic, anti-inflamatory and
immune regulatory activities have already been ascribed
to these glycosides for which P kurroa plant as whole
and underground parts in particular finds applications as
major component in several Indian herbal préparations
(Ram 2001; Thyagarajan et al. 2002). Herbal preparations
of P. kurroa are used for the treatment of traditional as
well as in modern system of medicine as purgative, brain
tonic, stomachic, dyspepsia and antiallergic (Hussain
1984). It is also reported to have anticancer activity (Joy
et al. 2000) and extracts can be used as selective enhanc-
ers of neuron growth (Li et al. 2000, 2002). Picrorhiza
kurroa extracts can be of high therapeutic value in treat-
ing viral hepatitis (Mehrotra et al. 1990).

In the present communication, we have described a
rapid and sensitive HPLC method for picroside estima-
tion and effect of altitude on picroside content in some
core collections of P. kurroa collected from different high
altitude ecozones of north western Himalyas viz. Toshi-
madan (3450 masl), Razdan pass, Gurez (3750 masl),
Sonamarg (2799 masl), Gulmarg (3275 masl), Veerinag
(3050 masl) and Keller forests, Shopian (3300 masl). We
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Fig. 1 Chemical structure of pk-l and pk-Il
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tried in bringing the prospect of achievable, root-derived
phytoceuticals in higher concentration and commercial
cultivation of P kurroa as a step closer to stop indis-
crimnate industrial exploitation of such high value plant
resources. We also highlighted and demonstrated that
picroside content in tissues vary with the geographical
distribution along the North Western Himalayan range.
This technique would facilitate large scale clonal produc-
tion and efforts to improve the secondary metabolism of
this prioritized medicinal plant species. This communica-
tion highlight detection of two major chemical constitu-
ents, pk-I and pk-II for development and validation of an
assay method for relative estimation of both these marker
compounds in P kurroa collected from seven different
geographical ecozones of North Western Himalayas.

Methods

Survey, collection and authentication of plant material
Picrorhiza plants growing wild in their natural habitat
were collected from high altitude regions of North West-
ern Himalayas. The plant material was authenticated at the
Centre of Plant Taxonomy, University of Kashmir, Srinagar.
A voucher specimen has been deposited in the repository
of the Indian Institute of Integrative Medicine, Srinagar
against voucher specimen (voucher no. IIIM/PK/Srinagar).

Chemicals and reagents used

The standard picroside I and II compounds used in the
present investigation were isolated in the Natural Prod-
uct Chemistry division by routine chromatography
techniques. Identity and purity was confirmed by chro-
matographic methods like (TLC, HPLC) and spectral (IR,
1D- and 2D-NMR). Solvents were of HPLC grade and
purchased from Ranbaxy Fine Chemicals Limited (Okhla,
New Delhi, India). The structures were confirmed by
their UV, MS, ;H NMR and C'*> NMR data compared
with the authentic data from literature. Acetonitrile of
HPLC grade (Aldrich, USA) and Millex syringe filter unit
were purchased from Reagent, New Delhi, India. Water
for preparation of samples and HPLC-DAD analysis was
deionized by a Milli-Q purification system with a 0.2 mm
fiber filter (Barnstead, CA, USA).

Moisture analysis

For uniform and standard quantification of biomark-
ers in plant samples, it is necessary to remove the mois-
ture content in the test sample. To remove the moisture
content, the material was dried in hot air oven for 3 h at
50 °C and the process was repeated several times until a
uniform dried weight of the sample was obtained. Mois-
ture content was further analyzed in 1.0 g of the dried
powdered plant material by the help of Moisture analyzer
(Sailorius MA 100).
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Preparation of herbal extracts

The rhizomes and leaf samples were taken from all the
seven accessions grown at three different locations viz.
gene bank, IIIM, Srinagar, field Station Bonera (Pul-
wama) and Yarikha (Gulmarg), J&K, India. The air dried
plant material was finely powdered and stored at 4 °C. A
known quantity of finely powdered sample was weighed
into a 250 ml conical flask and subjected to sequential
cold extraction using methanol and water in the ratio
of 1:1 as extraction solvents while stirring at room tem-
perature. Contents of the flask were squeezed through
muslin cloth and the filtrate from aqueous extract was
filtered using whatman filter paper. The extraction pro-
cess was repeated thrice (2-3 h stirring each time). The
extracts from each of the sample were evaporated under
reduced pressure to give residues in different amounts.
The yield of the extract was approximately 10 %. Extract
was suspended in HPLC grade methanol in preparatory
tubes (5 ml) and used for all experiments.

Isolation and characterization of marker compounds

The marker compounds picroside I and picroside II
were isolated by column chromatography using differ-
ent solvent systems and percolated over water bath for
3 hat 25+ 2°C (Kita et al. 1971; Singh et al. 2005). Use
of the solvents in the increasing order of polarity yielded
the extracts which helped in clear baseline separation
of compounds during LC-UV-DAD-MS analysis. The
aqueous extracts were filtered and dried by evaporation
at reduced pressure and temperature (40 £+ 2 °C). The
quality of the residue was analyzed visually by HPTLC.
The dried filtrate (200-250 mg) was dissolved in 50 ml
methanol to yield picroside I and II using column chro-
matography. The residue obtained after solvent evapora-
tion was passed through 900-g silica gel (60—120 mesh)
column. The column chromatography of methanolic
extract residue in chloroform with increasing polarity
of methanol yielded two major marker compounds pic-
roside I [6-0-trans-cinnamoyl catalpol] and picroside II
[6-O-vanilloyl catalpol]. The isolated compounds were
characterized by recording melting point using DSC,
UV, IR and Mass spectra and identified by comparing
with the reported data (Singh et al. 1993).

Preparation of stock solutions

Stock solutions of both the reference marker compounds,
picroside I and picroside II (1000 mg/ml) were prepared
in HPLC grade water. The concentration (ug ml™) of each
compound was 69 for pk-I and 125 for pk-II. The mixed
solution was filtered through a Millipore filter (0.2 mm)
before injection onto the HPLC system. The solution was
prepared by accurately adding appropriate volume of each
of the prepared standard solution. 10 pl of this mixed
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solution was injected in the column which exhibited dif-
ferent retention times for both the marker compounds.
All the solutions were stored in refrigerator at 4 °C and
kept at room temperature before use. On the same day
of analysis, the precision as well as reproducibility of the
method was observed. The peaks of the sample solution
were identified by comparison of the retention time with
those corresponding authentic samples run individually.

Calibration solutions

In order to establish the linear detection range for each
compound, individual standard solutions were prepared in
mobile phase in 250 ml measuring flask. Aliquots of these
solutions were diluted and analyzed to determine method
linearity. Limit of quantification (LOQ) values were esti-
mated from serial dilution and analyzed for each sample.
Triplicate 10 pl injections were made for each compound
to see the reproducibility of the detector response at each
concentration level. The peak area of each compound was
plotted by running different concentrations to obtain the
calibration graph. The five concentrations of each com-
pound were subjected to regression analysis to calculate
calibration equation and correlation coefficients.

Analytical HPLC conditions

The HPLC analysis was performed on a ThermoFinni-
gan HPLC machine equipped with auto sampler, column
apartment and UV detector for the visual confirmation
of the presence of marker compounds in the extract.
Acquiring and analysis of data was controlled by Shem-
station software (Agilent Tech, USA). A RP-18 column
(3 mm x 150 mm) from E. Merck was used at 30 °C
temperature. Separation was done using methanol and
water (40:60) at a flow rate of 0.7 ml/min with injection
volume of 4 ul for each sample and UV detection was set
at 270 nm. Prior to use, solvents were filtered through a
0.22 mm diameter membrane filters. Equal volume of the
standard solution were mixed and injected in the HPLC
system in volumes of 2, 4, 6, 8 and 10 pl for plotting cali-
bration curves. Solutions were injected in triplicate and
the calibration curve was plotted by plotting concentra-
tion value of each anlyte. Satisfactory separation was
obtained as shown in the chromatograms (Fig. 2). Quan-
tification and linearity of the HPLC method was carried
out for picroside content in different samples of P. kurroa.
The percentage of the picrosides was calculated by cali-
bration curve using peak height and peak area ratio. ICH
guidelines were followed for the validation of the analyti-
cal methods for precision, repeatability and accuracy.

Linearity and accuracy
Linearity was determined by analyzing the standard solu-
tions of both the picrosides pk-I and pk-II at five levels.
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The least square regression equation and correlation
coefficient were used for assessing the linearity. Recov-
ery and accuracy was assessed by the addition of known
amounts of picroside I and picroside II to the pre-ana-
lyzed sample at three different concentration levels. The
applicability of the extraction procedure was confirmed
by recovery experiments of 99.9 and 100 % and the rela-
tive standard deviations (RSD) calculated for all samples
proved to be less than 2 %.

Results and discussion

The major iridoid glycosides of all the seven analyzed
populations of P. kurroa collected from different eco-geo-
graphicai locations viz. Toshimadan (3450 masl), Razdan
pass, Gurez (3750 masl), Sonamarg (2799 masl), Gulmarg
(3275 masl), Veerinag (3050 masl) and Keller—Shopian
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(3300 masl) of Kashmir Himalayas in India observed
the accumulation of picroside I and picroside II in vary-
ing amounts (Table 2). The use of cold solvent extraction
provided speedy, efficient and reproducible results. The
use of cold extraction was essential to selectively iso-
late and enrich the picrosides from the total extract. The
results signify that there were not only remarkable vari-
ation in the total amounts of picroside I and picroside II
but also revealed their relative contents in different habi-
tats. Out of the seven analyzed accessions, the highest
content of pk-I (5.18 %) was found in the accession from
Gurez valley and lowest content (2.78 %) in Gulmarg
population, while the specimen from Keller (Shopian)
contained highest content of pk-II (5.39 %) and lowest
(2.53 %) was found in specimen from Sonamarg ecozone.
Regression analysis of the calibration curves of the two
markers gave linear equations with a regression coeffi-
cient of 0.999. Recoveries of markers were not less than
99 % (Table 1). Analysis of all the 180 samples showed
detectable concentration of both pk-I and pk-II (Fig. 2) in
almost all samples at (mg/g) levels. At such low level of
detection, the identity of each peak had to be confirmed
by matching its PDA generated UV spectrum with that of
its respective reference standard.

The mean levels of the two marker compounds in rep-
resentative samples from all the seven collected popula-
tions showed significant quantitative variation (ANOVA,
p < 0.05) between mean levels of both the marker com-
pounds (Table 2). There was also significant difference
in the active content of samples collected from different
ecozones, which suggests that environmental and genetic
factors have played a critical role in determining the
chemical profile of such high altitude plant species. The
observed differences were significant for most of the com-
parisons, as determined by ANOVA analysis (p < 0.05).
The quantitative variation observed in the accumulation
of these bioactive markers focuses on the importance of
standardization and quality evaluation of medicinal for-
mulations based on P kurroa. Picroside levels vary con-
siderably along with varied amounts in the naturally
growing Picrorhiza kurroa populations collected from

Table 1 Recovery of picroside-l and picroside-II

Standard Spiked (mg) Found (mg) Recovery % Recovery %
(R.S.D)
Picroside-l  0.0038 0.0080 103.6 101.3(2.54)
0.0046 0.0086 104.3
01771 0.3944 96.1
Picroside-Il  0.0680 0.1333 100.2 98.63(1.45)
0.807 0.1423 99.2
0.0462 0.1027 96.5
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Table 2 Chemical profiling of various herbal extracts of Picrorhiza kurroa based on two major marker compounds

Location Date of analysis Code Percentage of marker compounds

Picroside | (% Dry wt. basis) Picroside-Il (% Dry wt. basis)

R1 R2 R3 R4 R5 Mean+£SD R1 R2 R3 R4 R5 Mean £ SD

Toshimadan ~ Dec-Jan, 2004 Pk-Ts 217 237 218 198 220 218%0.13 119 233 230 130 223 1.67£057
Toshimadan  June-July, 2004 Pk-Ts 384 309 406 295 289 336+054 446 333 334 303 421 3474062
Toshimadan ~ Dec-Jan, 2005 Pk-Ts 236 325 371 315 458 341£08] 412 435 503 426 429 441%£035
Toshimadan  June-July, 2005 Pk-Ts 235 200 296 204 195 226+04 321 451 343 411 359  357+£053
Toshimadan ~ Dec-Jan, 2006 Pk-Ts 376 459 361 533 436 4531069 591 632 524 579 614 588%041
Toshimadan ~ June-July, 2006 Pk-Ts 366 396 222 341 335 332066 472 368 502 384 509 565%066

3.17+086 4.10 £ 1.56
Gurez Dec-Jan, 2004 Pk-Gr 506 599 489 523 368 512+083 45 310 302 40 323 381066
Gurez June-July, 2004 Pk-Gr 206 211 247 403 398 293+099 1.09 202 136 184 244 1754053
Gurez Dec-Jan, 2005 Pk-Gr 621 619 672 876 677 693+1.05 464 519 610 686 581 572+£085
Gurez June-July, 2005 Pk-Gr 289 221 432 497 461 380%1.18 287 247 325 351 420 360+£065
Gurez Dec-Jan, 2006 Pk-Gr 340 478 339 499 584 448+1.06 481 670 599 592 543 577£0.70
Gurez June-July, 2006 Pk-Gr 661 747 829 785 898 784+088 625 761 668 598 623 655£064

518+ 187 4.53£1.79

Sonamarg-B  Dec-Jan, 2004 PkS-B 596 583 486 482 678 5651082 125 141 087 103 119 1.15£020
Sonamarg-B  June-July, 2004 PKS-B 279 231 402 202 316 286+0/8 406 495 507 441 647 499+£092
Sonamarg-B Dec-Jan, 2005 PkS-B 403 591 599 738 679 602+1.26 118 112 091 115 174 1.22+£030
Sonamarg-B  June-July, 2005 PkS-B 131 142 123 220 119  1.47+041 391 518 586 574 676 549+ 1.04
Sonamarg-B Dec-Jan, 2006 PkS-B 101 084 135 076 084 096+023 137 124 109 156 074 1.20£030
Sonamarg-B  June-July, 2006 PkS-B 079 113 078 049 101 082+024 087 196 078 131 083 1.15£049

295+ 234 2531210
Gulmarg Dec-Jan, 2004 Pk-G 120 168 093 188 307 1.75+£082 371 436 212 218 213 290+ 1.06
Gulmarg June—July, 2004 Pk-G 219 311 217 251 327 265+£051 391 233 404 301 28 323£072
Gulmarg Dec-Jan, 2005 Pk-G 252 372 255 342 259 296+056 253 544 545 434 484 4/78%+1.20
Gulmarg June—July, 2005 Pk-G 209 224 256 145 331 233£068 261 184 261 123 191 209+£058
Gulmarg Dec-Jan, 2006 Pk-G 279 309 311 421 385 341£059 414 405 348 360 423 3904033
Gulmarg June-July, 2006 Pk-G 312 409 378 268 437 358%069 492 493 322 427 521 451£079

2.78 £0.68 3.56£1.02

Sonamarg-Y  Dec-Jan, 2004 PkSY 120 206 123 324 237 202+085 2.1 149 247 291 278 235057
Sonamarg-Y  June-July, 2004 PKS-Y 498 295 384 595 443 443+1.13 282 394 237 494 378 357+£1.00
Sonamarg-Y  Dec-Jan, 2005 PkSY 7.0 641 592 591 681 6414049 393 246 281 347 468 347+088
Sonamarg-Y  June-July, 2005 PkS-Y 355 502 328 584 441 4424105 458 391 203 459 469 39%£1.12
Sonamarg-Y  Dec-Jan, 2006 PkS-Y 440 593 511 477 619 5284076 461 65 698 488 686 588+£1.13
Sonamarg-Y  June-July, 2006 PkSY 755 741 492 765 688 695+ 1.13 581 594 7106 823 79 702%1.11

491+ 1.75 437+ 1.73
Veerinag Dec-Jan, 2004 PkV 306 492 409 507 501 443+£086 301 365 368 441 40 3751051
Veerinag June—July, 2004 PkV 549 685 468 511 612 565+£085 394 468 533 642 523 512+£091
Veerinag Dec-Jan, 2005 PkV 102 181 219 217 266 1.97£06] 241 234 279 192 29 2.47 £039
Veerinag June-July, 2005 Pkv 391 553 371 377 428 424x075 244 332 222 285 312 299£045
Veerinag Dec-Jan, 2006 Pkv 241 381 412 326 490 370£093 240 218 289 386 292 285+064
Veerinag June—July, 2006 PkV 360 382 494 429 385 410053 712 804 639 761 604 704%£082

401 £ 1.19 403+ 1.74
Keller Dec-Jan, 2004 PkK 211191 212 247 309 234+£046 6.50 890 621 578 696 687£121
Keller June-July, 2004 PkK 212 133 211 209 125 1.78£044 20 251 241 215 168 2154033
Keller Dec-Jan, 2005 PkK 224 292 299 356 329 298+£049 489 409 323 541 433 4414082
Keller June—July, 2005 PkK 231 381 212 305 486 323x1.12 503 47 428 552 522 475£047

Keller Dec-Jan, 2006 PkK 319 341 309 517 494 396+ 1.00 787 821 806 509 897 704+£1.48
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Table 2 continued
Location Date of analysis Code Percentage of marker compounds

Picroside | (% Dry wt. basis) Picroside-Il (% Dry wt. basis)

R1 R2 R3 R4 R5 Mean+SD R1 R2 R3 R4 R5 Mean + SD
Keller June-July, 2006 PkK 303 228 341 187 381 288+079 83 6.5 6.6 639 786 7.13+£088

286 £0.74 539+ 1.99
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98.6 to 101.3 %. The extraction efficiency, three times
work up was sufficient since it allowed over 95 % extrac-
tion of both the marker compounds. The content of the
two marker constituents in rhizomes and leaves of P
kurroa growing in different locations was also analysed,
demonstrating that all of these phytochemicals in the tar-
get plant are interestingly dependent of the locality. The
proposed. HPLC as well as extraction method is simple,
reliable, robust and sensitive and can detect chemical
constituents in very small quantities.

Conclusion

A simple, sensitive and rapid extraction and HPLC method
has been developed and validated for detection and deter-
mination of various chemical constituents in very small
quantities. The method is simple, precise and accurate
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Received: 25 January 2016 Accepted: 27 January 2016
Published online: 26 February 2016

Anonymous (1996). The Wealth of India. Raw Material, CSIR, New Delhi

Dubey N, Kumar R, Tipathi P (2004) Global promotion of herbal medicine:
India’s opportunity. Curr Sci 86:37-41

Gupta A, Khajuria A, Singh J, Bedi KL, Satti NK, Dutt P, Suri KA, Suri OP, Qazi GN
(2006) Immunomodulatory activity of biopolymeric fraction RLJ-NE-205
from Picrorhiza kurroa. Int Immunopharmacol 6:1543-1549

Hussain A (1984) Conservation of genetic resources of medicinal plants in
India, Conservation of plant Resources, (Botanical survey of India), How-
rah, p 110-117

Joy KL, Rajesh K, Girija K, Ramadasan K (2000) Effect of Picrorrhiza kurroa extract
on transplanted tumours and chemical carcinogenesis in mice. J of
Ethanopharm 71:261-266

Kitagawa |, Hino K, Nishimura T, Iwata E, Yoshioka | (1971) On the constituents
of Picrorhiza kurrooa. The structure of picroside |, a bitter principle of the
subterranean part. Chem Pharm Bull 19:2534-2544

Kumar S, Mehrotra 'V, Lal N, Gupta R (2004) Chromatgr A 1045:145-152

LiJ,Wang J, Nawaz Z, Liu M, Qin J, Wong J (2000) Both corepressor proteins
SMRT and N—CoR exist in large protein complexes containing HDAC3.
EMBO J 19:4342-4350

Li P, Yu X, Ge K, Melamed J, Roeder G, Wang Z (2002) Heterogeneous expres-
sion and functions of androgen receptor co- factors in primary prostate
cancer. Am J Pathol 161:1467-1474

Mehrotra R, Rawat S, Kulshreshltha D (1990) In vitro studies on the effect
of certain natural products against hepatitis B virus. Indian J Med Res
92:133-138

Ram VJ (2001) Drugs News Prospect, 14:353-363

Singh GB, Bani S, Singh S, Khajuria A, Sharma ML, Gupta BD, Banerjee SK (1993)
Antiinflammatory activity of the iridoids Kutkin, Picroside-1 and Kutkoside
from Picrorhiza kurroa Phytother. Res. 7:402-407.

Singh N, Gupta AP, Singh B, Kaul VK (2005) Quantification of picroside |
and picroside Il in Picrorhiza kurrooa by HPTLC. J Liq Chromatogr
28:1679-1691

Thyagarajan P, Jayaram S, Gopalakrishnan V, Hari V, Jeyakumar P, Sripathi M
(2002) Herbal medicines for liver diseases in India. J Gastroenterol Hepa-
tol 17:370-376



	Phytochemical studies for quantitative estimation of iridoid glycosides in Picrorhiza kurroa Royle
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Survey, collection and authentication of plant material
	Chemicals and reagents used
	Moisture analysis
	Preparation of herbal extracts
	Isolation and characterization of marker compounds
	Preparation of stock solutions
	Calibration solutions
	Analytical HPLC conditions
	Linearity and accuracy

	Results and discussion
	Conclusion
	References




