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Purpose: The purpose of this study was the isolation and structure elucidation of
chemical compounds from the rhizomes of Eremostachys laciniata (L) Bunge (EL), an
Iranian traditional medicinal herb with a thick root and pale purple or white flowers as
well as the clinical studies on the therapeutic efficacy and safety of topical application of
the EL extract in the management of some inflammatory conditions, e.g., arthritis,
rheumatoid arthritis and septic arthritis (Riter’s syndrome). Methods: The structures of
the isolated compounds were elucidated unequivocally on the basis of one and two
dimensional NMR, UV and HR-FABMS spectroscopic data analyses. A single-blinded
randomized clinical trial was carried out with the extract of the rhizomes of E. laciniata
(EL) to determine the efficacy and safety of the traditional uses of EL compared to that
of piroxicam in treatment of inflammatory diseases, e.g., osteoarthritis, rheumatoid
arthritis and Reiter’s syndrome. Results: Eleven iridoid glycosides, two phenylethanoids
and two phytosterols were isolated and identified for the first time from the rhizomes of
EL. After 14 days of treatment with the EL and piroxicam ointments, all groups showed
significant improvements compared to the control groups. EL (5%) ointment induced
better initial therapeutic response than piroxicam (5%) onitment. Conclusion: This
clinical trial established that EL was suitable for topical applications as a safe and
effective complementary therapy for inflammatory diseases.

Introduction

Eremostachys laciniata (L) Bunge (family: Lamiaceae
alt, Labiatae; sub-family: Lamioideae) is a perennial
medicinal herb with a thick root and pale purple or
white flowers. It is one of the fifteen endemic Iranian
species of the genus Eremostachys, and is also grown
in other countries of the Middle-East Asia, Western
Asia, and Caucasus.™? Traditionally, a decoction of the
roots and flowers of E. laciniata (EL) has been used to
treat allergies, headache and liver diseases.>® This plant
is also used to alleviate inflammatory conditions. It is
usually given as a remedy in the form of herbal teas, or
tisanes of the roots and flowers. The merit of the
traditional uses of EL has been supported by some
previous phytochemical studies on the genus
Eremostachys,  providing the isolation and

identification of several bioactive compounds. Previous
phytochemical study on EL established the presence of
mono- and sesqui-tepenes in its essential oils.® The
crude extract of this plant was reported to possess free-
radical-scavenging property.” As a part of our on-going
studies on plants of Iranian flora,***" we now report
on the isolation and structure elucidation of 11 iridoid
glucosides, two phenylethanoids and two phytosterols
from the rhizomes of EL as well as the clinical studies
on the therapeutic efficacy and safety of topical
application of the EL extract in the management of
some inflammatory conditions, e.g., arthritis,
rheumatoid arthritis and septic arthritis (Riter’s
syndrome).
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Materials and Methods

General experimental procedures

UV spectra were obtained in MeOH using a Shimadzu
UV-160A spectrometer. NMR spectra were recorded in
CD;OD on a Bruker DRX 500 MHz NMR
spectrometer (500 MHz for *H and 125 MHz for *C)
using the residual solvent peaks as an internal standard.
HMBC spectra were optimized for a long range Jy.c of
9 Hz and a NOSEY experiment was carried out with a
mixing time of 0.8 s. MS analyses were performed on a
Finnigan MAT95 spectrometer. HPLC separation was
performed on a Shimadzu HPLC system coupled with a
photo-diode-array detector (SPD-M20A). A Supelco
Sep-Pak Cyg 10 g cartridge was used for pre-HPLC
fractionation.

Plant material

The rhizomes of Eremostachys laciniata (L) Bunge,
were collected during September-October 2005 from
Ajabshir county in East Azarbaijan province in Iran
(37° 36’ 46.7”North latitude, 46° 11’ 15.6”’East
longitude and altitude 1900 m over sea level). A
voucher specimen (TUM-ADE 0204) for this collection
has been retained in the herbarium of the School of
Pharmacy, Tabriz University of Medical science, Iran.

Extraction and isolation
The dried and ground rhizomes of EL (100 g) were
Soxhlet-extracted,  successively, with  n-hexane,

dichloromethane (DCM) and MeOH (1.1 L each). All
these extracts were separately concentrated using a
rotary evaporator at a maximum temperature of 45 °C
to yield 1.52 g, 0.92 g and 14.72 g of dried n-hexane,
DCM and MeOH extracts, respectively. The MeOH
extract (2 g) was subjected to Sep-Pack fractionation
(Sep-Pak, Cig cartridge; 10 g) using a step gradient of
MeOH-water mixture (10:90, 20:80, 40:60, 60:40,
80:20 and 100:0). The preparative reversed-phase
HPLC analysis of the 10% methanolic Sep-Pak fraction
afforded eight iridoid glycosides (compounds 1-8) and
the 20% methanolic Sep-Pak fraction of afforded two
iridoid glycosides (compounds 9 and 10). Similar
HPLC npurification of the 40% methanolic Sep-Pak
fraction provided an iridoid glycoside and two phenyl
ethanoids (compounds 11, 12 and 13, respectively).
The n-hexane extract (1.28 g) was subjected to vacuum
liquid chromatography (VLC) on silica gel 60H using a
step gradient of n-hexane: ethyl acetate (100:0, 90:10,
80:20, 60:40, 40:60, 20:80, 100:0). Further purification
of the 10% ethyl acetate fraction was carried out by
preparative thin layer chromatography on silica gel
GF,s4 using chloroform:acetone (92:8) resulted in the
isolation of the compounds 14 and 15 (Rf = 0.51 and
0.54, respectively).  The  relative  physical
characteristics, retention times and weights of the
compounds 1-15 are outlined in Table 1. The chemical
structures of these compounds were elucidated by
spectroscopic means.

Table 1. Appearance, molecular formula, retention time and weights of the compounds (1-15) isolated from Eremostachys laciniata

Compound name Physical characteristic LIS T o e [l et
formula value (mg)
9-epi-Phlomiol (1) Pale yellow amorphous solid C17H26013 12.8 16.2
9-epi-pulchelloside 11 (2) White amorphous solid C17H,601, 17.9 8.3
6-B-Hydroxy-7-epi-loganin (3) Pale yellow amorphous solid Cy7H,6011 19.1 10.0
Lamalbide (4) Pale yellow amorphous solid C17H,6015 23.8 98.9
Sesamoside (5) Pale yellow amorphous solid C17H4015 32.2 78.9
S;—:;;ﬁ:z;iu(csc;pyranosyl- White amorphous solid Cy3H34047 38.9 1.8
Shanzhiside methyl ester (7) Pale yellow amorphous solid C17H26011 47.1 13.9
5, 9-epi-Phlomiol (8) White amorphous solid Cy7H,6013 13.6 9.5
Phloyoside 11 (9) White amorphous solid Cy7H5504,Cl 29.6 5.1
5,9-epi-Penstemoside (10) Pale yellow amorphous solid C17H26011 40.3 2.0
Zz;ifgig-ﬁcle)tyl-shanzh|5|de Brown amorphous solid Ci9H57045 25.9 6.5
Forsythoside B (12) Brown amorphous solid C34H44019 41.1 15.0
Verbascoside (13) Brown amorphous solid CyoH36015 48.6 7.9
Stigmasterol (14) White crystalline solid CyoH4g0 0.51%* 2.3
B-Sistosterol (15) White crystalline solid CyoHs500 0.54* 2.8

* Rt value on silica gel GF2s4 using chloroform: acetone (92:8) as the mobile phase

Clinical study

therapeutic efficiency of EL alone and also in

Efficiency of the dried MeOH extract of EL in topical
management of inflammatory diseases was studied in
patients suffering from osteoarthritis, rheumatoid
arthritis and Reiter’s syndrome. A single-blinded
randomized clinical trial was designed to evaluate the

comparison with piroxicam. Ethics Committee of
Tabriz University of Medical Sciences approved this
study. Written informed consent was obtained from
each participant before the commencement of the
project. One hundred and thirty seven patients with an
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age range of 18-80 years of either sex (female 60% and
male 40%) were randomly divided into two major
groups. One group (67 patients) received EL and the
other (70 patients) was treated with topical piroxicam.
Both the EL extract and piroxicam were applied in the
form of topical ointments with 5% of active ingredient.
Each major group was divided into three minor groups
according to the type of disease (osteoarthritis,
rheumatoid  arthritis and reiter’s  syndrome).
Medications which were administered along with our
treatment protocol were cartigene, indomethacin and
methotrexate, in the case of osteoarthritis, rheumatoid
arthritis and reiter’s  syndrome, respectively.
Furthermore, the piroxicam and EL ointments were
well matched for colour, smell, and consistency.
Neither the nurse nor the patient could distinguish the
differences between preparations. The ointments
(piroxicam and EL) were gently massaged around the
affected joint, mostly knee joints, for 2 to 3 minutes,
two times a day, for a consecutive 14 days. Massaging
for several minutes was used to facilitate penetration of
the cream by increasing local blood supply and
encouraging local movement. After application, the
area was covered with a cotton cloth. The patients were
personally examined by a physician every week during
the course of the study. During these visits, the patients
were asked about compliance, correctness of the
ointment application and the level of pain they had, as
well as the size of inflammated joint. Patients were
instructed to record the level of their pain on a 10 cm
visual analogue scale (VAS) labelled as “no pain” at
one side and “worst pain ever” at the other side. The
amount of inflammation for each joint was measured
by nurses using a centimetre. As a control,
inflammation of the joints and the associated pain for
each group was recorded at the beginning of the study
before application of the ointments. Additionally, any
irritations or possible side effects in the patients were
assessed to evaluate the safety of the EL in topical
application. All nondrug modalities of treatment and all
adjunctive drug treatments remained constant during
the study for the parallel groups with the same types of
diseases.

Statistical analysis

All data were statistically analysed by the analysis of
variance or Tukey’s multiple comparison tests. A
probability level of P<0.05 was taken to be statistically
significant in the analysis.

Results and Discussion

A combination of solid-phase extraction and
preparative reversed-phase HPLC of the MeOH extract
of the rhizomes of EL afforded a total of 13 compounds
(1-13), 11 of which were iridoid glycosides (1-11), and
two other were phenylethanoids (12 and 13) (Table 1;
Figure 1). The VLC followed by prep-TLC of the n-
hexane extract of this plant yielded two phytosterols

(14 and 15) (Table 1). The chemical structures of these
compounds were elucidated unambiguously on the
basis of one and two dimensional NMR, UV and HR-
FABMS spectroscopic data analyses, and also by
comparing experimental data with literature data. The
'H and ®C NMR data of all iridoids (1-11) are
presented in Tables 2-4. The identified compounds
were: 9-epi-phlomiol (1),"® 9-epi-pulchelloside 11
(2),"8* 6-p-hydroxy-7-epi-loganin (3) *%, lamalbide
(lamiridoside, 4),* sesamoside (5),***?*® 6'-0-B-D-
glucopyranosyl sesamoside (6),>® #* shanzhiside
methyl ester (7),*! 5,9-epi-phlomiol (8),2%° phloyoside
IT (9),"® 5,9-epi-penstemoside (10),* 6,9-epi-8-O-acetyl
shanzhiside methyl ester (11),**? forsythoside B (12)
and verbascoside (13),'° stigmasterol (14) and | -
sitosterol (15).'®

To the best of our knowledge, this is the first report on
the thorough phytochemical investigation on the
rhizomes of EL growing in Iran as well as the presence
of 6'-O-B-D-glucopyranosyl sesamoside (6) in the
genus Eremostachys. This compound was first reported
in Lamiophlomis rotata, another plant from the family
Lamiaceae.*® Most of these iridoid glycosides were,
however, previously reported from the aerial parts of
this plant growing in Turkey,” and phloyoside I,
pulchelloside T and phlomiol exhibiting anti-bacterial
activities also were reported before from this plant.*’
Iridoid glycosides also occur in other species of the
genus Eremostachys*?*?° which is taxonomically close
to the genus Phlomis. Interestingly, the Phlomis is also
well known for producing variety of iridoid
glycosides.* Both the genera, Eremostachys and
Phlomis, belong to the subtribe Lamieae of the family
Lamiaceae*** and they are morphologically similar.
Anatomical and cytological studies on the species of
these genera also established this close affinity between
these two genera. During the preliminary
chemotaxonomic studies on the family Lamiaceae
using flavonoids as the markers, some degrees of
similarities between these genera were also identified.*
Iridoids have been considered as valuable
chemotaxonomic markers,® and in fact, they have been
employed successfully to describe chemotaxonomic
relationships among the taxa within various families,
e.g. Acanthaceae, Bigoniaceae, Cornaceae, Oleaceae,
and Rubiaceae. Within the family Lamiaceae, iridoid
glycosides have recently been employed as
chemotaxonomic markers for the species of the genus
Lamium.? Therefore, the co-occurrence of iridoid
glycosides, in the closely related genera Eremostachys
and Phlomis could be significant chemotaxonomically.
It is also worth-mentioning that the iridoid profiles in
the aerial parts and the rhizomes were found to be
similar, and so is within the plant samples collected
from two different geographical locations, one from
Turkey?® and the other from Iran.
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Figure 1. Structures of iridoids (1-11) and phenylethanoidsisolated (12 and 13) from Eremostachys laciniata.

In order to evaluate the efficacy and safety of topical
treatment of EL extract containing ointment (EL) in
patients with inflammatory complications, a total of
137 patients were screened during 14 days of the study.
Data from patients were analyzed, and the
demographics are presented in Figures 2 and 3. Figure
2 illustrates the pain scores (VAS) before and after
treatment in both groups treated with EL and
piroxicam. In terms of VAS values for EL, the mean
score in patients suffering from arthritis, rheumatoid
arthritis and Reiter’s syndrome fell from 5.9, 6.6 and
81 to 3.5 35 and 4.4 points after 14 days,
respectively. In treatment with piroxicam, the values

showed a decrease from 6.3, 7.0 and 8.1 to 3.7, 3.7 and
4.8 for the patients with arthritis, rheumatoid arthritis
and Reiter’s syndrome correspondingly. After 14 days
of treatment with the EL and piroxicam ointments, all
groups showed significant improvement when
compared with their control groups (p<0.001)
consequently, both ointments were effective in
relieving patients’ pains. Nevertheless, EL induced
much better initial therapeutic response than piroxicam.
In the cases of osteoarthritis and rheumatoid arthritis,
notable differences between the two groups (piroxicam and
EL) were observed in the first week of treatment (Figure 2),
indicating enhanced onset of drug action for EL.
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Table 2. *C NMR (125 MHz, CD30OD) data of iridoids 1-11

Chemical shift 6. in ppm
Position 1 2 3 4 5 6 7 8 9 10 11
1 93.1 95.0 95.1 93.9 95.9 96.5 93.8 93.9 92.0 94.8 94.7
2 - - - - - - - - - - -
3 153.7 153.6 152.0 1519 154.6 1544 151.8 154.2 152.8 154.3 152.7
4 115.0 1149 110.2 110.7 112.0 112.0 1104 1144 113.6 1125 108.8
5 64.9 68.7 40.1 36.6 74.0 74.2 40.4 70.1 65.1 72.5 41.3
6 79.7 83.3 83.4 77.7 76.5 76.8 77.0 77.2 79.7 75.7 74.9
7 83.7 83.0 84.8 76.9 65.0 65.0 48.2 80.5 72.1 39.6 46.6
8 74.9 37.8 38.4 78.0 62.8 62.6 78.0 78.4 73.6 30.5 88.8
9 57.6 53.9 43.5 48.2 53.4 53.4 50.7 56.9 57.4 49.6 48.9
10 17.2 16.0 16.2 21.2 16.8 17.0 23.7 22.3 17.5 15.6 21.2
11 168.3 1685 169.1 168.6 168.1 169.8 168.7 168.8 167.1 167.3 168.0
11-OMe 51.9 51.8 50.9 51.1 51.4 51.3 50.9 51.7 51.0 50.7 50.8
Me-COO - - - - - - - - - - 21.2,172.2
1 99.7 100.0 99.1 98.8 99.0 99.2 98.8 99.5 98.7 98.8 99.4
2 74.4 74.4 73.7 73.6 73.7 73.8 73.6 74.4 73.3 73.4 73.7
3 77.4 77.5 77.0 76.9 76.7 76.7 76.5 77.5 76.4 76.4 77.0
4’ 71.7 71.6 70.6 70.6 70.8 70.8 70.6 71.6 70.6 70.7 70.6
5 78.4 78.5 77.4 77.3 77.7 77.2 77.4 78.5 77.4 77.4 77.3
6 62.8 62.7 61.7 61.8 62.0 71.0 61.9 62.6 61.8 61.8 62.0
1” - - - - - 104.7 - - - - -
2" - - - - - 73.6 - - - - -
3” - - - - - 76.7 - - - - -
4” - - - - - 70.7 - - - - -
5” - - - - - 77.0 - - - - -
6" - - - - - 61.8 - - - - -
Table 3. *"H NMR (500 MHz, coupling constant J in Hz in parentheses, CD;0D) data of iridoids 1-6
Chemical shift 5, in ppm
Position 1 2 3 4 5 6

1 5.83s 5.67 d (2.0) 5.44d (3.9) 5.65s 5.53d(8.6) 5.49d (9.3)

2 - - - - - -

3 7.49s 7.48 s 7.47 s 7.45s 7.62s 7.60s
4 - - - - - -

5 - - 2.78dd (8.6,4.8)  2.97 dd (10.7, 2.6) - -

6 3.56 d (9.0) 3.67d (7.0) 3.50dd (8.7, 5.9) 3.99t(3.8) 4.36s 4.45d (1.4)
7a 3.82d(9.0) 3.43dd (7.0, 6.5) 3.72d(5.2) 3.59d (4.2) 3.51s 3.56 s br
7b - - - - - -

8 - 1.35m 1.73m - = 2.54d(9.3)

9 2475 1.96dd (12.0,1.5)  2.07 dt (9.4, 3.8) 2.84d(10.9) 2.56 d (8.6) 1.57s
10 1.02s 1.14d (6.5) 1.19d (6.6) 1.24s 1.54s -

11 - - - - - 3.78 s
11-OMe 3.74 s 3.73s 3.77 s 3.77 s 3.78 4.77 d (7.8)
Me-COO - - - - - 3.20-3.30*

1 4.60d (7.5) 4.58 d (8.0) 4.67 d (7.8) 4.66d (7.8) 4.77 d (7.8) 3.35-3.52*
2 3.19dd (9.5,8.0)  3.19dd (9.0, 8.0) 3.21t(8.2) 3.21t(8.3) 3.27 dd (8.8, 3.1) 3.26-3.36*
3 3.38t(9.0) 3.37(8.8) 3.36-3.43* 3.37-3.46* 3.36-3.44* 3.33-3.42*
&4 3.28t(9.3) 3.27t(9.3) 3.24-3.36* 3.25-3.34* 3.26-3.36* 3.56-3.78*
5’ 3.32-3.35* 3.32-3.35 * 3.30-3.40* 3.34-3.42* 3.33-3.40* 4.23dbr (11.8, 1.5)
6’a 3.66dd (12.0,6.0) 3.67dd(12.0,5.5) 3.69dd(12.4,5.3) 3.70dd(12.1,5.1) 3.65dd (11.8,6.5) 4.38d (7.4)
6’b 3.90dd (11.8,2.3) 3.90dd (11,8, 1.8) 3.93d(12.1) 3.96d (13.3) 3.96d (11.7) 3.20-3.30*
1” - - - - - 3.35-3.52*
2" - - - - - 3.26-3.36*
3” - - - - 3.33-3.42*
4” - - - - 3.56-3.78*
5” - - - - 3.91dd (12.0,1.4)

6”a - - - - 7.60s
6"b - - - - -

Copyright © 2013 by Tabriz University of Medical Sciences
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Table 4. '"H NMR (500 MHz, coupling constant J in Hz in parentheses, CD,OD) data of iridoids 7-11

Chemical shift 6, in ppm
Position 7 8 9 10 11
1 5.61d(2.6) 5.38s 5.89s 5.85s 595s
2 - - - - -
3 7.44.d (0.9) 7.46s 7.54s 7.595s 7.48d (1.3)
4 - - - - -
5 3.04 dd (10.1, 2.9) - - - 3.11dd (9.0, 1.4)
6 4.08m 4.18d (4.5) 3.78d(9.7) 4.32t(4.47) 437 m
7a 1.86 dd (13.2, 6.0) 3.66 d (4.5) 4.08d(9.7) 1.52m 2.05dd (14.9, 5.3)
7b 2.06 dd (13.2, 6.4) . 5 1.83m 2.24d (15.0)
8 - - - 2.54-2.70%* -
9 2.65dd (10.2, 2.5) 2.51s 2.56s 2.54-2.70* 3.03dd (9.0, 2.1)
10 1.30s 1.39s 1.16s 0.98d (6.9) 155s
11 - - - - -
11-OMe 3.77 s 3.73s 3.78 s 3.76s 3.75s
Me-COO - - - - 2.05s
1 3.67 (d (7.8) 4.61d (8.0) 4.64d(7.8) 4.61d(7.7) 4.67d (7.8)
2 3.20t(8.3) 3.20t(8.5) 3.23t(8.8) 3.22dd (8.9,7.9) 3.21t(8.4)
3’ 3.36-3.44* 3.35-3.38%* 3.36-3.47%* .3.36-3.46* 3.36-3.45%
4 3.25-3.34* 3.22-3.31%* 3.27-3.35% 3.22-3.35% 3.25-3.35%
5’ 3.33-3.40* 3.31-3.36* 3.32-3.39%* 3.33-3.39* 3.33-3.40%*
, 3.68dd 3.70dd 3.69dd
] (12.0,5.7) SR (11.9, 5.5) (12.0,5.8) SEEETs
, 3.94 dd 3.90d 3.94 dd 3.95dd N
&b (11.9, 1.6) (12.0) (11.9, 1.6) (11.9,1.8) 3.90-3.96
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Figure 2. Effects of EL and piroxicam on pain relief in patients; (a/b) arthritis, (c/d) rheumatoid arthritis and (e/f) Reiter's syndrome.
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Scatter diagrams were used to determine and compare
variations in the size of inflammated joints for patients
in different groups, during the 14 days of the study
(Figure 3). The profiles for the inflammated joints did
not alter significantly within the EL and piroxicam
treated groups. However, the results showed a
significant difference in efficiency of the ointments

a) E.laciniata
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K: IL $ I
g 50 1
By
g 45
5,
35 T
1 4 9 14
Day
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86l1 i I
g 1 1 —1
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CIPT
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-1 4 9 14
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between the EL and piroxicam in the arthritis-patients
(p<0.005; Figure 3a and 3b). Moreover, two of the
patients demonstrated dermatitis leading to withdrawal
from the study and five patients reported itching after
applying the ointment; but no more serious side effects
from other patients were recorded.
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Figure 3. Effects of EA and piroxicam on the size of inflammated joints in patients; (a/b) arthritis, (c/d) rheumatoid arthritis and (e/f)

Reiter's syndrome.

To the best of our knowledge, this clinical trial is the
first attempt to provide evidence-based scientific
support for topical application of EL extract containing
ointment for the management of inflammatory diseases.
Clinical observations in relation to anti-inflammatory
property of EL described in this paper are in good
agreement with the findings from previous animal
study on mice model.*

Conclusion
The present study has shown that the rhizomes of EL
are rich in irirdoid glycosides. Since the analgesic, anti-

inflammatory and anti-arthritic properties of iridoid
glycosides have previously been demonstrated by
several researchers in animal models,® it is therefore
reasonable to infer that the clinical effects of EL on
managing inflammation in arthritic patients, as
demonstrated in the present study, is probably owing to
the presence iridoids in this plant. Some of the anti-
inflammatory effects may also be partially due to the
phenylethanoids (12, 13), as these compounds are also
known to produce anti-inflammatory and antioxidant
effects. 36
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