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Context: Dalbergia sissoo had shown anti-osteoporotic and fracture-healing
and Gynecology,
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Tanvir Hospital, Hyderabad, E activities in animal models of postmenopausal osteoporosis (PMO). Standardized

Telangana, 'Medical & extract of leaves of D. sissoo (SEL-Ds) was clinically evaluated for osteoporosis.

Research Centre-Kasturba 2 Aims: To investigate the anti-osteoporotic activity of D. sissoo in PMO by

Health Society, Mumbai, dual-energy X-ray absorptiometry (DXA), biochemical markers, and effect on

Mabharashtra, India clinical profile. Tolerability was assessed by organ function tests and adverse
events. Settings and Design: An open-labeled prospective clinical study in
ambulant settings was conducted at the menopausal health-care facility of
a women’s hospital. Materials and Methods: Thirty women (45—69 years)
were enrolled for this 1-year study. Evaluations were basally, fortnightly twice,
and three monthly four times. SEL-Ds (300 mg) twice daily was administered
orally. Calcium (250 mg) and Vitamin D (200 IU) were given twice a day. The
efficacy of SEL-Ds was assessed by DXA-scan (spine, femur), by biochemical
markers, alkaline phosphatase (ALP), tumor necrosis factor-alpha (TNF-a),
and anti-inflammatory marker high-sensitivity C-reactive protein (hs-CRP).
Baseline symptom changes and adverse events were carefully recorded.
Statistical Analysis: Summary statistics (7, mean, standard deviation, median, and
maximum and minimum values) of changes from baseline values and Student’s “#-”’
test for P values were used. Results and Discussion: SEL-Ds was well tolerated at
given dose for 1 year. Anti-osteoporotic and anti-inflammatory activities of SEL-Ds
were demonstrated by reduction in TNF-o (12.04 + 2.81-2.35 + 1.08 pg/ml), ALP
(208.75 + 45.88-154.52 + 37.25 IU/L), and hs-CRP (6.1 + 0.77-3.9 + 0.47 mg/L).
BMD-score on DXA-scan also remained unchanged at majority of the
bone locations (increased 13/75, unchanged 51/75, and decreased 08/75).
Conclusions: D. sissoo has demonstrated anti-osteoporotic and anti-inflammatory
activities as indicated by decline in circulating TNF-o along with concurrent
reduction in ALP. The nondecline in BMD index in the majority confirms the
anti-osteoporotic activity.
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of bone mineral density (BMD).[¥) However, PMO with
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an increased risk of fragility fractures, in the Indian
context, continues as a major health problem.[’#

Estrogen deficiency, at menopause, causes
osteoclastogenesis that accelerates bone loss through
T-cell-induced tumor necrosis factor-alpha (TNF-at)
production.”!” Decrease in the serum TNF-o levels in
postmenopausal women during hormone replacement
therapy (HRT) has been reported.'! HRT, till Women’s
Health Initiative (WHI) outcome in 2002, provided an
excellent preventive and therapeutic modality for PMO.
However, since then, a paradigm shift has occurred.[''®

Currently, bisphosphonates are most commonly
prescribed for the management of PMO.!'"!'8! However,
side effects and poor compliance to the -currently
available drug/s for PMO suggest a need for exploration
of a new anti-osteoporotic product, also with a
potential ~ for  fracture prevention.!'”?  Dalbergia
sissoo (Roxb ex DC) has shown anti-osteoporotic
and fracture-healing activities in animal models of
PMO.2 Safety of a standardized extract from leaves of
D. sissoo (SEL-Ds) has also been established in a pilot
clinical study.?! In view of unmet needs in the therapy
of osteoporosis, we have evaluated the SEL-Ds in an
open-labeled clinical study. The preliminary results of
the registered clinical trial are presented in the current
communication.

MATERIALS AND METHODS

A total of thirty women, postmenopausal between 45
and 69 years of age, were enrolled for the clinical study
of 1-year duration. The study started in January 2017
and concluded in February 2018 at the menopausal
health-care facility at a women’s hospital, Hyderabad.
This was a prospective, interventional, open-label,
ambulant study that was registered at the Clinical Trials
Registry of India (CTRI) (CTRI/2017/03/008105).
Women were evaluated at baseline (visit 1) and then after
15 days (visit 2), 30 days (visit 3), 3 months (visit 4),
6 months (visit 5), 9 months (visit 6), and at the end
of 1 year (visit 7). The clinical study was conducted
as per the Good Clinical Practices by International
Conference of Harmonization guidelines, Declaration of
Helsinki, and national regulatory norms. The protocol
was evaluated and approved by ISBEC, an independent
Ethics Committee, and informed consent was taken from
each woman before his/her enrollment in the study.

Blood samples were collected in the morning, after
an overnight fast of 12 h, by venipuncture via cubital
vein. Samples for hemogram were collected in
ethylenediaminetetraacetic acid (EDTA) bulb, for blood
sugar in fluoride bulb and serum for routine biochemistry
and for special markers in plain bulbs. Blood samples

were centrifuged within 30 min of collection, and the
plasma and serum were stored in separated aliquots
at —70°C. Plasma samples were used for the estimation
of TNF-o. (Krishgen Biosystem, Worli, Mumbai,
India). Serum samples were used for the estimation of
high-sensitivity C-reactive protein (hs-CRP) (D. B. C,,
Diagnostic Biochem, Canada), levels by ELISA using
Biotek spectrophotometer. All the samples of the
respective visit were processed in a single assay in
duplicate. Serum and EDTA plasma samples were stored
in separate aliquots at —70°C. Samples were transported
to a centralized laboratory on dry ice.

A single GE Lunar Prodigy Advance dual-energy X-ray
absorptiometry (DXA) machine was used to study the
BMD. Anthropomorphic spine phantom was used as
a daily quality control for the DXA machine. Major
and minor discordances exist; thus, it is recommended
to measure BMD in both the hips and the spine and
classify patients on the basis of the lowest T-score.?”
The DXA was conducted by a single expert technician,
and her precision derived in terms of percent coefficient
of variation (%CV) for lumbar spine was 1.1%, for
femur neck was 1.9%, and for total hip was 1.66%.
At the identified hospital, the study center, the least
significant change (LSC) (LSC at 95% confidence
interval = 2.77 x %CV) was 5.3% for neck of femur,
4.4% for total hip, and 2.8% for spine. In terms of the
smallest detectable difference (SDD 2 x standard
deviation in g/cm?), BMD of 0.053 g/cm? neck femur,
0.044 g/cm? total hip, and 0.028 g/cm? spine was
derived.

Criteria for selection

Women with menopause for at least 1 year were
recruited. At baseline, these women had BMD
by DXA scan with T-score >—2.5 and <—4, at hip
and/or spine, serum calcium >8-10.5 mg/dl, phosphorus
2.5-4.5 mg/dl, and Vitamin D3 >15 ng/ml. Normal
range of complete blood count (CBC), erythrocyte
sedimentation rate (ESR), fasting blood sugar (FBS),
total cholesterol (TC), triglyceride (TG), high-density
lipoprotein-cholesterol (HDL-C), low-density
lipoprotein-cholesterol (LDL-C), total bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), serum creatinine, serum
uric acid, and thyroid-stimulating hormone (TSH) as
well as normal electrocardiogram (ECG) were ensured
at baseline.

Women with hemoglobin level below 10 gm%,
debilitating illness and frailty, presence of any
severe systemic disease, having consumed ayurvedic
Rasayana drugs for long duration in the recent past
of 3 months, on menopausal hormone therapy, on

» Journal of Mid-life Health | Volume 10 | Issue 1 | January-March 2019



Meeta, et al.: D. sissoo in postmenopausal osteoporosis

biphosphonates, Selective Estrogen Receptor Modulators
(SERMs) (raloxiphene), tibolone, Parathyroid Hormone
(PTH) analogs (teriparatide), calcitonin, strontium
ranelate, or long-term use of anti-osteoporotic medicines
in the recent past were excluded. Women with a history
of stroke or unstable angina or myocardial infarction
or cardiac failure in the recent 6 months were not
considered. Women on glucocorticoids equivalent to
>7.5 mg/day of prednisone or for >3 months’ duration
were excluded. Abnormal organ function tests, metabolic
bone disorders other than osteoporosis, primary or
metastatic bone cancer, bone infections, chronic renal
failure, uncontrolled rheumatoid arthritis, ankylosing
spondylitis, Type 1 diabetes mellitus, malabsorption
syndrome, and chronic environmental/inherited diseases
interfering with bone mineralization were all excluded.

Material and dosage

One capsule of hydroalcoholic extract of leaves of
D. sissoo (300 mg per capsule) was given twice a day
with supplement of calcium (250 mg) and Vitamin D
(200 IU) twice a day. Each capsule contained phytoactive
caviunin 7-O-B-D-glucopyranoside (2.5%), biochanin
(2.46%), genistein (0.95%), and pratensein (0.21%).
Purity of the product was ensured for heavy metal
content, pesticide residue, microbial load, and aflatoxins
contamination, as per the WHO guidelines.® The
investigational product was provided in a container
suitably packed for the dose of a month, whereas
calcium with Vitamin D was provided in a strip form.

Assessment criteria

The primary outcome measures were to study the
anti-osteoporotic efficacy of D. sissoo by DXA-scan.
Total ALP, a cost-effective biomarker, is also useful for
the assessment of osteoporosis. Decline in total ALP was
in parallel with bone ALP (BAP) after bisphosphonate
therapy, and ALP was considered acceptable alternative
to BAP.?* TNF-o was assessed as an anti-inflammatory
and osteoclastogenic marker.”! The secondary outcome
measure for anti-inflammatory activity of D. sissoo was
hs-CRP.

Baseline symptoms and adverse events

All women were assessed, at every visit, for any change
in their prerecorded baseline symptoms. Women were
also assessed for any adverse event experienced during
the treatment period. Pulse, blood pressure, body
temperature, and weight were also recorded at every
visit.

Organ function safety was evaluated by CBC, ESR,
FBS, TC, TG, HDL-C, LDL-C, total bilirubin, AST,
ALT, ALP, serum creatinine, serum uric acid, urine
routine, and ECG at visits V4, V6, and V7.

Statistical analysis

To calculate the efficacy of the Standardized extract
of leaves of D. sissoo (SEL-Ds) on the PMO women,
the summary statistics has been used for change from
baseline values along with the P value. P values are
obtained after applying Student’s #-test for the change
from baseline values. The statistical significance
was considered at P < 0.05. The null hypothesis was
considered as there is no change in the values of the
biochemical markers and a deterioration in the BMD
over the period of therapy.

RESuULTS

Out of the 81 women screened, 32 were enrolled for the
study as they satisfied the selection criteria. However,
two women failed to report on V2 (15 days) and were
considered as noninitiated women. A total of thirty
women were enrolled, of which 25 women completed the
1-year study amounting to 80% adherence. Two women
dropped out on V4 (90 days), one woman dropped from
the study on V5 (120 days), and finally two women
did not turn-up for V7 (1 year). These five women
dropped out for various personal reasons and none had
dropped for adverse event. Figure 1 demonstrates the
flow diagram for women’s participation. Two among the
five dropouts were available for blood test till V6. Their
TNF-a and alkaline phophatase levels at V6 had shown
decline (T14, ALP at V1 — 178 TU/L to V6 — 155 IU/L,
TNF-a at VI — 12.4 pg/ml to V6 — 3.21 pg/ml, T20,
ALP at V1 — 260 IU/L to V6 — 168 1IU/L, and TNF-o at
V1 — 29 pg/ml to V6 — 2.14 pg/ml).

The age range of the selected 30 PMO women was
45-69 years. Twenty-three of the thirty women had their
menopause at >45 years of age. The remaining seven
PMO had early menopause which was confirmed by
elevated serum FSH. The duration of menopause more
than 10 years was observed in 17/30 women. Median

Total 82

G DXA (T-score) 2-2.5
subjects

Screening

Satisfying all inclusion/

Enrollment . oy
exclusion criteria

32 enrolled

Two subjects didn’t
turnup on V2

Total 30
initiated

Baseline Analysis

Two subjects dropped at V4
One subject dropped at V5
Two subjects dropped at V7]

Final Analysis Total 25

completed

Figure 1: Women’s participation: Screening, enrollment, drop-outs,
and completion. DXA: Dual-energy X-ray absorptiometry, V2: Visit 2,
V3: Visit 3, V4: Visit 4, V5: Visit 5, V7: Visit 7
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BMI of these participants was 27 (kg/m?), with a median
height of 150 cm and a median weight of 61 kg.

The baseline symptoms recorded in these thirty women
could be grouped into four distinct clusters related to
musculoskeletal, neurocognitive, gastrointestinal, and
urinary tract in the order of its frequency. The baseline
cluster of musculoskeletal symptoms (low-back pain
[n = 23], arthralgia [n = 22], knee pain [n = 21],
weakness [n = 18], fatigue [#n = 18], myalgia [n = 13],
inactivity stiffness [n = 12]), and upper gastrointestinal
symptoms (low appetite [z = 11] and epigastric burning
[ = 9]) had shown substantial reduction in >50% of
these women on subsequent follow-up after therapy.
Table 1 depicts the most frequently encountered baseline
symptoms and their response to therapy.

All organ function tests remained within the normal
range throughout the study as well as pulse, blood

Table 1: Baseline symptoms (n=30)

pressure, body temperature, and weight did not show
any significant change at all the visits.

Serum levels of TNF-a have shown a marked decline
in majority of the women as depicted by a scatter gram
[Figure 2a]. The mean serum TNF-o levels declined
from 12.04 + 2.81 pg/ml (V1) to 2.35 + 1.08 pg/ml (V7).
Out of the 25 women who completed the 1-year study,
the total ALP remained within the normal range although
the observed reduction in 19/25 women showed an
average reduction of 61.5 IU/L [Figure 2b]. The
marker of inflammation-hs-CRP has shown a gradual
reduction over the period of 1 year. The mean value
serum hs-CRP declined from 6.1 + 0.77 mg/L (V1) to
3.9 + 0.47 mg/L (V7) as shown in Figure 3.

DXA-scan-based BMD analysis of the LSC (vide-supra),
at 6 months (V5), demonstrated that there was no
deterioration in the BMD at lumbar spine in 15 women,
at femur neck in 14 women, and at total neck in 14
women. Instead, there was an increase in BMD in five

Baseline symptom Pretreatment  Posttreatment Not women at lumbar spine, six women at femur neck, and
Present  Reduced (absent) reduced five women at total neck. Whereas, a decrease was
Low-back pain 23 14.(7) 9 noted in BMD at lumbar spine in three women, three
Arthralg_la 22 12.(6) 10 at femur neck, and four at total neck. Two women were
Knee pain 21 8(7) 13 not included in the DXA reporting for technical reasons.
Weakness 18 10 (3) 8
Fatigue 18 9(3) 9 However, at 12 months (V7), there was no deterioration
Disturb sleep 15 9(7) 6 observed in the BMD at lumbar spine in 15 women,
Myalgia 13 5(3) 8 15 at femur neck, and 21 at total neck, i.e., 51/75
Forgetfulness 13 2(2) 11 locations assessed. A decrease was found in BMD at
Inactivity - stiffness 12 7(5) 5 lumbar spine in five women, two at femur neck, and
LOW aPPetlte 4 1 8(3) 3 one at total neck, i.e., 8/75 locations assessed. Whereas,
Epigastric burning 9 7(4) 2 there was an increase in BMD in four women at lumbar
TNF-a Alkaline Phosphatase
*p=0.0033, V7 compared to V1 *p=0.0001, V7 compared to V1
unpaired Student’s t-test unpaired Student's f-test
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Figure 2: (a and b) TNF-o and alkaline phosphatase levels in individual patients following treatment with Dalbergia sissoo. Tumor necrosis factor-o
(a) and alkaline phosphatase (b) levels at baseline (visit-1, V1) and posttreatment 3-months (visit-4, V4), 9-months (visit-6, V6), and 12-months (visit-7,
V7). Data points (higher range at V1/V4), marked in color across visits, enable comparison of individuals across treatment
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hs-CRP

309 *p=0.0330, V7 compared to V1,

unpaired Student's t-test
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H
.

g * <
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Figure 3: High-sensitivity C-reactive protein levels in individual
patients following treatment with Dalbergia sissoo. High-sensitivity
C-reactive protein in patients at baseline (visit-1, V1) and posttreatment
3 months (visit-4, V4), 9 months (visit-6, V6), and 12 months (visit-7, V7).
Data points (higher range at V1/V4), marked in color across visits, enable
comparison of individuals across treatment

spine, seven at femur neck, and two at total neck, i.e.,
13/75 locations assessed. One patient was not included
in the DXA reporting for technical reasons.

DISCUSSION

A high prevalence of PMO in India with an associated
risk of fragility fractures is of great public health
concern.'"¥  Though there may not be an exact
prevalence rate for PMO in Indian women at large, the
reported rates for PMO are not only high, but occur a
decade earlier than in their Western counterparts.l
Hence, it is imperative to diagnose PMO early and start
therapy in time so as to prevent fractures and other
complications of PMO. Bisphosphonate group of drugs
are currently considered as a preventive or primary line
of treatment for PMO. However, their profile of frequent
minor side effects and serious adverse reactions affects
patient preference. Anti-osteoporotic drugs such as
HRT, bisphosphonates, and parathyroid hormone have a
negative public image and a poor long-term compliance
due to large dropout rates.?*?®! The latter are due to
serious side effects such as acute-phase reactions, and
others such as osteonecrosis of the jaw bone, atypical
fractures with difficult healing, and cardiac arrhythmia.
Estrogen treatment was considered as the other effective
anti-osteoporotic pharmacological agent. However, HRT
has restricted application after negative impact of WHI
study outcome in 2002.1'161 As a consequence, there are
unmet needs for new anti-osteoporotic drugs which are
safe and effective and of natural origin.

D. sissoo has shown  anti-osteoporotic  and
fracture-healing activities in animal models of PMO.%
A pilot clinical study with a SEL-Ds given orally in

a dosage form (300 mg/capsule, 2 capsule BD) has
shown good tolerability, safety, and a potential for
enhancing fracture healing.?!! The present clinical study
with Standardized extract of leaves of D. sissoo (SEL-Ds)
was undertaken to explore its safety and activity for
the unmet needs in the treatment of PMO. This study
showed good tolerability and safety of Standardized
extract of leaves of D. sissoo (SEL-Ds) given orally at
the dose of 300 mg twice a day for 1 year.

There was a marked elevation of baseline serum levels
of TNF-o in the present study. Estrogen deficiency at
menopause and during postmenopausal years increases
the production of cytokine TNF-a by stimulating
bone marrow-resident T-lymphocytes. This leads to
osteoclastogenesis.[”!**1 Recently, it has been reported
that TNF-a contributes significantly to PMO.B% The
authors have shown that circulating levels of TNF-a
were significantly higher in postmenopausal women with
osteoporosis as compared to those without osteoporosis.
Anti-osteoporotic effects of other agents have also
been shown related to decline in the circulating levels
of TNF-a during therapy.['*!l The decline of the mean
serum TNF-o levels from 12.04 + 2.81 pg/ml at
baseline to 2.35 = 1.08 pg/ml at the end of the study
was statistically significant. The effect suggests a decline
in osteoclastogenesis and as a consequence, a putative
stabilization of BMD or its increase.

Total ALP levels were elevated in these women
of PMO. Some of these were at higher levels of
normal range. Significant increase in the circulating
levels of total ALP in PMO women has been
reported.?*¥231 A simple blood test for total ALP may
give an early warning of impending osteoporosis, which
is considered to be a cost-effective marker of bone
turnover.31 The declined levels of total ALP during
therapy assessment can be considered adequate during
the assessment of anti-osteoporotic treatment.”¥ The
present study demonstrates a substantial reduction in
the total ALP from 208.75 + 45.88 at the baseline to
154.52 £ 37.25 TU/L at the end of the study.

Circulating hs-CRP levels in the present study were
seen elevated in a large number of postmenopausal
women (n = 20). Others also have shown elevated hs-CRP
levels in the postmenopausal women as compared to the
premenopausal women.** Association of high hs-CRP
and osteopenia/osteoporosis with increased bone turnover
has also been shown.*! The present study shows a
downward trend in hs-CRP during D. sissoo treatment,
indicating the anti-inflammatory effect of D. sissoo
treatment. Mean values of hs-CRP 6.1 + 0.77 mg/L at
baseline have declined to 3.9 + 0.47 mg/L at the end of
1 year. Additionally, the cluster analysis of the symptoms
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before and during the Standardized extract of leaves of
D. sissoo (SEL-Ds) administration suggests anti-arthritic
potential of the medication. In experimental in-vitro and
in-vivo models of inflammation D. sissoo leaves extracts
have demonstrated anti-arthritic activity.’”? Whereas, in
diverse animal models of inflammation, anti-inflammatory
activity was reported without any adverse effects on the
gastric mucosa.? None of the women have shown any
upper-gastrointestinal side effects over the period of
I-year therapy. It is interesting to note that seven out of
nine women who had epigastric burning as a baseline
symptom reported relief at subsequent visits.

It is widely accepted that aging per se in postmenopausal
women, without medication, leads to a steady bone loss
of 1%-3% per year.’¥ Instead, in the present study,
most of the women have shown not only no decline, but
also improvement of BMD at three different locations.
The concomitant improvement in clinical symptom
profile from baseline and significant changes in the
biochemical markers such as TNF-o,, ALP, and hs-CRP
makes this finding of nondeterioration or an increase in
BMD pathogenetically plausible and confirmatory of the
preclinical animal studies at CSIR-CDRI.

One limitation of the study is the fixed dose used for
all the PMO patients. This was done so as to follow a
dose used and found safe in an earlier clinical study for
fracture healing. However, the observed safety of the
dose used for a year suggests the need to investigate a
fixed-flexible dosage schedule in the future studies in
larger samples. The escalation of the dose quantum or
frequency can be based on the markers shown in the
study such as TNF-o,, ALP, and hsCRP. Longer duration
studies in PMO and fracture prevention can be embarked
upon after the optimal dose range is defined for both
efficacy and safety.

CONCLUSIONS

SEL-Ds has demonstrated anti-osteoporotic activity
as indicated by the decline in the serum levels of
TNF-o along with concurrent reduction in ALP. The
nondecline in BMD index in the majority of women
also substantiates the anti-osteoporotic — activity.
Anti-inflammatory activity of the product corroborates
with the reduction in hs-CRP and improvement in cluster
analysis of musculoskeletal symptom profile. The safety,
at the present dose of D. sissoo (300 mg b. i. d.) for a
year, was shown by the absence of adverse reactions and
no deterioration in the organ function tests.
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