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Intervening effects of lupulone and humulone in Humulus lupulus L. on osteoblasts and osteoclasts of rats

XIA Tian-shuang, LIN Liu-yue, JIANG Yi-ping, ZHANG Qiao-yan, QIN Lu-ping’, XIN Hai-liang"
Department of Pharmacognosy, School of Pharmacy, Naval Medical University (Second Military Medical University), Shanghai
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[Abstract] Objective To explore the effects of lupulone (LUP) and humulone (HUM) in Humulus lupulus L. on
osteoblasts and osteoclasts of rats. Methods Osteoblasts and osteoclasts isolated from 24-h-old Wistar rats were studied
and divided into control group, LUP-treated low (10~ " mol/L)-, medium (10~ "* mol/L)- and high (10~"* mol/L)-dose groups,
and HUM-treated low (10" mol/L)-, medium (10 "* mol/L)- and high (10" mol/L)-dose groups. After drug treatment, the
proliferation, differentiation and bone mineralization of osteoblasts were determined by MTT assay, alkaline phosphatase (ALP)
activity assay and alizarin red staining, respectively. Osteoclasts were counted and tartrate-resistant acid phosphatase (TRAP)
activity was measured to evaluate the effects of LUP and HUM on the activity of osteoclasts. Osteocalcin (OCN) levels were
measured by kit assay, and the expression levels of bone formation related proteins osteopontin (OPN), bone sialoprotein (BSP),
bone morphogenetic protein 2 (BMP-2), bone resorption related proteins cathepsin K (CK) and matrix metalloproteinase
9 (MMP-9) were measured by Western blotting analysis to evaluate the effects of LUP and HUM on bone metabolism.
Results At the osteoblast level, LUP at dosages of 10 " and 10~ " mol/L could significantly promote the cell proliferation
(P<<0.05). LUP at dosages of 10 "“and 10~ " mol/L could significantly improve ALP activity and bone mineralization
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(P<<0.05, P<<0.01). LUP at dosage of 10~ mol/L could significantly induce the expression of OCN (P<<0.01). Furthermore,
LUP at dosages of 10" "* and 10 " mol/L could significantly increase the expression of BSP and BMP-2 (P<<0.05). HUM
at dosages of 10 "°-10" " mol/L could also significantly promote the osteoblastic proliferation, ALP activity and bone
mineralization (P<<0.01), and could significantly increase the expression of OCN and OPN (P<<0.05, P<<0.01). Additionally,
HUM at dosages of 10~"*and 10~" mol/L could significantly increase the expression of BSP and BMP-2 (P<<0.05). At the
osteoclast level, both LUP and HUM at dosages of 10 "°-10 " mol/L could significantly reduce the number of osteoclasts
(P<<0.01) and could significantly inhibit the expression of CK (P<<0.05, P<<0.01). HUM at dosages of 10~ "-10 " mol/L
could also significantly inhibit the expression of MMP-9 (P<<0.05, P<<0.01). Conclusion This study preliminarily clarifies

that LUP and HUM can prevent bone loss by promoting bone formation and inhibiting bone resorption, which provides a new

reference for the development of osteoporosis drugs.
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Tab1 Effects of lupulone and humulone on rat osteoblastic proliferation, differentiation, mineralization and OCN expression

n=6,xxs
Group MTT assay (D) ALP my/(umol « mg ") Mineralization assay (D) ~ OCN pg/(ng * mL™")
Lupulone cy/(mol « L™ ")
0 (control) 0.66+0.06 0.05+0.01 0.76+£0.03 0.27+0.14
107" 0.84+0.10" 0.07%£0.00 0.79+0.05 0.49+0.13
10" 0.82+0.11° 0.10£0.03" 0.86+0.03" 0.47+0.15
10" 0.73+0.11 0.0940.02" 0.8440.01" 0.86+0.21"
Humulone cy/(mol « L")
0 (control) 0.66+0.06 0.03£0.01 0.52+0.04 0.20+0.07
107" 0.85+0.11" 0.10£0.01" 0.76+£0.01" 0.49+0.08"
10" 0.87+0.11" 0.11+0.02" 0.77+0.04" 0.45+0.117
10" 0.8640.06" 0.124+0.01" 0.69+0.06" 0.48+0.14"

OCN: Osteocalcin; MTT: Methyl thiazolyl tetrazolium; ALP: Alkaline phosphatase. ‘P<<0.05, "P<<0.01 vs 0 mol/L

(control) group

0 (control) 0 (control) 10"

Lupulone ¢,/(mol + L") Humulone ¢,/(mol » L")
1 KRR BHEETLETHEILEE

Fig1 Representative images of rat osteoblastic bone mineralization nodule stained with alizarin red
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Fig2 Effects of lupulone and humulone on rat proteins related to bone formation

OPN: Osteopontin; BSP: Bone sialoprotein; BMP-2: Bone morphogenetic protein 2. "P<<0.05, "P<<0.01 vs 0 mol/L (control) group. n=3, x+s
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Tab 2 Effects of lupulone and humulone on number of

osteoclasts and TRAP activity

n=6,xxs
Group Osteoclast TRAP
number n n/nmol
Lupulone cy/(mol « L")
0 (control) 322.20412.79 78.2243.05
107" 235.40+£22.66"  75.781+2.82
" 225.20+8.98" 77.104+2.74
10" 249.80+17.27"  74.40+5.06
Humulone cy/(mol » L")
0 (control) 322.20+£12.79 78.2243.05
10" 222.80+36.85"  75.08%+2.55
107" 227.60+22.677  75.02+3.12
107" 278.80+16.217  73.061+5.20

TRAP: Tartrate-resistant acid phosphatase. ~P<<0.01 vs
0 mol/L (control) group
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Fig 3 Effects of lupulone and humulone on rat proteins
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related to bone resorption
MMP-9: Matrix metalloproteinase 9; CK: Cathepsin K;
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
'P<0.05, "P<<0.01 vs control group. n=3, x*s
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