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Effects of Extracts from Sarcocarp, Peels, and Seeds of Avocado
on Osteoblast Differentiation and Osteoclast Formation
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Abstract

Avocado (Persea americana Mill., Family Lauraceae) is an important subtropical crop in the Americas where
it has been cultivated for several thousand years. To investigate the bioactivities of avocado, which acts on
bone formation, we prepared methanol extracts from the sarcocarp, peels, and seeds of avocado. The methanol
extracts of peels and seeds showed higher bone-forming activity than avocado sarcocarp extracts accompanied
by MC3T3-E1 osteoblast proliferation and alkaline phosphatase (ALP) activity. Additionally, the extracts of
sarcocarp and peel from avocado also decreased tartrate-resistant acid phosphatase (TRAP) activity against
differentiation of osteoclasts, derived from mouse bone marrow macrophages. The hexane fraction from avocado
peels showed strong bone-forming activity accompanied by osteoblast proliferation and ALP activity (170.7 +
8.4%), and the ethyl acetate fraction from avocado peel decreased TRAP activity (5.2+0.3%) and differentiated
osteoclasts at 50 pg/mL. Therefore, avocado is expected to be a natural source for developing medicinal agents
to prevent bone-related diseases, such as osteoporosis, by increasing osteoblast differentiation and reducing
osteoclast activity.
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Fig. 1. Effect of methanol extracts from sarcocarp, peel and
seed of avocado on the proliferation of MC3T3-E1 cells by
the MTT assay. The MC3T3-El cells were cultured with 10~
100 pg/mL of avocado extracts for 48 hr. Results were presented
as means+SD (n>3).
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Fig. 2. Effect of methanol extracts from sarcocarp, peel and
seed of avocado on the alkaline phosphatase activities of the
MC3T3-E1 osteoblastic cells during the differentiation. Cells
were cultured with avocado extracts (10~100 pg/mL), 50 pg/mL
vitamin C and 10 mM B-glycerol phosphate for 72 hr in 96-well
plates. After cultured for 3 days, cells were measured alkaline
phosphatase (ALP) activities. Results were presented as means
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Fig. 3. Effect of methanol extracts from sarcocarp, peel and
seed of avocado on the proliferation of mouse bone marrow
osteoclastic cells by the MTT assay. The mouse bone marrow
osteoclastic cells were cultured with 10~100 ug/mL of avocado
extracts for 48 hr. Results were presented as means+SD (n>3).
“p<0.05, "p<0.01, “p<0.001.
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Fig. 4. Effect of methanol extracts from sarcocarp, peel and
seed of avocado on the TRAP activities of the mouse bone
marrow osteoclastic cells during the differentiation. Cells
were cultured with avocado extracts (10~100 pg/mL), RANKL
(100 ng/ml.) and macrophage colony-stimulating factor (M-CSF,
100 ng/mL) for 72 hr in 96-well plates. Results were presented

as means+SD (n>3). "p<0.05, “p<0.01, “p<0.001.
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Table 1. Effect of avocado peel fractions on the proliferation and alkaline phosphatas (ALP) activities in MC3T3-E1 osteoblastic
cells and the proliferation and TRAP activities in the mouse bone marrow (BM) osteoclastic cells

Treatment oL, MC3T3-El BM
catmern ug/m Proliferation (%) ALP activity (%) Proliferation (%6) TRAP activity (%)
Control 0 100.0£0.2 100.0+1.2 100.0£1.2 100.0£0.2
10 91.67+2.52 125.41+9.24™ 23.0440.90 —
Hexane fr. 50 90.83+4.10 170.68+8.40" 22.7740.59 —
100 54.10+5.30 b 25.56+2.82 -
10 104.22+6.34 128.86+11.95" 182.71+7.33 12.11+£3.25™
EtOAc fr. 50 115.19+19.16 101.73+15.04 222.37%+11.21 5.16+0.26""
Peel 100 91.25+17.43 85.21+12.70 143.82+37.17 432+0.24"
10 102.62+3.44 75.52+7.09" 180.36 £17.27 29.98+8.25""
BuOH fr. 50 124.49+19.29 71.84+9.56™ 234.86+30.63 12.85+2.16™"
100 114.87+3.84 65.14+5.25" 212.51+20.69 476+0.23™
10 124.39+35.11 100.57+£10.20 126.79+10.24 67.59+9.96™
Water fr. 50 91.74+0.51 89.62+9.50 138.01£19.93 39.53+3. 63***
100 92.48+8.39 83.78+9.93" 150.70£28.11 23.78+5.48""
"Not detected.
Each value is expressed as means+SD (n>3).
Mean value was significantly different from that of the control ("p<0.05, “p<0.01, “p<0.001).
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Fig. 5. Effect of methanol extracts (A) and hexane fraction
(B) from avocado peel on the alkaline phosphatase activities
of the MC3T3-E1 osteoblastic cells during the differentiation.
Cells were cultured with sample, 50 ug/mL of vitamin C and 10
mM of B-glycerol phosphate in 96 well plates. ALP activity in
cell layers was determined at 3, 6, 9 and 12 days. Mean value
was significantly different from that of the control ('p<0.05,

“p<0.01, “"p<0.001).
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Fig. 6. Effect of methanol extracts from avocado peel on RANKL-induced osteoclast formation in mouse BMMs. Mouse BMMs
were cultured with RANKL (100 ng/mL), M-CSF (100 ng/mL) and with or without avocado peel extracts. After cultured for 3 days,
the cell viability and TRAP activity were determined. The cells were also fixed and stained for TRAP. The number of osteoclast
was determined by number of multi—nuclei cells having at least 3 nuclei, trap positive cells. Results were presented as means=+SD

(n>3). “p<0.01, “p<0.001.
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Fig. 7. Effect of ethyl acetate fr. from avocado peel on RANKL-induced osteoclast formation in mouse BMMs. Mouse BMMs
were cultured with RANKL (100 ng/mL), M-CSF (100 ng/mL) and with or without avocado peel ethyl acetate fraction. After cultured
for 3 days, the cell viability and TRAP activity were determined. The cells were also fixed and stained for TRAP. The number of
osteoclast was determined by number of multi-nuclei cells having at least 3 nuclei, trap positive cells. Results were presented as

means+SD (n>3). “p<0.01, “p<0.001.
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