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The effects of phytoestrogens on fracture healing:
experimental research in New Zealand white rabbits
Fitoöstrojenlerin k›r›k iyileflmesi üzerine etkileri:
Yeni Zelanda tavflanlar›nda deneysel çal›flma
Alpaslan ÖZTÜRK,1 Aysu Alt›kardefller ‹LMAN,2 Hüsniye SA⁄LAM,3
Ulviye YALÇINKAYA,4 Serkan AYKUT,1 Semra AKGÖZ,5 Yüksel ÖZKAN,1 Kemal YANIK,2
Bijen KIVÇAK,3 Nazan YALÇIN,1 Recai Mehmet ÖZDEM‹R1
BACKGROUND

AMAÇ

Phytoestrogens are plant-derived natural molecules having
some bone forming and bone substituting effects. In the present study, the role of phytoestrogens on bone healing was
investigated in a rabbit fracture model.

Fitoöstrojenler bitkisel kaynakl› do¤al moleküller olup kemik
yap›m›n› art›r›c› ve kemik yerine kullan›labilme özellikleri
vard›r. Bu çal›flmada, fitoöstrojenlerin tavflan k›r›k modelinde
k›r›k iyileflmesi üzerine etkileri deneysel olarak araflt›r›ld›.

METHODS

GEREÇ VE YÖNTEM

Twenty-two New Zealand white rabbits with right tibia fracture
were divided into two groups randomly. The plant derived extract of Vitex agnus-castus L. (Verbenaceae) prepared before the
study was administered intramuscularly in group 1 and group 2
was chosen as control. Fracture healing was monitored in weekly basis with blood alkaline phosphatase level, radiographs of
extremities and 99m-Tc MDP bone scintigraphy. The study was
finished at the end of the 3rd week. The extremities including tibial fractures were collected for histological examination.

Yirmi iki adet Yeni Zelanda beyaz tavflan› sa¤ tibia k›r›¤› oluflturulduktan sonra randomize olarak iki gruba ayr›ld›. Birinci
gruba Vitex agnus-castus L.’den (Verbenaceae) çal›flma öncesinde haz›rlanan bitki ekstresi intramuskuler olarak enjekte
edildi. ‹kinci grup kontrol grubu olarak seçildi. K›r›k iyileflmesi haftal›k olarak kan alkalen fosfataz düzeyi, direkt radyografi ve 99m-Tc MDP kemik sintigrafisi ile de¤erlendirildi.
Üçüncü haftan›n sonunda çal›flma sonland›r›ld›. Çal›flma sonunda histopatolojik inceleme yap›ld›.

RESULTS

BULGULAR

Radiographic evidence of fracture healing obtained on postoperative day seven was superior in group 1 than control group
(p<0.01). The 99m-Tc MDP bone scintigraphy uptake ratios on
postoperative seventh day showed higher uptake in group 1
than in group 2 (p<0.05). The differences of scintigraphic uptakes in fractured tibias calculated on postoperative seventh day
and postoperative 14th in group 1 were higher than group 2
(p=0.04). The histopathologic evaluation performed after sacrification of all rabbits on postoperative 25th day showed no significant difference between both groups. No statistical diff e r e nce was determined related to the other variables.

Yedinci günde yap›lan direkt radyografik incelemede k›r›k
iyileflme bulgular› grup 1’de kontrol grubuna göre daha yüksek olarak bulundu (p<0,01). Yedinci günde yap›lan 99m-Tc
MDP kemik sintigrafisinde grup 1’de tutulum oranlar› kontrol
grubuna göre daha fazla idi (p<0,05). Grup 1’de 14. ve 7. gün
99m-Tc MDP tutulum miktarlar› aras›ndaki fark kontrol
grubuna göre daha fazla bulundu (p=0,04). Yirmi beflinci
günde yap›lan histopatolojik incelemede gruplar aras›nda
anlaml› farkl›l›k yoktu. Di¤er de¤iflkenler aras›nda farkl›l›k
saptanmad›.

CONCLUSION

SONUÇ

Flavonoids affected positively the early periods of fracture healing mechanism in New Zealand white rabbits. We suggest further stud ies with phytoe st r ogens to det e rm ine the effects of var i ous dosages and administration ways.

Flavonoid enjeksiyonlar›n›n Yeni Zelanda beyaz tavflanlar›nda
k›r›k iyileflmesinin erken döneminde faydal› oldu¤u gösterildi. Farkl› doz uygulamalar› ve verilifl yöntemlerinin farkl› deneysel çal›flmalarla araflt›r›lmas›n› önermekteyiz.
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Vitex agnus-castus L. (Verbenaceae) is a shrub
widely distributed in Middle East and Southern Europe. The fruits, flowers and leaves of Vitex agnuscastus contain high amounts of flavonoids, tannins,
iridoids and diterpenoids.[1-3] There is a growing evidence that those plant derived flavonoids are protective against heart disease, by lowering serum
cholesterol and dilating blood vessels, are cytotoxic
and apoptotic against some cancer cells and useful
in the treatment of some postmenopausal symptoms.[4-7] They have been shown to reduce bone loss
and bone resorption in experimental models and in
some clinical trials dealing with osteoporosis.[4,8-11]
Various mechanisms of action of phytoestrogens
have been proposed.[12-15] Genistein which is the major phytoestrogen of soybeans and soybean products has been shown to decrease the number of osteoclasts derived from rat bone marrow in vitro.[16,17]
Effect of genistein on commitment and differentiation of bone marrow stromal cells to the osteoblast
lineage has been reported. But, they do not influence the late osteogenic maturation markers.[18] Daidzein and genistein have been found to have stimulatory effect on protein synthesis and on alkaline
phosphatase release by various types of osteoblast
cells in vitro and genistein has been shown to prevent bone resorption via a paracrine mechanism.[14]
Recently, several researchers have reported their
bone preserving, bone substituting and bone augmentation effects when used locally in experimental studies.[19-21] However, the effects of flavonoids
on fracture healing still remain undocumented and
there are limited number of studies dealing only
with bone defects and supplemental bone graft materials.[19,21,22]
This study focuses on the effects of phytoestrogens on fracture healing in an experimental rabbit
model.

MATERIALS AND METHODS
The fruits of Vitex agnus-castus L. were collected in July 2005. A voucher specimen (no. 1262) is
deposited in the Herbarium of the Faculty of Pharmacy, Department of Pharmacognosy. The fruits of
the plant were dried at room temperature and then
reduced to coarse powder. Twenty g of the sample
was extracted with ethanol at room temperature,
under stirring for 2 days. The extraction solvent
was evaporated to dryness in vacuo. Ethanol extract
was referred to as vitex extract (VE), and its yield
22

was 7.26%. Sample solution was prepared by dissolving VE (5.2076 g) in 10 ml of 0.9% saline solution with an ultrasound mixer in biochemistry laboratory. It was then filtered through a membranous filter with a pore size of 0.45 µm. The extract
was ready for intramuscular (IM) injection to the
rabbits.
Twenty-two mature New Zealand white rabbits
weighing 1.62±0.05 kg were picked up and kept in
a wire top cage with free access to tap water. They
were administered with standard food. For the anaesthesia procedure first sedation was performed by
IM injection of 3-5 mg/kg Alfazin® (Ege Vet). Following to this, general anaesthesia was performed
by intravenous (IV) injection of 7.5-15 mg/kg Propofol® (Abbott). Right tibia fracture was created under general anaesthesia with a three-point bending
moment. The fractured tibias were then fixated with
a 1.5 Kirschner (K) wire intramedullary in a closed
fashion through a stab incision at the knee joint proximal tibia. The upper ends of K-wires were buried
under the skin. After the operation, the operated
legs were splinted. They were randomly assigned to
two groups after the operation. The rabbits in group
1 were injected with 0.75 mg of fruit extract im
(group 1). The other group was left as a control group (group 2). The same amount of im injection was
repeated every other day. Each rabbit in group 1
was totally injected for five times.
The X-rays of the rabbits from both groups were
taken just after the operation, on the 7th, 14th and
20th day after the operation. The fracture healing was
evaluated according to Lane and Sandhu[23] criteria.
This criteria system includes bone formation, ossification of the fracture site and remodelling of the fractured bone (Table 1). The fracture healing was also
assessed with 99m-Tc MDP three phase bone scintigraphy on 7th, 14th and 20th day after the operation.
The scintigraphic uptake was measured and compared with the opposite extremity. The results from bone scans were analyzed using the computer to measure the radioactivity within regions of interest. In calculation of the uptake, we assigned a 1 cm2 area
which was in accordance with the fracture site in order to compare the amount of uptake to the opposite
tibial region. The values were then divided and the
calculated ratio was used for statistical analysis. The
value of 99m-Tc MDP three phase bone scintigraphy
on fracture healing has been established.[24,25]
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The fracture healing was evaluated histologically in four periods in rabbits:
1. Hematoma: First 5 days,
2. Chondrogenesis: 5-14 days,
3. Enchondral ossification: 14-21 days,
4. Remodelling period: After 21 days.
Following the sacrification of all rabbits on the
25th day after the operation the operated extremities were collected and sent for microscopic examination. The tibias containing fracture regions were
fixated with 10% formaldehyde solution for 3 days.
For decalcification, they were embedded in 10%
phormic acid solution for 15 days. The sagittal and
axial plane samples were drawn from fracture healing sites. After dehydration, they were buried in
paraphine blocks. The 4 mm samples were prepared
and stained with haematoxylen and eosin. The fracture healing was evaluated with the criteria of Heiple et al.[26] This histological criteria consisted of
ossification, assessment of spongious bone, cortical
region and bone marrow (Table 2).
The serum alkaline phosphatase (ALP) levels
were measured and documented on 7th, 14th and
20th day after the operation. The measurements were analyzed in biochemistry laboratory.
The study design was approved by the Local Ethics Committee for animals prior to performing the
study.
Statistical analysis was performed using SPSS
10.0 version for Windows program (SPSS Inc.,
Chicago, IL, USA). In statistical analysis MannWhitney U-test, Wilcoxon signed ranks test, and
Kolmogorov-Smirnov test were used for evaluation. Statistical significance was assigned to p values less than or equal to 0.05.

RESULTS
Totally 4 rabbits, 2 rabbits from each group, were dead before the completion of the experiment.
Two groups did not show difference regarding the
dead rabbits.
The mean X-Ray scores for the evaluation according to the Lane and Sandhu[23] criteria on the
7th postoperative day for group 1 and group 2 were 4±2.4 (median: 3.0, 25%: 2.0, 75%: 6.0) and
1.3±1.89 (median: 1.0, 25%: 0, 75%: 1.5), respectiCilt - Vol. 14 Say› - No. 1

Table 1. Radiographic scoring system
Category

Points

Bone formation
No bone formation
Bone formation equal to 25%
Bone formation equal to 50%
Bone formation equal to 75%
Bone formation filling the fracture site

0
1
2
3
4

Union
Non-union
Possible union
Radiographic union

0
2
4

Remodelling
No remodelling
Remodelling of intramedullary canal
Complete cortical remodelling

0
2
4

Maximum score

12

Table 2. Histologic scoring system
Category

Points

Union
No sign of union
Fibrous union
Osteochondral union
Bone union
Complete reorganization of bone

0
1
2
3
4

Spongiosa
No cellular activity in bone
Early bone healing
Active new bone formation
Reorganised spongiosa formation
Completely reorganized spongiosa

0
1
2
3
4

Marrow
None
Replaced by fibrinous material
Marrow more than 50% replaced by new tissue
Marrow completely replaced by new tissue
Adult-type fatty marrow

0
1
2
3
4

Cortex
None
Beginning to appear
Formation well under way
Completely reformed
Complete reorganisation

0
1
2
3
4

Maximum score

16
23
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vely. These scores showed significant difference
(p<0.01, Mann-Whitney U-test) (Fig. 1, 2). The
evaluation for the other X-Rays between groups yielded no significant difference.
The mean ratios of 99m-Tc MDP three phase bone scintigraphy on the 7th postoperative day for group 1 and group 2 were 4.18±1.10 (median: 4.38,
25%: 3.19, 75%: 5.16) and 3.07±3.25 (median:
1.72, 25%: 0.93, 75%: 4.41), respectively. These
measurements yielded significant diff e r e n c e
(p<0.05, Mann-Whitney U-test) (Fig. 3). The diff erence in percentage between scintigraphic uptake
measurements of operated right tibias calculated on
7th and 14th postoperative day for group 1 and group 2 were 124.99±223.06 (median: 50.43, 25%: 10.30, 75%: 162. 89) and 52.09±69.64 (median:
42.05, 25%: -2.11, 75%: 96.65), respectively. These
measurements yielded significant diff e r e n c e
(p=0.04, Wilcoxon signed ranks test) (Fig. 4). No
significant difference was detected for the rest of the
comparisons.
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Fig. 3. The scintigraphic uptake ratios on 7th day measurements.

Macroscopically, we saw no abnormal motion at
the fracture sites. In the histological evaluation performed at the end of study, no significant difference was detected between both groups according to
criteria of Heiple et al.[26] Well-shaped mature bony
trabeculi that were longitudinal according to the
fracture site were surrounded with osteoblasts intramedullary in all of the samples except 2 (1 from
each group) in both groups. Repair tissue was rich
in vascular structures. Intramembraneous ossification was superior to endochondral ossification. Inter-

(a)

Fig. 1. Radiographs of rabbit from group 1 is shown. (a) Early Fig. 2.
postoperative radiography shows the fracture fixated
with Kirschner wire. ( b ) Postoperative 7th day radiography shows radiographic callus formation filling the fracture site and possible union.
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Group 1
Group 2

4

(b)
Radiographs of rabbit from group 2 is shown. (a) Early
postoperative radiography shows the fracture fixated
with Kirschner wire. ( b ) Postoperative 7th day radiography shows radiographic callus formation filling the 50%
of the fracture site.
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Fig. 4. The scintigraphic uptake amounts on 7th and 14th days measurements.

trabecular distance was narrower and lamellar
structure was seen through cortical region.
The biochemical evaluation for alkaline phosphatase showed no significant difference for all comparisons.

DISCUSSION
In the current study, it was shown that phytoestrogen injections provided acceleration at early
phases of fracture healing since the scintigraphic
uptake and direct radiological examination yielded
significant difference on 7th day but the evaluation
on 14th and 20th day did not show any significant
change. In addition to that, scintigraphic uptake also yielded significant difference between measurements performed on 7th and 14th day postoperatively. The process of bone formation follows an orderly cascade of events including initial inflammatory phase characterized by an increase in regional
blood flow, invasion of neutrophils and monocytes,
removal of cell debris and degradation of the local
fibrin clot, revascularization phase associated with
the invasion of new blood vessels formed by endothelial progenitor cells and subsequently a cell proliferation phase during which there is multiplication of a highly proliferative population of connective tissue progenitor cells and remodeling phase being the final phase of bone formation characterized
by the systemic removal of the initial matrix and
Cilt - Vol. 14 Say› - No. 1

tissues that formed in the site primarily through osteoclastic and chondroclastic resorption and their
replacement with more organized lamellar bone
aligned in response to the local loading environment. Vascular relaxation with increase in regional
blood flow, inhibition of macrophagic and osteoclastic activities and induction of formation of highly proliferative connective tissue progenitor cells
might be some of the most likely mechanisms.[12,13,27]
The vasodilatory effect of short-term phytoestrogen
treatment on carotid and cerebral arteries in male
rats has also been reported.[27] Nitric oxide mediated
vasodilation has been shown to be present around a
fracture site and maximal in the early healing phase, before returning to basal levels as healing progresses in an experimental study. This is compatible
with an initial restoration of blood flow at a fracture site by nitric oxide dependent vasodilation of
preexisting blood vessels, followed by ingrowth of
less nitric oxide dependent angiogenic vessels during the later phase of repair.[28] It has been shown
that isoflavone equol rapidly leaded to the activation of NOS and increased nitric oxide production. [12]
Nitric oxide mediates the function of bone cells and
remodelling of bone.[29,30] Baldik et al.[31] have shown
in their experimental study that nitric oxide might
be useful as a therapeutic adjuvant in clinical situations when local formation of bone was needed.
Moreover, when combined appropriately, treatment
with orthotopic nitric oxide supplementation and
25
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systemic inducible nitric oxide synthase inhibition
may enhance bone healing. One of the reasons why
we found difference in early phases of bone healing
might be concerned with the vasodilatory effect of
phytoestrogens by induction of nitric oxide production. In addition to their vasodilatory effects, flavonoids also have been mentioned to alter the metabolic balance towards bone production by inhibiting
the macrophagic and osteoclastic activities.[15,19] Yamagishi et al.[15] stated that genistein might have inhibited the formation of osteoclast-like cells. In their study with human primary bone marrow cells, Heim et al.[18] showed that phytoestrogens enhanced osteogenesis and repressed adipogenic differentiation.
More recently, genistein has been shown to stimulate the production of osteoprotegerin, a member of
the tumor necrosis factor receptor superfamily preventing bone resorption via a paracrine mechanism.[14] Osteoprotegerin provides a further mechanism for the bone-sparing effects of isoflavones. Yamaguchi and Ma[32] stated that genistein had a unique anabolic effect on bone calcification in vitro. We
think that the alteration of metabolic balance towards osteogenesis might also be effective in having
different results in the phytoestrogen injected group.
Phytoestrogens have recently been shown to be
used as bone substitutes and supplemental bone
graft materials.[19,21,22] Merolli et al.[19] designed an
experimental study by using a soybean-based biomaterial that were filled a predrilled femoral cavity in New Zealand white rabbits and found the
retrieved operated femurs had showed a macroscopic appearance similar to the nonoperated controls.
In the same study, they concluded that the released
genistein found in granules shifted metabolic balance towards bone production by inhibiting the macrophagic and osteoclastic activities and that the material degrading surface supported the apposition
and mineralization of newly-formed bone. Naringin
which is a flavonoid has been shown to increase
new bone formation locally when used as a graft
material and affect bone cell activities in vitro and
at high concentrations significantly increased the
activity of alkaline phosphatase up to 20% in experimental studies.[21,22] Similarly, in their experimental study, Minegishi et al.[20] found that ipriflavone,
which is a flavonoid, affected the quality of bone
augmentation at an early stage. Our result was consistent with the literature that the vitex extract containing flavonoids that we injected affected the
26

fracture healing site in accelerating the fracture
healing process in early phases.
Variable effects of flavonoids on ALP have been
reported.[15,32,33] Yamaguchi and Ma[32] designed an in
vitro study to determine the effect of polyphenols
on calcium content and alkaline phosphatase activity in male rat femoral tissues and found that different concentrations of genistein affected the diaphyseal alkaline phosphatase levels in opposite directions. It may be thought that effect of genistein
on diaphyseal alkaline phosphatase levels was dose-dependent. In another study, Yamagishi et al.[15]
reported that genistein had no effect on the expression of ALP. Opposite to that, in vitro stimulatory
effects of flavonoids on ALP release have been reported.[33] We found that serum ALP levels showed
no significant difference during the experiment. We
think that the reason why we did not find difference in ALP levels might be related to the dosage of
plant extract we injected had no increasing effect on
serum ALP activity.
As a conclusion, phytoestrogens affected the
early periods of bone healing positively. Further experimental and clinical trials are needed to gain further understanding on its effects on fracture healing
mechanism as well as different amounts of dosages.
Acknowledgements
We specially thank to Dr. Beytiye Bafl with her
kind help in making scintigraphic scans, measurements and evaluation.

REFERENCES
1. Antolic A, Males Z. Quantitative analysis of the polyphenols and tannins of Vitex agnus castus L. Acta Pharm
Zagreb 1997;47:207-11.
2. Hoberg E, Meier B, Sticher O. Quantitative high performance liquid chromatographic analysis of diterpenoids in
agni-casti fructus. Planta Med 2000;66:352-5.
3. Wollenweber E, Mann K. Flavonols from Fruits of Vitex
agnus castus. [Article in German] Planta Med
1983;48:126-7. [Abstract]
4. Draper CR, Edel MJ, Dick IM, Randall AG, Martin GB,
Prince RL. Phytoestrogens reduce bone loss and bone
resorption in oophorectomized rats. J Nutr
1997;127:1795-9.
5. Gorkow C. Status of clinical knowledge on Vitex agnuscastus. Zeitzchrift Fur Phytotherapie 1999;20:159-68.
6. Kotsopoulos D, Dalais FS, Liang YL, McGrath BP,
Teede HJ. The effects of soy protein containing phytoestrogens on menopausal symptoms in postmenopausal
Ocak - January 2008

The effects of phytoestrogens on fracture healing: experimental research in New Zealand white rabbits

women. Climacteric 2000;3:161-7.
7. Zhang X, Shu XO, Gao YT, Yang G, Li Q, Li H, et al.
Soy food consumption is associated with lower risk of
coronary heart disease in Chinese women. J Nutr
2003;133:2874-8.
8. Arjmandi BH, Getlinger MJ, Goyal NV, Alekel L, Hasler
CM, Juma S, et al. Role of soy protein with normal or
reduced isoflavone content in reversing bone loss induced
by ovarian hormone deficiency in rats. Am J Clin Nutr
1998;68(6 Suppl):1358S-1363S.
9. Atkinson C, Compston JE, Day NE, Dowsett M,
Bingham SA. The effects of phytoestrogen isoflavones on
bone density in women: a double-blind, randomized,
placebo-controlled trial. Am J Clin Nutr 2004;79:326-33.
10. Branca F, Lorenzetti S. Health effects of phytoestrogens.
Forum Nutr 2005;(57):100-11.
11. Cotter A, Cashman KD. Genistein appears to prevent
early postmenopausal bone loss as effectively as hormone
replacement therapy. Nutr Rev 2003;61:346-51.
12. Joy S, Siow RC, Rowlands DJ, Becker M, Wyatt AW,
Aaronson PI, et al. The isoflavone Equol mediates rapid
vascular relaxation: Ca2+-independent activation of
endothelial nitric-oxide synthase/Hsp90 involving
ERK1/2 and Akt phosphorylation in human endothelial
cells. J Biol Chem 2006;281:27335-45.
13. Li HF, Tian ZF, Qiu XQ, Wu JX, Zhang P, Jia ZJ. A
study of mechanisms involved in vasodilatation induced
by resveratrol in isolated porcine coronary artery. Physiol
Res 2006;55:365-72.
14. Viereck V, Gründker C, Blaschke S, Siggelkow H,
Emons G, Hofbauer LC. Phytoestrogen genistein stimulates the production of osteoprotegerin by human trabecular osteoblasts. J Cell Biochem 2002;84:725-35.
15. Yamagishi T, Otsuka E, Hagiwara H. Reciprocal control
of expression of mRNAs for osteoclast differentiation
factor and OPG in osteogenic stromal cells by genistein:
evidence for the involvement of topoisomerase II in
osteoclastogenesis. Endocrinology 2001;142:3632-7.
16. Sliwinski L, Folwarczna J, Janiec W, Grynkiewicz G,
Kuzyk K. Differential effects of genistein, estradiol and
raloxifene on rat osteoclasts in vitro. Pharmacol Rep
2005;57:352-9.
17. Yamaguchi M, Gao YH. Inhibitory effect of genistein on
bone resorption in tissue culture. Biochem Pharmacol
1998;55:71-6.
18. Heim M, Frank O, Kampmann G, Sochocky N,
Pennimpede T, Fuchs P, et al. The phytoestrogen genistein enhances osteogenesis and represses adipogenic differentiation of human primary bone marrow stromal cells.

Cilt - Vol. 14 Say› - No. 1

Endocrinology 2004;145:848-59.
19. Merolli A, Santin M, Ambrosio L, Gabbi C, Leali PT.
Soybean-based biomaterials as bone substitutes. J Bone
Joint Surg [Br] 2005; Proceedings 87:65.
20. Minegishi T, Kawamoto K, Yamada Y, Oshikawa M,
Kishida M, Sato S, et al. Effects of ipriflavone on bone
augmentation within a titanium cap in rabbit calvaria. J
Oral Sci 2002;44:7-11.
21. Wong RW, Rabie AB. Effect of naringin collagen graft
on bone formation. Biomaterials 2006;27:1824-31.
22. Wong RW, Rabie AB. Effect of naringin on bone cells. J
Orthop Res 2006;24:2045-50.
23. Lane JM, Sandhu HS. Current approaches to experimental bone grafting. Orthop Clin North Am 1987;18:213-25.
24. Hughes S. Radionuclides in orthopaedic surgery. J Bone
Joint Surg [Br] 1980;62-B:141-50.
25. Smith MA, Jones EA, Strachan RK, Nicoll JJ, Best JJ,
Tothill P, et al. Prediction of fracture healing in the tibia
by quantitative radionuclide imaging. J Bone Joint Surg
[Br] 1987;69:441-7.
26. Heiple KG, Goldberg VM, Powell AE, Bos GD, Zika JM.
Biology of cancellous bone grafts. Orthop Clin North Am
1987;18:179-85.
27. Sobey CG, Weiler JM, Boujaoude M, Woodman OL.
Effect of short-term phytoestrogen treatment in male rats
on nitric oxide-mediated responses of carotid and cerebral arteries: comparison with 17beta-estradiol. J
Pharmacol Exp Ther 2004;310:135-40.
28. Corbett SA, McCarthy ID, Batten J, Hukkanen M, Polak
JM, Hughes SP. Nitric oxide mediated vasoreactivity during fracture repair. Clin Orthop Relat Res
1999;(365):247-53.
29. Chae HJ, Park RK, Chung HT, Kang JS, Kim MS, Choi
DY, et al. Nitric oxide is a regulator of bone remodelling.
J Pharm Pharmacol 1997;49:897-902.
30. Ralston SH. The Michael Mason Prize Essay 1997. Nitric
oxide and bone: what a gas! Br J Rheumatol
1997;36:831-8.
31. Baldik Y, Talu U, Altinel L, Bilge H, Demiryont M,
Aykac-Toker G. Bone healing regulated by nitric oxide:
an experimental study in rats. Clin Orthop Relat Res
2002;(404):343-52.
32. Yamaguchi M, Jie Z. Effect of polyphenols on calcium
content and alkaline phosphatase activity in rat femoral
tissues in vitro. Biol Pharm Bull 2001;24:1437-9.
33. Yamaguchi M, Sugimoto E. Stimulatory effect of genistein and daidzein on protein synthesis in osteoblastic
MC3T3-E1 cells: activation of aminoacyl-tRNA synthetase. Mol Cell Biochem 2000;214:97-102.

27

