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ABSTRACT

Eurveoma longifolia (EL), a medicinal plant with pro-androgenic effects was recently reported
to possess anti-osteoporotic activities. However, its effect on osteoporotic fracture has never been
studied. This study aimed to provide more insight into the action of EL on healing of osteoporotic
fracture by assessing callous strength. Tibial fracture was induced in crchidectomised rat, the model
for osteoporotic fracture in androgen-deficiency state. The effects of KL supplementation for 6 weeks
on fracture healing was assessed using Instron, a biomechanical testing device. The results were
compared with testosterone, the standard treatment for androgen deficiency. Based on the
biomechanical parameters, EL did not significantly improve the strength of fracture callous
compared to testosterone replacement. These findings were not supportive of the role of EL in
promoting osteoporotic fracture healing in orchidectomised rat model. To discover the true potential
of EL,, studies should be repeated with different castration models with intact testes for testosterone
production.
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INTRODUCTION

Osteoporosis is defined as a systemic skeletal disease characterized by low bone mass and micro-
architectural deterioration of bone tissue (Anonymous, 1993). Recently, there have been studies
to explore the potential use of medicinal plants in treating osteoporosis such as Triticum aestivum
{(Banji et al., 2014) and Ulmus wallichiana (Arya et al., 2011). There are also reports that parts
of animals such as deer antler could be used to strengthen bone (Kawtikwar et al., 2010). Kurveoma
longifolia Jack (EL) is another medicinal plant with was reported to have anti-osteoporosis
activities. This herbal supplement is used for men’s health. It is extracted from the root of the
medicinal plant which grows along the slopes of hilly territories in the Malaysian rainforest
{Burkill and Hanif, 1930). It 1s used to enhance libido in men and as anti-aging supplements
(Cyranoski, 2005; Talbott ef af., 2013). The herbal product is advertised in the internet and
marketed on-line worldwide. Studies on male rat model have demonstrated the pro-androgenic
effects of EL (Ang and Cheang, 2001) . In a human study, KL was found to elevate testosterone
level and increase semen volume (Tambi and Imran, 2010},
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EL may influence testosterone, a principal male hormone which also regulate bone remodeling
and bone minerals homeostasis. Low testosterone level or hypogonadism in men 1s the main cause
of osteoporosis, a bone disease characterized by low bone mineral density and high risk of fractures.
Onee a fracture had occurred in ostecporotic bone, it may heal poorly and is associated with
significant morbidity and mortality (Magaziner et al., 2003; Tosteson et al, 2008,
Abrahamsen et al.,, 2009; Haentjens ef al., 2010). There were several studies done to determine the
anti-osteoporotic activities of EL. It was found to prevent bone calcium loss in orchidectomised rats
(Shuid et al., 2011a; Effendy and Shuid, 2013). However, the bone protective effects of EL were
not consistent in histomorphemetry and micro-CT studies (Ariff et al., 2012; Ramli ef al., 2012).

Osteoporosis could promote bone fragility and vulnerability to fracture as the bone strength is
weak. Onee, a fracture has occurred, the bone auto-repairs itself with the help of surrounding
tissues such as periosteum, blood, bone marrow, external soft tissue and reinstates its own
mechanical loading ability. This process involves a sequence of cellular and molecular events that
are mostly similar with soft tissue wound healing (Glowacki, 1998).

To the best of our knowledge, there is no study on the effects of EL supplementation on
osteoporotic fracture healing. Therefore, in this study, fracture was induced 1n orchidectomised rat
model and fracture healing with EL supplementation was compared to testosterone replacement,
the standard treatment for androgen deficiency.

MATERIALS AND METHODS

Animals and treatment: Forty-eight male Wistar rats weighing between 350-450 g were obtained
from the Laboratory Animal Resources Unit, Faculty of Medicine, UKM. The rats were randomly
assigned into sham-operated group (n = 12) and orchidectomised group (n = 36).

Orchidectomy was performed through scrotal approach. A small incision was made at the tip of
the scrotum. The tunic was opened and the testis, cauda epididymis, vas deferens and spermatic
blood vessels were exteriorized. The blood vessels and vas deferens were then ligated with 4-0
absorbable suture. The testis and epididymis were then surgically removed and the remaining
tissues were returned into the sac. Similar procedure was repeated for the other testis. The skin
incision were closed with a non-absorbable suture {(Foley, 2005),

Two weeks following orchidectomy or sham operation, the right tibiae of all the rats were
fractured under anesthesia according to Stuermer ef al. (2010). Osteotomy was executed at the
proximal metaphyseal part of the tibia using pulsed ultrasound (Piezosurgery®, Mectron Medical
Technology, Carasco, Italy) and the fractures were fixed with plate and screws.

The rats were further divided into four groups consisting of sham-cperated (SHAM),
orchidectomized-control (ORX), orchidectomized and treated with FKuryvcomea longifolia (K1) and
orchidectomized and treated with testosterone enanthate (TEN). The EL group was treated with
daily oral gavages of 15 mg kg™ of Eurveoma longifolia extract (Phytes Biotek. 8dn. Bhd., Shah
Alam, Selangor). The TEN group received an intramuscular injection of testosterone enanthate
(Jesalis Pharma, Germany) at the dose of 7 mg per rat once a week (Yarrow ef al., 2008). The
SHAM and ORX control groups received vehicles only.

Following six weeks of treatment, the rats were euthanized, the fixation plate was removed and
the tibiae were extracted and stored in 10% formalin at room temperature. The protocol was
approved by Universiti Kebangsaan Malaysia (UKM) Animal Ethics Committee (UKMAREC:
PP/FAR/2011/NORLIZA/S0 NOVEMBER/M414-NOVEMEER-2011-JUNE-2012).

Biomechanical analysis: The biomechanical strength of the healed tibiae was measured using
Instron Microtester 5848 Model (Instron Corp, USA). The machine was equipped with Bluehill
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software for data analysis. Three point bending test was selected since it was suitable for the small
metaphyseal tibia measurement (Stuermer ef al., 2010). The samples were thawed at room
temperature for an hour and continuously moistened with phosphate buffer solution to prevent the
bones from drying out.

The right tibiae were placed with three-point contact on the aluminium base. The base was
fixed earlier in the Instron Microtester with a distance of 3 mm between the end of the proximal
tibia and the center of the load. Load was applied to the fracture callous of the tibia at the speed
of 5 mm min~" until it refractured.

Statistical analyses: All the data was expressed as MeantStandard Error Mean (SEM).
Statistical analysis was conducted using Statistical Package for Social Seiences version 18.0
(SPSS 18.0, Chicago, USA). The data was tested for normality using Kolmogorov Smirnov test.
Normally-distributed data was analyzed using parametric one-way ANOVA test followed by
Tukey's HSD test while not normally-distributed data was analysed using Kruskall-Wallis,
Mann-Whitney U and Wilcoxon Signed Rank tests. The level of significance was taken as p<0.05,

RESULTS

Maximum load: The Maximum Load 1s the amount. of load that the fracture callous was able to
receive before it re-fractures. The Maximum Load of the ORX group (54.1046.60 N) was
significantly lower than the SHAM group (138.23+75.08 N) and TEN group (198.16+25.29 N). The
Maximum Load of the TEN group was significantly higher than the SHAM group. Albeit not
significant, the EL group (97.89+16.56 N) seemed to have higher Maximum Load than the ORX
group (Fig. 1).

Maximum stress: Maximum Stress 1s the amount of stress that the fracture callous was able to
receive before it re-fractures. The Maximum Stress for the TEN group (47.04+£13.07 MPa) was
significantly higher than the ORX (15.13+3.66 MPa) and EL group (23.24%£23.24 MPa) (Fig. 2).
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Fig. 1: Maximum load wvalues for all the groups. Results were expressed as Mean+Standard
Error Mean (SEM). Similar alphabets indicate significant difference between the groups,
SHAM: Sham operated, ORX: Orchidectomy control, TEN: Orchidectomy+testostercne and
EL: Orchidectomy+ Kuryecoma longifolia
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Strain: Strain 1s relative deformation of the fracture callous before it re-fractures. The
Strain for the ORX group (0.52+0.13 mm mm™") was significantly lower than the SHAM group
(0.8240.07 mm mm™). The Strain of the EL group (0.58+0.14 mm mm™') was also significantly
lower than the SHAM group (Fig. 3).

Young’s modulus: Young’s Modulus parameter was derived from the slope of the elastic
region of the stress-strain curve. Young Modulus of the TEN group (65.38+£15.77 N) was
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Fig. 4. Young modulus for all the groups. Results were expressed as MeantStandard
Error Mean (SEM). Similar alphabets indicate significant difference, SHAM: Sham
operated, ORX: Orchidectomy control, TEN: Orchidectomy+testosterone  and
EL: orchidectomy+Eurycoma longifolia

significantly higher than the ORX (30.1327.62 N) and SHAM (65.38+15.77 N) groups but
not significantly different compared to the KL group (42.26+£13.36) (Fig. 4).

DISCUSSION

About 39% of ostecporotic fracture cases involving men were reported every year (Johnell and
Kanis, 2006). They require more attention as men were reported to have higher mortality risk after
an osteoporotic fracture than women (Bliucet al., 2009), The most reliable way to assess fracture
healing 1s by assessing the fracture callous strength, as what matters most during healing 1s the
strength it offers to prevent fracture recurrence. However, direct biomechanical testing can only
be carried out in animal model as the bone needs to be extracted out and the testing performed
until the bone re-fractured. Human bone strength could only be estimated indirectly using special
biomechanical software (Shuid ef af., 2010).

Fracture healing is a very complicated and poorly understood mechanism, especially with the
presence of osteoporosis (McCann ef al., 2008). Osteoporotic fracture in men is gaining interest as
it was shown that the relative risk of subsequent fracture in men was higher than women
{Center et al., 2007). There are already studies on the effects of KL on osteoporosis with some
showing potentially good results (Shuid et al., 2011b, 2012; Ramli ef al., 2012). However, there is
no study yet to investigate the effects of KL on fracture healing of osteoporatic bone.

Orchidectomised rat is a reliable animal model for simulating fracture due to androgen-deficient
osteoporosis (Krben et al., 2000; Libouban et al., 2001; Lefort et al., 2005). Removal of the testes
resulted in androgen deficiency which led to increased bone resorption and bone loss
{Vanderschueren et al., 2004). Fracture was created at the metaphyseal region of tibia based on
the fact that osteoporotic fracture occurs more frequently on trabecular bone in human
{Thompson et al., 1995). There 1s only a thin subcutaneous tissue lining the anterior part of the
tibia with limited vessels. Therefore, trauma and haemorrhage which could affect fracture healing,
could be minimized in the tibial fracture model (Ibrahim et al., 2013). Most studies carried out on
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large animals had measured the strength of femur or tibia at the diaphysis. These may not provide
accurate information as osteoporotic fracture occurs more frequently at the metaphysis of humans
long bones. Therefore, the present study has adopted the biomechanical testing by Stuermer ef al.
(2010) which could accurately measure callous strength at the metaphysis of rat tibia.

In cur previous study, EL was found to elevate testosterone levels, reduce bone resorption
marker and up-regulate osteoprotegerin gene expression of orchidectomised rats {(Shuid et al.,
2012). These actions may be responsible for the protective effects of KL against bone resorption due
to androgen deficiency. They were consistent with the protective effects of EL from bone calcium
loss (Shuid et al., 2011a) but further investigations using bone histomorphometry and micro-CT
failed to demonstrate these actions (Ariff et al., 2012; Ramli et al., 2012).

Osteoporosis has been proven to impair and delay bone fracture healing. This was consistent,
with the findings of the present study that the ORX group with osteoporotic bone had relatively
poor fracture healing than the SHAM group. In the latter group, fracture was induced in
non-ostecporotic bone to represent traumatic fracture with normal fracture healing.

The control groups (ORX, SHAM, TEN) had behaved expectedly. It was clearly shown that
orchidectomised-induced osteoporosis had resulted in weaker callous strength when compared to
that of normal bone (SHAM group). Testosterone replacement in the TEN group which acted as the
positive control group, displayed a substantially better healing than the ORX group. Therefore,
testosterone was able to improve fracture healing by providing better callous strength which was
at par with the healing of non-osteoporotic bone of the SHAM group.

As for the EL treatment group, the stress and strain parameters were similar to the ORX group.
There were non-significant improvements with the Maximum Load and Young Modulus
parameters. The beneficial effects of EL on the fracture healing of osteoporotic bone seem plausible
but the evidence is not sufficient to support this statement. There were several possibilities that may
contribute to the non-significant findings of KL.

One of the possibilities is that the dose of EL used may not be high enough to produce
significant effects on fracture healing. However, this 1s unlikely as the EL dose used should be
adequate according to Shuid ef al. (2011b). Furthermore, the dose was nearly twice the dose of EL
used to inerease sperm counts in normal rats (Wahab et al., 2010).

In terms of the possible mechanisms behind the effects of EL on fracture healing, its bicactive
product, especially euryecomanone may influence testosterone synthesis through the hypothalamie-
pituitary-gonadal axis. Kurycomanone induced anterior pituitary to release Luteinizing Hormone
{LLH) and Follicle Stimulating Hormone (FSH) into the circulatory system (Low ef al., 2005). This
would promote more testosterone production by the Leyding cells in the testes. In the
orchidectomised model, the eurycomanone action through HPG axis may not be possible with the
absence of testes. However, eurycomancne may still be able to stimulate small amount of
testosterone production by the liver and kidneys (Nurhanan et al., 2005).

Ancther testosterone-raising action of KL i1s via promoting the release of free testosterone from
the Sex Hormone Binding Globulin (SHGB) (Talbott ef al., 2013; Ang and Cheang, 2001). In the
absence of testes, the main producer of testosterone, the effects of whatever testosterone that is
available may be utilized via this mechanism.

EL has cytotoxic activities on human lungs and breast cancer (Nurhanan et ai., 2005).
Ramh et al. (2012) suggested that KL may adversely affect bone microstructure, possibly by

exerting its cytotoxic effects on bone cells that are involved in bone formation. In terms of toxicity,



Int. J. Osteoporosts Metab. Disorders, 8(1): 1-9, 2015

acute oral intake of aqueous extract EL did not cause acute toxicity to rats. However, at very high
dose of more than 1200 mg keg™!, subacute oral intake of aquecus extract EL may cause liver
toxicity in rats (Shuid ef al., 2011a).

CONCLUSION

Based on the findings of this study, EL was not able to significantly promote the healing of
osteoporotic fracture. The testosterone-raising ability of KL may be hampered in the orchidectomy
model, due to the absence of testes. Therefore, studies on EL should be repeated with different

castration models.

ACKNOWLEDGMENTS

The authors would like to thank University Kebangsaan Malaysia (UEM) and the Ministry of
Higher Kducation for the grant (ERGS/1/2012/5KK03/UKM/02/1) and the Pharmacology
Department staff for their technical support.

REFERENCES

Abrahamsen, B., T. van Staa, R. Ariely, M. Olson and C. Cooper, 2009, Excess mortality following
hip fracture: A systematic epidemiclogical review. Ostecporosis Int., 20: 1633-1650,

Ang, H.H. and H.S. Cheang, 2001. Effects of Kurycoma longifolia Jack on laevator ani muscle in
both uncastrated and testosterone-stimulated castrated intact male rats. Arch. Pharmacal Res.,
24: 437-440.

Anonymous, 1893, Consensus development conference: Diagnosis, prophylaxis and treatment of
osteoporosis. Am. J. Med., 94: 646-650,

Ariff, AST., I.N. Scelaiman, J. Pramanik and A.N. Shuid, 2012, Effects of Eurycoma longifolia
on testosterone level and bone structure in an aged orchidectomised rat model. Evidence-Based
Complement. Altern. Med. 10.1155/2012/818072

Arya, K.R., D. Sharma and B. Kumar, 2011. Validation and quality determination of an ethno
botanical lead for osteogenic activity isolated from Ulmius wallichiana Flanch. J. Scient. Ind.
Res., 70: 360-364.

Banji, D., O.J. Banji, V.L. Chiluka and S. Abbagoni, 2014, Role of Triticum aestivum aqueous
extract in glucocorticoid induced osteoporosis in rats. Indian J. Exp. Biol., 52: 153-158,

Bliue, D., N.D. Nguyen, V.E. Milch, T.V. Nguyen, J.A. Eisman and J K. Center, 2009. Mortality
risk associated with low-trauma osteoporotic fracture and subsequent fracture in men and
women. J. Am. Med. Assce., 301: 513-B21.,

Burkill, I.H. and M. Hanif, 1930. Malay village medicine, prescriptions collected. Gardens Bull.
Straits Settlements, 6: 176-180.

Center, J.R., D. Bliue, T.V. Nguyen and J.A. Kisman, 2007. Risk of subsequent fracture after
low-trauma fracture in men and women. J. Am. Med. Assoc., 297: 387-394.

Cyranoski, [D., 2006, Malaysian researchers bet big on home-grown Viagra. Nat. Med., 11: 912-912,

Effendy, N.M. and A.IN. Shuid, 2013. Combined effects of Eurycoma longifolia and calcium on bone
metabolism of orchidectomised male rats. Res. Updates Med. Sci., 1: 7-12,

Erben, R.G., J. Eberle, K. Stahr and M. Goldberg, 2000, Androgen deficiency induces high
turnover osteopenia in aged male rats: A sequential histomorphometric study. J. Bone Miner.

Res., 15: 1085-1008.



Int. J. Osteoporosts Metab. Disorders, 8(1): 1-9, 2015

Foley, P.L., 2005. Common surgical procedures in rodents. Document No. B2515.0605, Office of
Animal Research Education and Compliance, University of Virginia, Charlottesville, VA, USA.,
pp: 1-23. http:/fwww .sivalnet.it/SiteT ailorCommon/ShowBinary.aspx?id=2022.

Glowacki, J., 1998, Angiogenesis in fracture repair. Clin. Orthop. Relat. Res., 355 582-589,

Haentjens, P., J.5. Magaziner, C.5. Colon-Emeric, D. Vanderschueren, K. Milisen, B. Velkeniers
and 5. Boonen, 2010, Meta-analysis: Excess mortality after hip fracture among older women
and men. Ann. Internal Med., 152: 380-390.

Ibrahim, N.I., 8. Mohamad, IN. Mchamed and A.N. Shuid, 2013, Experimental fracture protocols
in assessments of potential agents for osteoporotic fracture healing using reodent models.
Curr. Drug Targets, 14: 1642-1650,

Johnell, O. and J.A. Kanis, 2006. An estimate of the worldwide prevalence and disability associated
with osteoporotic fractures. Osteoporosis Int., 17: 1726-1733.

Kawtikwar, P.5., D.A. Bhagwat and D.M. Sakarkar, 2010, Deer antlers-traditional use and future
perspectives. Indian J. Tradit. Knowledge, 9: 245-251.

Lefort, M., M.D. Curiel, M.T. Carrascal, C. Mendez-Davila and C. de la Piedra, 2005, Comparative
effects of bicalutamide (Casodex) wversus orchidectomy on bone mineral density, bone
remodelling and bone biomechanies in healthy rats. Urologia Int., 74: 301-307.

Libouban, H., M.F. Mareau, K. Legrand, M.F. Basle, M. Audran and [D. Chappard, 2001.
Comparison insight Dual X-ray Absorptiometry (DXA), histomorphometry, ash weight and
morphometric indices for bone evaluation in an animal model (the orchidectomized rat) of male
osteoporosis. Caleif, Tissue Int., 68: 21-37.

Low, B.S.,, BH. Ng, W.P. Choy, KH. Yuen and K.L. Chan, 2005. Bicavailability and
pharmacokinetic studies of eurycomanone from Eurycoma longifolia. Planta Med., 71: 803-807.

Magaziner, J., l.. Fredman, W. Hawkes, J.R. Hebel, 5. Zimmerman, D.L. Orwig and [.. Wehren,
2003. Changes in functional status attributable to hip fracture: A comparison of hip fracture
patients to community-dwelling aged. Am. J. Epidemiol., 157: 1023-1031.

MecCann, R.M., G. Colleary, C. Geddis, 8.A. Clarke, G.R. Jordan, G.R. Dickson and D. Marsh, 2008,
Effect of osteoporosis on bone mineral density and fracture repair in a rat femoral fracture
model. J. Orthop. Res., 26: 384-393.

Nurhanan, MY ., LLP.A. Hawariah, A.M. [lham and M.A .M. Shukri, 2005, Cytotoxic effects of the
root extracts of Furycoma longifoliajack. Phytother. Res., 19: 994-996.

Ramli, K., M.F. Khamis and A.IN. Shuid, 2012, Bone micro-CT assessments in an orchidectomised
rat model supplemented with Euryvcoma longifolia. Evidence-Based Complement. Altern. Med.
10.1155/2012/501858

Shuid, AN., S. Mohamad, N. Mchamed, F.M. Fadzilah and S5.A. Mokhtar ef al., 2010. Effects of
calcium supplements on fracture healing in a rat osteoporotic model. J. Orthop. Res,,
28: 1651-16586.

Shuid, AN, L.K. Siang, T.G. Chin, N. Muhammad, N. Mchamed and I.IN. Scelaiman, 2011a. Acute
and subacute toxicity studies of Eurycoma longifolia in male rats. Int. J. Pharmacol.,
7. 641-646.

Shuwd, AN, MF.A. Bakar, T A A. Shukor, N. Muhammad, N. Mohamed and [.IN. Scelaiman,
2011b. The anti-osteoporotic effect of Kurveoma longifolia in aged orchidectomised rat model.
Aging Male, 14: 150-154.,



Int. J. Osteoporosts Metab. Disorders, 8(1): 1-9, 2015

Shuid, A.N., K. El-Arabi, NM. Effendy, H.S A, Razak, N. Muhammad, N. Mohamed and
IN. Scelaiman, 2012,  KEuryeoma longifolia  upregulates osteoprotegerin gene
expression in androgen-deficient osteoporosis rat model. BMC Complem. Altern. Med.,,
Vol. 12. 10.1186/1472-6882-12-152

Stuermer, K.K., 5. Sehmisch, T. Rack, K. Wenda and D. Seidlova-Wuttke ef al., 2010. Estrogen and
raloxifene improve metaphyseal fracture healing in the early phase of osteoporosis. A new
fracture-healing model at the tibia in rat. Langenbeck's Arch. Surg., 395: 163-172,

Talbott, 3.M., J.A. Talbott, A, George and M. Pugh, 2013, Effect of Tongkat Ali on stress hormones
and psychological mood state in moderately stressed subjects. J. Int. Soec. Sports Nutr,,
Vol. 10. 10.1186/1550-2783-10-28

Tambi, M.I.LB.M. and M.K. Imran, 2010. Eurvcoma longifolia Jack in managing idiopathic male
infertility. Asian J. Androl., 12: 276-380.

Thompson, D.D., HA. Simmons, C.M. Pirie and HZ. Ke, 1995, FDA guidelines and animal models
for osteoporosis. Bone, 17: §125-5132.

Tosteson, AN, L..J. Melton, B. Dawson-Hughes, 5. Baim, M.J. Favus, 8. Khosla and R.L. Lindsay,
2008, Cost-effective osteoporosis treatment thresholds: The United States perspective.
Osteoporosis Int., 19: 437-447.

Vanderschueren, D., L. Vandenput, S. Boonen, M.K. Lindberg, R. Bouillon and C. Ohlsson, 2004,
Androgens and bone. Endocrine Rev., 25: 389-425,

Wahab, N.A., N.M. Mokhtar, W.IN.H.A. Halim and 8. Das, 2010. The effect of Eurycoma longifolia
Jack on spermatogenesis in estrogen-treated rats. Clinics, 65: 93-98,

Yarrow, J.F., CF. Conover, AV. Purandare, AM. Bhakta and N. Zheng et «l., 2008,
Supraphysiological testosterone enanthate administration prevents bone loss and augments
bone strength in gonadectomized male and female rats. Am. J. Physicl. Endocrinol. Metab.,
295: K1213-K1222.



	1-9_Page_1
	1-9_Page_2
	1-9_Page_3
	1-9_Page_4
	1-9_Page_5
	1-9_Page_6
	1-9_Page_7
	1-9_Page_8
	1-9_Page_9
	ijom.pdf
	International Journal of Osteoporosis & Metabolic Disorders.pdf
	Page 1





