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Abstract: Background: Postmenopausal osteoporosis has become a global health issues recently. Several vitamins play a role
in building and maintenance of bones. Objective: To evaluate the possible roles of vitamin B-complex supplementation alone
or combined with estrogen in the improvement of osteoporosis in ovariectomized (OVX) rats. Materials and Methods: Fifty
adult female albino rats were equally divided into 5 groups then 4 groups were exposed to ovariectomy: Control group, OVX
group, OVX/ Ethinyl estradiol (EE) group, OVX/B-complex group and OVX/EE/B-complex only. All treatments were started 4
weeks after surgery and continued for 8 weeks. Blood samples were collected to measure serum levels of homocysteine
(HCY), bone—specific alkaline phosphatase (BAP), collagen type 1 cross-linked C-telopeptide (CTX) and calcium (Ca++).
Results: Ovariectomy increased serum levels of Ca++, bone turnover markers (BAP and CTX) and homocysteine (HCY). Serum
Ca++ levels were increased, while serum levels of bone markers and HCY were decreased) in all treated groups but, only rats
treated with EE and vitamin B-complex returned the serum levels of CTX and HCY to normal. Conclusion: Vitamin B-complex

showed some antiosteoporotic effects in OVX rats.
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1. INTRODUCTION

Osteoporosis is a metabolic skeletal disorder characterized by low bone mass and

microarchitectural deterioration of bone tissue '

, with a consequent increase in bone fragility and
susceptibility to fractures 2 These fractures also significantly increase the risk of disability, morbidity, and
mortality >. The etiology of osteoporosis is complex, as genetic constitution and several modifiable factors
are known to be involved # like ageing, physical activity, lifestyles, socioeconomic status, general health
condition and environmental pollution >. There is an increasing evidence that postmenopausal osteoporosis

and its related fractures have become global health issues recently 587 It is well established that loss of

estrogen is responsible for 75% of bone loss in postmenopausal women 8 therefore, hormone replacement

Paper ID: H160517 8y Available online: www.ajsrp.com



Journal of Medical and Pharmaceutical Sciences - AJSRP —Issue (2), Volume 1 — June 2017

therapy initiated soon after the menopause will decrease this bone loss. However, estrogen therapy has
many undesirable effects that make its use for the treatment of osteoporosis debatable **'°. Venous
thromboembolic events, coronary heart disease, breast cancer, and stroke have been reported with long-
term use of estrogen therapy "'%12,

Nutrition is one of the most important modifiable factors for prevention of osteoporosis . Nutrient
deficiency accelerates bone loss in osteoporosis and increases the probability of hip fracture among elderly
4. Several vitamins play a role in building and maintenance of bones. Low levels of these vitamins
negatively affect bone health through increasing bone resorption . The B-vitamins are one group of
nutrients that have been investigated for their possible roles in bone health. Inadequate B-vitamins intake
has been reported among hip fracture patients '°. Vitamin B, (thiamine) supplementation prevented
malformations of the palate related to teratogony 7 but studies on the direct effects of thiamine on bone
are lacking. The regulation of bone turnover was disturbed with subsequent bone and joint abnormalities
in chicks fed on vitamin B-deficient diet *. In vegetarians decreased intake of vitamin B, increased bone
turnover and subsequent loss of bone '. However, studies on the direct effects of vitamin B-complex
(including vitamins B4, B, and B,) supplementation on osteoporosis are lacking.

High levels of plasma homocysteine (HCY), which is the final degradation product of the
methionine pathway, has been reported as a novel risk factor of osteoporotic fractures *°. Moreover, Salazar
and Banu ' reported that for every mmol/l of homocysteine, there is 4% increase in fracture risk in men
and premenopausal women. Hyperhomocysteinemia is usually associated by deficiency of folate and B,.
However, more studies are required to confirm whether vitamin B-complex improves postmenopausal
osteoporosis via influencing homocysteine metabolism or not. Consequently, the present study aimed to
evaluate the effects of vitamin B-complex alone or combined with estrogen on the balance between bone
formation and resorption in ovariectomized rats and also to clarify the possible involvement of

homocysteine in these effects.

2. MATERIALS AND METHODS
Drugs:

1. Ethinyl estradiol (EE), was purchased from Bayer Schering Pharma AG, Berlin, Germany.

2. Vitamin B-complex was purchased from Amriya Pharmaceuticals, Egypt. Each tablet
contains thiamine HCl (Vitamin B;)150 mg, pyridoxine HCl (Vitamin Bg)100 mg and
cyanocobalamin (Vitamin B;,) Tmg.

Experimental animals:
Fifty adult female albino rats of local strain, weighing 150-175 gm, were used in this study. The
animals were obtained from animal house colony of the National Research Centre, Dokki, Giza, Egypt and

housed in stainless steel cages (25 x 30 x 60 per 5 rats). They were kept at room temperature (~25°C) under
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a day/night rhythm with free access to food and water. The study was conducted in accordance to the

recommendations of the National Institutes of Health Guide for Care and Use of Laboratory Animals 2,

Experimental design:

After seven days of acclimatization the rats were randomized into 5 equal groups; ten rats each then
4 groups were subjected to ovariectomy. Group 1 (Control group): Consisted of normal rats and served as
negative control. They received tap water throughout the experimental period. Group 2 (OVX group):
Consisted of ovariectomized rats and served as positive control. They received tap water throughout the
experimental period. Group 3 (OVX/EE group): Consisted of ovariectomized rats. Each rat received 0.03
mg/kg/day of EE orally through gastric tube according to Czekaj and Nowaczyk-Dura %. Group 4 (OVX/B-
complex group): Consisted of ovariectomized rats. Each rat received 9.036 mg/kg/day of vitamin B-complex
orally through a gastric tube. The dose was calculated according to Paget and Barnes **. The tablets were
grounded and dissolved in distilled water just before administration. Group 5 (OVX/EE/B-complex):
Consisted of ovariectomized rats. Each rat received 9.036 mg/kg/day of vitamin B-complex together with
0.03 mg/kg/day of EE, orally through a gastric tube. All treatments were started four weeks after surgery to
ensure elimination of female sex hormones and continued for eight weeks.
Experimental Procedures:

1. Ovariectomy: Bilateral ovariectomy was performed wusing a double-dorso-lateral
approach according to Alkofahi and Atta %°.

2. Blood sampling: The animals were anesthetized at the end of the experiments and blood samples
were obtained from the orbital sinus of overnight fasted rats. Blood was immediately centrifuged
at 3000 rpm for 10 minutes. Sera were separated and stored at -80°C till used for measurement of
homocysteine (HCY), bone—specific alkaline phosphatase (BAP), collagen type 1 cross-linked C-
telopeptide (CTX) and calcium (Ca™).

Determination of biochemical parameters:

1. Measurement of HCY: Serum levels of HCY were measured by ELISA kits supplied by MyBioSource
(USA) according to manufacturer’s instruction.

2. Measurement of CTX: Serum levels of CTX were measured by ELISA kits supplied by MyBioSource
(USA) according to manufacturer’s instruction.

3. Measurement of BAP: Serum levels of BAP were measured spectrophotometrically at 550nm,
using QCA (Quimica Clinica Aplicada, S.A., the Spanish factory for “Applied Clinical Chemistry”)
alkaline phosphatase kits *.

4. Measurement of Ca™: Serum levels of Ca™ were measured spectrophotometrically 565nm, using

QCA calcium kits ¥/,
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Statistical analysis:

Data were expressed as means + standard deviation (SD). Statistical comparison between different
groups were done using one-way analysis of variance (ANOVA) followed by Tukey Kramer test for multiple
comparison to judge the difference between various groups. All calculations were performed using the

SPSS 16.0 software package. Significance was accepted at P<0.05.

3. RESULTS

Regarding to serum levels of Ca™, ovariectomy resulted in a significant decrease in Ca™ levels
compared to control group from 9.03+1.76 to 4.99+1.68. OVX rats treated with EE showed a significant
increase in serum levels of Ca™ compared to OVX rats from 4.99+1.68 to 7.72+1.36 while, they showed a
significant decrease in Ca™ levels compared to control group (7.72+£1.36 and 9.03+1.76 respectively). OVX
rats treated with vitamin B-complex showed a non-significant difference in serum levels of Ca™ compared
to OVXrats from to 4.99+1.68 to 4.95+1.43 while, they showed a significant decrease compared to control
group (4.95+1.43 and 9.03+1.76 respectively). Also, OVX rats treated with both EE and vitamin B-complex
showed a significant increase in serum Ca*™ levels compared to OVX rats from 4.99+1.68 to 7.33£1.16
while, they showed a significant decrease compared to control group (7.33+1.16 and 9.03+1.76
respectively). OVX rats treated with EE showed a significant increase in serum Ca** levels compared to OVX
rats treated with vitamin B-complex (7.72+1.36, 4.95+1.43 respectively) while, a non-significant difference
was observed when compared to EE/ vitamin B-complex group (7.72+1.36 and 7.33+1.16 respectively).

Ovariectomy resulted in a significant increase in serum levels of collagen type 1 cross-linked C-
telopeptide (CTX) compared to control group from 3.03+0.30 to 16.11+3.25. OVX rats treated with EE
showed a significant decrease in levels of CTX compared to OVX rats from 16.11+3.25 to 7.78+2.00 while,
the levels of CTX in OVX rats treated with EE were significantly higher than control group (7.78+2.00 and
3.03+0.30 respectively). OVX rats treated with vitamin B-complex showed a significant decrease in serum
levels of CTX compared to OVX rats from 16.11+3.25 to 6.79+1.38 while, levels of CTX in those rats were
significantly higher than control group (6.79+1.38 and 3.03+0.30 respectively). Meanwhile, OVX rats
treated with both EE and vitamin B-complex showed a significant decrease in serum levels of CTX compared
to OVX rats from 16.11+3.25 to 3.20+0.42 while, a non-significant difference was found when compared
to control group (3.20+0.42 and 3.03+0.30 respectively). All groups that received treatments (EE, vitamin
B-complex and EE /vitamin B—complex) showed significant differences in serum levels of CTX when
compared to each other (7.78+2.00, 6.79+1.38 and 3.20+0.42 respectively) but, only rats treated with both
EE and vitamin B-complex returned the levels of CTX to normal.

Ovariectomy resulted in a significant increase in bone—specific alkaline phosphatase (BAP) levels
compared to control group from 220.40+91.60 to 330.30+4.20. OVX rats treated with EE showed a
significant decrease in serum levels of BAP compared to OVX rats from 330.30+4.20 to 239.88+22.90 while,
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they showed a significant increase in BAP levels compared to control group (239.88+22.90 and
220.40+91.60 respectively). OVX rats treated with vitamin B-complex showed a significant decrease in
serum levels of BAP compared to OVX rats from to 330.30+4.20 to 239.30+29.70 but, they showed a
significant increase compared to control group (239.30+29.70 and 220.40+91.60 respectively). OVX rats
treated with both EE and vitamin B-complex showed a significant decrease in serum BAP levels compared
to OVX rats from 330.30+4.20 to 232.30+37.70 while, they showed a significant increase compared to
control group (232.30+37.70 and 220.40+91.60 respectively). All groups that received treatments (EE,
vitamin B-complex and EE /vitamin B-complex) showed non-significant differences in serum levels of BAP
when compared to each other (239.88+22.90, 239.30+29.70 and 232.30+37.70 respectively).

The present study demonstrated that ovariectomy resulted in a significant increase in serum levels
of homocysteine (HCY) compared to control group from 2.87+1.02 to 18.97+2.28. OVX rats treated with
ethinyl estradiol (EE) showed a significant decrease in levels of HCY compared to OVX rats from 18.97+2.28
to 10.39+1.55 while, the levels of HCY in OVX rats treated with EE were significantly higher than control
group (10.39+1.55 and 2.87+1.02 respectively). OVX rats treated with vitamin B-complex showed a
significant decrease in serum levels of HCY compared to OVX rats from 18.97+2.28 to 6.75+1.51 while,
levels of HCY in those rats were significantly higher than control group (6.75+1.51 and 2.87+1.02
respectively). Meanwhile, OVX rats treated with both EE and vitamin B-complex showed a significant
decrease in serum levels of HCY compared to OVX rats from 18.97+2.28 to 2.25+0.05 while, a non-
significant difference was found when compared to control group (4.25+0.05 and 2.87+1.02 respectively).
All groups that received treatments (EE, vitamin B-complex and EE /vitamin B-complex) showed significant
differences in serum levels of HCY when compared to each other (10.39+1.55, 6.75+1.51 and 2.25+0.05
respectively) but, only rats treated with both EE and vitamin B-complex returned the levels of HCY to normal
(Table 1).

Table (1): Serum levels of homocysteine (HCY), bone—specific alkaline phosphatase (BAP), collagen

type 1 cross-linked C-telopeptide (CTX) and calcium (Ca™) in various groups at the end of the

treatment period (Mean + SD).

Groups :
Contro
Parameters OVX/EE OVX/EE/B -
Ca** (mg/dl) 9.03:+1.76 4.99+1.68*  7.7241.36* 4.95+1.43% 7.33+1.16%0
CTX (ng/ml) = 3.03+0.30 16.11+3.25*  7.78+2.00%° 6.79+1.38%¢ 3.20+0.42b<

BAP (Mg/dl) 220.40+91.60 330.30+4.20° 239.88+22.90%° 239.30+29.70** 232.30+37.70%
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HCY
(ltmol/1)

a) Significant values versus control.

2.87+1.02 18.97+2.28*  10.39+1.55%" 6.75+1.512b¢ 2.25+0.05b<

(
(b) Significant values versus OVX.

(c) Significant values versus OVX/EE.
(

d) Significant values versus OVX/B-complex.

4. DISCUSSION

The present study revealed some anti-osteoporotic effects of vitamin B-complex and the possible
underlying mechanisms, using the ovariectomized rats as a model of post-menopausal osteoporosis.

The Food and Drug Administration (FDA) have approved the ovariectomized rat model for studying
the effects of estrogen deficiency on bone after menopause 28 |n the present study, ovariectomy resulted in
osteoporosis as evidenced by hypocalcemia, increased serum levels of bone turnover markers and
hyperhomocysteinemia (HHCY). These results are in agreement with Mukherjee et al. * who reported that
serum phosphorus and calcium levels significantly decreased in OVX rats compared with control rats as
both calcium and phosphorus levels indirectly reflect the status of bone metabolism. Calcium metabolism
plays a significant role in bone turnover, and deficiency of calcium leads to impaired bone mineralization
%0, Estrogen deficiency in postmenopausal women may induce calcium loss due to decreased intestinal
calcium absorption and decreased renal calcium conservation *'. Other studies indicated that deficiency of
estrogen possibly had a negative influence upon intestinal absorption of calcium in OVX rats, through
inhibiting the activities of two vital mucosal calcium-transferring enzymes; alkaline phosphatase and
calcium-ATPase 3233,

The results of this work are also, in agreement with previous studies. Some researchers have
noticed that ovariectomy increased both bone resorption and formation in rats ** but, bone resorption
excesses formation, leading to bone loss 35 Others indicated that bone turnover increased by estrogen
deficiency, as evidenced by altered levels of the bone turnover markers; bone—specific alkaline phosphatase
(BAP), collagen type 1 cross-linked C-telopeptide (CTX) and osteocalcin (OCN) in OVX than in sham
operated- rats *°. The imbalance between bone formation and bone resorption and the net bone loss, was
explained by the cessation of ovarian function and decreased estrogen secretion. Estrogen deficiency might
be associated with inhibition of osteoclast apoptosis or an acceleration of osteoblast apoptosis *’. It is now
well known that, the RANK ligand (RANKL) (a protein expressed by the osteoblasts), plays an important
role in osteoclast formation, function, and survival through its interaction with RANK (a protein expressed
by the osteoclasts). Osteoprotegerin, a natural inhibitor of RANKL, interferes with RANKL and RANK

association and thereby regulates osteoclast activity and resorption in the bone 38, Estrogen deficiency
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decreased OPG expression and down-regulated RANKL synthesis thereby, increases osteoclast activity and
bone remodeling *°.

Similar to the results of this work, increased serum levels of homocysteine (HCY following
ovariectomy was reported and was attributed to an estrogen-depletion mediated effect *°“*'. Few studies
have demonstrated that HHCY aggravates bone resorption and promotes osteoporosis ***%%. Thaler et al.
4 studied the expression of Lox gene, which encodes lysyl oxidase; an extracellular enzyme essential for
collagen cross-linking and stability. They found that HCY has a down-regulating effect on the Lox

expression. Vijayan et al.

showed that oxidative stress induced by homocysteine decreased OPG and
increase RANKL synthesis in osteoblast cultures through deranges insulin-sensitive Forkhead box protein
01 (FOXO1) and mitogen-activated protein kinase (MAP kinase) signaling cascades thereby, shifting the
OPG: RANKL ratio toward increased osteoclast activity and decreased bone quality. Another promising
mechanism explaining adverse effects of HHCY on bone is tissue specific accumulation of HCY in bone. This
accumulation was associated with a “spongy” bone phenotype and corresponding to the decrease in bone
strength ®.

In the present study, administration of ethinyl estradiol (EE) resulted in improved osteoporotic
effects of ovariectomy as evidenced by increased serum levels of calcium as well as decreased serum levels
of bone turnover markers and homocysteine. In this work OVX rats treated with EE showed a significant
increase in serum levels of Ca™ compared to OVX rats, but Ca™ levels were still significantly lower than
control rats. Similar to our findings, previous studies reported that administration of EE to OVX rats was
associated with a significantincrease in serum Ca** levels ***’. EE increased serum Ca** in OVXrats through
increasing renal tubular reabsorption of calcium *. Accordingly, changes in EE levels are associated with
changes in expression of many proteins involved in distal tubule calcium reabsorption *. Others found that
estrogen treatment increases calcium absorption in postmenopausal osteoporosis by increasing serum 1,
25(0OH) 2D (the active metabolite of vitamin D). This effect occurs indirectly through increased serum
parathyroid hormone, which stimulates renal 1-alpha-hydroxylase .

Bone turnover was decreased in postmenopausal women receiving EE as evidenced by the
decrease in the levels of bone turnover markers. The decrease in marker levels due to EE administration may
be the early predictor of subsequent bone mineral density (BMD) increase, and possible reduction in
fracture risk >". The results of this work showed that OVX rats treated with EE showed a significant decrease
in serum levels of BAP and CTX compared to OVX rat, but their levels were still significantly higher than
control rats. These results are in agreement with Sun et al. ** who found that estrogen replacement therapy
could protect against bone loss in OVX rats as evidenced by decreasing the levels of CTX and RANKL in
ovariectomized rats. Moreover, Li et al. >*found that estrogen or (t-zearalanol (a phytoestrogen) decreased
the levels of serum BAP in OVXrat. Estrogen supplementation after OVXis known to inhibit bone resorption

by reducing the number of osteoclasts and decreasing the number of bone remodeling cycles by attenuating
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the birth rate of osteoclasts and osteoblasts 3. In addition, estradiol treatment protected the bone matrix by
decreasing the bone turnover rate .

The results of this study showed that administration of EE reduced serum HCY levels but, these
levels were still significantly higher than control rats. In agreement with our results, Antoniades et al. 55
found that the serum levels of homocysteine in postmenopausal women are higher than premenopausal
ones and that estrogen therapy reduces these levels. In addition, Lakryc et al. %6 observed 20.7% reduction
in homocysteine levels in the group of women who used estrogen therapy. The mechanism behind this
observation is unknown. However, one study assumed that the estrogen-induced homocysteine changes
result from a change in albumin metabolism and not from an alteration in methionine-homocysteine
turnover >’. They considered the fact that a large portion of homocysteine (80%) is protein bound, mainly

to albumin *8. Cherry etal. >

assumed that the decrease in albumin levels could be a part of a general change
in protein synthesis or due to proinflammatory response to estradiol because albumin is a negative acute-
phase reactant.

Estrogen has been reported to be the most potent inhibitor of bone resorption. However, estrogen
therapy could be associated with increased risk of breast and endometrial cancer in postmenopausal
women ®. So, alternative approaches are needed in order to prevent the occurrence of osteoporosis
especially among high risk patients ®'. In the present study, the treatment with vitamin B-complex (vitamin
B4, vitamin Bg & vitamin By;) showed a significant reduction in serum levels of bone markers and HCY but,
serum Ca™ levels were not significantly changed in OVX rats. However, the levels of all measured
parameters were significantly different from those of normal rats. Studies on the direct effects of vitamin B-
complex (including vitamins B;, Bg, & B1,) supplementation on bone turnover and osteoporosis are lacking.
However, few studies have examined the relation between bone turnover markers and serum levels of these
vitamins. In a small sample of patients undergoing hip arthroplasty, low serum levels of folate, vitamin Bg
and B, were significantly associated with low serum levels of a bone formation marker (osteocalcin) ™.
Others showed that deficiency of these vitamins increased resorption activity of osteoclasts in mice as
evidenced by increased tartrate-resistant acid phosphatase (a marker of bone resorption) and cathepsin K
(enzyme responsible for degradation of the organic bone matrix) levels *2.

Some investigators examined the effect of B-vitamins on bone quality. Dietary intake of thiamin
was associated with a decreased risk of hip fracture in either Chinese men or women living in Singapore °~
However, others explained the effect of thiamin through its effect on brain function as thiamin deficiency
can cause mitochondrial dysfunction in focal regions of the brain which in turn can increase the risk of
Alzheimer’s disease and cardiac failure, and therefore can increase the possibility to fall in the elderly, which
may lead to increased fracture risk 53 however, this hypothesis needs to be validated in further studies.

Inverse association was found between dietary intake of B and hip fracture risk among post-menopausal

women %%, In chick cartilage invitro models, deficiency of B6 reduced the activity of lysyl oxidase, which is
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an enzyme that contributes in collagen cross-linking formation. This may explain why B deficiency could
affect the mechanical property of the bone 13 Bg may also, act as a substrate of alkaline phosphatase in bone
formation 9 and play a role in the coupling between osteoblasts and osteoclasts, therefore Bg deficiency
may cause an imbalance in the coupling between osteoblasts and osteoclasts which increases bone cavities

and decreases bone formation in 8%67&13,

The studies on vitamin B;,administration and bone health are scanty. One study found that
patients with a stroke had a reduced rate of hip fracture after combined treatment with folate and B,, ®®. On
the other hand, one study reported that healthy old persons (n=276; aged > 65 y) receiving folate and
vitamins Bg and B,, showed reduced levels of plasma homocysteine but had no beneficial effect on
biomarkers of bone formation and resorption (serum bone-specific alkaline phosphatase and bone-derived
collagen fragments respectively) ®. However, others found that B, deficiency indirectly increase osteoclast
formation through its effect on the elevation of homocysteine levels in bone cells invitro 7°. Few invitro
studies showed that HCY and its metabolites inhibits lysyl oxidase enzyme and stimulate osteoclastic
activity "'%”2. Herrmann et al. ** have noticed a dramatic reduction in bone strength and matrix after 3
months of induced hyperhomocysteinemia in adult rats. Moreover, some studies on humans observed a

positive correlation between plasma HCY and some markers of bone resorption 737472,

Others deny the relation between HCY and bone markers in adult men with low vitamin B,
however they assumed that elevated homocysteine concentrations could adversely affect bone strength
through mechanisms not related to bone turnover %. The levels of homocysteine in the blood is affected
by levels of folate, vitamin B,,, and vitamin Bg which act as substrates for the enzymes involved in HCY
metabolism °. Two different pathways are involved to metabolize homocysteine. One pathway needs
methionine synthase (a vitamin B;,-dependent) and the methyl donor, 5-methyl tetrahydrofolate (a folate
derivative) to convert homocysteine to methionine. In transsulfuration pathway, cystathionine 3 synthase
and cystathionine Y lyase (PLP-dependent enzymes) are required to convert homocysteine to cysteine ”’.
Therefore, B-vitamins supplementation could possibly have some anti-osteoporotic effects due to their
homocysteine-lowering effects. In the present study rats treated with vitamin B-complex (vitamin B;,
vitamin B & vitamin By,) alone or combined with EE showed significantimprovement in levels of measured
parameters (Serum Ca** levels were increased, while serum levels of bone markers and HCY were
decreased) but, only rats treated with EE and vitamin B-complex returned the levels of some parameters to
normal. However, further studies are required to come up with treatment strategies that guarantee the

usage of these treatments with avoidance to its potential hazards.
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5. Conclusion:

In conclusion, the present study could be added to the evidences that confirmed the anti-osteoporotic
effects of vitamin B-complex supplementation through modulating both homocysteine metabolism and

bone turnover.

List of Abbreviations:

ovX Ovariectomy
EE Ethinyl estradiol

HCY Homocysteine
BAP Bone—specific alkaline phosphatase
CTX Collagen type 1 cross-linked C-telopeptide
Ca™ Calcium

HHCY Hyperhomocysteinemia
OCN Osteocalcin

FOXO1 Forkhead box protein O1

MAP kinase Mitogen-activated protein kinase
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