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Bone Growth Indicators




Method of taking bone length measurements

Humerus Forearm Tibia Femur

(Reichling & German, 2000)



Method of taking bone width measurements

r

Z= Tibia A

Humerus A ' 4 %

Humerus C ¥

Humerus B &7 |

(Reichling & German, 2000)
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FA analysis




FA analysis

Raw Data File : C:\GC\Results\- F.A.M.E Mix RM-1_001-20100323-084409.raw
Inst Method : C:\GC\Method\F.A.M.E. Mix RM -1 from C:\GC\Results\- F.AM.E Mix RM-1 _001-20100323-084409.raw
Proc Method : C:\GC\Method\F .A.M.E. Mix RM -1 .mth from
il \GC\Method\F.A.M.E. Mix RM -1 mth from
File: C:\GC\Method\F A.M.E. Mix RM -1 .rpt
Sequence File : C:\GC\Methed- F.A.M.E Mix RM-1 .seq

Response (V]

Inst Method - CAGC\Method\PUFA 1-50 from C\GC\Results\-PUFA 1-50_001-20100528-112715.raw
Proc Method : C:\GC\Method\animal source.mth from

Report Format File: C:\GC\Wethod\PUFA 1-50.rpt
Sequence File : C:\GC\Method\-PUFA 1-50.seq

Resporsa [mv]

30
Tima mir]
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Fatty acid composition (g/100 g - acid : the experimental
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Fatty acid composition (g/100 g total fatty acids) of the experimental
diets
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Growth indicators of male & female rabbits fed diets with different dietary oil

sources & varying ®-6/®-3 ratio for 100 days

SBO DHA

314042 327042 332543 28504 25704 23004b 21208¢ 2666.67 AP
+91.38 +£165.53 $£119.90 +332.92 +£152.15 200 137.42  £109.29

tha,m' 228042 h400Aa 2133.33%
(a) R L 78, 19 +290.59

r_

2066.67 A2
1 '_ ~ 60.09

.._.n’

GR 22.804 242042 25,5042 21.33Aa . 15.40 B¢ 21 Aa
(g/day) +1.02 +1.69 +1.20 +2.91 +1. +0.40 +0.58

DHA/ARA

2387.504k
+132.88

19504  1987.5042
+50 +135.98

FE 0.41%2  0.42ha 0.424a 0.394a 0.43%2  0.41Aa 0.4642
+0.01 +0.01 +0.01 +0.03 +0.01 +0.07 10.01

0.44Aa 0.48 A3
+0.01 +0.02
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Bone marrow fatty acid profile of male rabbits fed diets with different
dietary oil sources & varying ®-61ﬁ3" ratios for 100 days
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W Total SAT

m Total MUFA
Total w-6
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Fatty acid concentration

Dietary treatment



Bone marrow fatty acid profile of male rabbits fed diets with different
dietary oil sources & varying ®-6/®-3 ratios for 100 days
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Bone marrow ®-6/®-3 ratio of male rabbits fed diets with different
dietary oil sources & varying ®-6/®-3 ratios for 100 days
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Bone marrow fatty acid profile of female rabbits fed diets with
different dietary oil sources & varyin@ﬁ/w% ratios for 100 days

W Total SAT
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Bone marrow fatty acid profile of female rabbits fed diets with
different dietary oil sources & varying ®-6/®-3 ratios for 100 days
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Bone marrow ®-6/®-3 ratio of female rabbits fed diets with different
dietary oil sources & varying ®-6/®-3 ratios for 100 days
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Plasma enzymes level & ex vivo PGE, release from tibia of male & female rabbits fed
diets with different dietary oil sources & varying ®-6/®-3 ratios for 100 days

DHA/ARA

ALP 63.47Ab  76.16AP¢  74.80AP 72.53Abc 51 68Ab 54,404 84.32A  131.47AF 158.674 226.67 "

(U/L) +4.53 +10.28 +14.51 +11.41 +7.67 +0.00 +7.93 +36.64 149.87 +17.56

32.42Aa 22184 2900

+2.70 +3.55  +3.28

PGE, 12.56A2  11.49A2 13.33Aa 11.53A2  6.91Ac 9.98Aa 9.43Ab 10.55 42 12.354a 12.9642

(ng/g) +0.31 +1.95 +1.05 +0.76 10.87 +1.58 10.58 +0.92 +0.35 +0.94
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Correl=0.37

RZ=0.137
*

Correl=0.61
R*=0.377

PGE; [ng/g bone)

PGE, [ng/g bone)
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o-6/@-3ratio

+
+

ARAEPA ratio

Correl=0.78

Correl=-0.26 R2= 0.613

R*=0.066

ALP [U/L)

ALP [U/L)
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o-6/m-3ratio
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ARA/EPA ratio
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- The Effect of Long-term Supplementation with
f Different Dietary ®-6/®-3 Ratios on Minerals

~ Content and ex vivo PGE, Release in Bone of
=l Growing Rabbits

i, D. M., Al-Khalifa, A. S., and Shahidi, F.

pared in manuscript format




Minerals content & ex vivo PGE, level in bone of male & female rabbits fed diets
with different dietary oil sources & varying ®-6/®-3 ratios for 100 days

DHA/ARA

184.158 197.56Ac 213.45%% 174.008¢  243.7942 250.114b 256.144 263.444° 271.2742 291.7042

+2.57 +2.18 13.74 +4.50 +15.49 +1.01 16.13 12.52 +7.69 16.55

3.07 Ac 3.24 Ac 3.914b 3.88 Aab
+0.04 +0.10 +0.19 +0.14
0.08A 0.09 Aab 0.08 Bbe 0.07Ab 0.07Ab (.08 Aabc 0.104
Zn
+0.004 +0.004 +0.003 +0.005 +0.004 +0.01 +0.002

12.56A2 11.49Aa  13.33Aa 11.534a 12.35A2  12.96Aa

+0.31 +1.95 +1.05 +0.76 +0.35 +0.94
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10 15
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ne Ca, P & Mg contents
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c{‘?of ®-3 LCPUFA in the diet from marine
0ils has been shown to maintain optimal

 favorable effect of ARA/EPA ratio in
& Mg contents than the overall ®-




.;_ffect of Bone Marrow ARA, EPA, and DHA.on_ '
Femur Minerals Content and Biomarkers of Bone
& Metabolism in Growing Rabbits
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Bone marrow fatty acids of male & female rabbits fed diets with different dietary oil
sources & varying ®-6/®-3 ratios for 100 days

JE—

SBO DHA DHA/ARA
C18:2 »-6 45.63% 44.77h2 3407 36,194 20.48A 19.79Ac 17.45A 13.96A¢ 20.93A 20.69Ac
C20:4 @-6 100 1.33Mc  215A  213M

=) ™

[ =

C18:3 -3 0.81Ac  (0.77Ad  127Ab 1,484  (0.80Ac  (0.75Ad  1.,12Abe

C20:5 ®-3 0,554 0. 70°ARSSEEEIRAR (.26 AP

C22:6 »-3 5 16.924a 17.644% 10.134b

1“ 4

LA/ALA

'|r by

LA+ARA/
ALA+DHA

EEERIR.60 b 18,658 19.124b

42.34%  46.74 42 : 2.64A  2.64h

ARA/EPA - - E _ 0.13Ac  (0.14A  421Ab 3 08Ab

ARA/DHA : 0.8622  (.89%a

ARA/EPA +DHA - - - - 0.03Ac  0.05Ac (0.12Ab  (Q.12Ab



Plasma ALP & ACP activity & femur minerals content of male & female rabbits fed
diets with different dietary oil sources & varying ®-6/®-3 ratios for 100 days

JE—

DHA/ARA

ALP 63.47Ab  76.16Ac  74.80Ab  72.53Abc 51.68Ab 54.40Ac  84.32Ab 131.47Ab 158.674° 226.67 42

(U/L) +4.53 +10.28 +14.51 +11.41 +7.67 +0.00 +7.93 +36.64  1+49.87 117.56

BN 07]1 5 26. 730 38,3972 . 33.27Aa
+0.86 +5.09 +3.17 +0.86 16.13

ACP 25.25% 26274 32.42M
(U/L) 42300 +139 208

il
=

184.158° 197.567c 213.45* 174.008¢  243.794* 250.11A° 256.14A2 263.44Ab 271.27A* 291.70*°

Ca
+2.57 +2.18 +3.74 +4.50 +15.49 +1.01 +6.13 +2.52 +7.69 +6.55

. 3 - S
Ll I I .
114797 122, 53242 13¢
i = - - ks

i

2.90A¢ 3.07 Ac

+0.12 10.04

0.08Ab 0.09 Aab 0.08 Bbe 0.07Ab 0.07Ab 0.08 Aabc 0.10Aa
Zn
+0.004 +0.004 +0.003 +0.005 +0.004 +0.01 +0.002
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4 6 8

+
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f EPA & DHA & depletion of’ARA‘-‘?‘éi
arrow of rabbits fed SBO or SO diets

ary m-6/m-3 ratio had significantly lowe
% Mg contents |



Z iBone marrow ARA concentration was positively
: orrelated ‘with ALP activity & bone Ca, P, Mg, & Zn
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Bone growth indicators of male and female rabbits fed diets with different dietary
oil sources and varying ®-6/®-3 ratio for 100 days

DHA/ARA

7.014a 7.024a 7.1042 7.0042 7.03Aa 6.88Aa

ACLEE +0.04  +0.07  +0.09 012  +0.10  +0.03

- . 7.92Aa g ppAa  79)Aa

Forearm )
. 1006  +0.07  +0.07
| b k

+0.13 +0.00 +0.15

s =

10.35%42 10.27A2 10.44A* 10.25A2 10.41%* 10.20% 10.58A* 10.38A= 10.33A2 10.184a

+0.09 +0.11 +0.16 +0.18 +0.16 +0.10 +0.12 +0.16 +0.08 +0.22

9.68 A2 9.66 A2 9.68 A4 9:57a. g 7244 9.404a 9.814a 9.68 A2 9.58 Aa 9.404a

mur
R T8N 005 1008 <O NSEEERNUERSGRCS ONMES0Ms 1003 10.28



Bone growth indicators of male and female rabbits fed diets with different dietary
oil sources and varying ®-6/®-3 ratio for 100 days

FO DHA DHA/ARA

M F M F M F

Humerus A s8> 1.2944 1.31888 1.28 ' ‘:_ D5 A 1.2643 1.254a i3 1.2948
+0.05 +0.02 +0.00 +0.03 +0.03

+0.06 ~ +0.02  +0.01  +0.03

-

Humerus B 1 0.92%2 0.88A  (090A  (0.92A2 (.93A  (.90Aa
+0.03  +0.03  +0.02  +0.02 4003  +0.02

0.72%  0.70Ab  0.70%2 (.73R  (,75Ra  (.70Ab
- +0.03  +0.00 +0.02 +0.02 +0.05 +0.02

Humerus C

Femur A 1.65% 1554  154A  ]gpAa  ]g3ha  ].g]ha
+0.04  +0.05 +0.04  +0.03  +0.06

S RSN S o =
col0)a =

EESeahc ) 33Abc ) 34 Abe
+0.03 +0.08 +0.02

4004 #0.00

Femur C 0.58Aab (.53 Aa
+0.03 +0.08
Tibia A 1.52Aa 1.53 Aab 1.55Aa 1.45Aa 1.38Ad 1.46Aa 1.47 Abe 1.45Aa 1.44 Acd
+0.01 +0.02 +0.02 +0.04 +0.03 +0.02 +0.02 +0.05 +0.02

0.68Aa  0.6082b 0.57Aa  (0.554kc 0.56 Aabe

10.01 +0.00 +0.03 +0.00 +0.01




Bone growth indicators of male and female rabbits fed diets with different dietary
oil sources and varying ®-6/®-3 ratio for 100 days

Humerus

i f!
Forearm
y -

”"l'

-

7.67 A2

Tibia e

Femur

8.60Aab
+0.36

4,13 Aab
+0.21

3.614p
+0.13

5.94 Ac
+0.33

7.06A¢
+0.52

3.804k
+0.07

7.58Ab
+0.18

BREIE Abc
+0.23

DHA/ARA

7.83Ab
+0.06

7.64 Ac
10.24
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: * The bone marrow fatty acid profile was
f ‘significantly influenced by & reflected the
~ dietary lipid treatments

Inclusion the diet with preformed ARA, EPA &
DHA is more effective to enrich bone marrow
tissue With these essential fatty acids than to
supple t with the precursors
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| ° Cdﬁduct in adulthood & beyond that peak bone mass is
achieved & bone would reflect resorption

® Include other eicosanoids such as PGE;, PGE;, leukotrienes &
~ cytokines since they are also involved in bone formation &
- esorption activities

|
- LI

Mineral
mineral
LCPUFA su

lance studies will explain the change in femur
itent that was observed in response to dietary
ementation

Include bo
variation |

nders to clarify the mechanism behind the
as existed between males & females




So try marine
algae oils

Why not?

- Aial skaleton
. Appendicular skeleton
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First Paper

e International Society for Nutraceuticals &
Functional Foods Conference 2011.
Sapporo, Japan

* Journal of Functional Food 2012
IF: 1.308



Second Paper

e The First International Conference of the
Saudi Osteoporosis Society 2012.
Riyadh, KSA

» Will be publish



Third Paper

e 8t International Symposium on Nutritional
Aspects of Osteoporosis 2012.
Lausanne, Switzerland

» Will be publish
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