Skeletal Manifestations in a Streptozotocin-Induced Mouse Model of Diabetes

IJUPUI

Jennifer Hatch, Dyann Segvich, Rachel Kohler, Joseph Wallace

T "(.

Department of Biomedical Engineering

DEPARTMENT OF BIOMEDICAL ] ) i ) - ] ]
Indiana University — Purdue University Indianapolis
ENGINEERING
Background Results Results
Diabetes and Bone Streptozotocin (STZ) " o on -o- M. Ctrl M. STZ o F. Ctrl = F.STZ Bl Control E3 STZ e M. Ctrl M. STZ e F. Ctrl = F.STZ B Control B3 STZ
o, . . o o DH - -
7 Advanced Glycation End Products (AGES) competitively inhibits glucose & STZ treatment leads to persistent hyperglycemia : e : C .
b ca vitamin D High toxicity with specificity to "0 A . C e o D Mechanical deficits in bones from diabetic mice
V PTH, inflammatory cytokines pancreatic B-cells o 10~ (I)_ . 1000 107 j _1 0.00207 A
L BmD Highly unstable, injectable when 3 ** ié': 8007 i 7 £y o 60'0015_ 25° 500~
17 Risk of fracture dissolved in buffer pH ~4.5 . % 0.5 (I)_‘ % o007 % * % % " . . go.oom— - o ‘ 20 - ol 250 :
Y vV Ay & A 5 4007 % 2 4 oo < 4 © NS
J ST o\ Hﬂ G S x A, o [TTeTTTTItrooommmmommmooees 0.0005 = += \ o 200- !
_ W % e _ Ijﬂ‘ ﬁ g 2009 & g ) ] (] 2+ < 15- gy — — — *\‘{
' ) 0 OB % A 0 (e} ~— LD
| 0.0 . 0-+— ! ! ! ! o : 0.0000- | | O | n 150 '
AIM: Characterize the bone phenotype resulting from sustained hyperglycemia in vele o remae ke Vel Female Male  Female S 10- S 00 1
male and female mice. Figure 1. B-islet is successfully compromised by STZ treatment (A). Treated animals . 7
exceed hyperglycemic threshold (300 mg/kg) by two weeks after injection (B). By 50
ME'I'hOdS the end of the study, Glycated hemoglobin was increased by more than 50% in 0 : .0 | : | | : :
treated animals (C), although no increase in fluorescent AGEs was measurable. 0 200 400 600 800 0 10 20 30 40 50 60
] . o« o . . Displacement (um) Strain (mg)
Study Design Statictical Analve Pancreatic effects mimic a T1D glycemic state in the body
. C57BI/6) mice tatistical Analysis A B .. C D ooupy FEEE xaes Figure 4. A. Force displacement data averaged by group. B. Normalized
« 4 groups, n = 15/group * 2—way ANOVA (p < 0.05) _ [ . _ s ||+ | ] Stress/strain averages by group.
‘ for main effects of T . 100001 _ g éﬂ A ,
£ Q = 7 * ok %k K * ok ok ok
treatment and sex with o 2 eIy 1 = wood | x-} A | B D
(P& (b (P& (P& post-hoc Tukey’s HSD £ ‘ L =T j | i 5 200 < zoooo_i ﬁ o1 — " 27
e o evaluation when significant oo . M'.l . X I IE W] : | é 3 S
Fem. Ctrl em. Male Ctrl ale |nteract|on found 7 s ’ > 10 0 e e § 18 M g | 82° A :‘: o ”
Vehicle Only Cifggi/fj-f;;er Vehicle Only Cif;:;?ﬁ;er « All data mean +/- SD Figure 2. ITT results indicate the ability to process insulin is not compromised by \: A s " §° 107 s o
STZ treatment (A, B), while GTT results show that STZ treated mice were unable to g 1 s £ ™ g 5 %
* IP injection, 5 consecutive days @ Hemoglobin A1C Analysis produce insulin endogenously in response to glucose injection (C,D). These results . : | A LB %
8 weeks old . Blood collected via cardiac =« ° . are in keeping with disease presentation of Type 1 Diabetic Humans. Male Female Male Female Wale Female Male Female
e E ' G H
exsanguination 8 5 @ . . . 150- ok K k 400- 400- 25
Glucose Measurements SHINAtion - - Sustained hyperglycemia affects quantity of bone — - _F .
. Fasted Glucose Tolerance Testin * Latex Agglutination Inhibition Assay . £ ] > £ 300- * e = 300- * @ 5 207 o
as g . R ted glycated hemoglobin A 7 C x 5100— 5 M - u w g s S s * 863 .
e N=7 / group eported as total hemoglobin Iil 0.070— ¢ " % 200- & 200 A é . e
o + Nr. . . » 065— — £ 50- - A g A 3
. ;z/khr ]lcaSt - Pancreatic Analysis i gau " : = ﬂ 3 1o- o g ﬁﬁ
B/K8 £IUCOSE DOIUS , * Fixed in formalin 2 o 2 0., . 0 K R |
¢ FaStEd InSUhn TOlerance TeStlng . . £ '_ 0.055- E Male Female Male Female Male Female Male Female
- * Embedded in paraffin o ] g A "
* N=8/group « Insulin positive area stained = 2" 0.050 A a Figure 5. Bones from STZ-treated females require less force to yield and break (A,
e 2 hr. fast . ——— 0.045 B). All STZ-treated animals underwent less work before yield and failure (C,D). The
* Weekly Non-ffa\stec.l Blood Glucose fAGE Analysis . G ! reduced ability to withstand force is represented as a significantly reduced stiffness
* 0.75 U/kg insulin bolus * N =5/group, random sampling o EH . in treated female bones (E). On a material level, yield and ultimate stresses were
 Demineralized, dried, digested (6 M/mg - s ’_‘ 1507 o ® e lower in STZ mice leading to a modulus which was reduced in STZ-treated bones of
HCL, 110°, 20 hrs.) o E ’ < oo BB 4 5 145- T o both sexes (F, G, H).
* Fluoresced @ 360 nm excitation and o o ol E7 S 1407 ]
460 nm emission . e 5. e i .
e Tested against quinine standard, | . A :zz g CO“CIUSIO“S
normalized to collagen content (via Male  Female vele . Temae vee e e o reme +  STZ treatment successfully induced diabetic state
hydroxyproline) Figure 3. STZ mice have less mass than control animals and Female STZ mice have . Skeletal manifestations pz:lralleled clinical diabetic outcomes
Microcomputed Tomography (CT) . . shorter tibiae than controls similar to patients with childhood onset Type 1 . Reduced BMD, compromised bone quality, and reduced longitudinal growth.
. 0.5 m Al filter (V = 60 kV. | = 167 1A} Mechanical Testing Diabetes (A,B). Both trabecular thickness and cortical area are is significantly less in . Useful model for study of diabetic bone .
) 9.8 / ! el _I - o H " 3 mm STZ females suggesting dysregulation of the bone modeling system (C, E). Both * Future Work: E%'E
.07 ;Ilm rvoxitrerso Iu on b - | L lower cortical area and lower marrow area drive a lower percent bone area in * Extend age of mice to explore effects in aging population,
-/ degree interva B treated animals (G). TMD in both types of bone vary significantly with sex and *  Explore effect of loading on bone in STZ mice,
* 1-mm cortical region selected — 9mm AH\ disease (D, H). * Combine with other clinically relevant disease models. E




	Slide Number 1

