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O.Pm 239130 354230 41228 349=137 451 =24 34232
h 20) €19) 20 an 9
Ob Pm 209 : 046 53)s 102 9.521 097 10,52+ 1.68 9.56 =+ 1.83 992+ 144
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Bone Formation Rate, BFR/Tt BV,

Figure 7.

NH\\g

SHAM OVX

1 ng/kg
PTH [1-34)

5 pg/kg
PTH [1-34)

Bone formation rate measured in diac crest biopsies taken at
15 months from sham controls and ovariectomized adult
monkeys, M fascicularis, given vehicle or LY333334 gt

1 pg/kg/day (PTH1) or 5 up/kg/day (PTHS) for 18 months or at
1 pg/hg/day (PTH1-W) or 5 pg/kg/day (PTHS-W) for 12 months,
after which treatment was withdrawn for a further 3 months.
Note the increase in bone formation rates during active
treatment in PTH1 and PTHS and their reversion towsrds

control values in PTH1-W and PTH5-W. Statistical significence,

* p<.05.
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Additional data on tunneling, cortical thickness in iliac crest:

Table 1 incidence of Tunneling in lliac Crest Biopsies

Treatment Duration Sham OVX PTHI PTHI-W PTHS PTHS-W

6 months 9.5 10.0 41.2 250 50.0 38.1
21 (20) (17 (20) (20) (21)

15 months 48 50 474 100 60.0 50
(2hH (20) {19 20) (20) (20)

Numbxt of specimens per group are shown in parentheses. Incidence in percent.

Conclusion: PTH caused a marked increase in iliac crest tunneling

o
Table 4 Porosity and Cortical Thickness (Mean + SEM) of the Cortical Bone of the lliac Crest Biopsies
Sham OVX PTH) PTH)-W* PTHS PTHS-W*
Poronity (%)
6 months 23103 2805 3607 3.3:0.4_ 25=05 27204
21 (18 (16) (19) 21) an
15 months 12202 11x01" 1.0=01° 11202 L1=02 13203
19 (18) (16) 7) t17) a4
Conical Thidkngss tpm)
6 months 4139+ 117 403.2 154 482.2=226 4520z 246 S00.0 = 281 3993 =267
15 months 4306=177 466=2121 3KK.8 = 203" 0¥ Tz 244 4IN2: 331 440,62 28K

Number of specimens per group shown in parentheses.
®  Withdrawal data reprexent changes measured 'in monkess treated ke 12 months with LY 333334 and then withdrawn from treatment for 3

months
& p<.05 vs. 6 months
¢ p-.01s. 6 months.

Conclusion: PTH did not increase porosity in the iliac crest, unlike what was seen in the mid-humerus
(see helow, Table E4). At 6 months, cortica! thickness was increased by PTH1 and PTHS, although
the e.iect was not statistically significant. However, after 15 months of treatment the previously
increased cortical thickness was decreased in both PTH1 and PTH5 groups to below- sham levels.

PTH did not affect the incidence of woven bone in specimens of the iliac crest at 15 months relative to
6 months.

These results indicate that it is unclear what the result of long term PTH treatment will be on 2 mixed
bone site, like the iliac crest or the femoral neck, in terms of bone strength. However,
histomorphometry (below, Table F16) and strength (above, Table B4) data for the femoral neck
suggest that at this particular bone site adverse effects on bone density or strength do not occur.

APPEARS THIS WAY
ON ORIGINAL
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Humerus midshaft

Measurements were performed on periosteal, endocortical and intracortical surfaces of cortical bone
from humerus mid-diaphysis

Table E1 Definition of Histomorphometric Variables for Cortical Bone Measurements of the Humerus?
Varishle Lmits Description
AcF cycles'vear Activation frequency
BFRBS.Ec um'day Bane formation rate, endocortical surface referent
BFRBS.Ps pm’day Bane formation rate. periosical surface referent
BFRBY % year Bone formatian rate, bone volume refarent
FP days Formation period w
L OnN/(CLA #:mm?2 Number of fluarochrume laheled osteons per unit cortical arca
MAR pmiday Mineral apposition rate, muracurtical m
MAR Ec pm‘day Mineral apposition rate. endocortical surface w
MAR Ps pm day Mineral apposition rate, periosteal surface 4
MSBS.Ec % Mincralizing endoconical surface narmalized 10 1012l endocontical surfiace
MS BS.Ps e Mincralining periosteal surface narmalized to 1otal periosical surfsce
O Wi Hm Osteoid width ‘
RN CLA % mma Number of resorption spaces per unit cortical arca o
W Wi pm Ostconal wall width
amt days Osteoid maturation time m
Po S Porosity, the percentage of bone area ocaupied by spaces m
B Ar mm? Bone arca. the total area within the periosteal surface —
CuvAr mm2 Cortical arca, the arca of bone within the periosical surface (includes porosities) w
N Ar mm?2 Mcdullary canity area
»  Parfitt AM. Drezner MK Gloncux FH. Kanis JA, Malluche H, Mcunier P). On1 SM. Recher RM. 1987 Bane '
histomorphametry: standardezation of nomenclature, symbols. and units. J Bone Miner Res 2:505-610. m
18 month data (Table E4): o
Effect of OVX (relative to sham):

Significant increases in Ac.F, BFR/BV, L.On.N/Ct.A, MS/BS.Ec, MS/BS.Ps, Rs.N/Ct.A, Po
» N.s.increase in BFR/BS.Ec, BFR/BS.Ps, O.Wi, Me Ar
e No effect on Ct.Ar

Ad

Effect of LY treatment (relative to OVX):

e Significant increases in L.On.N/Ct.A, MS/BS .Ec (but not MS/BS.Ps), Rs.N/Ct.A, Po, Cl.Ar

e N.s. increases in Ac.F, BFR/BS.Ec* (but not BFR/BS.Ps), BFR/BV* (*=only in PTHS grp), B.Ar
e N.s. decrease in O.Wi, Me Ar
®

No effect on BFR/BS.Ps

Effect of LY treatment withdrawal:

e Significant decrease in Ac.F, BFR/BV, L.OnN/.Ct.A, MS/BS.Ec, MS/BS.Ps (all but last of these
parameters were increased by both OVX and LY, and were reversed below OVX levels, back to

sham level, by LY withdrawal)

Some other parameters were reversed to or below OVX levels, but were not significantly different

from OVX (i.e. BFR/BS.Ec, BFR/BS.Ps, Rs.N/CtL.A)

Decrease in porosity after withdrawal of PTH1 bu£ not PTHS
No effect on Ct.Ar or B.Ar

What this means:

Ovariectomy caused an increase in periosteal and endocortical bone formation and intracortical
resorption, i.e. increased bone turnover. Ovariectomy caused increased porosity but had no effect on
cortical bone area.

PTHS5 but not PTH1 caused a further increase in endocortical but not periosteal bone formation. PTH
caused an increase in cortical area apparently due to decreased medullary and increased bone area.

PTH1 and PTHS5 both increased cortical porosity. This appeared to be the result of an increase in
intracortical resorption.




26

The effect of PTH withdrawal was to decrease bone formation to below-OVX levels and occurred in
both periosteal and endocortical zones. PTH1 withdrawal reversed the increased porosity. However,

within the time frame studied, PTH5 withdrawal had no consequences for the treatment-induced
effects on cortical area or porosity.

Table E4 Intracortical Measurements (Mean £ SEM of Raw Data) of the Humerus at 18 Months (n = 121)a
Variable Sham OVX PTHI PTHI-W PTHS PTHS-W
AcF 1884 0.43 0.06=076 7692114 3.17=049 9.08=0.79 2142032
{19 {19) (19) (19) n 201
BFRBS Ec =222 209=50 181233 149233 340243 139460
) (15) s (10) (20) (8)
BFRBS.Ps 3614 91220 85226 36=1) 90z 14 58=20
(5 4) a7 12) (0n (5)
BFRBV 21205 92=12 92+14 45=08 135212 23204
(19) Uy (19) (19 n (20)
FP 827=94 659245 63423 65528 61.7+2S 82.5=103
(19 a9 (19) (19 21y Q0 m
LOnN/CLA 0.28 + 0.06 1032012 1.26 2+ 0.16 052 =008 1472010 040 = 0.06 m
n (§5) (19 20) ©hH (20)
MAR 0.9120.08 1.07=0.04 0.98 = 0.03 104 2 0.06 1.07 2 0.02 0.8% = 0.06 m
(19) 119) (19) (19) an 120) |
MAR Ec 0482011 0.75=0.06 0.06 + 0.04 0.66 = 0.05 075:003 0.61 =006
(&) s (1%) (10) (20) ) v
MARP, 0.62=0.11 0.69 = 0.06 0.89 2 0.23 054004 0.66 =004 083 =007
5 (RE1] (1T (12) tn (% o
MN BS Le 31114 210=4) 282=39 120=323 323=52 9222358
2n (19) (19 (20) 1) 120) m
MS'BS Py 1§208 100=24 86113 40=1.1 11.5=21 20=208 w
@n 9 19 120) 21 (20 ——
o Wi 3774020 404=021 3662015 403=018 372011 31.75=0.19 m
2N (19 19) 120) 2n 120)
Ra NCLA 0.1232 004 0.2110.03 0.28 £ 0.04 0.120.02 0452005 0.17=004
<h (19) (19 (20) ©2n 120} rM
w.wi 63230 686=35 614=18 660223 654121 630=17 o
b 19 (19) (19) @2n 200 o
oml 455 =029 387=-024 276=0.16 39 =014 25=013 4¥2 =058
19 19) 1Y) (19) an 120) -
Po 1322013 261=032 4651110 2312036 665=094 ©36=097 _<
2n (19) (19) (20) 2h (20)
B.Ar S31=12 528116 542=14 55314 5834213 579:20
an (19 (19) (20) (M} (20)
CrAr 374:08 354312 376209 381=a11 46109 40%:13
@n 9 19 (20) 21) (20)
Mec Ar 157=09 175210 166209 173207 ME=1] 17114
i2h (19) {19) (20) 121 (20)

Numbxy of specimens per group are shown in parentheses.

Although the 1otal sample size was n = 121 monkeys, it was not always possible 1o measure each parameter due to label
excape. Missing mecasurements also prevent calculation of derived variables. reducing the sample size for some variables.
3 The 1otal n fur some variables is less than 121 due to missing valucs.
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Evaluation of three different cortical zones in the mid-humerus revealed that porosity was largest
and/or most increased by LY treatment near the endocortical surface, and least near the periosteal
surface (Fig. 10, below). Porosity in this endocortical zone was also largest to begin with (see Sham
data). ’

w
o

B Sham
s 25 D OVX
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E 3 @ PTHS
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& 50 2 PTH 5W
.T'_f 10 S0
T 5 S.0
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Figure 10. Localization of porosities to predominantly the endocortical

region of the midshaft humerus in sham controls and
ovanectomized adult monkeys, M fascicularis, given vehicle or
LY333334 at 1 pg/kg/day (PTH1) or 5 pg/kg/day (PTHS) for

18 months or at 1 pg/kg/day (PTH1-W) or § pg/kg/day (PTH5-W)
for 12 months, after which treatment was withdrawn for a
further 6 months. (A) in the PTH-treated groups, porosity
increased most near the endocortical surface (Zone 1).
Porosity was significantly greater in PTH1 and PTHS than in
sham or OVX near the periosteal surface (Zone lli) as well, but
the increases were much smaller. Zone | is the inner
(endocortical) one-third of the cortical diameter, Zone It is the
intermediate one-third, and Zone lil is the outer (periosteal)
one-third of the diameter. $= p<.05 vs sham; O = p<.05 vs OVX.
Data are expressed as Mean 1 SEM. (B) if porosity were
uniformly distributed throughout the cross-section, the
reduction in strength of the humerus would have been greater
than when the porosity is primarily distributed close to the
endocortical surface, as it was in PTH-treated monkeys. For
PTH1 and PTHS, a uniform distribution of porosity would have
caused 2 significant decrease in strength of the humerus

(* p<.05). Because there was a gradient of porosity that
decreased toward the periosteal surface, no significant
reductions in strength were predicted. Data were expressed as
Mean £ SEM.

In a recently published paper by Burr et al. (J. Bone Miner. Res. 16(1), 2001) the issue of cortical
porosity, its distribution and its effect on strength was-eddressed further. Data from the current
monkey study on architecture and strength of the humerus midshaft were used to support the
hypothesis that the dose-dependent increase in cortical porosity upon intermittent administration of
PTH(1-34) does not reduce the strength or stiffness of cortical bone. According to the data, PTH (1
and 5 ug/kg/day) dose-dependently increased cortical bone turnover and intracortical porosity. This
would be expected to result in a decrease in cortical BMD. The increase in porosity occurred mainly
in the endocortical zone. This increase in porosity is theoretically expected to result in a decrease in
bone strength (based on an estimation of Young’s modulus in each zone). However, the decrease
would not be expected to be as large as when porosity would have been uniformly distributed
throughout the cortical zones.

The data also showed that PTH caused addition of new bone and increased cortical area and
thickness and increased bone formation at the endocortical surface, which was statistically significant
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at the high dose (see Table E4). This would offset the adverse effect of increased porosity on
strength. Actual strength measurements confirmed the predictions based on bone architecture (see
Table B4, above). The effect of PTH withdrawal for 6 months was that at the low dose the increased
porosity was reversed to near OVX levels, while at the high dose it was partially maintained (Table
E4). The absence of reversal in the endocortical zone could indicate a temporary uncoupling of
resorption and formation. However, strength measurements did not suggest adverse effects after
PTH withdrawal at either dose.

It should be noted that in the published study only at the high dose of PTH a significantly increased
thickness of cortical bone was observed. Treatment with the low dose, which is paralleled by a
plasma AUC of PTH(1-34) similar to the expected AUC in humans treated with 20 ug/day, did not
significantly affect cortical thickness. This raises concern about the generalization of the humerus
findings. It is conceivable that at the intended human dosg an increase in endocortical porosity and
an associated decrease in cortical bone BMD leads to decreased cortical bone sirength (when the
increased porosity is not balanced by a sufficient increase in bone thickness). Nevertheless, in the
current monkey study the humeral strength was not significantly affected/decreased at the low dose
(Table B4), possibly because there was a slight non-significant increase in thickness that balanced
the increased porosity. However, since the humerus was the only cortical bone site assessed for
strength, the theory that PTH will not pose an increased cortical fracture risk may not be applicable to
all cortical bone sites.

In fact, histomorphometry data for the midshaft radius from this study showed that PTH causes a
slight decrease in BV/TV while bone area (ie thickness) was not significantly affected (Table F7).
Bone densitometry also showed a decrease in BMD). However, according to this technique X-area
was dose-dependently increased. A decrease in BV/TV also occurred in the cortical part of the distal
radius (Table G3) while BMD of this site was slightly decreased by PTH1 in the middle zones.
Therefore, it is unclear whether this bone site may be subject to deleterious effects of PTH on bone
strength. Histomorphometry data on the femoral midshaft (Table F10) suggested that BV/TV and B.Ar
(thickness) were not affecetd by PTH.

APPEARS THIS WAY
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Mid-Radius, Mid-Femur, Vertebra, and Femoral Neck (18-month data)

Table F1 Definition of Histomorphometric Variables for Cortica!l Bone Measurements of the Midshaft Femur and
Radius?

\ariable Lnns Doxcripion

TAr o’ Tissuc arca, the total orea withm the penosical surtace

Ma.Ar mm* Marrow arca. the mea of the medullany cavity

Md. Ar mm’ Mmenlized srea. the area of mineralized bome. excluding porositics

Vd Ar mm’ Void arca. the area of porositics in the conex

Ps.Pm mm Periosical bane porimeter

On Pm mm Osiconal bane perimeter

Ec.Pm mm Endocortical booe perimeter

Po % Parvsity. the percentage of mineralized area occupied by parosities

Md VTV % Bane volume. mincraluzed arca as a percentsge of issuc arca

PsMSMAS % Periosical mineralinng surface

P> MAR pmiday Periosical mineral apposnion rate

P> BFRMAS mm'imm’idsy  Periosical bone farmation rate. sarface reforent

P> BFR\G V %o ycar Peniosical bune formation rate. bone volume rekrenti®

On.MS'Md S % Ostconal mincralizing swrface

On MAR pm day Osicunal minceral apposition rate

On BFRMAS mm’mm’iday  Oseonal banc formation rate. arface referent

Oo BFRMUY *iyenr Osteona! bone formation rate. bone voluine refarent

Ec.MS Md S * Endocanical mineralizing surtace

Ec MAR pm.day Enducortical mineral apposition rate

EcBFR-MAS mm’mm day  Endocortical bune furmation rate. surface referent

EcBFR Md.V %e year Enduocurtical bone furmnation rate. bone volume 1eferent

TJLBFR MAV ® o vear Sum of periostcal. osteonal. and enduconical BFR'BV

2 Parfin AM. Dreznes MK Gloricun FHL Kanss JAL Malluche H, Mcumiar PJ. Ot SML Revher RV TYRT Bane
bistomorphametry : standardization of numencisture, symbols, and unia. ) Bane Miner Res 2:595-610.

Table F2 Definition of Histomorphometric Variables for Structural and Label Measurements of Vertebra and Femur
Neck»

\Varwshle Lnis Duoscriptnon

MIV TV %e Bunie volume, the mineralucd arca i o perooniagre of tissuc area

MISMIV mm'mm’ Mineralized tisuc surface volume ranio

Th.1h pm Trabevular thidness

TbN mm™’ Trshaular aumber

TbSp pm Trahecular separatioo

MS\MAS %o Mineralizing surface

MAR pm day Minaral apporition raic

BIrRMd4 & mm mm’day  Bone furmation rate. surface refrent

BFRAMJ V ®o'vear Bone formation rate. bone volume referent

BFRTV s "ve21 Bone formation rate, tissue volume referent

Py MS'MAS % Penoiacal mincralizang surface

Ps MAR um-ds)y Pericsical mineral apposition raie

P.BFR Md S mm'mm’idan  Penosieal bone furmustion rate, srface refarent

s Parfitt AM. Drezner MK Glonieux FH. Kanis JA. Malluche H. Meunmer PJ. Ont SM. Recker RM. 1957, Bone
bidamorphumeny- standardizatian of nomenclature, symbol,, snd unita ) Bone Miner Res 2:595-610.

Table F3 Definition of Histomorphometric Variables for Histologica! Measurements of the Vertebra®
\'ariablc Lmits Description

BV TV %o Bane volume as a peruentaye of tissue volume
BSBV mm‘mm” Bone aurface/volume ratio

To.Th pm Trabecular thickness

TbN mm"! Trabecular number

To.Sp pm Trabecular separation hd

h.Th pm Intermiitial thickness

OV/BV %e Ostevid volume as 8 percentage of bone volume
ON/TV ® Osteoid volume as 8 percentage of tissue volume
O.Th pm Osteoid thickness

W.Th pm Wall thickness. the thickness of completed bone pachets
OSBS % Osteoid surface as a percentage of bune surface
ESBS % Eroded surface as a percentage of bone aurface
OcSBS % Osicoclastic surface as a perantage of bone surface
AcF cydes/year Activation frequency

Aj.AR pm'day Adjusied apposition rate

FP days Farmation period

RsP days Resorption (osteoclastic) period

Rv.P days Revenal period

At days Mincraliztion lag time

Omt davy Ostevid maturation time

s Parfin AM. Drezna MK, Gloricux FH, Kanis JA. Malluche H, Mcunia PJ, Ou SM. Recker RM. 1987, Boae
hisomorphometny: standardizstion of nomenclature. symbols. and units. ) Bone Miner Res 2:595-610.
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Mid-Radius (Table F7):
Measurements of static and dynamic parameters in cortical bone from the midshaft radius:

Effect of OVX (relative to sham):

e Significant increases in Po, On.MS/Md.S, On.BFR/Md.S, On.BFR/Md.V

e N.s.increase in Vd.Ar, On.Pm, Ps.MS/Md.S, Ps.BFR/Md.S, Ps.BFR/Md.V, and Ec BFR-
parameters

e No effect on T.Ar, Ma.Ar, Md.Ar (bone area), Md.V/TV

Effect of LY treatment (relative to OVX):

e Significant increases in T.Ar, Ma.Ar, Vd.Ar, On.Pm, Ec.Pm, Po, On.BFR/MA4.V, Ec.MS/Md.S,
Ec.BFR/Md.S and Ec.BFR/Md.V

¢ Significant decrease in Md.V/TV (=BV/TV)!

o N.s. slight increases in Ps.BFR/Md.S and Ps.BFR/Md.V
No effect on Md.Ar

Effect of LY treatment withdrawal (relative to OVX):

e Some parameters were reversed to or below OVX levels, but were not significantly different from
OVX (i.e. VdAr, On.Pm, Po, Ps. Ms/Md.S, Ps.BFR/Md.S, Ps.BFR/Md.V, On.BFR/Md.S,
On.BFR/Md.V, and Ec.BFR parameters)

e No further effect on or reversal of decreased Md.V/TV (BV/TV). No effect on Md.Ar

Conclusion: Ovariectomy caused increased cortical bone turnover and porosity but had no effect on
bone area. PTH caused increased endocortical and osteonal bone formation and increased cortical
porosity. PTH decreased fractional bone volume (Md.V/TV), but did not affect total bone area. PTH
withdrawal decreased periosteal bone formation to below OVX levels! A similar finding was obtained
in the humerus midshaft. However, withdrawal did not reverse the decrease in fractional bone volume
(BV/TV) or bone area.

APPEARS THIS WAy
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Note: 3 out of 21 mid-radius specimens from the PTH5 group had intramedullary bone formation (ring
of mineralized bone under endocortical surface present in the medullary area)

Table FT Static and Dynamic Histomorphometry of the Midshatt Radius (n = 121, Mean » SEM of Raw Data) and
Bonferronni-Adjusted Group Comparisons (128-Monkey Population)
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Midshaft Femur (Table F10):
Measurements of static and dynamic parameters in midshaft femur

Effect of OVX (relative to sham):

e Significant increases in On.Pm, Po, Ps.MS/BS, Ps.BFR, On.MS/BS, On.MAR, On.BFR/BS,
On.BFR/BV, and Ec.BFR parameters

¢ N.s.increase in Vd.Ar, Ps. MAR

e No effect on T.Ar, Ma.Ar, B.Ar, BVITV

Effect of LY treatment (relative to OVX):
e Significant increases in Vd.Ar, On.Pm, Po, On.MS/BS, On.BFR/BS, On.BFR/BV, and Ec.BFR
parameters
N.s. increase in B.Ar ;
N.s. increases in Ps.MS/BS, Ps.BFR/BS and Ps.BFR/BV at high dose only
No effect on T.Ar, Ma.Ar, BV/TV |

Effect of LY treatment withdrawal (relative to OVX):

e Some parameters were reversed significantly below OVX levels (Ps.MS/BS, Ps.BFR/BS,
Ps.BFR/BV, On.MAR, On.BFR/BS)

s Some parameters were reversed to or below OVX levels, but were not significantly different from
OVX (i.e., Vd.Ar, On.Pm, Po, On.BFR/BV, Ec. BFR parameters)

e No effect on T.Ar, Ma.Ar, B.Ar, BV/TV

Conclusion: Ovariectomy caused increased cortical bone turnover and porosity but did not affect
bone area. PTH caused increased endocortical, periosteal and osteonal bone formation and
increased cortical porosity. However, PTH did not affect fractional bone volume (BV/TV) and slightly
increased total bone area. PTH withdrawal decreased bone formation parameters to below OVX
(near-sham) levels. PTH withdrawal did not affect specific bone volume (BV/TV) or total bone area.
Similar findings were oblained in the humerus and midshaft radius.

APPEARS THIS WAY
ON ORIGINAL



Table F10 Static and Dynamic Histomorphometry of the Midshaft Femur (n = 121, Mean + SEM of Raw Data) and
Bonterronni-Adjusted Group Comparisons (121-Monkey Population)
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LV2

(A) Measurements of static and dynamic parameters in both cortical and cancellous vertebral bone
(Table F12):

Cortical bone:

Effect of OVX (relative to sham):

e Significant increases in BFR/Md.S, BFR/Md.V, BFRTV

o N.s.increase in Md.S/Md.V, MS/Md.S, MAR, Ps. MS/Md.S, Ps.BFR/Md.S

¢ No effect on Md.V/TV (=BV/TV)

Effect of LY treatment (relative to OVX):

+ Significant increases in Md.V/TV, BFR/TV (increase in BV/TV also observed with DEXA)

+ N.s. increases in Md.S5/Md.V, MS/Md.S, BFR/Md.S, BFR/Md.V, Ps MS/Md.s, Ps.BFR/Md.S
+ No effect on MAR o

Effect of LY treatment withdrawal (relative to OVX):

e Parameters were reversed towards OVX levels (static) or below-OVX levels (dynamic), but were
not significantly different from OVX (i.e., Md.V/TV, Md.S/Md.V, MS/Md.S, BFR’s, Ps. MS/Md.S,
Ps.BFR/Md.S)

Conclusion: OVX increased cortical and periosteal bone formation, but not cortical bone volume
density. PTH increased both cortical and periosteal bone formation and increased cortical bone
volume density. PTH withdrawal caused reversal of cortical and periosteal bone formation to below-
OVX levels, and reversal of bone volume density to above-OVX levels.

Cancellous bone:
Effect of OVX (relative to sham):
¢ No significant effects

Effect of LY treatment (relative to OVX):

o Significant increases in Md.V/TV, Tb.N., MS/Md.S, BFR’s
¢ Significant decrease in Tb.Sp.

e N.s.increases in Tb.Th

Effect of LY treatment withdrawal (relative to OVX):

e Static parameters were reversed towards OVX levels (i.e., Md.V/TV, Tb.Th, Tb.N,, Tb.Sp,).
Dynamic parameters (MS/Md.S, BFR's) were reversed but did not reach levels below OVX as
was seen in cortical bone

Conclusion: Ovariectomy had no effect on cancellous bone turnover, volume density or trabecular
parameters. PTH caused increased trabecular density, cancellous bone density and cancellous bone
formation parameters. PTH withdrawal caused partial reversa! of these parameters. There were no
specific data on the effect of PTH on bone resorption.

APPEARS THIS WAY
ON ORIGINAL
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(B) Measurements of histology/label-derived data in LV2 cancellous bone (Table F14):
Effect of OVX (relative to sham):

¢ N increase in O.Th, Oc.S/BS, FP, Rs.P, Mit

e No effects on BV/TV or trabecular parameters

Effect of LY treatment (relative to OVX):

e Significant increases in BV/TV, Tb.N., Ac.F
Significant decreases in Tb.Sp, O.Th

N.s. increase in OV/TV, OS/BS

N.s. decrease in Oc.S/BS, but no effect on ES/BS
N.s. decreases in FP, Rs.P

Effect of LY treatment withdrawal (relative to OVX):
e Some paramelers were reversed towards OVX levels, but were not significantly different from
OVX (i.e., BVITV, Tb.N,, Tb.Sp, OV/TV, O.Th)

Conclusion: Ovariectomy caused an increase in relative osteoclast surface, but did not affect
cancellous bone turnover, bone volume or trabecular density. Ovariectomy lengthened the
remodeling period. PTH increased cancellous bone formation, bone volume and trabecular density.
PTH decreased osteoid thickness. The effect on bone resorption was unclear. PTH withdrawal
caused partial reversal of the increased bone volume and trabecular density, and the decreased
osteoid thickness. The nature of the effect of PTH on osteoid thickness is unclear.

APPEARS THIS WAY
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Table F12 Static and Dynamic Histomorphometry of LV2 {n = 118, Mean + SEM of Raw Data) snd Bonferronni
Adjusted Group Comparisons (121-Monkey Population)
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Qualitative evaluation of vertebrae

Bright field examination:

e In4 of 121 animals (2 PTH1, 2 PTH5) there was focal or diffuse osteoidosis (thickened osteoid)
(osteoid = organic unmineralized bone matrix) or osteomalacia (=impaired mineralization with
excess osteoid accumulation) in the vertebral section.

e In 6 of 121 animals (scattered through groups) there were small ventral osteophyles (osseous
outgrowths).

e Trabecular tunneling was seen in all groups (Table F6). The incidence of score (0) and score (+)
tunneling was decreased, and of score (++) and score (+++) increased in PTH1 and PTHS
relative to OVX. Score (+++) tunneling occurred only in PTH treated. Withdrawal of PTH
appeared to decrease the extent of tunneling.

Polarized light examination:

+ No abnormalities of lameliar structure observed in sections with or without histological
abnormalities (osteoidosis, osteophyte).

Table F6 Trabecular Tunneling Summary
Trabecular Number of (Cases in Group
Tunneline Score Total Cases  Sham OVX PTHI PTHI-W PTHS PTHS-W
- 31 11 8 1 7 1 3
+ 35 3 7 3 10 0 12
++ 36 5 5 10 4 7 5
e 19 0 0 5 0 13 1

Conclusion: In a few animals, PTH caused osteoidosis/osteomalacia. PTH caused a marked but
reversible increase in the incidence and severity of trabecular tunneling. There were no abnormalities
in lamellar structure.

APPEARS THIS WAY
ON ORIGINAL
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Femoral neck
Measurements of static and dynamic parameters in femoral neck (Table F16):
Note: No periosteal double label observed in any section

Cortical bone:

Effect of OVX (relative to sham):

e Significant increase in Ps. MS/Md.S

e N.s. increase in MS/Md.S, BFR/Md.S, BFR/M4.V, BFR/TV
e No effect on Md.V/TV, Md.S/Md.V

Effect of LY treatment (relative to OVX):

¢ Significant increase in Md.S/Md.V (BS/BV)

e N increase in BFR/Md.V, BFR/TV, Ps.MS/Md.S
e No effect on Md.V/TV

Effect of LY treatment withdrawal (relative to OVX):

s Some parameters were reversed significantly below OVX levels (MS/Md.S, BFR/Md.S)

e Some parameters were reversed to or below OVX levels, but were not significantly different from
OVX (i.e., BFR/Md.V, BFR/TV, Ps.MS/Md.S)

Conclusion: Ovariectomy and PTH both caused increases in cortical and periosteal bone formation
but no changes in cortical bone volume density. Bone formation parameters were decreased by PTH
withdrawal to OVX or below-OVX (i.e. sham) levels.

Cancellous bone:

Effect of OVX (relative to sham):

Nearly significant increase in Tb.Sp

e N.s. decrease in Tb.Th, Tb.N.

e N.s.increase in MS/Md.S, BFR/Md.S, BFR/Md.V, BFR/TV
o No effect on Md.V/TV, Md.S/Md.V

Effect of LY treatment (relative to OVX):

e Significant increase in Md.V/TV, Tb.N., MS/Md.S, BFR/TV
« Significant decrease in Tb.Sp

e N.s.increase in Tb.Th, BFR/Md.S, BFR/Md.V

¢ No effect on Md.S/Md.V

Effect of LY treatment withdrawal (relative to OVX):
e Parameters were reversed to OVX or below-OVX levels, but were not significantly different from
OVX (i.e., Md.V/TV, Tb.Sp, MS/Md.S, BFR/Md.S, BFR/Md.V, BFR/TV)

Conclusion: Ovariectomy increased cancellous bone formation and decreased trabecular density but
had no net effect on cancellous bone volume density. PTH increased both cancellous bone formation
and trabecular and bone volume density. PTH withdrawal reversed the increases in cancellous bone
formation and bone volume density. There were no specific data on resorption.
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Table F16 Static and Dynamic Histomorphometry of the Femur Neck (n = 120, Mean & SEM of Raw Data) and
Bonferronni-Adjusted Group Comparisons (121-Monkey Population)
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Distal Radius

Table G1 Definition of Histomorphometric Variables for Structural and Label Measurements of Distal Radius®
\ariahle Lnits Doscription

Ml VTV % Bone volume. the minerahized area as a percentage of tnsuc area
MaSMdV mm ‘mm” Mincralized tissue surface volume ratio

Tb.Th pm Trabocular thidkness

TON mm’’ Trabecular pumber

TH.Sp um Trabevular separation

MSMAS % Mmeralining surface

MAR ym day Mneral apposition rate

BFRMAS mm":mmidsy  Bone furmation rawe. surface refaent

BFR™M4Y Seivear Bone formation rate, booe volume referent

BFRTV %eycar Bane furmation rate. tissue vohune refaent

P MSM4S % Pericsteal mineralinng surface -

Ps. MAR pm:day Pariosteal mincral apposition rate

Ps BTRM4 S mm’min’:dsy  Periosteal bone formation rate. surface referent

»  Parfit AM. Drezna MK Glonan FH. Kanis JA, Malluche H. Mcunier PJ, On SM. Recher RM. 1957, Bone
histomarphometry: standardimtioo of nomenclature. ssmbols. and units. ) Bone Miner Res 2:595-610.

Measurements of static and dynamic parameters in distal radius (Table G3):

Cortical bone:

Effect of OVX (relative to sham):

» Significant increase in MS/Md.S, MAR, BFR/Md.S, BFR/Md.V, BFR/TV, Ps.MS/Md.S,
Ps.BFR/Md.S

e No effect on Md.V/TV, Md.S/Md.V

What this means:

OVX caused an increase in intracortical and periosteal bone formation, without consequence for bone

surface or volume density (i.e. increased turmover but resorption balances formation)

Effect of LY treatment (relative to OVX):

¢ Significant increase in Md.S/Md.V (BS/BV),

e N.s.increase in BFR/Md.V, BFR/TV, Ps. MS/Md.S, Ps. BFR/Md.S

¢ Small but n.s. decrease in Md.V/TV

What this means:

PTH caused increased intracortical and periosteal bone formation, with consequently increased
intracortical bone surface and a small effect on bone volume density.

Effect of LY treatment withdrawal (relative to OVX):

e Some parameters were reversed to OVX levels, but were not significantly different from OVX (i.e.,
Md.S/Md.V, MS/Md.S, BFR/Md.V, BFR/TV, Ps.MS/Md.S, Ps.BFR/Md.S)

¢ No efffect on Md/NV/TV

What this means:

PTH withdrawal decreased cortical and periosteal bone formation to OVX or below-OVX levels.

Withdrawal reversed the increase in bone surface density. Bone volume density remained unaffected.

Conclusion: Intracortical and periosteal bone formation were increased by ovariectomy, and further
increased by PTH treatment, and this appeared to cause a small decrease on cortical bone volume
density. Bone formation parameters were reversed by PTH withdrawal.

Cancellous bone:

Effect of OVX (relative to sham):

Significant increase in MS/Md.S, MAR, BFR/Md.S, BFR/Md.V, BFR/TV
N.s. increase in Tb.Sp

N.s. decrease in Tb.N.

No effect on Md.V/TV, Md.S/Md.V, Tb.Th
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What this means:
OVX caused an increase in bone formation (turnover) without a significant effect on trabecular bone
parameters or cancellous bone volume or surface density.

Effect of LY treatment (relative to OVX):

e Significant increase in Md.V/TV, Tb.N

» Significant decrease in Tb.Sp

e N.s.increase in MS/Md.S, BFR/Md.S, BFR/Md.V, BFR/TV

» No effect on Md.S/Md.V, Tb.Th

What this means:

PTH caused an increase in cancellous bone formation with consequently increased bone volume
density and improved trabecular parameters.

Effect of LY treatment withdrawal (relative to OVX):

e Some parameters were reversed to or below OVX levels, but were not significantly different from
OVX (i.e., MA.V/TV, Tb.N, Tb.Sp, MS/Md.S, BFR/Md.S, BFR/Md.V, BFR/TV)

What this means:

PTH withdrawal caused a decrease in bone formation to OVX or below-OVX levels. Withdrawal

partially reversed bone volume and trabecular parameters.

Conclusion: Cancellous bone formation but not bone volume was increased by OVX, whereas both
bone formation and bone volume were increased by PTH treatment. Bone formation, volume density
and trabecular parameters were reversed by PTH withdrawal.

Table G3 Distal Radius Data n=119 (Mean + SEM of Raw Data) and Bonferronni-Adjusted Group Comparisons
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Three-Dimensional Modeling of the Effects of Recombinant PTH(1-34) on the Bone
Distribution of Lumbar Vertebra from Cynomolgus Monkeys
(Non-Clinical Pharmacology Report BN5-08)

A sophisticated 3D histomorphometry study was carried out of lumbar vertebrae, using high
resolution QCT and computerized modeling techniques to estimate voxe! (bone element) BMD
distribution and effective vertebral strain.

Methods

Test animals: 6 groups (sham control, OVX, PTH5, PTH5W), N=7/group.

QCT: BMC, X-area, BV/TV, TbTh, TbN, TbSp, connectivity

Scanning: Voxels, modeled into tetrahedral finite elements (490x490x500 um)

Calculation: BMD and Young's modulus for each bone element, determining density distribution
Analysis: Linear elastic stress analysis (compression), determining vertebral stress and strain
distribution

Results
QCT. Bone mass

Figure 1 Representative scans of monkey L-5 vertebra. Excised L-5
were scanned serially by quantitative computed tomography
(QCT), using 70 x 70 x 500 um voxels. Middle slices of OVX and
PTHS are shown as examples.

e L5 cross section (500 um middie slice, Fig.1): Small n.s. decrease in BMD by OVX, 21% increase
relative to OVX by PTHS

e L5 midsagittal section (centrum). Small n.s. decréase in BMD by OVX, 30% increase in BMD by
PTHS5 relative to OVX, 7% decrease in BMD by PTH5W relative to PTH5

e Bone area and volume not affected (not shown)

Histomorphometry (by QCT) (middie slice in cross-section)

o Significant decrease of BV/TV and TbN, increase in TbSp, and decrease in connectivity by OVX

o Significant increase in structural parameters BV/TV, Tb.Th, Tb/N, decrease in Tb.Sp, and
increase in connectivity parameters (node density) by PTHS

¢ No effect on any parameter of PTHSW relative to PTH5

Neural canal/histology
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e Area of neural canal cross sectional area not affected by OVX or PTH.
Bone response of PTH mainly located along endocortical and trabecular but not periosteal
surface

Density distribution of bone elements (voxels) (Fig.4)
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Figure 4 Histogram analysis of BMD for whole L-5 vertebra. BMD
distributions were pooled and are shown for PTHS, OVX, and
PTHSW vertebra (A). A bimodal distribution of voxels (490 x
490 x 500 um) was observed. A difference histogram was
generated to highlight differences between PTH5 and OVX (B).
These histograms show that PTH5 reduced the amount of low
density bone by increasing the amount of medium density
bone, compared to OVX. Withdrawal of PTH for € months
(PTH5W) induced a redistribution of medium density bone into
lower and higher density bone, with the result that PTH5W had
less low density and more high dgnsity bone than OVX.

No effect of OVX

Decrease in proportion of low density voxels and increase in medium density voxels by PTHS
(shift of low density bone to medium density bone). Thus, PTH appeared to convert low density
bone into medium-density bone.

e Decrease in medium density voxels and increase in both low- and high density voxels by PTHSW
(relative to PTH5). Result was that there were more high density elements in PTHSW than in
PTHS5 and OVX groups.

e No hypermineralization (BMD range of PTH5 similar to sham or OVX)



Strain distribution (centrum,mid-sagittal) (Fig. 7)
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Figure 7 Analysis of the effective strain distribution for PTHS, PTH5W,

and OVX Vertebra (Centrum) loaded in compression. The strain
histograms show that fewer bone elements in PTHS vertebra
experience strain greater than 0.001 compared to OVX. The
average strain for PTH5 was 36% less than OVX. The strain
histogram for PTH5W was intermediate between PTHS and OVX
with average strain 23% below OVX.

e Reduction of average strain by PTHS. Reduction bone elements under high strain (>0.0008) by
PTHS relative to OVX, and increase of bone elements under moderate strain (0.0002-0.0008) by
PTHS relative to OVX. This indicates a greater resistance to failure for vertebrae ioaded in
compression.

e Distribution in PTH5W group intermediate between OVX and PTH5

Note:

The previous compression analysis results of LV3-LV4 (Study X-95-11) are in accordance with the
strain distribution results obtained in this study. Shift to high (and low) density bone eilements in
PTHSW group maybe due to relatively large unstability of mid-density elements (e.g. some of these
elements maybe porous cortical bone since PTH increases porosity, and these may fill up after PTH
withdrawal).

Conclusions .
PTH treatment caused micro-structural bone changes in veriebra which were accompanied by
increased strength (decreased likelihood to fail) in both PTH5 and in PTHSW groups relative to OVX.
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Serum Pharmacokinetics of LY333334 in Adult Ovariectomized Female Cynomolqus Monkeys
Following a Daily Subcutaneous Dose of 1 or 5 ug/kg LY333334 for 17 Months
(ADME Report 15)

Methods

Serum pharmacokinetics of immunoreactive LY333334 in adult ovariectomized (OVX) female
cynomolgus monkeys following daily subcutaneous dosing of 1 or 5 pg/kg for 1,7,11, or 17 months
was reported. Serum concentrations of immunoreactive LY333334 were determined by a validated
immunoradiometric assay (IRMA) in samples collected at 0, 0.17, 0.33, 0.67, 1,1.5,2,2.5, 3, and 4
hours after dosing, in the PTH1 and PTHS5 groups.

Results

The serum concentrations of immunoreactive LY333334 in nearly all monkeys prior to dosing were
determined to be BQL. Most of the serum levels were also BQL 3 hours postdose for 1 pg/kg or 4
hours postdose for 5 pg/kg.

For the 1 ug/kg/d group, with regard to proportion of BQL values a satisfactory time interval was
established to be from 0 to 1 hour for the AUCO-t calculation. For the 5 ug/kg/d group, the time
interval from 0 to 2 hours was established for the AUCO-t calculation.

Table 11 Estimated Mean AUC,, for Each Dose Group and Month
Dose { month 7 month 1] month 17 month
(rgkg) auc,," AUC-, ALICs, AUC,,
tna mL"hr) (ng-mL*hr) (ng'mlL.*hr) (ng'mL*hr)

1 Mean 02§ 0.46 029 024
Sg™ 0.06 22 0.03 0.02
N> 15 14 13 13

s Mean 2.02 253 2.45 1.88
SE 031 028 0.15 0.18
N 13 16 14 16

”"AUCK= AU from 010 t where =1 hour for the 1 pg kg group and 1=2 hours for the 5 pp kg group.
“'SE = siandard error.
“N = 1ctal number of snimals used in the sparsc sampling scheme,

Note: AUC was increased more than proportionally with dose in the range of 1 ug/kg/d to 5 ug/kg/d. This was
also seen in a 2-year rat carcinogenicity study, in the dose range of 5-30 ug/kg/day, which is associated with an
AUC range (0.5-7.5 g/mL"hr) similar to the one observed in this monkey study.

The data indicated:

e« There was no accumulation of LY333334 after 17 months of once daily subcutaneous dosing.

e There was no time dependent trends in mean AUC for either the 1 or 5 pg/kg dose group,
suggesting unchanged exposure upon repeated dosing for 17 months.

Human exposure multipes -
Human exposure multiples in 18-month monkey study with doses of 1 and 5 ug/kg/da
Dose Monkey AUC of Monkey AUC of AUC multiples AUC multiples
(ug/kg/day) | PTH(1-34) (ngxhr/ml) | PTH(1-34) (ngxhr/mi) | (monkey:human) (monkey:human)
(Month 11) (Month 17) (Month 11)* (Month 17)*
1 0.29 0.24 0.98x . 0.81x
5 245 1.85 8.3x 6.3x

*Human AUC=0.295 ngxhr/ml (median value; dose 20 ug/day; 0.3 ug/kg/day; Clinical trial GHAC)



Conclusion
Exposure in the PTH1 group was similar to expected human exposure, while exposure in the PTH5
group was approximately 7 times the expected human exposure.

APPEARS THIS WAY
ON ORIGINAL
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Histopathologic Evaluation of Kidneys From Ovariectomized Female Cynomolgus Monkeys
Given LY333334 Daily by Subcutaneous Injection for up to 18 Months (Study P03196)
(Toxicology Report 10)

Ovariectomized cynomolgus monkeys were given LY333334 doses of 1 or 5 pg/kg for 18 months or
for 12 months with a 6-month withdrawal period. At necropsy, kidneys were collected and submitted
1o Lilly Research Laboratories for histologic processing and evaluation.

There were no gross findings in control or treated animals. A variety of renal histopathologic lesions
were present in control and treated groups. The most frequent finding was subacute multifocal
inflammation which occurred in almost all animals.

Conclusion
LY333334 had no gross or histopathologic effects in the kidneys of OVX monkeys treated for 12 or 18
months. The no-observed-effect level (NOEL) for renal histologic changes was 25 pg/kg/day.

APPEARS THIS WAY
ON ORIGINAL
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SUMMARY AND EVALUATION OF MONKEY BONE QUALITY STUDY

In this long term bone quality study, mature ovariectomized cynomolgus monkeys were treated with
LY333334 (1 or 5 ug/kg/day) for 18 months, or for 12 months with a subsequent 6-month period in
which treatment was withdrawn. Results were compared with those from sham-operated untreated
animals.

The PK of LY333334 in the OVX animals did not appear to change over time. There was no drug
accumulation over the course of the treatment period, and the AUC values for the 1 and 5 ug/kg/day
groups were approximately 0.3 and 2.2 ngxh/ml, respectively. This represents human exposure
multiples of approximately 1x and 7x the expected exposure at the intended clinical dose of 20
ug/day.

After 18 months, effects of LY333334 on serum biochemistry included decreases in serum
phosphorus and endogenous PTH, increases in serum calcitriol and urinary cAMP/creatinine ratio.
There were no effects on serum Ca (total or ionized), serum creatinine or serum BUN. Assessment of
bone turnover markers showed small, although not statistically significant increases in serum alkaline
phosphatase, osteocalcin, and urinary C-terminal collagen fragments (Crosslaps).

PTH at 1 or 5 ug’kg/day had no significant histopathology effects in the ovariectomized monkey.

Bone mass
Ovariectomy resulted in a relative osteopenia, as the intact animals gained bone mass, while the
ovariectornized ones remained stable or gained less bone mass than the sham animals.

In the spine, LY333334 caused a gradua! dose-dependent increase in projected BMD (mg/cmz). At 18
months, the BMD in both PTH treatment groups (PTH1 and PTHS5) was larger than the BMD of the
sham animals. PTH also increased the projected area (sz) of the spine in the high dose group.

In the whole body, PTH caused a dose-dependent increase in projected BMD with no significant
effects on projected area.

In the midshaft of the radius there was a decrease in volumetric BMD (mg/cma)in both PTH groups,
and a dose-dependent increase in cross-sectional area (X-area, mmz).

In the proximal tibia, there were marked dose-dependent increases in BMD (mg/cm3) of the
innermost cancellous zone and the two intermediate zones. In the outher, cortical zone BMD was not
significantly affectec by PTH. There was no effect on X-area.

in the distal radius, a small decrease in BMD was observed in the outer cortical zone and a dose-
dependent increase was seen in the innermost cancellous zone. There were no clear effects on the
BMD of the intermediate zones. There was no effect on X-area.

Generally, the effect of LY333334 withdrawal on bone mass consisted of either no or a small reversal
after withdrawal of the low dose (PTH1W), and a significant reversal after withdrawal of the high dose
(PTH5W).

Bone strength
in the lumbar vertebrae (L3 and L4 average data) LY333334 caused a dose-dependent increase in

yield strength, yield stress, and Young's modulus, so that the values for these parameters in the
PTH5 group were larger than in the sham group. Spinal BMD (g/cm3) was significantly related to
veriebral yield strength (r=0.83), and the correlation appeared to be similar for all treatment groups
including sham and OVX.

Data from a high resolution QCT study showed that PTH treatment caused micro-structural bone
changes in vertebra which were accompanied by increased strength (decreased likelihood to fail) in
both PTH5 and in PTH5W groups relative to OVX.

In the humerus midshaft, ultimate force, stiffness and work to failure were slightly but not significantly
decreased by OVX and increased dose-dependently although not significantly by LY333334. The
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humeral midshaft cortical thickness was increased by LY333334, significantly so in the PTH5 group.
The effect on ultimate force (F,) is likely to be related to the effect on thickness, which is presumed to
offset an increase in cortical porosity by PTH (see histomorphometry results below).

In the femoral neck ultimate force (Fu) was significantly decreased in the OVX group, and significantly
and dose-dependently increased in both PTH groups.

In femoral midshaft beam specimens whose properties are not dependent on bone geometry,
ultimate stress appeared to be decreased in the PTHS5 group. Young’s modulus was slightly
decreased in the OVX group, and further decreased by LY333334, so that this parameter was
significantly lower in PTHS groups than in the sham group. The data indicated a drug-related
decrease in intrinsic stiffness and a concomitant decrease in ultimate stress of the cortical bone
material. As in the humerus, this may have been due to an increase in cortical porosity (see
histomorphometry data below).

Generally, the effects of LY333334 withdrawal on bone strength were inconsistent. In some
instances, there was a reversal of the effects of PTH, and in other cases there was no difference
between treatment and withdrawal groups. This appeared to depend on the bone site evaluated and
the dose of PTH used.

Histomorphometry

In the iliac crest, LY333334 increased bone formation and either decreased or increased bone
resorption depending on the duration of treatment. Regardless of the effect on resorption, treatment
with PTH resulted in a significant increase in cancellous trabecular bone. LY333334 also appeared to
induce a small increase in wall width (bone balance). LY333334 caused an increase in tunneling and
a transient increase in cortical thickness with levels actually decreased below OVX after 15 months.
The increase in tunneling was also observed in vertebral trabeculae. Cortical porosity in the iliac crest
was not affected.

In the humerus midshaft, LY333334 increased endocortical but not periosteal bone formation, which
resulted in an increase in cortical area. LY333334 at both doses increased cortical porosity,
apparently due to increased intracortical resorption.

The histomorphometry and biomechanical strength data for the humerus midshaft suggest that
increased cortical haversian remodeling and increased cortical porosity induced by PTH do not
necessarily have deleterious effects on bone strength. This is due in part to the porosity being mainly
located in the endocortical zone where it exerts relatively small effects on bone strength, and the fact
that the increased porosity can be accompanied by a PTH-induced increase in cortical thicknesss due
to a stimulation of cortical bone apposition.

However, an increase in porosity (decrease in BMD) may not be offset by an increase in thickness at
all cortical bone siles. Thus, the long term cortical bone effects and safety remain a concern for PTH
treatment.

Histomorphometry was also carried out of the mid-radius, the mid-femur, the vertebrae, the femoral
neck and the distal radius. Although at all bone sites PTH increased bone formation, the effect of this
increase on the structure of the bone varied with the different bone sites and type of bone (cortical or
cancellous). Generally, the increased bone turnover/formation induced by PTH at cortical bone sites
caused increased porosity and either a decrease (mid-radius, distal radius cortex), increase (vertebral
cortex), or no effect (femoral shaft, femoral neck cortex) on fractional bone volume (BV/TV).

The anatomical site of the increased corlical bone formation (periosteal, endocortical, intracortical)
and the effect of PTH on cortical bone area or thickness depended on the bone site under evaluation.
Bone area or thickness was increased in humerus and possibly midradius and vertebrae, while it was
unchanged in midfemur and distal radius. The latter data are from either densitometric or
histomorphometric assessments.
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By contrast, the increased bone formation induced by PTH in cancellous bone always resulted in an
increase in cancelious bone volume and improved trabecular architecture (more, thicker, and less
separated trabeculae).

The effect of PTH withdrawa! always consisted of a decrease in bone formation rate and related
parameters, sometimes to levels below those in the OVX group (particularly after PTHS withdrawal).
Moreover, if effects on fractional bone volume (BV/TV) had been observed with PTH treatment (e.g.
in vertebrae, cancellous bone of femoral neck and distal radius), withdrawal would usually reverse
these effects, although this did not happen in the midradius (and perhaps the cortical bone of the
distal radius) where PTH caused a decrease in this parameter and withdrawal did not reverse that
effect.

The predictive value of the preclinical monkey study data was generally supported by the BMD and
fracture data obtained in the pivotal clinical trial B3D-MC-@HAC (17-23 month study in
postmenopausal women). In trial GHAC, after ca. 21 monhs of treatment with 20 ug/day, BMD was
markedly increased at the lumbar spine (9% as compared to placebo), and the risk of one or more
new vertebral fractures was significantly decreased (by 65%). The BMD was also increased albeit
less pronounced at sites with a relative larger contribution of cortical bone (hip, femoral neck,
intertrochanter area and Ward's triangle). However, in the distal radius BMD was decreased as
compared to placebo (average -1% at 20 ug, -2% at 40 ug). The decrease was larger in the radial
midshaft (mainly cortical bone), and was statistically significant at this site at the 40 ug/day dose.
Further pQCT evaluation of the radius (proximal area) indicated that periosteal and endosteal
circumferences and total bone area were increased while BMC was unchanged, which wouid reduce
BMD but increase computed measures of bone strength. The latter appears to be analogous to the
effects of LY333334 in the monkey humerus and radius.

The potential implication of the preclinica! data that corlical bone strength might be impaired so far
has not been borne out by clinical fracture data. The incidence of fragility fractures at nonvertebral
sites (hip, wrist, ankie, humerus, rib, foot, pelvis) was either unaffected (humerus, foot) or decreased
(other sites) in trial GHAC. However, the number of fractures was too small to demonstrate a
statistically significant fracture risk reduction at individual nonvertebral sites. Transiently increased
cortical porosity in the human iliac crest confirms that this phenomenon also takes place in humans.

The decrease in clinical non-veriebral fractures may be due to the positive effect of LY333334 on
cancellous bone which is present at most non-vertebral sites (e.g. femoral neck/hip), combined with a
generally positive effect on cortical bone thickness or area and a relatively small adverse effect of an
increase in porosity. Thus, although the small numbers of non-vertebral fractures preclude a solid
conclusion, the clinical data suggest that there is no major safety problem in cortical bone.

ATPEARS, THIS. AW
N ARIGINAL
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RABBIT BONE QUALITY STUDIES

Two studies were conducted in intact rabbits, to evaluate the effects of LY333334 on cortical bone
nroperties. Unlike the rat, the rabbit is a species in which there is osteonal (Haversian, cortical) bone
remodeling, as in monkey and human. The remodeling period in the rabbit is ca. 70 days, compared
to ca. 90 days in primates.
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CG3-o | Histom orpbometric and Rabbn, 10 & 40 LY 2333334 moeasnd biomechanical meanres of
Biomechanical Amalvses of | New pp kg day sirength in rabhit eoriz) bane by sestrucarng
the Anabohic Efiecty of Zealand, SC once bone archnecture via apposiional boae formakarn,
LY3333134 on the Cortical | ovary- day for 140 favorable geometric chanpes, & replacement of
Booe of Ovary-Innact moa days pre-existing matnx with new marrix due to
Adult Rabbits female, ipaeasad activavoe frequency in long bones The
mature high dose was associared with 3 vansient inacase
o serum calcwm which remained withm
physiolooic renge
CG3-15 { Effects of Humman PTH (1. | Radbu, i Cortica: bone histomorphomery of tibial mid-
347, LY2333324. on Bone New g kg day shafi showed imracarncal remodeling was
Mas,. Remodelicy, and Zealand, SC once significantly ingessed by PTH without sipnifican:
Mechanical Propernies of ovarny- daily for 35 increase of conical porassty in first resoodeling
Cortical Bone Durmg the oo (P35, 70 rycle. This was associated with significant!y
Fust Remodeling Cyeie 1o | femade. (P701, or frealer corncal area & bone smenpth ;1 P33 &
Rahbats msnre 140 (P140» P70 groups due 10 sumulation of pericsteai hone
days formation rate By 1445 davs, surface remoade ling
effecis declined so there was oo difference
between rontrol & treawed groups. PTH inoreased
cancellous boae vodume & biomechanizal
properties i 3% umbar venebra. Although
muacortal remmodeling meTeases withm furst
remoadeling period of 70 days, the greater conical
wea due W poncomitant periasteal expansion
mcTeases contical hooe srenerh

Histomorphometric and Biomechanical Analyses of the Anabolic Effects of LY333334 on the
Cortical Bone of Ovary-intact Adult Rabbits

(Nonclinical Pharmacology Report CG3-06)

Note: The results of this study were published by Hirano et al. (J.Bone Min.Res., Vol.14,#4, p536)
(1999)

METHODS

Female, ovary-intact New Zealand white rabbits /  —— .) (n=6/group), approximately 9
months old, weighing 3.25 to 3.75 kg, were treated with LY333334 (10 or 40 ug/kg/day, PTH10 or
PTH40) or vehicle by subcutaneous injection, once daily, on 5 days per week, for 140 days
(approximately 2 remodeling cycles). Bone mass datg (pQCT or pDEXA) were collected on proximal
femur, femur mid-shaft, and lumbar vertebra, LV4. Biomechanical assays of strength were done on
femur mid-shaft and lumbar vertebra, LV5. Intrinsic material properties were assessed by acoustic
microscopy on the humerus mid-shaft. Histomorphometry was done on tibia mid-shaft and lumbar

vertebra, LV3.

RESULTS

Body weight gain was decreased in treated groups, and there was a slight loss of body weight at
PTHA40. At 4h afler the last injection, a small increase of 1.4 mg/dL in serum calcium was observed in
the PTH40 group. Serum alkaline phosphatase increased by 2-fold in the PTH40 group. Serum

phosphate did not vary significantly between groups.

Ad0J 3141SS0d 1539
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In the cortical mid-shaft of the femur, bone mineral density (BMD), bone mineral content (BMC), and
cross-sectional bone area (X-area) were increased by PTH. In the proximal femur, BMD and BMC,
but not X-area, were increased dose-dependently. In LV4 there were no effects of PTH on BMD,

BMC or X-area (Table 3).

Table 3 Bone Mass and Geometry of Lumbar Vertebra, LV4, Proximal
Femur and Femur Mid-Shaft in Ovarydntact Female Rabbits
Given rhPTH 1-34 (LY333334) at 10 pg/kg (PTH10) or 40 pg/kg
(PTH40) Once Daity, for 5 Months2

Coatrol PTHID PTH$O

Veruwhra LV4

Bone mineral densiry 482 4 38 465420 463 ¢ 26

vBMD, mg/cm? P

Baone miners) content 5312 5443 54¢3

BMC, mg

Croes-pectional area 98210 973 9722

XSA mm?

Voxels 11302116 1114232 1118426

Preximal Femer

Bone mincral density 025120002 0.285 2 0.00% 0305+ 0.009%

aBMD, g'om?

Bane mineral content 099+ 0.02 1.12 £ 0.04* 1212004

BMC. g

Cross-sectional area 3942009 3922005 399=2012

XSA mm?2

Mid femor

Bone mineral densiy 929 121 Q89 =20 1051 ¢ 19®

vBMD, mg-cm?

Bane mineral content $322 60 2 Db 70420

BMC, mg

Cross-sectional ares 48 +2 5122 §5¢ b

XSA. mm?

Voxels 2210 4 100 23314 87 2832 4 5K

s Data are eapressed as mean = SEM fer 6 rsbbits per group. exocpt for 1a1al bone mineral content for

LVS nhere n=58

* p.05 compared wnh control.
¢ p<05 campared with PTH 1-34) 40 pg'kg-day.

In the femoral midshaft, bone strength measured as ultimate force, stiffness, work to failure and
apparent cross-sectional moment of inertia (CSMI) was increased by PTH and all parameters were
significantly increased in the PTH40 group. Young's modulus was significantly lower in the PTH40

than in the PTH10 group but was not different from controls (Fig. 1).
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Figure 1

Crose Sectioral
Momant of Inertie (mew®)
l cg,

Biomechanical data obtained from In vitro strength testing by 3-
point bending of the femur diaphyseal mid-shaft of ovary-intact
rabbits, given vehicle (0} or PTH once daily for 5 months.
Statistical significance, p<05, * vs controi (0). # PTH at 10 ng/kg
vs 40 pg/kg.
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in the lumbar vertebrae, there were no significant effects of PTH on biomechanical properties (Table
4).

Table 4 Biomechanical Measures of Strength in Lumbar Vertebra, LVS,
of Ovary-intact Female Rabbits Given rhPTH 1-34 (LY333334) at
10 uo/kg (PTH10) or 40 pg/kg (PTH40) Once Daily for 5 Monthse

Coatral PTHID PTH4$D
Vertehra LVS
Ulkimate force 15392112 1653172 1552292
{Fu. N)
Siiffness 56842 409 5705+ 433 5670 + 384
{S. stope, N'mm)
Coctical thickness 100205 98203 10404
(L
Cross-sectional area 6723 653 68¢3
(XSA. mm?)
Uhimate stress 23%1) 262 23¢1
10y,. Mpai
Young's modulns 86) £ 90 856 = 58 B72 2 65
(E)
Toughness 0462005 0582007 0452003
e MI'mY

4 Daia are expressad as mean = SEM for 6 rabbits per group exceps for 101l bone mineral content far
LVS shere n=5. No statistically significant differences were detected between groups.

PTH did not alter intrinsic material properties of cortical bone (humerus infrinsic stiffness).

Histomorphometry was carried out in tibial midhaft and lumbar vertebrae. In the cortical bone of the
tibial mid-shaft LY caused a marked dose-dependent increase in intracortical activation frequency
(AcF) (Table 6). LY also caused a dose-dependent increase in cortical porosity (Fig. 2). The
increased porosity in both PTH10 and PTH40 groups was predominantly in the endocortical (Zone 1)
region (Fig. 3). The increased porosity probably reflects the “birth” of multiple new sites of bone
turnover.

9 *
8

6
5
4
34
24
1 1-
1] 10 v 40
rhPTH 1-34, ng/kg/day

Cortical Porosity (%)

Figure 2 Cortical porosiy In histologic croas-sections of the tiblal mid-
shaft of ovary-intact female rabbits given vehicie (0) or PTH
once dally for § months. Statistical significance, p<05. *vs
control.
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Zone1 Zone2 2one3
Figure 3 Spathal localization of cortica! porosities into one of three

concentric zones, arbitrarily superimposed on histologic cross-
sactions of the tibial mid-shah of rabbits given vehicie or PTH
once dally for § months. Note that porosities praferentially
cluster within the endocortical area {Zone 1) of cortical bone.
Because of this localization, minimal efiect may bs sxpectsd on
cross-sectional moment of inertia (CSMI). As shown in

Figure 1, CSM. 0 measure of strength, increased dus 1o
increased surface bone formation on endosteal and periosteal
surfaces.

In the tibial midshaft, LY increased bone formation on periosteal (PsMS/BS, PsBFR/BS) and
endocortical (EcCMS/BS, EcBFR/BS) surfaces, in either low and high dose or only high dose groups
(Table 5). Intracortically, the number of resorption sites (RsN/CtAr) was increased in the PTH40
group, and bone formation rate (BFR/BV) was increased at both doses (Table 6). Bone area
(B.Ar=total area within periosteal surface including marrow area) was increased in the PTH40 group,
and marrow area (Ma.Ar) was slightly but not significantly decreased by PTH. Cortical area
(Ct.Ar=area of bone within periosteal surface including porosities) and %cortical area
(%CtAr=Ct.Ar/B.Ar) were significantly increased in both groups.

Tadble 5 Periosteal and Endocortical Bone Remodeling of Tibial Mid-Shaft in Ovary-intact Female Rabbhts Given
rhPTH 1-34 (LY333334) at 10 pg/kg (PTH10) or 40 pg/kg (PTH40) Once Daity for § Months®

Pazatiton ANy ooy [N Pl Pl

Endwanual oswad wrtace Eouns BN S KKt 6D 13,7z 1 s NURERY 3

Endocimical venid thicknass EcOThb |um) T4224 372123 R1109
Porioncal mmanal a0 pocuion e PsMAR ium doy;j 0352017 03800 0602014
Endwarucs) musta) appoatian rae EcMAR (um-disy) 1314022 0.79=z0le 1322018
Ponoscal mmenludng arfas PALSBS (e} 3xi19 R2=21 2322
Endworvixcal mineralizing nuriace EcMSBS (ta) 264z 66 326182 S17: 104k
Periwical hone formaioe e PeBFRBS (ums pum vy 0022002 003 001 D16 = D OB
Endaoviival hne foonastion raw EcBER BS cum® Lm™ars nosd-nin Gtz nin N7+ 0100

® Data arv expresa! as ocan 2@ SEM K 6 rahtuts ¥ proupn.
b 0 campas ad with contral.
¢ pdrs comparad with PTHU1-34) 10 pg kg doy.

Ad0J 11815S0d 1534

Table & intracortical Bone Remodeling of Tiblal Mid-Shaft in Ovary-intact Female Rabbits Given rhPTH 1-34

(LY333334) a1 10 pg/Mg (PTH10) or 40 pg/kg (PTHA0) Once Dally for 5 Monthss

- .

Paramaizre Ahbrovistions ~ Conwrd PTH1O PTH40
Resorptan cavity owmbey ReNCIAS (#-rm”) 001420013 0.013 2 0.004 0.097 1 0.0360s
Latried osiean sumbes LOeNQ1As {£mm?) 0.01] £ 0.00¢ 0.027 2 0.00¢ 0.215 1 0.04tc
Owncond thicknew OTh (um) 492 =20.5% s4210% 5182027
Mincral appasnian rate MAR (um'dy) 1.19=20.2¢ 1.56 013 160201
Bone formacon rae BFRBY (%) 05202 5129 214238
Activation frequency AcF (#3mnl ) 1E2 10 11280 4342 10,8
Bone wroa BAs (ram) 291213 pARE SR 4 37822
Marrow sres MaAr (e} 127207 Nnet1o 1674 40
Conial s QAr(mm’) l64-09 21321 7.1 2 2.0
*. Covtnnl e SCLAr M5 564=158 6216 62 )

* Dula arc exprewn! o owan = SEM for 6 abbiu per group.
* S comparad with comrol.
©  p< 0% compared with PTH)-3) 10 pgLgdey.
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in the centrum of LV3, most formation parameters [osteoid surface (OS/BS), osteoblast surface
(ObS/BS), osteoid volume (OV/TV), mineralizing surface (MS/BS), and bone formation rate
(BFR/BS)] increased with PTH treatment with significant effects in the PTH40 group. Moreover,
eroded surface (ES/BS) and osteoclast surface YOcS/BS) were increased in both groups. There was
no effect on osteoid thickness (OTh). Fractional bone volume (BV/TV) and trabecular thickness
(Tb.Th) were not changed upon § months of PTH treatment. Tunneling resorption and peritrabecular
fibrosis were not observed in any of the groups.

SUMMARY :

In the femoral midshaft, LY333334 (10 or 40 ukd) caused an increase in X-area and BMD, and an
increase in strength with an increase in cross-sectional moment of inertia (CSMI).

In the tibial midshaft, LY increased intracortical bone turnover and cortical porosity, particutarly in the
endocortical zone, and increased cortical bone area. In the tibial midshaft LY increased periosteal
and endocortical bone formation.

In the vertebrae, LY increased cancellous bone turnover, but LY had no effect on whole tissue BMD,
X-area, biomechanical properties including compressive strength, or vertebral cortical bone thickness.
LY caused a slight increase in serum calcium and an increase in serum alkaline phosphatase at the
high dose. '

Comments on cortical porosity, moment of inertia, and bone strength

An increase in CSMI can occur despite increased intracortica! porosity if the increased porosity is
compensated for by a sufficient increase in bone thickness (the latter of which was observed in the
femur). Also, if the increased porosity is located relatively close to the bone’s bending axis (as
suggested by tibial data), it will have relatively little effect on CSMI. In fact, in a separate study the
actual CSMI in the femur was re-calculated on the basis of the porosity distribution measured in the
tibia, and it was shown that this actual CSMI was only slightly affected by the increase in porosity
(Fig.5, from:"Changes in Geometry and Cortical Porosity in Adult, Ovary-Intact Rabbits after 5 Months
Treatment with LY333334 (hPTH 1-34), by Hirano et al. (2000), Calcif. Tissue Int. 66, pp456-460).

CSMI(mm4)

Contrdl Jower {(10) © Higher (40)

BPTH(1-34) dosc (up/kg/dz))
Fig. 5. Duts arc expressed as mean = SEM. *P < 005 venus
controls. Both CSMI__,, .. and CSML,_ ., in the higher Jose PTH
group were signiticanily greaier than an controls. CSMI_ |, was
smaller than CSMI__ ... in the same group'by 1.3 in the vontrol
group, 2.3% in the fower dose PTH group. and 4.8% in the higher
dose PTH group due 10 porosity.

However, the main reason for the increase in midfemur strength upon treatment with PTH was the
increased X-area. Since the femur was the only site tested for strength, it is not clear whether
increased strength occurred only in the femur or would also be seen in the tibia or other cortical bone
sites. In other words, it cannot be excluded that increased porosity with a resulting decrease in
cortical BMD could lead to a decrease in (CSMI and) bone strength at some sites upon treatment with
PTH. This potential adverse effect would occur if sufficient compensation by enhanced periosteal
bone apposition and increased bone thickness is not achieved.
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CONCLUSIONS

Treatment of intact rabbits with 10 or 40 ukd LY333334 for 140 days caused an increase in femoral
midshaft cortical bone strength and thickness, and an increase in tibial midshaft cortical bone
turnover, surface apposition, thickness and (mainly endocortical) porosity. The results of the study
suggest that the effect of PTH on cortical bone strength at any site will be determined by the balance
between the effect on cortical surface bone apposition and thickness and the effect on bone turnover
and porosity.

Effects of Human PTH (1-34), LY333334, on Bone Mass, Remodeling, and Mechanical
Properties of Cortical Bone During the First Remodeling Cycle in Rabbits
(Nonclinical Pharmacology Report CG3-13)

Based on the results of the first rabbit study, a second sty was carried out in rabbits to examine the
effects of PTH on the remodeling dynamics and mechanica! properties of cortical bone during the first
remodeling cycle (70 days) after the initiation of treatment.

The first study had shown that LY increases cortical bone mass and mechanical strength after 140
days of treatment. However, cortical porosity also increased. If cortical porosity increases prior to the
change in geometry, there may be a transient decrease in cortical bone strength that could make the
bone more susceptible to fracture in the early phase of treatment.

Note: The manuscript (Mashiba et al.) describing this study was submitted to J Clin Endocrinology
Metab (2000)

METHODS

Intact, 9-month-old female New Zealand white rabbits were randomized into groups of 10 animals
each. A baseline contro! group was sacrificed at the start of the experiment. The PTH-treated groups
were given rhPTH(1-34) at 10 pg/kg daily subcutaneously for 35 (P35), or 70 (P70) days. Age-
maiched control groups (V35, V70) were injected with vehicle.

RESULTS

There was no effect of LY (10 ug/kg/day) on serum Ca, P, or alkaline phosphataser.

There were no sustained effects on X-area or BMD in whoie femur, femoral midshaft or whole tibia.
On D35 tibial BMD, and on D70 femoral midshaft BMD were slightly increased. Vertebral BMD was
not measured. .

In tibia! midshaft there was increased cortical remodeling, as indicated by increased resorption cavity
number, osteoid area, labeled osteon number, Ac.F, and BFR as compared to age-matched vehicle
controls at both 35 and 70 days. Tibial midshaft strength (Fu, stiffness) was increased at 35 and 70
days. Work to failure (AUC) was (non-significantly) increased on D35 but not affected on D70.
Cortical area was increased at D35 and D70. Porosity was slightly but not significantly increased at
both days. Medullary area was unaffected. Tibial periosteal bone formation was increased at D35 and
D70, endocortica! bone formation at D35 only. Results from the previous study (CG3-06) had shown
that by 140 days the surface effects were no longer significant at the 10 ug/kg/day dose.

These results indicate increased endocortical, periosteal and intracortical bone formation without a
significant porosity increase in the first remodeling cycle, with a net result of increased bone thickness
and bone strength. v

In the lumbar vertebra, LY did not have a sustained effect on cancellous bone volume or bone
turnover. However, it did increase Fu, stiffness, and work to failure (AUC) on both D35 and D70.

In the femur midshaft, LY increased Fu, stiffness and AUC (extrinsic properties) on D35 and D70, and
increased ultimate stress, modulus and toughness (intrinsic properties) on D70.

CONCLUSIONS

Upon start of treatment of intact rabbits with 10 pg/kg LY333334, cortical bone turnover and bone
apposition in the tibia were increased within the first remodeling period (70 days). However, this did
not lead to significantly increased porosity or an adverse effect on cortical bone strength. In fact,
treatment caused an increased cortical bone thickness and increased cortical bone strength in the




tibial midshaft during the whole remodeling period. Bone strength was also increased in the femoral
midshaft throughout the 70-day study period.

APPEARS THIS WAY
ON ORIGINAL
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LONG TERM RAT BONE QUALITY STUDY

A Study in Intact Male and Ovariectomized Female fischer Rats Given Recombinant Human

Parathyroid Hormone, rhPTH 1-34 (LY333334) for 1 Year to Assess Effects on Bone (Study Nr.

R00796/R04296)

(Non-Clinical Pharmacology Report RNO0796/R04296)

METHODS

" Studies:

Live-phase duration:
Live-phase dates:
R00796:

Test article:

Chemical name:

Lot number and potency:

Species and strain:

Initial body weight range:

Initial age:
Age at study start:

Time of surgery to study start:

Route:

Frequency of administration:

Number of animals:

Treatment groups:

Treatment groups:

RO0796 (1-year treatment data)

R04296 (baseline data)

1 year

R00496: 27 February 1996 through 27 February 1996

12 February 1996 through 11 February 1997

Recombinant human parathyroid hormone (1-34),
LY333334 (Lilly)

rthPTH (1-34)

PPD03482; 1.02 mg/vial

Fischer 344 rats

Intact males: 323 to 383g; sham females: 167 to 197 g; OVX
females: 196 t0 236 g

12-14 weeks at time of surgery (sham or OVX)

18-20 weeks (Study R00796); 20-22 weeks (Study R04296)
(4-5 months)

6 weeks

Subcutaneous

Once daily

80 males; 40 sham females; 83 OVX females (3 additional
intact males and 3 OVX females were added for biood level
evaluations)

Group
Identification

Number Animals
Treatment Malcs Femalces

Swdy R04296

IntactB Intact, vehicle control (baseline) 10
OVXB Ovariectomized (OVX), vehicle control 10
(baseline)
ShamB Sham-operated. vehicle control (baseline) 10
Study RO0796
IntactV Intact, vehicle control 30
Intact8 Intact, 8 pg LY333334'kg 20
Intac140 Intact, 40 g LY333334%g 20
ovXV Ovanectomized. vehicle control 30
ShamV Sham-operated, vehicle control M 30
(0)% ¢4 Ovariectomized. 8 pg LY333334/%kg 20
0OVX40 Ovariectomized. 40 pg LY333334'kg 20

RESULTS
Body weight

LY reduced body weight gain in intact male rats. BW was increased in OVX females as compared to
sham controls at study start, and remained increased throughout the study. LY had no effect on BW

gain in OVX females.
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Serum calcium and alkaline phosphatase

LY333334 increased serum caicium by 5% to 10% compared to vehicle controls (male and female)
after 6 months of treatment and then remained stable until the end of the study. Ovariectomy
increased serum alkaline phosphatase by 30% to 50% compared to sham controls. LY333334 further
increased alkaline phosphatase by 30% to 50% at 40 pg/kg in OVX rats. A similar increase was
observed for Intact40 male rats. These effects are consistent with the known actions of PTH.

Femur length
The femurs and tibia were longer in males than females at all times in the study. LY333334 did not

alter linear bone growth in males, but slightly increased the length of the long bones in OVX8 and
OVX40 as compared to OVXV or ShamV.

Bone Mass

Bone mass of proximal tibiae was analyzed by dual energy x-ray absorptiometry (DXA), while mass
of femurs was analyzed by quantitative computed tomography (QCT). No data were collected for the
vertebrae.

In the cancellous bone-enriched proximal tibia, LY333334 dose dependently increased bone mineral
content (BMC) and bone minera!l density (BMD) by up to 2- or 3-fold (at 40 ukd) in both intact males
and OVX females compared to their respective controls. LY also increased projected area by up to 5-
10% at 40 ukd (Tables G1 and G3).

In the cortical bone of the femur mid-shaft, LY333334 dose dependently increased BMC by
approximately 200% and 70%; BMD by approximately 67% and 55%; and cross-sectional area by
approximately 22% and 10% in intact males and OVX females, respectively, compared to their
controls (Figure 1, and Tables G2 and G4).
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Figure 1 Bone mineral content

Bone mineral content of the femur mid-shaft of intact male and
ovarieclomized female rats after treatment for 1 year with once
daily LY333334 at 8 or 40 ng/kg/day. Data are shown as mean+
sem for 20 to 30 rats/group. Statistical significance, p<.05, a: vs
controls {IntactV for males, OVXV for females); b: vs ShamV for
females; c: OVX8 vs OVX40.
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Table G1 Dual Energy X-Ray Absorptiometry Analysis of Proximal Tibiae
From Male Fischer 344 Rats Treated With LY333334
Bonc Mineral Bonc Mincral
Density Content Projected Area

Group? Lencth (em) (g'cm?) () (cm?)
ImactB 1.420 + 0.020<4x 0.119 % 0.002dc 0.105 £ 0.003¢cd< 0.879 1 0.0) 5cde
IntactV 1.4%0 1 0.0100 0.130 £ 0.00 14 0.126 £ 0.001hde 096410011
Intact8 1.495 1 0.0140 0236 1 0.002hce 0.231 £ 0.003bs.c 0.981  0.009
Intact40 1.472 + 0.016b 0.326 + 0.003hsd 0.320 £ 0.006bc 4 0.97% £ 0.011h

* Mcan t SEM.

b Significantly different from IntactB, p<.05.

¢ Significantly different from Inma V. p<.05.

4

Significantly different from Intact8. p<.05.
¢ Significantly diffaent from Inaci40, p<.05.

Table G2 Quantitative Computed Tomography Analysis of Femoral Mid-
Shaft From Male Fischer 344 Rats Treated With LY333334
Bone Mincral Bone Mineral
Density Content
Groupa {mgicc) {g) X-Arca (mm?) Voxel Number
intactB K90 £ 3]cde 11.8 £ 0.90dc 10.9 1 0.37c.d¢ 501 £ 17c4e
IntactV 796 £ 9bd«c 126 0.184¢ 13.3 2 0.19hdx 609 1 9bde
Intact8 1161 £ 6bce 19.8 + 0.71bce 14.2 1 0.50bce 678 + Bb<e
Intact40 1332 = 7hed 25% 1 031bed 16.2 % ().]1Rhcd 742 + Rhed
s Mcan * SEM.
b Significantly different from IntactB. p<.05.
¢ Significantly dificrent from IntactV, p<.05.
4 Sipnificantly different from Intact¥, p<.05.
3

Significantly diffcrent from Intact30, p<.08.

Table G3 Dual Energy X-Ray Absorptiometry Analysis of Proximal Tibiae
From Female Fischer 344 Rats Treated With LY333334
Bone Mincral Bone Mincral
Density Coniemt Projected Arca

Grouy Leneth (cm) (p'cm?) () (cm?)
OVXL 1.200 £ 0.045 0.099 +0.00lcde  0.073 * 0.002bsds 0.730 > 0.026
Shamk 12501 0.027bde 01124 0.002cde  0.U78 2 0.001cde  U.6Y8 % 0.018bcdrs
OVXV 1.300 1 0.0V} 0.110 2 0.001cde  0.0%2 +0.00)cde 0.749 % 0.007
ShamV 1.300 £ 0.005 0.140 £ 0.00754c  0.103 + 0,002b4c 0.770 £ 0.006
OovXs 1333+ 0.011he 0.176 £ 0.0()2bcc 0.137 1 0.002bce 0.779 4 0.007"
OVX40 13304 0.011h 02242 0003hcd 0176 2 0.0020cd 0.787 + 0.008b

8  Mecan * SEM.

b

[- S

Significantly different from OVXV, p<.0S.
Significantly different from ShamV. p<.05.
Significantly different from OV XY, p<.0S.

< Significanily different from OVX40), p<.05.

Table G4 Quantitative Computed Tomography Analysis of Femoral Mid-
Shaft From Female Fischer 344 Rats Treated With LY333334
Bane Mineral Bone Mineral
Density Content
Group? {me’cc) (2) X-Area tmm?) Votel Number
OVXE 836 £ 9cdr 7.98 + 0.14cde 7961 0.13bc 366 + §.8bc
ShamE 860 + Ghcde 7.89 1 0.17<4« 7.65+0.158< 3512 6.0«
OVXV 812 % 7cdr 8.9210.11c4c 9151 0.08 420186
ShamV 904 £ 18hAe 9.64 1 0.30bds 888+ 0.19 4U8 1+ 8.6
OVvXs 1105 + 10bes 12,9+ 0.18bce 9.74 + 0.09b< 447 + 4.2b<
0OVX40 128K 2 20hcd 15.3 + 0.35hcd 10.1 + 0.13bc 464 & 6.0b5
8 Mcan * SEM.
® Significantly different from OVXV, p<.05.
¢ Significamly different from ShamV, p<.0S.
¢ Significantly diffcrent from OVXS, p<.05,
€

Significantly different from OVX40. p<.05.
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In summary, LY333334 increased bone mass (BMC and BMD) and bone geometry in a dose-
dependent manner in both cancellous and cortical bone regions of intact male and ovariectomized
female Fischer 344 rats.

Bone Strength
Bone strength was determined in lumbar vertebrae (compression), femur midshaft (3-point bending),

and femur neck (load to failure). X-area, BMD and BMC of femoral midshaft were determined by
pQCT.

) ) ] Load
Biomechanical parameters (Figure H1)
Fu ultimate load .
d, ultimate displacement (1/brittleness) oed ]
S stiffness ™
U work to failure
S, ultimate stress (inversely proportionat to 1)
|

moment of inertia (increases with t) S v

E Young's modulus
u modulus of toughness
£y ultimate strain (in vertebra: d t)
t cortical thickness of, in vertebra: » Digp,acemen[
specimen thickness AXirte dispiacement (@)
Figure M1 Derivation of biomechanical parameters from the

load/displacement curves.

Noie: Ukimate boad (F,,). which reflects the extrinsic bone sirength, is the masimum
height of the curne. Uhiumate displacement (dy). which s the recprocal of bone
brittkeness, s the maximum width of the curve. Stiffness (S} is the maximum slope and
work 10 failure (U} 1s the area under the cune.

Data for veriebrae and femur

Biomechanical strength

1. Inlumbar vertebra L-6 LY333324 increased strength by approximately <200% in males (Figure 2)
and females (Figure 3).

2. Inthe femur neck, LY333334 increased strength by 150% to 175% in males (Figure 2) and by
140% to 175% in females compared to OVXV or by 120% to 150% compared to ShamV (Figure
3).

3. Inthe femur mid-shaft, LY333334 increased strength by 2250% in both males and females
(Figure 2,3).

Other biomechanical parameters
Ultimate strain decreased slightly at the higher dose (Intact40 and OVX40), while stiffiness, Young’s
modulus, ultimate load, and ultimate stress (strength) increased for both males and females (Tables

H1-H2).




Figure 2

Biomechanical strength - males.

Biomechanical strength, measured as ultimate load (Fu) of the
femur diaphyseal mid-shaft (cortical bone site), femur neck
(cortical and trabecular bone), and lumbar vertebrae (trabecular
bone-enriched site) in male rats, after treatment for 1 year with
once daily LY333334 at 8 or 40 pg/kg/day. Data are shown as
mean £ sem for 20 to 30 rats/group. Statistical significance,
p<.05, a: vs IntactV controls.
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Figure 3

Biomechanical strength - females.

Biomechanical strength, measured as ultimate load (Fu) of the
femur diaphyseal mid-shaft (cortical bone site), femur neck
(cortical and trabecular bone), and lumbar vertebrae (trabecular
bone-enriched site) in ovariectomized female rats after treatment
for 1 year with once daily LY333334 at 8 or 40 ug/kg/day. Data are
shown as mean t sem for 20 to 30 rats/group. Statistical
significance, p<05, a: vs OVXV; b: vs ShamV; ¢: OVX8 vs
OVX40.
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Table H1 Biomechanical Parameters for Male Rats Treated With
LY333334
Variable IntactB IptactV Intac18 Intac140
Femur Diaphyseal Midshafts
F,(N) 162413 14722 262 + 4bs 329 + 9bc
S (\-nm) 413112 363 + 9b 653 £ 10bs K00 % 20bs
U (m)) 722 6322 84 + 4bc TR+ &
d, (mm) 0.68 +0.02 0.68 * 0.02 0.5340.02%¢ 0.44 £ 0.01bs
S, (Mpa) 239+ 6 220426 272+ 6be 2772 9
E (GPa) 78+02 10.9 £ 0.3b 13.1 2 0.6bc 11.9+04>
u (MJ'm?) 83103 472010 46+0.2¢ 381020
& 0.053 + 0.002 0.034 + 0.001+ 0.028  0.001bc 0.025 2 0.001bs
Femoral Neck»
F,(N) 13+ 4 1291 26 197 % 3b< 223+ 6hc
S (N'mm) 11548 406 £ 340 449 + 30b 499 % 1xbs
U(m)) 6325 42+3b - 62t6 58+ 4¢
d, (mm) 1.08 £ 0.07 0.55 % 0.032 0.58 1 0.05> 0.49 2 0.03s
Lumbar Vertebra®
F,ON) 282419 222110 424 4 270 541 % 21be
S (N‘mm) 2412 + 258 1623 £ 93% 2605 + 239 2972 £ 218¢
U (m)) 256411 241215 6352 6.6bc 8191 6.7bs
d, (mm) 0.16 £ 0.01 0191001 0.26 + 0.03b< 0.25 1 0.02b<
S, (Mpa) 325410 22.0%0.8> 40.9 % 2.tbc 43.9 % 1.5he
E (MPa) 726 % 67 582437 94) £ 90c 8¥2 2 67¢
v (MJ'm3) 1.17+0.06 0.67 + 0.03b 1.63+0.14bc 1.77 £ 0.08bc
£, 0.059 £ 0.004 0.053 % 0.003 0.069 * 0.007¢ 0.070 + 0.004¢

& Mcan 2 sem.

b Significantly diffcremt than IntactB.
v Significantly different than IntactV.

Table H2 Biomechanical Parameters For Female Rats Treated With LY333334
Variable ShamB OVXB ShamV QVXNV OVXN OVX4a0
¥ emur Diaphyseal Midshafr®
FuN\) 12143 12042 12722 12122 1K) % 3bsde 222 4 Shede
S\ mm) 327 35129 4352 100 402 2 pbcd 61R = 13bcde TR3 & 12bede
U (mJ 4513 60t 4 324 ke 354 2bs 44 = Jeds 194 24
d, tmm) 0.5% £ 0.02 0.69 = 0.03* 031 20.01b¢ 0.46 % 0,020xd 0.3) 2 H.Ubax 0.32 20.01hc de
S, (Mpa) 224 25826 2362 Jbas 212 % 3bed 288 + e 372 = edr
E (GPa) 103+ 0.1 96203 10.7 2 0.2¢ 9.24 0204 11.04 02 11.62 0.2bsde
viMI mY) 70205 KK 06k 4.4z0.00 4.720.2hs LRI ALY 39202
& 0.041 1 0.002 0©.05 = U.002 0.031% 0.001hs 0.035 £ Q.01 bcd 0.032 2 0001 0.026 2 0.0U1bs de
Femoral Neche
FuiX} 9643 yI3 1162 2b< 97334 139 1 3bcde 17) 2 3bcde
S (N'mm) 1302 10 12929 296 ¢ 16hs 2564 16 369 = 42bcdr 391 2 20hede
L (m) 4123 3913 222 233 1hed 4 1 34 46 1 Yde
d, (mm) 0834005 0.82 % 0.06 0.50 2 0.03b< 0.45 £ 0.02b4 0.53 £ 0.040s . 0.51 = 0.03b<
Luwmbar Vertebra®
Fo (N) 265t 16 17229 222+ )]c 167 £ 8bd 366 = 14bcac 408 % 2Sbodc
S (Nmm) 2253 + 2R7 1253 4 1790 1780 ¢ 118¢ 1485 ¢ Ry 2755 1 16%cde 2443 £ 19%4s
L m)) 270121 235139 237121 176t 1.5 404+ 3 5bcde 55.) + 4 3bcde
d, (mm) 0.172 002 0222004 O.LSt0.0I 0.1720.01¢ 0.18 = 0.0l 0.23 + 0.01¢4c
S, (Mpa) 40217 27.911.3b 3034128 21.720.8hc4 4502 ) tbede 46.7 * 1 Sbsde
E (MP2) 737272 SIR S RI® 6K7 % 46 546 3202 1004 + tudhede 810+ 572
uiM)im?) 1862013 1.5920.26 1.14 = 0.00b< 0.82 £ 008 1671 0.01dr 2,191 0.15de
[ 0.076 1 0.006 0.097 £ 0.019 0.063 1 0.004< 0.060 = 0.004< 0.063 2 0.004 0.0R1 + 0.0064s

* Mcan ® sem.

b Significaniy diffcrent than ShamB.
¢ Significanily different than OVXB.

¢ Significantly different than ShamV.
¢ Significantly different than OVXV.
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Data on correlation between BMC and Fu (femur midshaft)

Morphometry and BMC/BMD data (QCT) for the femur midshaft are shown in Tables H3-H4.

The moment of inerlia of the femoral midshaft increased by 47% in OVX40 females and by 104% in
Intact40 males. This increase was related to the increase in femora! thickness (t). These findings
indicate that the agent substantially increased periosteal bone formation.

Figure H2 shows the relation between femoral midshaft ultimate load and BMC. This suggests that
bone strength was significantly correlated with total bone mineral, which is proportional to BMD and
bone area (or size).

Table H3 Bone Morphometry and Mineral Content for Male Rats Treated
with LY333334
Variable IntactB IntactV IntactR Intact40
Femure g

t (mm) 0.60 * 0.01 0.5410.01 1.04 - 0010 1.46 1 0.06b<
} (mm4) 3741008 55910010 K.83 = 0.33bc 11,452 0.420¢
Cortical arcs {mm?”) 6.78 2 0.11 ¥.63 % 0.08> 10.36 = 0.15b« 12.10 £ 0.24b<
Total arca (mm?) 81312011 10.39 2 0.0% 11.46 2 0.170« 12792 0180«
BMC (mg) 109202 128201+ 20.6 2 0.3bs 25.8 % 0.3b<
BMD (mg’ec) R0+ 1) 791 3 Kt 1161 = 6bs 1332+ Tes

a  Mucan * sem,
b Significantly dilfaent than InactB.
¢ Significanily different than InactV.

Table H4 Bone Morphometry and Mineral Content for Female Rats Treated with LY333334

Varisble ShamB OVXB ShamV OoVXV OVXK OVX40
Femure

1imm) 0.5210.01 0.54 2 0.0t 0.54 2 0,01 0.52=0u6 0.752 0 01NAr 1.10 = 0.02hede

1 tmm4) 23584007 2491002 2 K7+ iMebs 3.0 2 (Lbehed 397 4 0.06hede 4.57 2 0.0%hide

Conical area (mm?) 373404 39420.0 4.14 2 0.06t 4312007 5.86 2 0.(9boide 7.05 % 0.11bede

Toka) arca (mm-) 6122013 6451013 6.97=0.31b 7.21 = 0,075 729+ 0.10bcde 7.X1 = 0.14hcde

BMC (mg) .40 1017 7952 0.14 9.30 2 0.13« 8921 0.1)bcd 12,92 = 0.)15hede 15603 0.2 4¢

BMD «myicct KD + 9 K629 X924 The R12 4 Ihe 1105 & 10hsde 1281 4 Rhsdc

& Mcan = sem

b Significanily different than ShamB.
¢ Siynificantly different than OVAB.
4 Significanily different than ShamV.,
¢ Significanty diflcrent than OVXY.
Male Rats
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Figure H2 Correlation betwsen ultimate load of the femur (F,) and the

diaphyseal bone mineral content (BMC).

Note: Dsta from baseline rats (early controls) were not included in the above figures. thus
the comparisons were limited 10 same ape and sze rats.
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Biomechanical characteristics of different bone sites

Similar responses to LY333334 on bone strength were seen in females and males, however, the
effect of LY333334 was site specific. Figures H3,4,5 graphically show the different biomechanical
characteristics of rat vertebrae (H3), femoral neck (H4), and femoratl midshaft (H5).

in lumbar vertebrae, LY333334 increased both ultimate load and ullimate displacement causing a
large increase in work {o failure and a reduction in brittieness (Figure H3). In the femoral neck,
LY333334 increased ultimate load without changing ultimate displacement, thus work to failure was
increased but there was no change in brittleness (Figure H4). In the femur, LY333334 increased
ultimate load while decreasing ultimate displacement. The bones became more brittle with treatment
and work to failure was only marginally improved (Figure HS5). The latter result was unexpected.

[}
©
5
o
5
Displaccment Displaccment o
Figure H3 Effects of LY333334 on rat vertebrae. Figure H4 Effects of LY333334 on rat femoral necks.
Note: Shaded area indicates the pain m worlk 1o failure. Note: Shaded area indicates the gain in work to failure
4
o
-§
- OR GRIGINAL
Displacement
Figure HS Effects of LY333334 on rat femoral bending test -
Note: Shaded area indicates the gam m work 10 failure and the striped area represents the
loss in work 1o faihure,

in summary, LY333334 significantly and dose-dependently increased bone strength of the femur, the
femoral neck and lumbar vertebra. LY333334 aiso changed the biomechanical characteristics of the
three different bone sites in a different manner.
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Histomorphometry

Data shown are for the proximal tibia of baseline rats only, which were killed approximately 8 weeks

after surgery (Study R04296).

+ Trabecular bone volume (BV/TV, Tb.N) in OVX females and intact males was statistically
significantly iower than in sham females.This confirmed that OVX rats were osteopenic at the
initiation of dosing.

e Bone tumover (BFR), i.e, bone formation and bone resorption measures, were significantly higher
in OVX females and male rats than in sham females.

e Osteoid volume in male rats was approximately 10% (0.1x) that measured in females. The reason
for this was unclear as there were no equivalent differences between sexes in bone formation
measures.

» Because of an error in specimen trimming and processing, data were not collected from
specimens at the end of the study.

Figure 4 Schematic dsagram of longitudmal section cut through upper
ond of tibia of a young rat  The picture ilustrates measured
areas between t and $ mm from prowth plate towards the
midshaft and between the mmeginary bnes.

Table 11 Histomorphometry of Proximal Tibia of Untreated Sham and
Ovariectomized (OVX) Females, 8 Weeks after Surgery, and
Intact Male Rats at Study Start

Bascline Bascline
Measurement Units Shama Baschne OVX? Malese

Bone volume (BV.TV) % 1461 0.8 522050 B8t 1.
Trabecular thickness (TbTh) N 47511.0 455114 503418
Trahecular number (THN) 3.1+£02 1.1:0.1b 1.7£02¢
Trabecular space (THSp) [ 285117 91117 602 1 80<
Ostcoid volume (OV/BY) % 31202 43%0.2 03100
Osteoid surface (0S) % 259H15 333+15 298+1.2
Osteoid thickness (OTh) p 36101 37101 38201
Osteoblast + swfaces (ObS‘BS) % 68208 16212.00 11.611.7%
Mineralizing sut faces (MS/BS) % 259%15 33315 298112
Mincralization rate (MAR) widay 1.11 £0.04 1.4510.03b 13820.04¢
Bonc formation rate (BFR'BS) wday 8316 137+ 6b 11826
Bone formation rate (BFR/BV) %’vear 351+ 26 5751 38b 473227
Bonc formanon rate (BFR'TV) %o'ycar 5051140 3071240 398142
Formation period (FP) days 112106 13.4+ 0.5 1122066
Mineralization time (OMT) days 33201 26+0.1 28201
Resorption surface (ReS/BS) % 5113 13216 125¢12
Eroded surfoce (ES'BS) % 89113 14417 130213
Osteoclast + surface (OcS/BS) % 0.32+0.05 1.24 £ 0.23b 0.51 £ 0.07¢
Quicscent surface (QS°BS) % 653225 §23+2.3b 5722 1.6

* JO'group.
b Sianstical significance. p<.05. sham female versus OVX female.
¢ Suwatistical significance, p<.0S, intact male versus sham female.



Toxicokinetics
Blood samples were coliected predose and 15 min postdose (near Tn,y), after 1, 151, 334 davs (Dav
0, 150, 333) of dosing. from 3 animals/sex/treatment group per time point. LY was assayed ——

. Quantitation limitwas

e—
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Serum levels of LY333334 (ng/ml) in F344 rats treated with 8 or 40 ug/kg

8 ug/kg 40 ug’kg
Day Predose 15 min Human Human predose 15 min Human Human
Crrox AUC Crrax AUC
multiple* multiple* multiple* multiple**
0 NR NR - - 0 (BQL) 10.93 69x 31x
150 0 (BQAL) 3.18 20x 9x 0 (BQL) 13.47 85x 38x
333 0 (BQL) 3.29 21% 9.5x 0 (BQL) 14.71 93x 42x

NR= not reported, insufficient sample volume
BQL = below quantitation limit

* Human Crma (15 min) = 159 pg/m, at 20 ug daily dose

** Extrapolated from 2-year rat carcinogenicity study AUC and Cmax data (Human AUC = 295 pgxh/ml, at 20 ug daily dose)

The predose serum concentrations of LY333334 after 6 and 12 months of treatment were below the
quantitation limit. This suggested there was no accumulation of LY333334 upon repeated dosing

during the study.
The serum concentrations of immunoreactive LY333334 at 15 min (0.25h) postdose, were dose
dependent. No differences were observed between serum levels between males and females or
between Days 0, 150, 333.

Morphologic Pathology
Kidneys from terminally necropsied animals treated with 0 or 40 ug/kg (males: IntactV or intact40,
females: OVXV or OVX40, n=19 or 20/group) were weighted and examined histologically.
All intact males and several females had progressive glomerulonephrosis (PGN). In the OVX40

group, the incidence of PGN was increased as compared to OVXV, from 10/20 to 19/20. No other
effects of LY333334 on kidney histology were noted.

CONCLUSIONS

In conclusion, LY333334 significantly increased bone mass and bone strength in intact male and
OVX female rats after 1 year of once daily treatment.

APPEARS THIS,WAY

ON ORIGINAL
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OTHER RAT BONE STUDIES

Recombinant Human Parathyroid Hormone (1-34) Effects on Bone Mass, Architecture, and
Quality in Aged Ovariectomized Rats

(Nonclinical Pharmacology Report BN5-01)

Note: Preliminary results of this study were published by Sato et al. (Endocrinology, Vol. 138, #10,
p4330, 1997)

This study was carried out to evaluate the effect of LY in older ovariectomized rats, and was powered
adequately for biomechanical analysis.

METHODS

Study was carried out in “aged” 8-month oid SD rats (N=26 baseline group,N=35/treatment group).
Groups included baseline animals, sham controls, OVX controls, OVX given 8 ug/kg LY, or OVX
given 40 ug/kg LY, once daily by s.c. injection. Treatment duration was 6 months. Bone mass
measurements were carried out by QCT (during in-life phase of study and at study termination), and
histomorphometry and biomechanical analyses were carried out of bones removed at the end of the
study.

RESULTS

Bone mass

In life QCT analysis of proximal tibial metaphysis showed a small (ca. 5%) age-dependent reduction

- in bone BMD. Ovariectomy caused a larger reduction in tibial BMD (15%). LY dose-dependently
increased tibial BMD up to 2x the OVX control value, at 40 ug/kg, after 5 months.

In the femoral metaphysis (distal femur) and diaphysis, OVX significantly decreased

8MD, and LY increased BMD above base-line levels at both doses (2-3x OVX control values) (Figure
3).
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Figure 3 Analysis of femora by QCT. The metaphysis and middiaphy;is

of femora were examined at termination by QCT, using voxel
dimensions of 0.147 x 0.147 x 1.2 mm. Data are mean %
standard deviation. Significant differences from Sham, OVX,
OVX8 and OVX40 are designated “s”, “o”, “I", and “h",
respectively (Fisher PLSD, p<0.011). Analysis of the
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Histomorphometry

Cortical bone

In both tibial and femoral diaphyses cortical thickness or area were slightly reduced by OVX. LY
markedly increased cortical thickness, up to 1.8x at 40 ug/kg (femur), and decreased medullary area,
concomitant with an increase in moment of inertia. As shown by dynamic hisiomorphometry, bone
formation rate at the periosteal and endocortical surface of the tibial midshaft was increased by OVX,
and further increased markedly by LY in a dose-dependent manner (2-3x).

Cancellous bone

Histomorphometric analysis showed that in the metaphyses of the tibia OVX caused a marked
reduction in BV/TV and Tb.N but not Tb.Th. LY largely improved all trabecular bone parameters
(BV/TV, Tb.N, Tb.Sp, Tb.Th) so that LY (40 ug/kg)-treated tibial trabeculae were much thicker and
closer together than control (sham) trabeculae. LY also dgse-dependently increased trabecular
connectivity. Another effect of LY was an increase in bone formation (MS/BS, BFR/TV) parameters
indicating a stimulation of osteoblastic activity. Histomorphometric analysis of cancellous veriebral
bone showed similar effects on trabecular bone architecture as in tibial metaphysis.

Bone strength
Femoral sites

Biomechanical analysis of femoral diaphysis and femoral neck showed decreased bone strength in
OVX animals, including a decrease in Young’s modulus (E) (slope of the deformation-load curve). LY
dose-dependently improved structural (“extrinsic™) properties (Fu, S) and material (“intrinsic™)
properties (ou, E, U) above OVX and sham values. Only eu was unaffected or minimally decreased
by.LY (Table 7). This was in accordance with data from the 1-year study in which this parameter
(ultimate strain) in the femoral diaphysis was decreased after 1 year treatment of initially 4- to 5-mo
old rats. Femoral neck strength was unaffected by OVX, but was increased by LY.

Table 7 Biomechanica! Analyses of the Femoral Diaphysis and Femoral
Neck
Groupa F, S o, E U £ Necek F,,
Bascline [1770Lh 52toslh 3180 9.000 5.600 0.038 16l
5 B} 9 0.23 0.28 0.001 3
Sham [175th 574cbth 3090 9.620 5.09% 0.036  |iloth
5 13 9 0.22 0.28 0.001 3
OoVX 1425b.Lh 4665b.1Lb 249sh.lh 7.Ku>blh 3.9%ibth 038 J15Lh
3 1 6 0.22 0.23 oour |3
OVX8 {2130sbh  69gosbd  309ob 9430 5190 0.036  [1520abb
s 18 5 0.14 0.26 0001 |5
OVX40 [2470sb]  gj3osbl  332asbl  JQ.}3ab) 5270 0.034  |16402bd
4 14 6 0.12 0.22 0001 [
ANOVA K 0.0001 <0.000! <0.0001  <0.0001 <0.0001 0015 §<0.0001

* Femora diaphyses were examined by 3-point bending to measure the ultimate force (F.), stiffness (S),
ultimaic stress (G,), Young's modulus (E), work to failure (U), and ultimate strain (g,). Femora necks
were loaded to failure to measure the ultimate force (F,). Data arc mean followed by SEM (n=23 to
33). Significant differences from baseline, Sham, OVX, OVX8, or OVX40 arc depicied as “b~, *s™,

-

0™, “I”, or “h”, respectively.

Vertebrae
Vertebral strength, i.e., both structural and material biomechanical properties, were decreased by
OVX and increased in a dose-dependent manner above sham and baseline levels by LY.
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LY caused a small increase in body weight and uterine weight of OVX animals.

Skeletal Effects of LY333334 in Ovariectomized Rats with Established Osteopenia
(Nonclinical Pharmacology Report BN5-02)

METHODS
This study was carried out in a ‘delayed-dosing intervention model”, i.e., 6-month old SD rats that
were ovariectomized and subsequently permitted to lose bone for 1 month. In most experiments
treatment was carried out by daily s.c. administration of LY (rhPTH1-34) or synthetic PTH1-34
———— , al doses between 0 and 80 ug/kg/day, for 3 months. Bone mass
measurements were carried out by QCT (during in-life phase of study and at study termination), and
histomorphometry and biomechanica! analyses were carrigd out of bones removed at the end of the
study.

RESULTS

Bone mass

QCT analysis of he proximal tibial metaphysis showed a decrease in BMC and BMD upon
ovariectomy. Treatment with 0.1,0.3, 1, 3, 10, 30 ug/kg/d of LY for 3 months restored BMD in a dose-
dependent manner, to sham or above-sham levels at doses >= 3 ug/kg (Figure 2). The efficacy of LY
continued to increase to the highest dose used of 80 ug/kg. X-area of the metaphysis was not
affected by OVX or LY.

PTibia BMD (mgicc)
N N

PTibia BMC (mg}

Figure 2 Dose-dependent effects of LY333334 in osteopenic
ovariectomized rats. The proxima! tibial metaphysis was
analyzed by QCT, using voxel dimensions of 148 x 148 x
1200 ym. Treatment was inttiated after 1 month post-
ovariectomy (7 months of age) and continued for the following
3 months. Groups included baseline, pretreatment OVX (Pre-
OVX), Sham, OVX, and LY333334 at 0.1 to 30 pg/kg/day
subcutaneously, as indicated. Plotted dats are mean %
standard deviations with group sizes of n=7 to B. Significant
ditferences from Sham and OVX are depicted as “s” and “o™,
respectively (p<0.05, Fisher's PLSD). LY333334 increased BMD
and BMC dose dependently to significantly beyond OVX, Sham,
and Baseline levels. (9721)



72

QCT of the femora showed qualitatively similar results, although the effects of OVX and LY,
particularly in the midshaft area, were less pronounced.

Histomorphometry
Histomorphometry of the proximal tibial metaphysis showed some interesting results (Table 3).

Table 3 Histomorphometry of LY333334 Effects on the Proximal Tibial
Metaphysis
Groups Bn.Pm Ob.S'BS EsBS Oc.S'BS N.Oc'BS
Sham 36.6£1.90  0.7320.180  4.3010.23c  1.0330.11  0.23510.024¢
ovX J1L121.Ss  B.6B22.14s  7.6341.21s 2613057  0.61820.147
PTH 0.03 6.820.9s 7.89£1.68s  9.3011.50s 3.7340.83s 0.835+0.173s
PTH (.3 9.5+1 .4 79342228 9.30+1.65+ 3.5740.90s  0.758+0.181»
PTH3 25913.3%  7.332241+  R10:0.51s 2284034 (.4%720.071

* The proximal tibial metaphysis was analyzed by histomorphometry following treatment. Groups
mcluded Sham, OVX. and LY333334 (PTH) at 0.03, 0.3, and 3 pg kg-day subcutancously. Parameters
analyzad included cancellous bone perimeter (BnPm). osteoblast surface (ObS 'BS). croded surface
(Es'BS). ostcaclast surface (OcSBS). and osteoclast number (NOc/BS). as previously described (Parfint
et al. 19%87). Daia are mean 2 standard errors with group sizes of n=7 10 9. Significant diffcrences
from Sham or OV X are depicted as “s™, “o”, respectively (p<0.05, Fisher's PLSD). (9607)

Bone perimeter was decreased by OVX, and further decreased by 0.03-0.3 ug/kg LY, but increased
by 3 ug/kg LY. Bone turnover, as indicated by the one formation and the three resorption parameters
in Table 3, was increasd by OVX, as expected. LY at doses of 0.03-0.3 ug/kg appeared to stimulate
resorption, while at 3 ug/kg it decreased resorption. Formation (Ob.S/BS) was not significantly
affected but it should be noted that any effect on osteoblast surface per se will be masked by an
effect on BS, particularly at the higher doses at which bone perimeter and BMD are increased.

Bone strength

Biomechanical analysis of the femur showed a slight decrease in femoral midshaft strength due to
OVX, and a dose-dependent increase in femoral midshaft thickness and strengt, and in femoral neck
strength, after 3 monts of treatment with LY at doses of 0.3-30 ug/kg (Table 4)

Table 4 LY333334 Effects on the Biomechanical Properties of the
Femora

Group? 1 F, S Neck F,
Sham 6641010 16350 457111} 10¥18
ovX 621018 14514s 438119 1081y

PTHO3 6431011 160+6 464437 11325

PTH3 68320090 169490 476112 133430

PTH 30 .906+.027s0 196 10~0 601+2]s0 14949%0

2 1Y333334 cffects on the biomechanical propertics of femora were evaluated by 3-point bending of the
femora! midshaft and load to fracture of the femoral neck. Femora were isolated from ostcopenic,
ovariectomized rats that were dosed for 3 months. starting 1 mooth posi-surgery. Groups included
Sham. OVX, and human PTH (1-34) (LY333334) at 0.3, 3, and 30 pgkg‘day subcutancously.
Parameters analyzed for the femora diaphysis included cortical thickness (t). ultimate force (F,). and
siffness (S). In addition, femoral neck strength was analyzed in shear (F,). Data arc mean followed
by SEM (n=7 10 8). Significant diffcrences from Sham or OVX are depicted as “'s™, o™, respectively
(p<0.05, Fisher's PLSD). (9565/9568)
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The skeletal effects of human recombinant parathyroid hormone PTH (1-34) (LY333334) were
evaluated in ovary-intact rats, as a follow-up to the 2-year oncogenicity study of LY333334 in male
and female Fischer 344 rats.

Study 9904 (F344 rats, age at treatment start 1.5 month, treatment duration 9 months, doses 0, 0.03,
0.3, 5, 30, 75 ukd):

In 1.5 month old F344 rats, the BMD of the proximal tibial metaphysis increased 2-fold in the absence
of drug treatment from 1.5 to 10.5 months of age (age effect). LY333334 (0.03-75 ug/kg/day)
treatment for 8 months, from 1.5 months of age, induced a dose-dependent increase in proximal tibial
BMD, from 3 months after treatment initiation, of up to ca. 40% at 75 ukd. This treatment also caused
an increase in wet weight of the femora of up to ca. 20% at 75 ukd. QCT images of the femur showed
that LY caused some thickening of the cortex associated with somewhat reduced marrow space. This
is in contrast to the findings in the 2-year carcinogenicity study, where marrow space was completely
lost and femoral bone geometry was altered after 2 years of 30 or 75 ukd of LY treatment. This
suggests that these changes occurred after at least 9 month of treatment.

Over 9 months, femoral BMD was increased by ca. 35% in vehicle controls. LY (5, 30, 75 ukd)
caused an additional femoral BMD increase of up to 10% in 75 ukd treated animals (Table 1).

At these doses LY caused increased femoral midshaft strength (Fu) and stiffness (S) (as compared to
vehicle controls) but had no effect on ultimate displacement (i.e., brittieness). In the femoral neck Fu
was increased by 30 and 75 ukd LY. Vertebral BMD and strength were also significantly increased by
LY up to 30% at doses of 5, 30 and 75 ukd (Table 1). Some reduction of both femora! neck and
vertebral BMD and or strength was seen at low doses of PTH (0.03 and 0.3 ukd), possible related to
a decrease in ultimate strain. Mature, 10.5 month old F344 rats had substantially lower osteocalcin
levels and PTH immunoreactivity compared to young animals. The former is consistent with an age-
dependent reduction in osteoblastic activity. Dose-dependent elevation of osteocalcin levels by
LY333334 of up to 120% at 75 ukd indicated stimulation of osteoblastic activity.

BMD of femoral midshaft and lumbar vertebrae, after 9 months of treatment of 1.5 month old intact rats with LY333334

Femur Lumbar
midshaft vertebrae
Group/Dose BMD % BMC (mg) | % change | BMD (mg/cc) | % change | BMC (mg) % change
(mg/cc) change
Baseline 780 - 0.61 - 460 - 0.98 -
Vehicle 1080 - 1.15 - 557 - 1.77 -
0.03 1075 1% 1.17 +1.7% 552 -1% 1.72 -3%
03 1075 -1% 1.16 +1% 556 +0% 1.77 0%
5 1105 +2% 1.17 +1.7% 615 +10% 1.94 +10%
30 1130 +5% 1.26 +10% 690 +24% 2.30 +30%
75 1180 +9% 1.35 +17% 714 +28% 2.51 +42%

Study 9937 (SD rats, age at treatment start 1.5 months, treatment duration 3 months, doses 0, 0.3, 5,
30, 75 ukd):

LY increased proximal tibial BMD and femoral midshaft BMD at 30 and 75 ug/kg/day. The effect was
lerger at the cancellous tibial site. Femoral diaphyseal and femoral neck strength were also increased
by LY doses of 30 and 75 ug/kg/day. At 75 ukd, femoral midshaft ultimate displacement and strain
were slightly decreased.

L 4

Study 9907 (SD rats, age at treatment start 6 months, treatment duration 3 months, doses 0, 0.03,
0.1, 0.3, 1, 3, 30 ukd):

LY increased proximal tibial BMD at 3 and 30 ukd, as in the younger animals (Study 9937). However,
the mature animals appeared to be slightly more responsive (effect at iower dose, and larger effect)
than the young animals. LY also increased femoral midshaft BMD at 3 and 30 ukd. The effect was
larger at the cancellous tibial site. Femoral diaphyseal strength was not affected at doses up to 30
ukd, but femoral neck strength was increased by 30 ukd. At 3 and 30 ukd, femoral midshaft ultimate
displacement and strain were slightly decreased. Vertebral BMD was increased at 30 ukd.
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Other results

Peak bone mass

Longitudinal analyses suggested that intact SD and F344 female rats attain peak bone mass (BMD)
in the proximal tibia at about 7 months of age, and in the femoral midshaft between 9 and 13 months
of age.

Intact vs. OVX rats

With respect to the effect on proximal tibial BMD, mature intact SD rats (aged 6 months) were less
responsive to LY than mature ovariectomized animals (aged 7 months). However, BMD in intact rats
was larger than in OVX rats at every dose of LY tested.

APPEARS THIS WAY
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STUDIES ON EFFECT OF DOSING FREQUENCY

Pharmacokinetic Profile of Human Parathyroid
Hormone (1-34) (LY333334) and Serum Chemistry in
Rats After Anabolic or Catabolic Injection Protocols

Nonclinical Pharmacology Report R43-01

Summary

Intermittent administration of human parathyroid hormone (PTH) (1-34) has been shown to
increase bone mass in animals and humans. However, if given continuously, or if
administered at high doses, a nel catabolic response is observed. Different delivery
protocols for PTH(1-34) were evaluated in this report in order to correlate serum
biochemical and PTH(1-34) pharmacokinetic profiles with the anabolic or catabolic
response in bone. Subcutancous injection protocols for biosynthetic human PTH(1-34)
(LY333334) which resulted in either an anabolic or catabolic response in bone, were
adminisiered 10 100 g male rats, and serum was collected at different times after dosing.
After a single, subcutaneous dose of LY 333334 (80 pug/kg), which gave an anabolic bone
responsc after 18 days of daily treatment, serum Ca rapidly decreased to a nadir (10
minutes), followed by return to baseline by 40 minutes. Serum phosphorous also
decreased but the decline was slower (nadir at 60 to 120 minutes). Serum PTH(1-34)
(determined using an immunoradiometric assay) rose rapidly to a peak (10 minutes) (18.6
+ 4.2 ng/mL) and then quickly declined to ba-kground levels (240 minutes). LY333334
(13.3 pg/kg/ injection) given as 6 injections {10 minutes intervals), which produced an
anabolic bone response after 18 days of daily +=atment, gave a longer duration serum Ca
and phosphorous depression with a lower nadir than the single dose regimen. Serum
PTH(1-34) rose t0 2.5 + 0.6 ng/mL S minutes after the first dose and gradually increased
10 5.6 + 0.7 ng/mL 5 minutes afier the Jast dose. Levels returned to bascline by 240
minutes after the first injection. When LY 333334 (13.3 ug/kg/injection) was administered
for 6 injections (1 hour intervals), a catabolic response was observed in bone after 18 days
of treatment. Serum Ca and phosphorous decreased after each injection followed by an
increase just prior to the next dose. Serum PTH(1-34) rose t0 8 Crnax S minutes after each
dose (2.2-3.8 ng/mL) and declined 10 2-10% of the peak values prior to the next dose but

" remained above baseline until 420 minutes after the first dose. The response in bone to
PTH(1-34) may be primarily determined by the Jengtly of time serum concentrations remain
above baseline and only secondanly by the Cpyay Obtained.



The Frequency of Daily Injections Determines Induction
of an Anabolic Response in Bone by Human Synthetic
and Biosynthetic (LY333334) Parathyroid Hormone
Fragment, hPTH 1-34, in Young Rats.

Nonclinical Pharmacology Report CG3-02

Summary

Parathyroid hormone (PTH), given once daily, stimulates bone formation to increase
bone mass in a variety of rodent models and osteoporotic humans. When used to reat
patients with osteoporosis, PTH must be given by once daily injection. In assessing the
feasibility of alternate delivery systems, such as an electrophoretic patch, we found it was
not technically possibie to deliver an efficacious dose once daily. The purpose of this
study was 10 assess the bone mass of young rats given either synthetic human parathyroid
fragment, hPTH 1-34, or biosypthetic human parathyroid fragment, hPTH 1-34,
LY333334, as multiple doses within either 1h or 6-8h penods, by daily subcutaneous (sc)
injections for 12 or 18 days.

Results showed that when PTH, as a total daily dose of 80pg/kg/d, was given as 6
injections within 1h daily, for 12 or 18 days, PTH increased bone mass of proximal tibias
equivalently to the significant increase measured afier once daily injections in young rats.
When PTH was given as 3 injections over an 8h day, at the same total daily dose as once
daily injections (i.e. 80pg/kg/d). a complex response was observed. Bone mass,
expressed as BMD, did not differ significantly from conuols. However, the increase in
bone mineral content and cross-sectional area resulted in an equivalent increase in
resistance to fracture of the femur neck as the positive controls. When injections of PTH
were increased 10 6/day at the same daily dose of 80pg/kg/d over a 6-8h period for 18
days, PTH was catabolic and decreased bone mass. We concluded that, if an efficacious
dose of PTH was to be given in multiple injections, these had to be delivered rapidly
within a shorn time period, to induce an increase in bone mass. More prolonged exposure
to the hormone, by multiple injections over a 6-8h period, resulted in significant loss of
bone mass that more closely resembled the response observed when PTH is given by
continuous sc infusion.

APPEARS THIS WAY
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OTHER EFFICACY PHARMACOLOGY STUDIES
Several other studies with LY and combinations of LY with other products were carried out in rats,
and some studies with LY were done in mice. Selected studies are briefly discussed in this review.

Rats

(Report CG3-8)

The anabolic effects of human PTH(1-34) at 8- ug/kg, given by s.c. injection for 12 days, were
independent of the gender, breed and strain in normal and mutant disease-prone rats. The bones of
all mutants had similar responses to hPTH1-34,

(Report BN5-03)

A raloxifene analogue had an additive effect on cancelious bone mass when given in combination
with PTH(1-34). After discontinuation of PTH, the analogue prevented rapid bone loss that was
observed in the controls. o

(Report CG3-15)

After treatment with PTH(1-34) in combination with a raloxifene analogue (RA) of ovx rats, for 3
months, maintenance therapy with RA alone, reduced PTH, or the two together all resulted in
reductions in the treatment-enhanced BMD. Thus, discontinuation of PTH treatment reverses the
previously obtained increase in bone mass.

{(Report CG1-16)

In ovx rats, discontinuation of PTH(1-34) therapy, rapidly results in a decrease in bone mass.
Estrogen and raloxifene maintained bone mass after PTH withdrawal. These results apparently
contradict the results from study CG3-15 (above).

Mice
(Report BN5-07)

Ovx mice from 9 different strains were treated with LY333334 (10 ug/kg) fro 2 months. There were
variable positive and negative effects of aging, ovariectomy, and LY333334 on total body or femoral
BMC, and other parameters (body weight, lean fat mass), depending on mouse strain.

{Report W53-26)

In adult male mice PTH(1-34) two out of the five tested strains responded pcsitively to PTH treatment
with respect to femoral diaphyseal midshaft BMC and X-area. The study indicates mouse strain
sensitivity of the bone formation effect by PTH.

APPEARS THIS WAY
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SAFETY PHARMACOLOGY

Safety pharmacology studies with LY33334 were carried out in adult male rats (CV effects), female

beagle dogs (CV effects), and adult male mice (CNS and behavioral effects). Summary reviews of
these studies are included in this review.

In Vivo It Ve
Speies,
Stin,
Gender, & Tissue’
Rerort T Are Dose Rowre Accsyv Tine Ce!! Line Result
Naloty Pharmacobom Study Repont
General | The Acsie Cardinascular | Raws LY33334 The po-observed-e fTect bevei for cardiovascular
Pharma- | Effecs of LY3333M [PTH | Sprague 3.10, 30, changes (mureased hear raie and decreased tlood
colopy 11-31] Admininerad Dawiry, 100, 300, & presssure ) was 4.3 upkg of LY233334
Repon Subcutaneously o male, 1000 up'kg
1 Constious Male Sprague aduk single dose
Dawley Rsts SC
General | An Acute Cardiovassular Dogs., L1Y333334 The female beapie dop demonstraied a consisent
Pharma- | Toxion Study With Beagle, 6 up kg and reproducible decrease in arrenal pressure and
oolapy | LY333334 Administered frmale, 12 | single dose increases 1n kefl venwricular inotropic sae and
Repont | Subvutaneous)y in w2l SC heart rase sfier weaunent with 6 pghp LY333334
2 Constyous Insrumented months that is consistent with compound-mduced
Female Beagle Dogs vasadilanon and compensatory physiological
homeate mechanisns
General | The Anne Behavional Mouse. R REEXKY | LY 333333 at doses <100 pg kg would pot be
Pharma- | Profibe of LY333334 CD-L., 10.30. & expected 1o produce secondany pharmacolog v
wlepy Followng Subcuraneous male, 100 uphp related o central nenvous system (CNS1and
Repon Administration in Male sdult single dose behavioral funcucns such as chanpes in body
k) CD-) Muce SC wermperature. ambutaiory and noaambulatory
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The Acute Cardiovascular Effects of LY333334 [PTH(1-34) Administered Subcutaneously to
Conscious Male Sprague Dawley Rats (Studies RV0595 and RV0795)
(Genera! Pharmacology Report 1)

METHODS

LY333334 was administered subcutaneously to conscious male Sprague Dawley rats (300-600g) at
doses of 100, 300 or 1000 pg/kg (N=4/group) (Study RV0595), or nominal dose levels of 3, 10 and 30
ug/kg (actual levels 0.5, 4, 23 ug/kg) (Study RV0795). Cardiovascular parameters measured were
heart rate, systolic, diastolic, and mean arterial pressure, and arterial pulse pressure. Data were
acquired from 5h before to 4 h after dosing.

RESULTS

Transient redness of extremities at all doses. Increase in heart rate and decrease in blood pressure
(systolic, diastolic, and mean arterial pressure) at dose levels of 30 (real dose level 22.8), 100, 300,
and 1000 pg/kg. Cardiovascular effects were observed during the first 2 hours after dosing. The no-
observed-effect level was 4.3 pg/kg (nominal level 10 ug/kg). This dose is equivalent to approximately
1.5x the human exposure at a 20 ug daily dose.

CONCLUSION

LY333334 has a vasorelaxing and hypotensive action and causes an increased heart rate in rats at
doses 2 23 ug/kg. '
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An Acute Cardiovascular Toxicity Study With LY333334 Administered Subcutaneously in
Conscious Instrumented Female Beagle Dogs (Study DV0196)
(General Pharmacology Report 2)

METHODS

LY333334 (6 ug/kg) was administered subcutaneously to conscious female beagle dogs.
Cardiovascular parameters measured were heart rate, left ventricular inotropic state, systolic,
diastolic, and mean arterial pressure, and arterial pulse pressure. The peak value of the first
derivative of left ventricular pressure (dP/dtmax) was used as an index of left ventricular inotropic
state. Electrocardiograms were also recorded. Serum ionized calcium levels were determined
approximately 6 hours after dosing

RESULTS

Decrease in arterial pressure (systolic, diastolic, mean arterial pressure, arterial pulse pressure),
increase in left ventricular inotropic state, and increase in heart rate. All effects were maximal during
the first 2 hours after dosing. Heart rate was statistically elevated during the first 6 hours after dosing,
Serum ionized calcium levels were significantly elevated 6 hours after dosing.

There were no significant treatmeni-related electrocardiographic effects. The increase in left
ventricular inotropic state and heart rate could be due a reflex increase in sympathetic outflow in
response to a decrease in total peripheral resistance due to vasodilation.

CONCLUSION
LY333334 causes vasodilation, hypotension and a compensatory increase in heart rate in female
beagle dogs at 6 ug/kg.

Acute cardiovascular effects of LY333334 in rats and dogs

Species Study Doses EFFECTS
type (ug/kg/day)
Heart rate Arterial blood Other findings ECG findings
pressure

RAT Single 0,05, 4, Increased at Decreased at Transient redness of -
(Sprague- | dose 23, 100, doses > 23 doses 2 23 extermities
Dawley), 300, 1000 ug/kg ug/kg
male
DOG Single 0,6 Increased Decreased Left ventricular No abnormalities
(Beagle), dose inotropic state
female increased;

Serum ionized Ca level

elevated postdosing

Thus, in rats and dogs, effects on heart rate and blood pressure were consistent with drug-induced
vasodilation and a compensatory cardiac response.

The Acute Behavioral Profile of LY333334 Following Subcutaneous Administration in Male CD-
1 Mice (Studies PN9830 and PN9836€)
(General Pharmacology Report 3)

»

METHODS
LY333334 was administered subcutaneously to CD-1 mice at doses of 0 (vehicle), 10, 30, or 100
pg’kg (10 males/treatment group).

RESULTS

No overt clinical signs or changes in body temperature at any dose examined. No changes in
spontaneous ambulatory and nonambulatory activity levels. Hexobarbital-induced sleep times were
not affected by administration of LY333334, indicating that LY333334 does not produce central
nervous system (CNS) depression or inhibit hepatic enzymes involved in hexobarbital metabolism.
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No changes in convulsive thresholds were observed as evaluated by the administration of
electroshock or pentylenetetrazol.

CONCLUSION
LY333334 has no acute adverse effects on the central nervous system in the mouse at doses <100
ug/kg.

APPEARS THIS WAY
ON ORIGINAL
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GENERAL TOXICOLOGY

ACUTE TOXICITY STUDIES

Acute Toxicity Of LY333334 Administered Subcutaneously to F344 Rats (Study Nr. R07695)
{Toxicology Report 04)

(From IND Review September 25, 1995)

METHODS

Fischer 344 (F344/NHsd) rats (5/sex/dose group), age 9-10 weeks, weight 130-170 g, were fasted for
18 h, and then given a s.c. injection of 0, 100, 300, 1000 ug/kg, and observed for 14 days.
RESULTS

No deaths occurred. Redness of extremities was seen in all treated within 15 minutes after dosing,
and was reversed within 2 h. Body weight gain was the same for controls and treated. No gross
abnormalities were detected at necropsy. Median LD was >1000 ug/kg.

Acute Toxicity of LY333334 Administered Intravenously to F344 Rats (Study Nr. R07595)
{Toxicology Report 05)

(From IND Review September 25, 1995)

METHODS

Fischer 344 rats (5/sex/dose group), age 9-10 weeks, weight 130-170 g, were fasted for 17h, and
then given an intravenous dose of 0, 300 ug/kg, and observed for 14 days.

RESULTS

No deaths occurred. Redness of extremities was seen in all treated immediately after dosing, and
was reversed within 2 h. Body weight gain was the same for controls and treated. No gross
abnormalities were detected at necropsy. Median LD was >300 ug/kg.
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CHRONIC TOXICITY STUDIES

A Chronic Toxicity and Blood Level Study in Rats given LY333334 by S.C. Injection for 6
Months (Study Nrs. R01196 and R04396)

(Toxicology Report 12).

(From IND Review February 7, 1997)

METHODS

Fischer 344 rats (n=15/sex/dose group), weight 200-450 gr, age 27-28 weeks, were administered, by
subcutaneous injection, 0, 10, 30, 100 ug/kg/day (control, LD, MD, HD) LY333334. In the satellite
toxicokinetic Study Nr. R04396, blood samples were taken on Day 0 from n= 3/sex (control), 6/sex
(LD, MD), or 15/sex (HD), at Oh (pre-dose) in contro! groug, at O0h and 0.25 h (T,,) in LD and MD,
and at 0-3h (10 samples) in HD. In the main toxicity Study Nr. R01196 samples were taken on Day
140 from n=15/sex (LD, MD, HD), at Oh and 0.25h in LD and MD, and at 0-3h (10 samples) in HD.
Samples were assayed for immunoreactive PTH(1-34) by immunoradiometry. Testosterone and
estradiol were also assayed by RIA.

RESULTS

Clinical signs -

In2 MD f, and 1 HD f, blood in vaginal lavage sample during last 2 wks of treatment period. Vaginal
bleedingin 1 HD f.

Mortality —

1 MD m kilied on Day 170 due to hindleg weakness: upon necropsy, animal had spinal cord injury. 1
HD m died on Day 56 for unknown cause: animal had nasal/pulmonary hemorrhage. No drug-related
mortality.

Body Weight -

Males:

After 6 months, significant decrease in body weight (BW) as compared to control in HD (0.96x control
value); non-significant (n.s.) decrease in BW gain in HD (0.24x). After 3 months significant decrease
in BW in HD (0.95x) and significant decrease in BW gain in HD (0.7x). In first 5 wks, slight decrease
in BW in all groups including control.

Females:

After 6 months, treatment-related, significant increase in BW in LD, MD, HD (1.07x, 1.1x, 1.1x);
increase in BW gain in LD (n.s.), MD, HD (1.4x, 1.7x, 1.8x). After 3 months significant increase in BW
in MD, HD (1.05x%, 1.05x) and increase in BW gain in MD (n.s.) and HD (1.5x, 1.65x). In first 2 wks,
minimal decrease in BW in all groups including control.

Food Consumption -

Males:

Relative food consumption (RFC) (g/kg/day) significantly increased in HD in wks 12-26 (1.03-1.04x).
EFU significantly decreased in HD in wks 5-26 (0.7x after 26 wks).

Females: '

FC significantly increased in HD in wks 4-10 and wks 14-26 (1.06x after 26 wks). RFC significantly
decreased in LD, MD, HD in wks 21-26 (0.96x, 0.95x, 0.97x after 26 wks). EFU significantly increased
in LD, MD, HD in wks 22-26, 10-26, 3-26 respectively (1.4x, 1.6x, 1.7x after 26 wks)

Vital Signs - No data.
Ophthalmoscopy - No compound-related effects.
Hematology - (significant changes) (samples taken at Month 1,3,6 from N= 10,10,15 or 14)

Males:
Month 1: Minimal decreases in Hb conc, PCV, MCV and MCH in MD, HD. Slight decrease in



