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following either intravenous or subcutaneous administration, which
might be consistent with degradation of the peptide and
reincorporation of amino acids into new proteins. However, total
-~ clearance of *H-radiolabel was high following either intravensus or
subcutaneous administration, exceeding both hepatic blood flow
(55.2 mL/min/kg) and renal blood flow (36.8 mL/min/kgq), suggesting.
metabolic clearance. Mean residence time (MRT) of !C-radiolabel
was relatively leong in comparison with °H radiolabel, "which, again,
might be consistent with degradation of the peptide and
reincorporation cf amino acids into new proteins. Tissue levels of

— . radioactivity-were examined 24 hr after intravenous administration.
) *H was confined to -kidney, whil¥ C was widely distributed in
several tissues. Distribution of radioactivity was similar
following subcutaneous administration. The tissue to plasma‘rétio/;
for ‘*C-radiolabel was extremely high for the kidney following
-—either intravenous or subcutaneous administration, suggesting
concentrating cf hirulog into this organ, which may include
metabolism and excretion. Isoelectric focusing of urine from 1 rat
suggested in vivo cleavage “of the peptide into two or more

-metabolites as *!C activity and °H activity were separated from one
another.

Pharmacokinetic results for C and %H concentrations in blood and
clasma of rats given a 3 mg/kg intravenous dose of hirulog.

| s2zemeter Blood (C) | Plasma (MC) Blcod (H) ~ Plasma (’H).
Tras CEm/ml 5757.6 7532.1 26:8.5 3433.1
T, hr ~lo.08 0.08 0.08 0.08
AUC,.., - 116949 14216 - {11 1404

_ {eem™~hr/mL A1 N -
T, hr '0.33 ) 0.26 —  ]o0.30 0.27 - —
MRT, hr | 11.0 5.6 0.26 0.25
Cl mL/min/kg | 4.1 . .5 190.3 “|s0.2
V., L/kg- .7 ‘ 2.8 » 0.92 0.74
Sl mil/min/kg [ 9.016(2) 0.019(?) 10.556(2) 0.451(?)
(?)

{?) Tt was difficult to read this section and understand what it
represented.
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Pharmacokinetic results for MC and
plasma of rats given a 3 mg/kg subc

34 concentrations in blood and
utaneous dose of hirulog.

Farameter Blood (}C) Plasma (C) Blood (°H) Plasma (%H)
Coexs CPM/mL 4764.7 5718.4 1943.9 2909.0
Traxr hr 0.25 0.29 0.29 0.29
AUC,.., 122211 71739 3774 3836
cpm*hr/mL
T%, hr 2.3 1.7 1.7 -1.0
MRT, hr. 34.5 1 26.3 2.713 [ 0.92
Ci, mL/mia/kg { 0.97 l1.62 35.3 31.0 -
vd,,, L/kg 2.00 2.56 3.36 1.67 -
Cl, mi/min/kg | 0.017 (A) 0.031(A) 1.175 (&)~ | 1.071 (A)
=
{A) It was difficuit to read this section and understand what it
:ep:esented B :
*C and °H concentration (cpm/g) in tissues of rats 24 hr following
édministration of a 3 mg/kg intravenous or subcutaneous dose of’
nirolicg The percert of dose is represented in parentheses.
Tilsstze — zntravenous ) Subcutaneous ——
ICC IIC JH llc Zlc JH
cpm/g) Tissue: (cpm/g) (cpm/g) Tissue: -{cpm/qg)
— Plasma R— Plasma —-
-- Concent- - — - Concent-
ration. ration
ZErzin 147 0.43 0 262.1 0.79 0]
(0.034) o (0.038)
Heert 537 1.56 0 1050.3 3.17 0 -
(0.081) -- (0.056) T
Fidney 4690.5 13.57 244.0 — |s069.0  [15.18 219.4
— (0.864) (0-045) (0.710} (0.076)
Liver 1133.4 3.25 17.5 1281.6 3.85 0
{0.685) (0.011) (0.7Y97—
Splieen 1493.9 4:35 0 1510.7 4.55 0
(0.999) (0.065) :
_ymcAh 456.4 1.34 0 639.8 1.94 0
ncce (0.0C2) - (0.005) "
_ung 879.9 [72.54 9.3 1433.9 . 4.35 0
(0.123) (0.001) (0.119)
Thimus 1264.9 3.66 0 1961.7 5.90 0
(0.073) (0.046)
Pauncreas 825.3 2.43 122.0 1042.5 3.14 0
(0.040) {0.006) (0.021)
Tetal (1.972%) (0.063) (1.781%) {(0.076%)
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Pharmévo

Birulo wi i 1tra i
Dawlev Rats (Biogen Study No. P8967-93-13).
Methods: "The pharmacckinetics and tissue distribution of a 1 to 1

mixture of °‘H-hirulcg and!* C-hirulog were examined in rats
following a single bclus intravenous administration at 10 mg/kg.
The °H label was located on the proline, amino acid,_ while the ‘¢
was incorporated into glycine residues contained within the
terminal 18 amino acid portion. The structures of these
radiolabeled molecules are shown at the beginning of the ADME
section. The 3H-labeled D-phe hirulog was tested to evaluate the
distribution and excretion of the proximal (or amino terminus)
D-phe-pro portion of the 20 amino acid peptide, beTause other
studies suggested tha: this portion of the molecule may be cleaved
following administration. The 4C-labeled hirulog was tested to
trace the remaining pcrtion of the peptide. The study consisted of
S groups of five male rats/group. The dosing volume was 2 mL/kg.
Elced for analysis of plasma radiolabel were collected prior to
reatment, and at 2, 3, 10, 30, and 40 min and 1, 2, 4, s, 8, and
$ hr after dosing. Samples for tissue distribution of radio-
Ctivity were collected at 0.5, 6, and 24 hr after dosing. Tissues
luded the adrenal glands, bone (femur), bone marrow (femur),
trzin, esophagus, fat (mesenteric), heart, large intestine, small
~nIssiirne, kidneys, liver, lungs, lymph nodes (mandibular and
eric), pancreas, skeletal muscle, skin, spleen, stomach,
» thymus, and urinary bladder. Urine and fecal samples were
ted prior to treatment and at intervals of 0-4 hr, 4-8 hr,
2n2 £-24 hr after dosing (Reported in Excretion section). -

=

1) 1

Results: Plasma °H levels decreased steadily over the first 2 Ar
following treatment, and-then fell below the limit of detection.

asma C levels paralleled the decrease in H levels for the first
¢0 min following dosing and then remained at a- constant level—for

Tsmaining period of the 24 hr--study. 1Ia the initial phase of
elimination of radicactivity from the plasma, half lives for °H ard.

radiclabel) were similar at 0.21 and-0.19 hr, respectively. A
r secondary elimination phase was observed for !*C radiolabei
& half life of 3:.02 hr. This prolonged elimination phase is
crczzably due to degrzdation Sf the peptide into amino acids and
€inccrporation into new proteins. *C radiolabel was widely
-stributed in tissue at significant levels, while the distribution
‘H radiclabel was small in comparison. 3H radiolabel was found
high levels in the kidneys. The volume of distribution for C
iclzbel (1864.9 mi/kg) suggests distribution beyond the blood
-uvme (5! mL/ky) into tissues. Clearance for !*C radioslabel
38.7 mL/ar/kg3) was lower than glomerular filtration rate
,281.65 mL plasma/hr/xg), hepatic plasma flow (1913.6 mL/hr/kg) or
renal plasma flow (1275.7 mL/hr/kg), which may, again, be
indicative of degradation of the peptide and subsequent
reincorporation cf amino acids into new proteins.
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Pharmacokinetic parameters for ‘H-hirulog and ' <C-hirulog

adminiscered in a 1 to 1 mixture to male rats by a sincle bolus
intravenous injection.

arameter : *H uc

AUC,.., (DPM*hr/mL) 1505€7 124591
AUC...,, (DPM*hr/mL) - 764361 .
Twa, hr 0.21 0.19

THE, hr - ] 34.02 ~
Mezn Residence Iime (hr) | - - 48.15

Ve (mL/kg) : - . 1864.9

| C2.. imL/hr/kg) - 38.7

Precdeminant tissue distribuzion of ¢ and °H radiolabel a- 0.5, 6,

and 24 hr after administrz=ion of a 1 to 1 mixture of ‘Z-hirulog
znc "C-hirulcg to rats by = single bolus intravenous in“=action.
Tissue 0.5 hr 6 hr 2: hr

| ue *H uc *H He ’H
Zone [femur 6.63 1.24 5.37 0.13 4§.91 0.05
Zcrne marrow 1.5  |o.73 8.79 0.46 0.99 0.01
rlznevs 5.13 2.%5 2.09 0.04 2.20 0.02
Liver 3.80 1.25 1 3.97 0.15 2.76 0.03
Skeletal muscle 9.237 ' 2.34 16.65 (1.76 - 16.33 "0.86
Skix _ “I's.98  ji.g1 9.09 0.62 8.39 0.14
Sgieen —t0.26 0. ¢1 3.55 0.04 0.59 0.01

Dawley Rats (Biogen Study No. P8967-94-10).

Methods: The pharmacokiretics and tissue distributior of (*H-
iabeled D-Phenylalanine]-Proline Dipeptide (([*H-D-Phe]-Pro) was
vaiuated  in Sprague Dawley rats following a single bolus
ntravenous administration of 1 mg/kg. There were four groups of
na.e rats/group. The dose volume was 2.2 mL/kg. 3lood for
mination of plasma hirulog levels was collected at 2, 5, 10,

0

» 30, 40, and 60 min and at 2, 4, 6, and 12 hr after dosing.
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C.stribution of radioactivity into selected tissue (i.e., adrenal
glands, bone (femur), bone marrow (femur[, brain, esophagus, fat
(mesenteric), heart, large intestine, small intestine, kidneys,
liver, lungs, mandibular and mesenteric lymph nodes, pancreas,
skeletal must¢le,-skin, spleen, stomach, testes, thymius, and urinary -
bladder) was evaluated at 0.5, 2, 6, and 12 hr after treatment.
Radiocactivity excreted into urine and feces was evaluated at the
following intervals: 0-3, 3-6, -and 6-12 hr after dosing.

Results: Following inﬂ}aven0us administration of (*H-D~Phe]-Pro,

the distribution a phase had a half life of 0.03 hr. The interim
QR

? rhase had a half life of 0.44 hr.--By 30 min after dosing, 90% of
the radioactivity dose was cleared from blood, suggesting rapid
c-earance during the B phase. The terminal y phase had a half life
cZ 12 hr, during which the remaining 10% of radiocactivity in the
clocd was cleared. Clearance was greater than the glomerular

--ltration rate (314 mL/hr/kg), but less than hepatic blood. flow
'2312 mL/hr/kg) or renal >lood flow (2208 mL/hr/kg). The volume of

N meaed

...... sution suggested distribution into tissues beyond the blood
velume (54 mL/kg). Distribution of radioactivity was found in the
tzne mzrrow, small intestines, kidneys, skeletal muscle, and skin.
FzZiczciivity was primarily excreted into the urine. '

~1
o3,
1

Ia)

inetic parameters for [’H-D-Phe]-Pro in Sprague Dawley

rz llowing intravenous administration at 1 mg/kg.
Tzrzmeter. - "| Whole Blood
Toa, Rr 0.03 -
Tni, oo 0.44
Ty, hr : 12.0
EC. (ZPM*hr/mL) : © -faran
T TL/Xg) _ ] 6616 _ -
Tl... (=i/Rr/kg) 788
2T (ns o 8.4 —




NDA 20,873
Page 35

Tissue distribution of radiocactivit

with

[’H-D-Phe]-Pro by intravenous
expressed as percent of dose. -

y following treatment of rats
administration. at 1 mg/kg

.} Tissue 0.5 hr 2 hr 6 hr

Zcne marrow 0.61 3.06 0.34 — B

mall Intestines | 2.12 2.24 0.73

Kidneys 1.48 0.32 0.73

Skeletal muscle | 11.39 3.81 1.48

Skin 5.76 B 1.87 0.88

Plasma 1.30 0.20 0.07

2Xdod 2.02 0.37 0.12
Zxcretion of rad10act1v1ty into feces and urine following treatment
cZ rzts with [‘H-D-Phe]-Pro by intravenous admlnlstratlon at 1 mg/
kx3 exrressed as cumulative percent of dose.

Zime (nr) Feces Urine Total

- (Feces+Urine)

=3 0.01 33.72 33.73

i=z ~O.10 - = 75.93 76.03

i-.n 6.85 124.08 1 130.93* —
~. Fecovery values exceeding 100% are due to significant variations
i recovery for animals used in this study (i.e.,  large
sxcerimentzl errors). -

"~ Metaboli —- _

In Vlt;g - )

Mﬂmﬂmﬂnm (Study Report No.

TR 10a).

Methods:
2s evalua

4
;butlon

Q 1

gz 0.5, 4,

to proteolysis,

Hirulog

for

(hcmogenous phase commercial scale)

The StabllltY of MC-hirulog (or H- hlrulog in some cases)
ted in various phvsiological fluids [i.e., citrated human

2, citcated cynomolgus monkey plasma,

ted human whole blood, heparinized human whole bldod, human
anc pnosphate-buffered saline (control)] to determine their

which may account

citrated rat plasma,

hirulog

was

c_barrd at a concentration of 0.015 mg/mL (this concentration has
en measured in plasma during ;n_x;xg administration in patients

lergoing ccronary angioplasty) at 37°C and samples were collected
and 24 hr.

Reverse~-phase <« with a C,, column and
radioisotope detection was used to znalyze ex vivo degradatlon.
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Results: Hirulog was resistant to degradation in phosphate-
buffered saline, citrated plasma from l.uman, cynomolgus monkey, and
rat sources, and human.whole blood treated with citrate or heparin.
-~ These results suggest that degradation of hirulog in the vascular
compartment (i.e., blood) does not play a significant role in the
clearance or metabolism of hirulog administered in vivo.
_Significant degradation of hirulog occurred in human urine with
18.63% of the total remaining after 24 hr. - : ‘

§ i13 . .
S #P8967-94-03-and #PB967-94-04 (Repo

Methods: The stability of “C-hirulog was evaluated in various cell
media [i.e., phosphate-buffered saline (control), serum-free HAM’s_. .
medium, serum-free HAM’s medium with S-%, RPMI med.um with 15%
"7 fetal calf serum, and serum-free RPMI medium with S-9] used in
mutagenicity studies. 'C-Hirulog was incubated in medium at 37°C
&and aliquots were collected at 0, 0.5, 4, and 24 hr. Samples were
-znzlyzed by =~~~ with on-line radioisotope detection. .

i a
rt No. TR-10-b).

Results: Hirulog (homogenous phase commercial scale) was stable in
EFEsphate-buffered saline, serum-free HAM’ s medium, and RPMI medium.
'S-9. Significant degradation of hirulog occurred in serum-free
‘s W/S-9 as it was completely metabolized by 4 hr. By 24 hr, 4
dation products were observed. Degradation of hirulog also
red in RPMI medium with 15% fetal cezlf serum. HAM’s medium
used for the CHO/HGRPT assay. RPMI medium w/15% fetal calf
was used in the human lymphocyte c/togenetics assay. The _
rences in degradation of hirulog between serum-free HAM'Ss
and RPMI medium w/S-9 was not explained. ' :
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Preparation and Characterization of Rat Liver Microsomal Fractions
QEMMBS-L&MQB&mmmmmmMM
Hirulog (Biogen Study No. PB967-94-06).

Methods: The effects of repeated treatment with hirulog on
Cviochrome P450 enzymes CYP1lA, CYP2B, CYP2Z, CYP3A, and CYP4A were
evaluated in male and female Sprague Dawley rats. Ten rats/sex/
gToup were administered hirulog (homogenous phase commercial scale)
by continuous intravenous infusion at doses of 0, 25, 75, and

250 mg/kg/day for 28 days. This study was part of-a larger
toxicology study conducted by the sponsor (Biogen Study No. PB8967-
€i-02) and reviewaed later in this document. Five rats/sex/group
~from th2 control and 250 mg/kg/day group entered a 14 day recovery
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period. Liver—sections weré collected at. scheduled terminations of
the 28 day treatment period and the 14Ray recovery period. The
following hepatic microsomal parameters were quantified: protein
content, total cytochrome P450 content, and the activities of
7-ethoxyresorudfin O-deethylase (CYP1A), testosterone 6B- and 16B-
hydroxylase (CYP3A and CYP2B, respectively), chlorzoxazone
6-hydroxylase (CYP2E), lauric acid 11-hydroxylase _{CYP2E), and
lauric acid 12-hydroxylase (CYP4A). Liver samples from 9 animals
in each- dose group were divided .into 3 groups (3 liver samples per o
group) and processed into microsomes ta provide 3 pooled microsomal
samples per sex per dose group. 'During the pooling process, liver
samples from the l4-day recovery animals were inadvertently
included in the control and 250 mg/kg/day groups. The ratio of
~€Covery group rats to treatment group rats were as follows: male
~ontrol group (2/9); female control group (1/9); male 250 mg/kg/day ~— -
group 1/9); and female 250 mg/kg/day group (2/9).

Results: Protein and cytochrome P-450 sontent were unaffected by
creatment with hirulog for 28 days. The activities of CYP1A,-
CYP3A, CYP2B, and CYP2E were also unaffected by treatment with
hirulog fer 28 days. The activity of lauric acid 12-hydroxylase
(an index ©f CYP4A) for mcle rats that were treated with hirulogat
250 mg/kg/day for 28 days was elevated to 232.8% of the control
~-34 rmol metabolite/mg/min); however, activity for the female
mg/kg/day group was unaffected. — Activation &f CYP4A may
Tentially be related to increased peroxisomal proliferative
~vity. The transcription factor that activates the CYP4A genes
the peroxisome proliferator-activated receptor, a member of the
roid/thyroid/retinecid superfamily of nuclear receptors that.
ulates transcription of the genes for fatty acyl-CoA oxidase,
Pifunctional - enzyme - (enoyl-CoA hydratase/3-hydroxyacyl-CoA
dehydrogznase) and fatty acid binding protein (J. Biol. Chem. 267:
16851-10953, 1992; and Xenobiotica - 24: 943-956, 1994).
fistopathological findings for the liver of animals treated with
hirulog at 250 mg/kg/day for 28 days igcluded sinusoidal histio-
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cytosis and necrosis. The results mady be questionable due to
m-xing of samples from the treatment and recovery coatrol and
250 mg/kg/day groups.- No results were shown for reccvery group —_

gnimals.
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0-035) .

.Rats Admini ered C and’HEH peled Hiru
Subcutaneous Injection (Biogen Study No. P9
Methods: The absorptiosn, distribution, metabolism, and excretion

of dual labeled hiruloc (*H and *C; solid phase peptide method) was

examined in rats following intravenous or subcutaneous
administration of a dose at 3 mg/kg. Following intravenous
administratien, urine and feces were collected at 0-4"hr, 4-8 hr,

8-24 hr, and 0-24 hr. Tollowing subcutaneous administration, urine

and feéces were collectad at 0-4 hr, 4-8 hr, 8-24 hr, 0-24 hr, 24-
48, and 48-72 hr.

Results: Less than 3 to 6% of the hirulog dose at 3 mg/kg
following either intrzvenous or subcutaneous administration was
eliminated in the urine and feces combined. _This low recovery may
be suggestive that the peptide was degraded into individual amino
"@cids and used for new protein synthesis in. various organs and
tissues. It should be noted that _these results are not in
treement with results of the next study (Biogen Study No. P8%67-
2-13), where ~100% o< the %H radiolabeled intravenous dose and
23.6 of *C radiolabeled intravenous dose were recovered.in the
urine. A .dose of 10 mc/kg was used in the next study, whereas, in
the present study, only 3 mg/kg was used. ' -

rats following administration of a 3 mg/kg intravenous dose of
hirulog. ' ’ T

*C and ’H recoveries expressed as % of dose in urine and feces of

Interval 17¢ ’H-Recovery | Interval alol ’H—Rec:a';rgx?r )
) | Recovery — Recovery -
Urine OUrine .~ | Feces 1 Feces
0-4 hr 0 : -1 0 0-4 hr 0.002 0
$-8 hr 0 0 S
4-24 hr | 0.036 0.259
8-24 hr 0.2762 0.911
Tctal 0.3059 1.015 Total 0.038 0.259
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“C and® H recoveries (% Of Dose) in urine and feces of rats
following administration of a 3 mg/kg subcutaneous dose of hirulog.

Interval "C Recovery ’H-Recovery

Urine Teces Urine Feces
0-4 hr o 7.001 0 0.0C1
4-8 hr 0.328 1a.006 0.779 F0.010
8-24 hr 0.739 9.138 2.131 0.726
24-48 hr 0.391 9.508 - 0.283 -1.356
48-72 hr 0.324 0.165 0.017 0.0€0
Total 1782 7.817. [ 3.210 | 2.1:3

Pharmacokineti 1 Ty Distributi _Stud £ SE/'C-Labeled
i wi _Si X v u dminis i t
Dawley Rats (Biogen Study No. P8967-93-13). o
Methods: The pharmacokine:zics and tissue distribution ofaltol
mixture of JH-hirulog ard ¢-hirulog were examined in rats
‘following a single bolus iatravenous administration at 10- mg/kg.
The °H label was located o the proline, amino acid, while the ! C_
was incorporated inte-the zerminal 18 residue peptide. Urine and
_fecal samples were collectedi prior to treatment and at intervals of
C-4 hr, 4+8 hr, and 8-24 hr after dcsing.

Results: Almost all of =he 3H radiolabel was recovered in the
urine. These results suggssts that the two amino acid portion of
the N-terminal end, phenyl:zlanine-’H-proline, was cleaved off the
peptide and exereted -into. the urine. Only 21.9 to 24.9% of the
remaining 18 amino acid pertion containing the !*C radioclabel was
excreted into the urine anc feces. These results appear to further
strengthen the sponsor’s contention that the remaining 18 amino
acid portion of the peptide was degraded and utilized for new
rctein synthesis. As ncted earlier, these results are not in
¢reement with the previcus study where extremely low recoveries of
ne *H- and **C-radiolabelec¢ dose were found in the urine and feces.
h

s B 1L o I

e dose for the earlier stuady was 3 mg/kg, whereas, in the present
study, a dose of 10 mg/kg was used.

Cumulative percent of doss excreted following treatment of rats
with a 1 to 1 mixture of ‘E-hirulog and “C-hirulog administered in -

& single kclus intravenous injection.
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Inter—al v C Activity ~ ’H Activity

o . Feces Urine Total Feces Urine Total
0-4 | o.0 21.9 21:9 0.1 197.3 97.4
4-8 o1 22.6  |22.7 0.2 100.6 100.8
8-24 1.3 23.6 24.9 4.3 104.1* | 108.4%

A. Recovery values exceeding 100% are due to significant variations

in. recovery for animals used in this study (i.e., large
experimental errors).

A_Pharmacokinetics Study of ’E-Radiolabeled Hirulog in Partially
Nephrectomized Sprague Dawley Rats (Biogen Study No. P8967-92-03) .

Methods: The pharmacokinetic profile of ’H-Hirulog was evaluated
irn  partially nephrectomized Sprague Dawley rats following
intravenous or subcutaneovs administration to determine the role of
renal function in the disposition of hirulog. Male rats were
divided into 4 groups of 7 to 8 animals each. Six to eight days
prior to dosing, animals in groups 2 and 4 underwent partial

~echrectomy (i.e., removal of the right kidney and induction of
scremia in approximately two-thirds of the lef: kidney), while
erniméls in groups 1 and 3 underwent sham surgery. Blood for

determination of blood urea nitrogen and creatinine was collected
4 days prior to surgery and 3 days after surgery. Groups 1 and 2
rsceived "’H-hirulog at 4 mg/kg by ¢the intravenous route of
admiristration, while grours 3 and 4 received *H-hirulog at 4 mg/kg
cy the -subcutaneous route of administration. The dosing volume was
3.5 mL/kg. For animals that received hirulog by the intravenous
rfoute, . blood— for determination of plasma hirulog levels was
zo.lected prior to dosing and at 0.083, 0.25, 0.5, 1, 3, 5, 5, 24,
and 48 hr after dosing. For amimals that received hirulog by the
subcutaneous route administration, blood _for determination of
rlasma hirulog levels was collected prior to dosing and at 0.25,

9.5, 1, 2, 5, 8, 24, and 48 hr after dosing. Total wecided urine _
was collected at intervals of 0-6, 6-12, 12-24, 24-36, and 36-48 hr
after dosing. Selected tissues were analyzed for °H activity
‘i.e., brain, heart, kidneys, liver, lungs, mandibular lymph nodes,
mesenteric lymph nrodes, pancreas, pituitary gland, seminal
vesicles, spleen, and thymus).
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Results: For nephrectomized rats, blood urea nitrogen and
creatinine levels were elevated to 38 and 1.05 mg/dL, respectively,

—indicative of nephrectomy as compared to control values (15.5 and
0.6 mg/dL). Plasma C,,, values for hirulog were higher in-—
nephrectomized rats than sham-treated rats; however, no conclusion
could be drawn from AUC and clearance data. Following intravenous
or subcutzneous administration of ’H-Hirulog, the percent of the
-administered dose excreted into the urine from 0-24 hr was lower in
nephrectomized rats than in sham-treated rats. However, for urine
collected for the 0-48 _hr interval following intravenous
administration, there was no difference between excretion between -
sham-treated and nephrectomized rats. -Following intravenous or
subcutanecus administration of 3H-Hirulog to sham-treated rats,
measurable radioactivity was recovered only from the kidneys (0.17-
0.19 and 0.13% of the administered dose at 24 and 48 hr after
dosing, respectively). Radiocactivity in other tissues was below
the limit of detection. Following intravenous or subcutaneous
administrztion of *H-Hirulog to nephrectomized rats, radiocactivity
levels in ischemic kidney tissue was 0.07-0.08 and 0.03-0.08% of
the admiristered dose at 24 and 48 hr, respectively; however,
radiocactivity levels in healthy-kidney tissue was similar to that
cbserved in sham-treated animals.

Fharmacokinetics of plasma_hirulog following a single intravenous
or subcutaneous injection of Hirulog in rats having undergone
cartizl rephrectomy or sham surgery.

Sar

Group- Route Surgica.. Caax "Taaxs mMin AUCq. ione Clearance

» Procedure | ng/mL ng*hr/mL | mL/hr/kg

T - w Sham 14141 5 ] 17506 — | 228

2 - Nephr- 25899 5 28711 139 .

ectomy _. - R
3 'sC Sham _~ {2129 30 18318 218
4 - Nephr- - | 5228 15 — 19507 —}205
- ] ectomy )

Urinary excretion of radiolabel expressed as percent of
administered dose -following intravenous or subcutaneous

administration of 3H-Hirulog to sham-treated or nephrectomized
rats.

nterval, § Intravenous Route B Subcutaneous Roﬁte ' )
cumulative -

1 excretion -Sham Nephrectomy Sham Nephrectomy
(-2 hr 39.77 24.58 35.37 11.63
J-48 hr 35.87 |35.58 29.68 12.95
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48 B - F_AVenous iminj -
(Biogen Study No. P8967-93-05) . .

Methods: The pharmacokinetics and excretion of 1 to 1 mixture of
‘H-labeled and ! C-labeled Hirulog were evaluated in cynomolgus
mcnkeys following bolus intravenous administration of a dose at

10 mg/kg. The ’H label was located on the proline, amino acid,
while the C was incorporated into the terminal 18 residue peptide.
Thea study consisted of one .group of two male and two female

monkeys. Following intravenous administration, blood “for_ .
cetermination of radioactivity levels was collected prior to the
—start of treatment and at 2, 5, 10, 20, 30, 40, and 60 min and at
2, 4, 6, 8, and 24 hr following administration. Urine and feces
were collected at intervals of 0-4, 4-8, and 8-24 hr after dosing.
~nimals were sacrificed at 24" hr without further examination.

—

Results: Clearance of H radiolabel was biphasic (phases o and ),
“hiIlle clearance of ¢ rrdiolabel was triphasic (phases «, B, and .
Plasma °H radiolabel was measurable for 4 to 6 hr, while! C
iebel was measurable for the entire 24 hr study period. °3H
ecel distributes beyond the blood volume (54 nL/kg) into the
and its half }ife of elimination was 0.58-0.64 hr.
nce of H radiolabel was very similar to the glomerular
icn—rate for the kidney (181.65 mL plasma/hr/kg}; although,
ignificantly less than renal plasma flow (1275.7 mL plasma/
Xg! or hepatic plasma flow (1913.6 mL plasma/hr/kg). C-
iolabel distributed more extensively than 3H - radiolabel.
-zstribution of **C radiolabel into the tissues (a phase) had_a half
€ ranging from 0.045 to 0.0395 hr. Further, its terminal half.
e of elimination (y phase) was -significantly longer at 41.5 to
© hr, and its clearance was much lower at 15.45-20.2 mL/hr/kg.
mean residence time for “C-radiolabel ranged from 57.4 to 90.35

The extensive distribution and slow elimination of U
olzabel appeared .to be consistent with degradation of the
ide into amino acids and their subsequent reincorporation into
new -proteins. In contrast, it appears that -j “radiolabel
dsscciated_with the two amino acid portion of the N-terminal is
clezved off and rapidly eliminated by glomerular filtration. ?H
radiolabel is primarily eliminated in the urine. Elimination of ‘C
raciolabel in either the feces or urine_was very low.

~
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Pharmacokinetic para-eters.- for a 1 to 1 mixture of ’H-labeled and
**C-labeled leulog in cynomolgus monkeys following bolus
intravenous admlnlst'atlon of a dose at 10 mg/kg.

Parameter % Radioactivity e Rad;oactivity

Male Female Male ‘| Female

T, hr = - 0.048 0.0565 0.045 0.0595

T, hr 0.6375 0.5835 0.388 0.3365

Ty, hr - - 65.6 41.5

AUC, 4.4 2.9 34.1 21.2

(DPM x ‘ .
10°*hr/mL} _

Ve (21/kg) 146.8 196.55 1131.7 1157.7

Cliee — 183.65 275.7 15.45 20.2
(mL/hr/kg) - -

MET (hr) 0.8 0.7 90.35 57.4

Fecal and urinary excretion of MC and
recelved a 1 to 1 mixture of 3H-labele

H activity by monkeys that

d and YC-labeled Hirulog in

cynomclgus monkeys by intravenous administration at a dose of
.. 2T/ Kg _ _
~ITivity Time Sex ~} Feces Urine Total
Interval :
(kr)
‘c ) 0-4 —wLMale 0.0020 0.98395 0.9416
Female 0.0004 0.5757 0.5761
) 4-8 Male — 0.0050  —1i.6683 1.6732
— | Female | 0.0004 5.8002 5.8007-
8-24 Male 0.1972 _12.2404 2.4376
Female 0.3470 . 7.4843 7.8313
g O-4 ‘Male 0.0021 12.3468 12.3489
Female 0.0062 6.0097 6.0159
-;-8 Male 0.1057 19.5363 19.6420
Female 0.0062 39.5097 39.515%
|8-24 Male 0.2627 22.4057 22.6684
i | Female 0.2634 51.6631 51.9265
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_ The absorption, distribution, metabolism, and excretion of
hirulog were examined in rats, rabbits, baboons, and mcakeys.
Pharmacokinetic parameters for rats, rabbits, baboons, and ronkeys
cre presented in the table below and compared with human data.
Plasma drug parameters (i.e., C,,, AUC) in animal studies were
equal to or exceeded concentrations found in humans. The volume of
distribution of hirulog in rats following intravenous or
subcutaneous administration exceeded blood volume sugcesting
distribution into tissues. Clearance of hirulog in rats exceeded
the glomerular filtration rate; however, it was-smaller thar renal
or liver plasma flow. The distribution and metabolism of °H and !¢
radiolabeled hirulog was examined in rats following intraverous or
subcutaneous - administration. In separate radiolzbeled
creparations, 3H was located on proline in position 2, while :t was
located on glycine in position(s) 5, 6, 7, 8, and/or 10. Blcod and
plasma concentrations of °H and !C radiolabel initially parzlleled
one another; however, °3H activity disappeared between 1 and 4 hr,
while C activity maintained a constant level for between 24 and
"2 hr after dosing. Clearance of 1C-radiolabel was neglizible,
wnhich appeared to be consistent with degradation of the Feptide
into individual amino acids and their reincorporation irto new

crotein. In contrast, clearance of ’H-radiolabel exceede= both
nerazic and renal blecod flow, suggestive of metabolic clezrance.
Zxzminztion of tissue radiocactivity levels at 24 hr after dosing

zcund that *H was confined to kidney, wh¥ie C was widely
distributed in several tissues. Iscelectric focusing of rat urine
sucgested in vivo cleavage of the peptide into two or more
metedbolites as MC- - and ’H-radioactivity were separated from one
nother. Results indicated that the two amino acid portion of the
N-terminal end, phenylalanine-’H-proline, was cleaved of thre
- peptide  and excreted into the urine. Less than 25% c¢f the

remaining 18 amino acid portion containing the !¥C radiclakel was
#Xcreted imto the urine and feces, which app€ared to Iarther
strengthen the sponsor’s contention that the remaining 1& amino-
acid pcrtion was degraded and utilized for‘new protein syn:thesis.
Zxcretion studies in cynomolgus monkeys yielded similar resvlts as
descrihed for rats. Following continuous intravenous infusion of
hirulog at 250 mg/kg/day for 28 days to male rats, the activity of
C7Z4A was elevated, while no—change was found for corresconding
“emale rats. Activation of CYP4A may potentially be relzted to

-2Creased peroxisomal proliferative activity.
2. P
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Pharm~A~okinetic parameters for hirulo
monkeys, and humans.
hirulog ‘as follows:
homogenous phase pilo
phase commercia

marketing. '

Three methods

t scale (HPPS),
1 scale (HPCS).

g in rats, rabbits, baboons,
were used for preparation of
a8 solid phase peptide method

(SPPM),

and a modified homogenous
The modified HPCS is intended for

/SPPM

Species | Route/ Dose “F Caunr Toasr AUC | T, F, %¢
Form -ng/mL hr ng*hr/mL hr
Rat IV Bolus |50 mg/kg 381,500 | o* -r - NA®
/HPPS : - -
Rzt sC 50.mg/kg 37,738 0.5 hr | - - -
— /HPPS-- 250 81,750 [0.5 - -
zat |4 hr1v |1.04 mg/kg/hr | 2468 1 hr 6970° 2.2 |Ina
_ infusion | 3.12 4525 1 11772® - " | NA
/HPCS 10.42 19484 |1 60341° 0.4 [NA
Rat 28 day 25 mg/kg/day | 2020¢ - - - NA
v 75 7474°¢ - - - NA
infusion | 250 20690° - - - - NA
/SPPM 1 _
rzbkit IV Bolus 50 mg/kg 635,478 | 0.03 - - NA
/EPPS T
Tazzis sC 50 mg/kg 20,400 | 0.58 - - -
/EPPS 250 110,398 | 0.75 - - -
Zazccns | IV-Bolus |1 mg/kg 12,200 |o0.03 3083 0.18 |NA
- | /7speM
Zascens | sc 1 mg/kg 970 0.25 3000 3.67 | 97.3
/SPPM i 7
wicnkeys I'4 hr IV | 1.7 mg/kgsar | 3792 3.23 12054 0.48 |NA
- —|infusion | 6.25 _ "~ | 22387.5 | 3.63 71056 0.48 |NA
- APCS |17 T 158221.5 | 3796 197689 0.45 | NA
znieys | 28 day 15 mg/kg/day | 698® 0.083 | 218° 0.08 |NA -
v 45 3378® _ [ 0.111 |1275° 0.11 |Na
infusion | 150 10850° | 0.097 | 6760° 0.10 |Na
/BPCS- . v —
Sumant IV Bolus | 0.3 mg/kg 1975 0.03 524 0.C3 |NA
Human® | 15 min 0.3 mg/kg 1440 0.27 839 0.15 | Na
5414 0.6 4309 | o0.27 1681 0.17 |na
infusion
sumant | sc 0.3 mg/kg 191 2 552 1.60 |67
0.6 - 377 2 1500 2.85 |91
S iman 4 hr IV 10.5 mg/kg/hr | 1683.0¢ | 3.20 6721 1.25 | NA
xnfusicn
/KPCS
Zuman 4 kr IV 1 0.5 mg/kg/hr | 1474.14 | 3.3¢ 5915.5 0.61 |NA
infusion .
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£. Immediately post-dose; B. AUC 0-4.33 hr; C. Steady-state plasma
concentrations on day 28; D. Plasma drug concentrations on days 28
to 29; E. These studies were performed in healthy human volunteers,
who most likely received. the SPPM form; F. Dash lines throughout
the table indicate that data™ was not provided; G. Percent

bioavailability is represented as F; H. NaA represents not
arplicable. —

TOXICOLOGY: -

Asgs3LJEagi9i;x_j;Llzuaah_aasaL_gndleuusaﬂ: .

iﬁE£é!EB2!§_lE2LEQ_IQBiQiii_§S2ﬂi2§_iQ_ﬁéSS;_IEUELL_ABQ_MQBKQXE_QQQ
‘Subcutane oxici i i i

Testing Lgbo;g;g;g:

—
e e —
§Eudz Number, Sﬁart and gogg;gﬁigg'pgggg. and Drug Batch:
LE;:;E: Sz2dv Ne. tudy Started Study Completed Dfﬁg Batch 41
Diizosiz ) 09-20-89 11-07-89 -
Ter-st2 . - - | 08-06-90 SPPM
21337-23-1p 12-07-93 03-04-94 — | necs
R 02-06-90 10-03-90 | seem
$32-003 02-06-90 - 09-11-90 ' sepM -
z32-225 ~ 04-06-90 - fo5-03-90
TIzET-93-12 12-07-93 ] 03-04-94 ~ |Hpcs
F30-005 | 02-06-90 10-03-90 SPPM
Jeei-00e | 03-05-90 09-06-90 SPPM——
g;z__ggggi;ggg;uai: A statement of compliance with the GLP
Tegu_ations and quality assurance unit was included.

Animals: Male and female CD-1 mice had a weigh range of 20-37 g
&nd were generally 6-8 weeks of age. Male and female Swiss Webster
mice Tzc: (SK)ZBR had a weight range of 23-32 g and were 5 weeks of
2 Male and female Sprague Dawley rats (CD SD BR (VAF+)) had an
veérage weight of 100-254 g and were 4 to 6 weeks of age Adult
ncrmolgus monkeys (Macaca fascicularis) had a weight range of 3.2
4.2

-l kg.



NDA 20,873
- Fage 47

Methods: The acute toxicity of hirulog was examined in mice and
rats following a single administration by either the intravenous or
subcutaneous-route. The acute intravenous toxicity of hirulog was
examined in cynomolgus monkeys using a dose escalation design with
2 male and 2 female monkeys. Hirulog was administered by the
—intravenous route at doses of 5, 15, 50, and 100 mg/kg on days 1,

5, ¢, and 13, respectively. There was a 3 day observation period
_ —_ at each dose level.

~Results:

Acute toxicity of hirulog in mice and rats following intravenous or
subcutaneous administratiof:

Species | Route | Dose, mg/kg ' Dose | Maximum Minimum | Time to
volume nonlethal | lethal Death
& - dose, dose,
vehicle | mg/kg mg/kg
CD-1 Iv 0.2 (1 mouse/sex)* a. 2 N.D. N.D. N.D.
i mice, "7 11.0 (1 mouse/sex)* mL/kg
5.0 (1 mouse/sex)* ‘in PBS
12.5 (1 mouse/sex)® b. 20
25 (1 mouse/sex)® mL/kg
50 (1 mouse/sex)® in
100 (1 male)* _ saline ~
200 (5 mice/sex)®
Swiss v 0 (5 mice/sex) 10 N.D. N.D. N.D.
werster 200 (5 mice/sex) mL/kg :
mizs - in _ »
saline —
Nice sC 12.5 (i1 mouse/sex) 120 N.D. N.D. N.D.
. 25 (1 mouse/sex) | mL/kg ’
B 150 (1 mouse/sex) in
— S 100 {1 mouse/sex) saline - — —
o , 200 (S5 mice/sex) )
. RaTs v i2.5 (1 rat/sex) 10 - |25 50° 2 1.5
+ — 7 25 {1 .rat/sex) mL/kg [ min
o 30 (1 rat/sex) in -
100 (1 rat/sex) saline .
. 200 (S rats/sex) - R B
Fats - Iv 0 (5 rats/sex) 2 mL/kg | N.D. N.D. N.D.
. 100- (Srats/ex) in
T saline =
Rats sC 12.5 (1 rat/sex) 10 N.D. N.D. N.D.
25 (1 rat/sex) mL/kg
50 (1 rat/sex) in _—
100 (1 rat/sex) saline
200 (5 rat/sex) B
Mcnkey v 5 (2 monkeys/sex) 0.22 N.D. N.D. N.D.
15 (2 monkeys/sexj 0.54
50 (2 monkeys/sex) 2.15
100 (2 monkeys/sex) 4.30
R mL/kg

N.D. = not determined -
a. See discussion.
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. The acute toxicity of hirulog was examined in mice and rats
following administration by either the intravenous or subcutaneous
h route. Hirulog administered by either the intravenous or
’’’’’’ subcutaneous route to mice at doses between 0 and 200 mg/kg did not
produce any mortality or signs of toxicity. _When hirulog was
administered to rats in saline at a dose volume of 10 mL/kg,
—respiratory distress rapidly ensued. The maximum nonlethal and
mirimum lethal™ intravenous doses were 25. and 50 mg/kg,
respectively. Hirulog administered by the subcutaneous route to
rats at doses between 12.5 and 200 mg/kgAproduced_no'mortality or
- clinical signs of toxiciry. Hirulog produced Pulmonary distress
when administered by the intravenous route at high dose volumes in
saline and possibly dextrose, but not in vehicle (composition was
not clearly specified). Death appeared to be due to marked—.
vascular congestion, and moderate interstitial and alveolar edema
- in the lungs suggestive of either an alteration in pulmonary
arterial pressure, a charge in capillary permeability, or a change
in osmotic pressure in the blood leading to leakage of fluid from
the circulation into the lungs. The acute intravenouswtoxicity of
" nilrulog was examined in cynomolgus monkeys using a dose escalation
design at doses of 5, 15, 50, and 100 mg/kg. No clinical signs of
onicity Or mortality were observed.

Rats

Acute Intravenous Toxicity Study of Birulog an
Impurities in Rats (Biogen Study No. P8967-94-12) .

Testing Laboratory: Y

_Study Started: May 11, 1994 ‘ -

Study Completed: January 17, 1995 o

GLP_Requirements: A statement of compliance with the GLP
regulations and quality assurance unit was included.

Animai;: Sprague Dawley rats were used in this study. On day of
- ccsing, animals were 6 to 8 weeks old and body weight ranges were

<42-282 g for males and 174-197 g for females. 3
Drug Batch: Hirulog, Lot No. 67A03Z; PB19-1, Notebéok Ref. No.
p C~-E38; PB12-2, Notebook Ref. No. ASF01130-P38; PB19-3,

3
ok Ref. No. ASF01130-P38, and Saline, Lot No. 76-423-DK.
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Methods: The-acute intravenous toxicity of hirulog and its major
potential impurities, at a single dose
of 50 mg/kg were examined in rats. Control rats received 0.9%
NaCl. Each group consisted of § rats/sex/group. The dose volume
was 2 mL/kg. Animals were observed daily for clinical sigas of
toxicity and mortality for 14 days after dosing. Body weights were
measured prior to the start of treatment and on days 7 and 14.
Blood for determination of hematological and clinical cheristry
perameters were collected from.fasted rats on days 8 and 15.
Following the 14 day observation period, animals were sacrificed on
day 15 and subjected to a gross examination.

Results: The acute intravenous toxicity of hirulog and its major
potential impurities, . at a single dose
of 50 mg/kg were examined in male and female rats. There was no
mortalkity or clinical signs of toxicity. There were no gross
pathological findings after a 14 day observation period. Body
weights for male rats treated with hirulog, —— were
impaired by >10% over the 14 day observation period. 1In contrast,-
cody weight gains for female rats treated with hirulog, ee——————
'+ were unaffected.

(Biogen Study No. P8967-92-06) .

Testing Laboratoxy: — Y _ T
Sty ¢ September 30,—1992~> -
Study Completed: April 11, 1994 .

GLE Requirements: -A statement of compliance with ths GLP

regulztions and quality assurance unit was included.

Animals: Three female beagle dogs were used in this study.
~nimals were 6-7 months old and weighed between 6.9 and 8.1 kg.

Drug Batch: HirulogF (lot# 67X15W)
HirulogR (lot# 67Y012)
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Methods: The potential toxicity and toxicokinetics of two different
hirulog formulations were compared in female dogs.
prepared by homogenous phase Pilot scale. Three female dogs were
dosed sequentially with a 4 hr infusion of saline, HirulogF (frozen
solution of hirulog stored at -20°C), and HirulogR (liquid solution
cf hirwlog stored at 2-8°C) on study days 1, 3, -and 1,
respectively. “The two hirulog formulations were administered at
1.7 mg/kg/hr (1.0 mL/kg/hr) and saline was administered at 1.0 mL/
kg/hr. Animals were observed daily for-mortality. Animals were
weighed prior to each treatment and at 1 week-following the last
dose. Animals were observed for clinical signs of toxicity at 1,
2,3, 4, -6, and 8 hr after the completion of the infusion on days
of treatment and daily between treatment days. Blood was collected
fcr measurement of hematological and clinical chemistry parameters
and venous blood gas analyses prior to treatment and at 4 and 6 hr
after the start of infusion on treatment days 1, 3, and 7. Blood
was collected for measurement of plasma drug levels and coagulation
parameters prior to dosing and at 0.25, 0.5,.1, 2, 4, 4.25, 4.5,

4.75, 5, 6, 8, and 24 hr after the start of the infusion on days 3
and 7. - : =

Hirulog was

-Results: Three ¥émale dogs were dosed sequentially with a 4 hr

infusicn of saline, HirulogF (frozen solution of hirulog stored at
-ZC°C), and HirulogR (liquid solution of hirulog stored at 2-8°C)
°n. study days 1, 3, and 7, respectively. Plasma drug and AUC
velues for the two formulations were similar. Hematological,
ciochemistry, and blood gas changes found with the two formulations
were generally small and isolated suggesting little biological
sigrnificance. Any differences in blood coagulation (i.e., APTT or
PT) were not reported. - o

Study Started: October 21, 1992
Study Completed: August 21, 1997

GLP _ Recu. >nts: A statement of compliance with the GL?P
Tegulations and quality assurance unit was included.
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Animals: Two female cynomolgus monkeys (Macaca fascicularis) were

used in this study.

ug_Batch: HirulogF (lot# 67X10W)
HirulogR (lot# 67Y012)
Methods: The potential toxicity and-toxicokinetics af two hirulog

formulations, HirulogR (refrigeration formulation) and HirulogF
(frozen formulation), administered by intravenous infusion, were

compared using two female cyn

omolgus monkeys (Macaca fascicularis).

Hirulog was prepared by hcmogenous phase pilot scale. HirulogR at

a total dose of 6.8 mg/kg was

administered over a 4 hr period at an

infusion rate of 1.7 mg/kg/hr (1 mL/kg/hr). HirulogF at total

doses- of 6.8 or 41.6 mg/kg w
infusion rates of 1.7 and 10.

ere administered over 4 hr periods at
4 mg/kg/hr (1 mL/kg/hr), respectively.

Salinie was used as the vehicle control and infused at a rate of

1 mL/kg/hr. Each agent was i

nfused over a4 hr period on day 1 and

observation continued until day 8. There was a wash-out period of
at least 2 weeks between each agent. For each agent, animals were
ckbserved for"clinical signs of toxicity at 1, 4, and 6 hr on day 1
and daily from days 2 through 8. Body weights were measured on day

-1 prior to each infusion a
Blood for determination of
F2rareters was collected at 1

the infusion, 1 hr after the
t~e end of the infusion, and

nd on day 8 following each infusion.
hematological and clinical chemistry

hr prior to the start of the infusion.
~énd at 3.85 and 8 hr-after the start of the infusion. Blood for _
~determination .of the APTT was collected 1 hr prior to the start of

start of the infusion, 10 min prior to
at 1 ahd 4 hr after completion of the

infusion. Blood for determination of pPlasma drug levels was
collected at 1 hr prior to the start of the infusion, at 0.25, 0.5,
1, 2, and 4 hr aftéer initiation of the infusion, just prior to the
stop of the -infuvsicon, -and at 4.25, 4.5, 4.75, 5, 6, 8, and 24 hr

after initiation of the iAafu

sion.

Results: There were no apparent _differences in toxicity between .
two hirulog formulations, HirulogR (refrigeration formulation) and
firulogF (frozen formulation). Treatment with the two hirulog
formulations prolonged.the APTT in a similar manner. For HirulogR.
at 6.8 mg/kg, the APTT was elevated to -246.6, 300, 190, and 186.5%

cf the baseline at 1, 3.85;

S,_and 8 hr after the start of the

infusion, respectively. For HirulogF at 6.8 mg/kg, the APTT was

elevated to 296, 289.5, 185,
5, and 8 hr after the start
HirulogF at 41.6 mg/kg, the
The %aseline at 5 and 8 h
raspect.vely. Plasma AUC
“irulogR, 6.8 mg/kg HirulogF

and 100.4% of the baseline at 1, 3.85,
of the infusion, respectively. For
APTT was elevated to 372 and 138% of
r after the start of the ‘infusion,
values from 0-4.4 hr for 6.8 mg/kg
» and 41.6 mg/kg HirulogF were 13565,
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8092, and 92100 ng-hr/mL, respectively. Differences between
HirulogR and HirulogF at 6.8 mg/kg were attributed to difficulties
~in blood sampling. AUC values for HirulogF at 6.8 and 41.6 mg/kg
increased with dose; although, the AUC at 41.6 mg/kg was 11.4 times

that observed for 6.8 mg/kg. Clearance values for 6.8 mg/kg -
HirulogR, 6.8 mg/kg HirulogF, and 41.6 mg/kg HirulogF were 505.5,
818.3, and 459.4 mL/hr/kg, respectively. Total clearance values
were greater than glomerular filtration (76 mL plasma/hr/kg), but
less than renal plasma flow (1010 mL plasma/hr/kg). The volume of
‘distribution at steady state for 6.8 mg/kg HirulogR, 6.8 mg/kg
HirulogF, and 41.6 mg/kg HirulogF were 157.2, 1053.2, and 474 mL/
kg, respectively. Volumes of distribution were greater than the
blocd volume suggesting distribution into tissues.

Subacute Toxicology
Rats

Fourteen Day Toxicity Stu MM}&M&MM
Infusion to Sprague Dawley Rats (Biogen Study No. P8967-93-02).

Testing lLaboratory:

Study Started: - September 21, 1993
Study Completed: December 2, 1994 _ -
GLP _Requirements: R statement of compliance with the GLP

regulations and quality assurance unit was included.

Aégg;;;: Sgrague Dawley rats— (Tac:N(SD)fBR) were usgﬂ in this
study. For rats treated for 14 days, pretreatment mean body weight
ranges were 308-315.4 g for males and 216.0-229.4 g for females.

"btug;gaggh: Hirulog, .Lot Noi_§7ﬂO4T (homogenous phase>£110t séale)__

Methods: Rats received hirulog by continhuous intravenous infusion
at deses of 0, 80 (3.3 mg/kg/hr), and 1000 mg/kg/day (41.6 mg/kg/
hr) for 14 days. Dose selection was based a range finding study in
which male rats received hirulog by continuous intravenous infusion
&t a dose of 1200 mg/kg/day for 7 days (Biogen Study No. P90-051).
Major 'histopathological findings included thymic hemorrhage and
heart epicarditis. For the present study, the infusion rate was
2.0 mL/kg/hr. There were 5 rats/sex/group. The control group
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received the vehicle, 0.%% NaCl. The *ponsor also included a group
_composed of 5 rats/sez that received hirulog by continuous

intravenous infusion at 80 mg/kg/day for 5 days; although, there_

was not a correspondinc control group. Two additional groups

-~ received hirulog by continuous intravenous infusion at 500

(20.8 mg/kg/hr) and 1000 ng/kg/day for 28 days; although, there was
.not a corresponding control group. The group receiving 500 mg/kg/
day was composed of 2 males and one female and the group receiving
1000 mg/kg/day was compcsed of one male and two females. Animals
were observed twice dailv for mortality/moribundity and once daily
for clinical signs of tezicity. For animals treated for 14 days,
body weights were measured prior to the start of treatment, on days
8 ‘and 15, and prior to sacrifice. ‘Ophthalmic examinations were
performed before and aftzr the 14 day treatment period. Blood for
measurement of the APTT was collected at 6 hr after the start of
the infusion on day 1, prior to termination of the infusion on day
15, and immediately prior to sacrifice on day 16. Blood for
measurement of plasma hirulog concentration was collected at 6 hr
after the start of the infusion on day 1 and prior to termination
of the infusion on day-13. Blood for measurement of hematological
and clinical chemistry pzrameters was collected immediately prior
to sacrifice on day 16. Determination of fecal occult blood was
cerformed on days 8 and 16. After the 14 day treatment, animals
were fasted overnight, sacrificed on day 1€, and subjected to a
gross examination. Absc_ute and relative weights were deterfined
for the- adrenal glands, brain( kidneys, ovaries, and testes.
Tissues collected and creserved for histopathological analysis
included ‘the heart, aorta, large intestine (cecum, colon, and
rectum), liver, pancrzas, salivary gland, —small intestine
(ducdenum, - jejunum, and ileum), stomach (forestomach and.
glandular), esophagus, trachea, lungs,Aadienal'glands,‘parathyroid '
giands, -pituitary glang, thyroid glands, epididymides, seminal
vesicles, testes, prostace, ovaries, uterus, vagina, skin, mammary
gland, bone marrow (femur) lymph nodes (mandibular and mesenteric)
- spleen, thymus, brain (medulla/pons, cerebellum, and cerebral
cortex), spinal cord_ (cervical, mid-thoracic, and lumbar),
peripheral nerve, femur, skeletal muscle, kidneys, urinary bladder,
administration site, ltissue masses, gross lesions, and eyes.
Historatholgical evaluation was performed for only the control and
1000 mg/kg/day groups. There were significant deviations in dosing
for several female rats in the 80 and 1000 mg/kg/day groups over
the 14 day treatment period. Deviations for the 5 female rats in
—the 80 mg/kg/day group ranged from -33.29 to -50.16%. Deviations

for 3 female rats in the 1000 mg/kg/day group ranged from -45.81 to
.+21.01%.
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—— Res S: -
1. Qb;g;zgd_ﬁifgg;g:--Ruffl;d coats were observed for male and

-~ female rats treated with 1000 mg/kg/day for 14 days. Colored feces
were observed for 1 male and 1 female treated with 1000 mg/kg/day.
Eye or nose discharge was observed for both control and treatment

- groups, and may have been related to retro-orbital bleeding
procedures. . -

2. Mortaljty: Mortality occurred for 1 male treated with 80 mg/kg/
- day and for 2 males and 2 females treated with 1000 mg/kg/day. One
male (No. 8) from the 80 mg/kg/day group died on day 11 due to
bacteremia. Lymphoid deposition was observed in several organs.
Necrosis was found in the ileum. Arterial inflammation was adjacent -
to the mesenteric lymph node associated with bacteria. Male No. 13
~ from the 1000 mg/kg/day group was considered moribund on day 14 and
sacrificed. Male No. 14 from the 1000 mg/kg/day group was found
dead on day 15. Female No. 34 from the 1000 mg/kg/day group was
Tound dead on day 3. Blood was found in its cage and death was
“éttributed to extensive bleeding from the retro-orbital sinus on
day 1. Female No. 31 from the 1000 mg/kg/day group was cbserved
with swelling in the inguinal region from day 5 to 7 (regional -
response to catheter), and a lacerationm on the right thigh with
eeding on day 8. The animal was considered moribund on day 8 and
sacrificed. -
3. Body Weights: For the 14 day treatment period, body weight gain
was impaired for male rats that received 80 mg/kg/day and for male
and female rats that received 1000 mg/kg/day. Body weights for the
-control male rats prior to treatment and on day 15 were 314.6-and
375.4 g, respectively. Body weight gain for male rats treated with
80 mg/kg/day was 68.4% of the control. Male rats that received
1000 m37/kg/day lost 1% of their pretreatment body weight. Body
‘weights for the control female rats prior to treatment and on day
15 were 219.5 and 241.5 g, respectively.~ Body weight gains for the

female 80 and 1000 mg/kg/day groups were 101.3 and 73.4% of the
control, respectively..

4. Eg@a;glggx:

ty
i

Eematology {(Day 15): For the male 1000 mg/kg/day group, red

- Elood cell counts, hemoglobin levels, hematocrit, and mean
corpuscular hemoglobin content were reduced to 74.4, 703, 76.4,
and ©1.6% of respective control values (7.18 x 10° cells, 13.8 g/
dl, 42.8%, anc 32.3 g/dL). The reticulocyte count was elevated to
365.2% of the ccntrol (0.23 x 10° cells); although, this change was
not significant. The percent neutrophils was reduced to 11% for
male 1000 mg/kg/day group as compared to 23% for the control group
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and. the neutrophil count was .reduced to 59.3% of the control (3.17
x 10°); although these changes were not significant. The mean
corpuscular hemoglobin content for the female 1000 mg/kg/day group
was reduced to 94.5% of the control (32.6 g/dL). The reticulocyte
count for the female 1000 mg/kg/day group was increased to 275% of
the «control (0.24 x 10%); although, this change was not
significant. -
" APTT: APTT values for the male 1000 mg/kg/day group from days
1 to 15 of treatment were not available. The APTT on days 1 and 15
for the 80 mg/kg/day group were ‘increased to 194.3 and 161.3% of
the control values (15.7 and 16.0 sec), respectively; although,
these changes were not significant. By day 16, the APTT value for
he 80 mg/kg/day group was 78% of the control value (16.8 sec). On
days 1 and 13, the APTT for the female 80 mg/kg/day group was
elevated to 163 and 150.6% of the control (14.1 and 16.6 sec),
respectively; although, these changes were not significant. The
APTT value for the female 1000 mg/kg/day group. on day 15 was

elevated to >106 sec. By day 16, the APTT values for the female 80-

~and 1000 mg/kg/day groups had returned to the control level.

Fecal~Occult Blood: On day 8, 1 male of the 1000 mg/kg/day
group was found to positive for fecal occult blood. On day 16, 2

Eecal occult blood.

5. Blood Chemistxy (Day 15): Blood urea nitrogen levels for the

male and female 1000 mg/kg/day groups were increased to 160 and

146.7% of the control (15 mg/dL), respectively. Y-glutamyl-—

transferase activity were the male 80 and 1000 mg/kg/day groups
were increased to 1._and 4 U/L, respectively, as compared to a
control value of 0 U/L.— Alanine and-—aspartate transferase
activities for the male 1000 mg/kg/day groups were increased to

211.8 and 207.3% of respective control values (34 and 110 U/L);
however, these changes were not significant.

6. Ophthalmic Examination: No treatment-related ophthalmic changes

were found. :

7. Qrgan Weights: Absolute and relative adrenal gland weights-for
the male 1000 mg/kg/day group were decreased to 56.7 and 48.1% of
the control (0.0663 g and 0.0125%), respectively. Absolute and
relative adrenal gland weights for the female 1000 mg/kg/day group
were increased to 121.5 and 125.3% of the control (0.0688 g and
0.0320%), respectivelv. Absolucte and relative kidney weight for
the female 1000 mg/kg/day group were increased to 127.7 and 132.1%
of cthe control (1.8276 g and 0.8463%), respectively.’

Zemales of the 100C mg/kg/day group were found to be positive for'
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8. Gross Pathology:

pale or white foci in

Major gross pathological findings included

kidneys, splenomegaly,

on the brain, -and pale livers.

a red meningeal focus

Gross pathological changes for rats that received hirulog by
continuous intravenous infusion at doses of 0,80, or 1000 mg/kg/

day for 14 days.

the Xxidney and liver.

chronic inflammat
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Histopathological changes in-the kidney -
ccons ~sted of mild rephropathy, segmental zones of necrosis, acute
d interstitial fibroplasia,

The sponsor attributed kidney damage to
lization rather than direct action of the drug.

ion,

hematopoiesis

was found in

(composed
was observed in the spleén and liver.
hyperplasia
athological findings were observed for rats that received
nirulog by continuous intravenous infusion at doses of 500 and
1000 mg/kg/day for 28 days (i.e., changes ‘'in the liver,

bone

Organ/Tisfge 0 mg/kg/day 80 mg/kg/day 1000 mg/kg/day
B M F M F M F.
Kidney —
—diEccloratigg_ 0 0 (4] 10 1— 0
-enlarged 0 0 1 0 2 1
-foci 0 0 1 0 0 0
Spleen
-Zisccloration 0 0 0 0 1 0 _
-enlarged 0 0 1 0 2 1
-Zoci 0 0 1 0 0 0
rain - _
-foci . 0 0 1 o] 1 0
mﬁeart
-fooi- 0 0 +06 1 1 0
i =
| Epicidymis
-Zcci 0-- 0 1 0 1 0
Thymus
-zl 0 0] 0 0 1 0 -
Liver i -
-discclicration 0 2 0 1 4 0
| —~cdules- : 40 0 1 . 1 o — o
9. Histo : The target organs of toxicity appeared to be

and tubular

An increased

cence of Kupffer cell hypertrophy was found in livers from
tlog-treated animals and may have been related to phagocytosis.
mcrrhage was observed in the lungs (alveolar), brain (meningeal),
rectum, prostate, seminal vesicles, and mesenteric lymph
Extramedullary

of erythroid
Miid

marrow. Similar

spleen,

thvmus, lymph nodes, and Lemorrhage in several tissues).
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Eistopathological changes for

continuous intravenous infusion
day for 14 days.

rats

that receivecd
at doses of 0, 80, or

hirulog by
1000 mg/xg/

 Organ/Tissue 0 mg/kg/day 1000 mg/kg/day
Male Female Male Female
Liver - B
-Ruzifer cell hypertrophy 1 0 2 3
medullary hematopoiesis 0 0 2 1

-erythrophagocytosis 0 0 1 0
~inflammation, chronic 2 0 2 1
~increased mitoses 1o 0 1 0
Kidneys ) K
-nerfiropathy 0 0 -2 0
-inIlammation, chronic 0 0 2 0
-irnIiTammation, pelvis, acute 0 - C 1 0
Brain - : 'J
-nencrrhaje - o 0 1 0]
Sgleen T N
-increased extramedullary 1 0 2 2
nexziopciesis

! Rectun :
P -n=mcrrihage, serosal | 0 0 1 0
Mesenteric lymph node
--xmtnoid deposition 0 0 1 0]
-r.zmcrrhage 0 0 1 1
-zI:zzess 0 -0 0 1
Peritoneal cavity

| ~hemcrrhage - 0 0 0 1
-Iibrosis . 0 0 0 1
-inZlammation, pyograr.uloma B 0 0 0 1

| Bor.e marrow T — :
-erythroid hyperplasia“ 0 0 1l 0
Lungs . -
-interstitial edema 0 0 0 1
-iniIlamration, acute 0] 0 .0 1
-hemzrrhage ' 0 1 0. 1
-inZlammation,  chronic 11 0 0 0
-Ccongestion 1 0 0 2
Seminal vesicles . -
-nemcrcrhage 0 0 11 0
Prostate i

-inilammation, acute 0 0 2 0

| ~-¥morznage o 0 1 0
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10. Plasma Drug Levels: Plasma hirulo~ levels were proportional to

dose at 6 and 336 hr after the start of the infusion. Plasma drug
levels were similar at 6 and 336 hr after the start of the
infusion. Plasma drug levels were similar between male anc female

[

lacs. -
Plasma hirulog levels (ng/mL) in rats at 6 and 336-hr after the

start of;;ntravenous~infusion cf hirulog at doses of 80 ard
1000 mg/kg/day. -

SaTfling 80 mg/kg/day- 1000 mg/kg/cay
Time o Male Femate- Male Femzle
Day I (6 hr) 2550 -2443 33025 32770
Cay 15 (336 hr) 2948 2107 35845 39543

Rats/received hirulog ty continuous intravenous inf:ision at
c¢oses of 80 and 1000 mg/ka/day for 14 days. Only the conzrol and
200 mg/kg/day groups wére evaluated for histopathological changes.

The target organs of toxicity appeared to be the kidney anc liver.

Chznges for the kidney consisted of mild nephropathy, ssgmental
tcrnes c¢f necrosis, acute and chronic inflammation, interstitial
Zlzroplasia, and tubular‘epithelial'regeneration. An izcreased
incidence of Kupffer cell hypertrophy was found in the 1002 mg/kg/
2=y croup. The sponsor attributed changes in the kidZney to
fTZciization rather than direct action of-the drug. Hemorr-age due
=2 ths phirmacological acticn of the compound was observez in the

-.mZs, train, thymus, rectum, prostate, seminal vesiciss, and

Tesernteric lympn nodes. Extramedullary hematopoiesis was “ound. in
Zne stleen and liver. Mild erythroid hyperplasia was founc'in bone .
Tasrowv S -

14 Day Intrav ici v i ially Degraded
Birulog in Rats (Biogen Study No. P8967-94-13) .

Testin Sor : -

——

——

Study Started: May 17, 1994
Study Completed: January 22, 1995 B

ELE__nggi;g&ﬁgsgz A statement of compliance -with =he GL?
fegu.ations ard quality assurance unit was included.
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Anjimals: Sprague Da.iey rats were used in this study. At the
—.start of treatment, animals were 6-9 weeks old, and body weight
ranges.were 277-340 g for male rats and 183-220 g for female rats.-

Dxug Batch: Hirulog, Lot No. 67218S (modified homogenous phase
commercial scale; PB19-4, Lot No. PB19-4.

Methods: The “toxicity of hirulog and partially-degraded hirulog
(PB19-4) were evaluated 4in rats following intravenous bolus
administration at 36 mg/kg/day for 14 days. Control animals-
received 0.9% NaCl. There were 10 rats/sex/group. The dose volume
was 2 mL/kg. Animals were observed daily for clinical signs of
toxicity and mortality. Body weights were measured prior to the
start of treatment, on days 1, 8, and 14, and on day 15 after
fasting overnight. Blood samples for determination of hematological
and biochemical parameters were collected on day 15 from animals
fasted overnight. Bloed for determination of coagulation
parameters, prothrombin time, partial thromboplastin time, and
Zl-rinogen, were collected prior to and 5 min after dosing on day
14 and on day 15 prior to necropsy. Fibrinogen was measured on day
- only. Urine for analysis was collected overnight (~16 hr) from
cey 14 to 15. Blood for determination of plasma hirulog levels was

c--lzcted prior to and 15 min after dosing on dav 14 and on day 15
SIlUrX  TO necropsy. All animals were sacrificed on day 15 _and

é:bjected to a gross examination. Organs and tissues were
trocessed and analyzed by_light;microscopy as follows: all gross
-ss_ons, adrenal glands, bone and marrow (femur), brain, esophagus,

eves with ‘optic nerve, heart with aorta, harderian glands, kidneys,

large intestine (cecum, ' colon, rectum), .liVer, lungs (with
bronchi), lymph nodes (mesenteric, mandibular), mammary gland with
skin, ovaries, pancreas, pituitary gland, prostate gland, salivary
Gland, sciatic nerve;- seminal vesicles, skeletal _muscle (thigh),

skin (abdominal), small intestines (duodenum, jejunum, and ileum),

spinal cord (thoracolumbar), stomach, testes with €eépididymes,

thymus, thyroid with parathyroid glands, trachea, urinary bladder,

uterus, vagina, and injection site (tail).

Resul;g. : _ =
1. Observed Effects: There were no treatment-rel;teq observed
effects.

2. Mortaljty: None. -
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3. Bclv Weights: Body weight gains for female rats treated with

hirulog or PB19-4 were impaired by >10%; although, male treatment
groups were unaffected. Body weights for male controls on days 1
and 14 were 311 and 352 g, respectively. Body weight gains for
male rats treated with hirulog or PB19-4 were 91:4.and 105.9% of
- the control, respectively. Body weights for female controls on
‘days 1 and 14 were 203 and 239 g, respectively. Body weight gains
for female rats treated with hirulog or PB19-4 wete 87 and 82.9% of
the control, respectively. Food consumption was not reported.

4. Hematology and Blood Coagulation:

Bematology: The segmented neutrophil count for male rats _
treated with hirulog or PB19-4 were decreased to 80.9 and 75.3% of

-—the -centrol (1.506 x 10° cells/pL), respectively. _Monocyte counts

for male rats treated with hirulog were decreased to 48.6% of the
control (0.436 x 103/pL). Eosinophil counts for male rats treated
w2th PB19-4 were increased to’ 237.3% of the control (0.067 x
~12° cells/plL). White blood cell counts for female rats treated
with hirulog and PB19-4 were increased to 112.4 and 123.6% of the
clatrol (8.9 x 10° cells/pl), respectively. The reticulocyte
percentage for female rats treated with hirulog or PB19-4 were
increszs ed to 146.2 and 138.5% of the control (2.6%), respectively.
-~2 sszmented” neutrophil percentage and count _for female rats
trsatec with P319-4 were reduced to 54.5 and 73.1% of the control

.--% &nd 0.976 x 10° cells/plL), respectively. The lymphocyte

ctirnts foxr- female rats treated with hirulog or PB19-4 were
;:::eased'to‘113.7_and 130.3% of the control (7.644 x 10° cells/
»-), respectively. Mcnocyte count for female rats treated with

'?319-4 were decreased to 58% of the control (0,150 X 10 cells/pL).
incophil counts for female rats treated with PB19-4 were
increased to 219% of the control (0.100 x 10° cells/ulL).

-

g;ggg_ggggglggign; On day 14, prothrombin times for male
» > min after treatment with hirulog or PB19-4, were prolonged
09.6 and 120 sec, respectively, as compared to a control value
¢ sec. On day 14, partial thromboplastin times for male rats,
~n ‘after treatment with hirulog cr PB19-4, were prolonged to
-=.I-ard 300 sec, respectively, as compared to a control value of
4.5 sec. On day 14, prothrombin times for female rats, 5 min
aiter treatment with hirulog or PB19-4, were both prolonged to 120
¢ as compared to a control value of 13.3 sec. On day 14, partial
.romboplastin times for female rats, 5 min after treatment with
rul:>z or PB19-4, were both prolonged to 300 sec as compared to a
ccnurel value of 49.7 sec. Prothrombin and partial thromboplastin
timss Ior male and female treatment groups on day 14 prior to
dosing or on day 15 had returned to control levels. Fibrinogen

-¢ve.ls on day 15 for male and female treatment groups were not-
significantly different from the centrcl.

th () (b

VYR O ot 0y
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Blood Biochemistry: Tor rats that received hirulog or PB19-4,
small changes in the levels of glucose, phosphate, total bilirubin,
triglyceride, and potaszium were observed; although,

there
biological significance wzs minimal.

~- Urinalysis: The inciience of blood in theé urine fcr male and
femzle rats treated with hirulog or PB19-4 was slightly increased;
although, its biological significance was probably minimal. -

6. Physical Effects: Not reported. B

7. Organ Weights: Not rerorted.
8. Gross Pathology: Therz were-no significantltreatment-related

¢ross pathological observz-ions.

- 9. Histopathelogy: The liver was the target organ of tcxicity for

rats treated with either hirulog or PB19-4. The sponsor considered
liver changes following t-eatment with hirulog or PB1%-4 to bz a

al response to a forzign protein. The incidence of biliary
tlzsia was increased Zollowing treatment with either PR19-4 or
g as compared to tie control. —The incidence——f biliary
rlasia in PB19-4-tre:ized female rats was higher as compared to
cg. -

APPEARS THIS WAY
--ON GRIGINAL
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Histopathological changes for rats treated with either hirulog or
partially-degraded hir:log (PB19-4) by intravenous bolus

administration—at a dose of 36 mg/kg/day for 14 days. There were
10 rats/sex/group. - :

Organ/Tissue Cont=ol Hirulog PB19-4 -

o Male Female |Male Female | Male Female
Liver L -
-zilizry hyperplasia 0 0 1 (1) 3 (1) 2 (1) 9 (1y
-pcrtal inflammation 5 (2. 2 (1) 9(1.4) 5 (1) 10(1.5 9(I.4)
-extramedullary 8 (Z: 2 (1) 6(1.2) 2 (1) 8(1) 6 (1)
hematcpoiesis ’ o
-herataocellulsr fatty 1 (2 8(1.5) 0 6 1) 2 (1) 8 (1.5)

hance -

-hepatocellular 0 0 0 0 1 (%) 0
necrcsis ;
-hemcrrhage 0 V] 0 0 1 (3) 0

Injection Site (tail)

- 1z, 0 1 (1) 2 (1) 1 (1) |2
— lo 1 (1) 0 2(1.5) |o 13
1z 2 (1) 21 |2 4(1.5) |3(1.3)
1 (o 0 0 o 1 (1)
Parncreas 1 -
-znroniz inflammation 1 0 0 1 (1) 1 (2) 2 (1.3)
- = ninimal, (2) = miid, and (3) = moderate. B

C. Plasma Drug-levels: Blood was collected for determrnatlon of
F.&sma ‘rulog levels; however, no data was repq;;gd

>

were evaluated :In rats following intravenous bolus
iministration at 36 mg/<3/day for 14 days. There was no mortality

~reatment-related clizical signs of toxicity. The liver was the
TgetT organ of toxicity for rats treated with hirulog or PB19-4.
2  incidence of bilizry hyperplas;a was increased following
eztment with either PB19-4 or hirulog as compared to the control.

R E

Yo

incidence of biliary hyperplasia in PB19-4- treated female rats
higher as compared t5 hirulog.

The toxicity of hir:zlog and‘partlally—degraded hlrulog (PB19-’
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14 Day Intravenous Toxjcity Study of ®B19-6 (D-PHE12-Hiruleq) in

Rats (Biogen Study No. P8967-94-14).

—
Study Started: August 18, 1994
Study Completed: August 28, 1997 -
GLP _Requirements: A statement of compliance with the GLP
rzzulations and quality assurance unit was included. '
Animals: Sprague Dawley rats were used in this study. At the
start of treatment, animals were 7 weeks old, and body weight
Tznges were 203-236 g for male rats and 177-202 g for female rats.
Drug Batch: - PR o
Methods: ’ ’ oo

e
“— DR
S ————— ——\

Animals “were

(B¢

coserved daily for clinical signs of toxicity and mortality. Body
weights. were measured on days 1, 7, 14, and 15. Blood for
cetermination: of ccagulation parameters (i.e., prothrombin time,
partial thromboplastin time, and fibrinogen levels) was collected
or. day 14 prior to dosing and 5 min after -dosing, and on day 15.

ior to scheduled sacrifice on day 15, animals were fasted

chemistry patvameters was collected on day 15 prior to sacrifice.
“rine for analysis was. collected overnight on “days 14 to 15.
tnirals were sacrificed on day 15 and subjected to a gross
¢xenination. Organ and tissues were collected for histopathological
snalysis as follows: adrenal glands, bone and bone marrow (femur),
brain, esophagus, heart and aorta, kidneys, large intestine (cecum,
cclon, and rectum), liver, lungs with bronchi, lymph nodes
(mardibular and mesenteric), mammary gland with skin, ovaries,
Fizncreas, pituitary gland, eyes with optic nerve, injecticn site
(zall), prostate gland, salivary gland, sciatic nerve, seminal
vesicles, skeletal muscle {thigh), skin (adjacent to mammary

cvernight. Blood for determination of hematological and clinical

——



NZR 20,873
Page 64
tissue), small intes*ine (duodenum, jejunum, ileum), spinal cord
(thoracolumbar), spleen, stomach, testes (with epididymides),
thymus, ~thyroid gland with parathyroid glands, trachea, urinary
bladder, and uterus with vagina~-- Any tissues with gross lesions
were also collected for histopatholgical analysis.

i&%ﬂl’;}.:

1.AObseryeg Effects: —There were no treatment-related observed
effects.

2. Mortaljty: None. T
3~ Body Weight: There were no treatment=related effects on body
weight gain. Body welghts for male controls on days 1 and 14 were

215 and 304 g, respectively. Body weight gain for the male re—

¢rcir was 102.9% of the control. Body weights for female controls
cn deys 1 and 14 were 191 and 221 g, respectively. Body weight

3w S

n Ior the female e group was 110.6% of the control.

4 Hematology andrglggg gg;gglggiég:

Eematology: Monocyte counts for the male _—-—wkgroup were

Cem e mm ma

..... $2:sd to 0.120 x 10° cells/plL as compared to a contrcl_value of
~. IZIcsinophil counts for the male s Jroup were increased to
cI the control (0.018 x 103 cells/uL). Monocyte counts for
2 Z:=Tale === group were decreased tSo 40% of the control (0.015
37 cells/gL). Eosinophil counts for the female e group
S

inCreased to 322% of the control (0.009 x 10°. cells/pL).

Blood Coagulation: Five. min after dosing on day 14,
crothrombin time and partial thromboplastin time for the Male cmmm—y
grcup 'were elevated to 16.3 and 50.1 sec as compared to
féspective control values of 11.1-and 25.6 sec. Five min after

cosing on day 14, prothrombin time and partial thromboplastin time
Ior the female group were elevated to 16.2 and-52.4 sec as .
ccroarad to respective.control values of 10.1 and 27.0 sec. Prior
tc ccsing on day 14 or on day 15, 24 hr after dosing on day 14,
Frothrombin and partial thromboplastin times for male and female
tr=2étment groups had returned to control levels. Fibrinogen levels
er

e traffected on days 14 or 15 by treatment with e
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5. ugmnwmg:

Blood Chemistry: Glucose levels for male === group were
decreased to 80.6% o the control (129 mg/dL) . Slight decreases
(generally < 10%) of albumin, total protein, calcium, cholesterol,
and phosphate levels were observed for the male == group:;

~however, these changes appeared to have little biological

significance.

Urinalysis: Urinary bilirubin levels were slightly increased
for the male S=m=—me group (7-small, 3-moderate) as compared to the
control (5-small). jzinary protein levels were slightly increased
for the male === group (2 at 30 mg/dL, 6 at 100 mg/dL, and 2 at
2000 mg/dL) as compared to the control (1 at trace, 1 at 30 mg/dL,
and 3 at 100 mg/dL; . Urinary bilirubin 1levels were slightly
increased for the female s group (9-small, 1l-moderate) as
compared to the control (4-negative, 1l-small). Urinary protein
levels were slightly increased for the female = ewssmwmegroup (6 at

2C mg/dL and 4 at 130 mg/dL) as compared to the control (1 at
trace, 4 at 30 mg/dL)-

6. Physical Effects: No- performed.

7. Organ Weights: Nct performed. )

8. Gruss Pathology: There were no observations of treatment-
related gross patholcgical effects. ' ‘

9. ﬁistgpéfholggx: Target organs of LOXiCity With eemmmess appeared
to be the liver, kidrey, heart, and lungs. Treatment-related liver
changes consisted of diliary hyperplasia, portal inflammation, and’

‘hepatocetlular necrosis. _The sponsor attributed these changes to

intravenous administration of a protein. Further, they claimed
that these changes were reversible; although, a recovery period was
nct included in the study. There was an increased incidence of
chronic inflammztion of the heart for rats treated With c—

which consisted of Zoci of macrophages and lymphocytes in the
myoczardium. The sponsor claimed that chronic inflammation of the
heart is typical for rats >4 months old and test article either
eccelerated or enhanced the development of these changes in rats
sacrificed at 9 weeks of age; however, no historical- data was
included to support this claim. €hanges of the kidney are well
known to occur as Sprague Dawley rats age. Changes in the kidneys
egnd lungs were observed for rats treated with w——— a1though, the

o}
a0 o

- incidence of changes was low.
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Histopathological changes prdduced by treatment Of rats with s
[ = by the intravenous bolus administration into a
caudal vein at a dose of 36 mg/kg/day for 14 days. There were 5

animals/sex in the control group and 10 animals/sex in the —
group. — ,

] Organ/Tissue _ Control PB19-6"
‘ Male Female |[Male Female
. n=95_ n=2:5 n =10 n =10
Liver - T
-tiliary hyperplasia 0 2 2 (1) 6 (1)
-portal inflammation 0 0 1 (1) 9 (1)
-extramedullary hematopoiesis 1 3 4 5
-hepatocellular necrosis 0 0 0 3 1=
-feratocellular fatty change 0 4 0 9
Kidney .
-tubular basophilia 0 0 1 (1) 0
-interstitial inflammation 0 0 2 (1) 0
- -T2oule dilation 0] 1 {1) 2 (1) 3 (1.3
-lumen hyaline cdroplerts 0] 0 1 (1) - 1 (2)
-tubular eosinophilia o 0 0 1 (2)
-—~£ccal mineralization 0 1o 0 3 (1)
Heart . ) R
-zhrcnic irnfizmmation 0 3 7 (1.3) 6
-minimzl myocardial degeneration 2 1 5 2
Lung —‘ .
-zzute inflammation 0 0 2 (2) 0
-2z —- 0 0 1 (2) 0
-1y id &ggregates 0 10 0 4 (1.9)
-chrenic inflammation 0 0 0 5 {1.2)

{ij=minimal, (2)=mild, (3)=moderate, and (4)=marked‘ o

——

— - — - — - - .- e — e o

R -

~—=hirulog, was evaluated in rats. by intravenous bolus
ctinistration into a caudal vein at a dose of 36 mg/kg/day for 14

a
davs. There -was no mortality or clinical signs of toxicity.
Target organs of toxicity with i e appeared to be the liver,
X.2ney, heart, and- lungs. Treatment-related liver changes

consisted of Dbiliary hyperplasia, portal inflammation, and
mesatocellular necrosis. The sponsor attributed these changes to
intravenous administration of a protein. Further, they claimed
that these changes were reversible; although, a recovery period was
2T included in the study. There was an increased incidence of
crrornic inflammation of the heart for rats treated With ceseem—
The spconsur claimed that chronic inflammation of the heart is

czl for rats >4 months old and the test article either
accelerated or enhanced the development of these changes in rats



