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Component Grade Amount [mg/mL)
Acatyicysteine . USP - 200 mg

Edetats Disodium - usp . 0.5mg

Watar for injection USspP P

T ——— NF qs

Sadium Hydroxide usp q.s. to adjust pH

Route of administration: I.v. infusion.

Proposed use: Acetadote is used for treatment
- _ A loading dose of Acetadote will
be given by intravenous infusion at 150 mg/kg in 200 ml of 5%
dextrose over followed by an i.v. maintenance dose of
50 mg/kg in 500 ml of 5% dextrose over 4 hours and then 100 mg/kg
in 1000 ml of 5% dextrose over 16 hours. The total i.v. infusion
dose is 300 kg/kg over 21 hours.

Disclaimer: Tabular and graphical information is from sponsor’s
submission unless stated otherwise.
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Executive Summary
I. Recommendations

A. Recommendation on Approvability:

From- a preclinical standpoint, approval of intravenous
administration of acetylcysteine . - —— is
recommended.

B. Recommendation for Nonclinical Studies: None
C. Recommendations on Labeling

Sponsor should be asked to revise the labeling as recommended.

II. Summary of Nonclinical Findings

A. Pharmacologic Activity

Acetylcysteine is an antidote "
‘The in vivo studies in mice have demonstrated that
coadministration of acetylcysteine with acetaminophen increased
hepatic glutathione concentration, decreased the amount of
covalent binding of acetaminophen to hepatic protein, and
prevented acetaminophen-induced liver toxicity.

B. Brief Overview of Toxicology Findings

The results of 4-day toxicokinetic study in rats indicated
that oral bicavailability of N-acetylcysteine was 24-29% for
males and 37-43% for females. Treatment with oral dose of N-
acetylcysteine did not produce any toxicity at oral doses up to
1000 wmg/kg/day in the 4-, 12-, 28-week, and 18-month oral
toxicity studies in rats. The target of organ toxicity was not
identified in these studies. Based on the oral bicavailability
of the total N-acetylcysteine in rats, the oral dose of 1000
mg/kg/day would be equivalent to 240-370 mg/kg/day of an i.v.
dose.

The results of the 90-day i.v. toxicity study in dogs
.indicated that N-acetylcysteine at i.v. doses of 200 and 400
mg/kg/day produced transient clinical signs of toxicity including
prolapse of the nictitating membranes, lacrimation, salivation,
erythema of the ears, occasicnal restlessness, nervousness, and
tremors.
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Acetylcysteine was not teratogenic at oral doses of 500,
1000, and 2000 mg/kg/day in rats and 250, 500, and 1000 mg/kg/day
to rabbits in the Segment II teratologic reproductive toxicity
studies.

N-acetylecysteine was positive in the presence of metabolic
activation in the in vitro mouse lymphoma cell forward mutation
.assay. N-acetylcysteine was not genotoxic in the Ames test and
in vivo mouse micronucleus test.

C. Nonclinical Safety Issues Relevant to Clinical Use

None.
III. Administrative

A. Reviewer signature:

B. Supervisor signature: Concurrence -

Non-Concurrence -
- ({see memo attached)

cc: list:
NDA
HFD-180
HFD-181/CS0O
HFD-180/Dr. Choudary
HFD-180/Dr. Zhang
HFD-045/Dr. Viswanathan
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Studies reviewed within this submission:

‘reproductive toxicity study in rats

Type of Study . Study # Lot Lab Page
. . #
Pharmacology Published reports 1-6
Absorption, Distribution, Metabolism, and .
Excretion (ADME) :
Pharmacokinetic studies in rats and dogs Published reports 6-8
4-day toxicokinetic study in rats 693A-101-910-01 1 10-13
| Acute Toxicity:
Sﬁnéle i.v. dose toxicity studies in mice, | Published report 8-10
rats, guinea pigs, rabbits, and dogs
Subacute, Subchronic, and Chronic Toxicity:
4-week, 12-week, 28-week oral toxicity |Published report 14-15
studies in rats
18-month oral toxicity study in rats Published report 15
80-day i.v. toxicity study in dogs Published report 15
Mutagenicity:
Ames test published report 16
Mouse lymphoma cell (L5178Y+/-) test AR44TD.704 ~ 200319 2 16-19
In vive mouse micronucleus test AR44TD.123. 200319 2 20-22
Reproductive Toxicity:
Oral “fertility study” in male rats Published report 23
| Oral Segment II teratologic study in rats ‘Published report 23
oral Segment II teratologic studies in | Published reports 23-24
rabbits
. Oral Segment III peri- and post-natal | Published report 23-24
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PHARMACOLOGY/TOXICOLOGY REVIEW

I. PHARMACOLOGY:

Mechanism of action:

Acetadote is indicated for treatment -—
— Acetaminophen is mainly metabolized in
the liver by sulfation and glucuronidation, while a small
percentage of acetaminophen (~4%) is converted to N-acetyl-p-
benzoquinoneimine (NAPQI). NAPQI is a strong electrophile and
oxidizing agent that is detoxified By reduced glutathione and
excreted by the kidney (see Figure 1 from Flanagan R.J. et. Al.,
Am. J. Med., 91 (suppl. 3C): 3C-131S to 3C-139S, 1991).

OOCH,

HN”
@ — |
COCH; Sulphawe l
‘Aryisulphocansferasc i
g _
HO.  .COCH, / OH
. COCH,
HN :
] APPEARS T
N HIS WAY
R N J ON ORIGINAL
OH |
o |
| T oNaR
- COCH,
HN A COCH,
‘ HN
Glutsthionases
Sﬁﬂ e R '
OH S/YCOOH
AN *coch, _
Auumnophm-S-mempmmd Hmnmumwmm

BEST POSSIBLE COPY



Reviewer: Ke Zhang NDA No. 21.539

When acetaminophen overdose occurs, glutathione stores become
exhausted, and the normal detoxification of NAPQI is interrupted.
Under this condition, NAPQI is irreversibly bound to protein
molecules within hepatocytes and disrupts the normal function of
- the liver, which leads to cell death. N-acetylcysteine prevents
-acetaminophen induced 1liver toxicity by promoting glutathione
synthesis and furnishing glutathione store. Glutathione then

reacts with acetaminophen to make them inert and excreted via the
kidney.

Drug activity related to proposed indicatioen:

In an in vivo study in mice (Corcoran GB., et. Al_., J. Pharm.
Exp. Ther. 232(3): 864-B72, 1985}, oral administration of
acetylcysteine at 1200 mg/kg 20 minutes prior to or 60 wminutes
after treatment with acetaminophen at oral dose of 1000 mg/kg
significantly prevented acetaminophen induced hepatotoxicity. In
this study, acetylcysteine prevented elevation of serum glutamate
pyruvate transminase (SGPT) and decreased the incidence of
hepatic necrosis and mortality rate. The result presented in
Tables 1 and 2 in this article. These tables are attached below.

TABLE t
Time of p.o. N-scetylcysising (NAC) administration vi, prevention of SGPT elevation afier p.c. scetarninophen overdase in mice

Nacetycysiane (NAC, 1200 rig/ky) was sdminsiersd to maje Swiss mica the specified number of minutes befors or afuer 1000 my/kp of acetarminophen. Sarviving
. seoimals ware sacnticed 8, 12 or 24 1¥ latet. COMTol snirals rCeived Water p.c. BO man after acetarnophen.

Tume ot Saceifce
Trmatrrwre T 11} - 13 . M
Surertl SEPT wtowry Surewx SG°T sowvy’ Surmal SGPT activity”
poy -
Control 20134 2945 + 631 45155 8090 + 957 35152 11686 x 1461
NAC -20 15/16 T7 213 25[25 100 £ 10~ 23/24 ni1+B88™
NAC +60 1414 114 & 22 1415 7828 18118 64 x 5
NAC +240 25/28 1451 = 357 32/38 2224 = 465 32/38 912 = 237~
NAC +360 9 B156 = 2400 ant 3038 & 1009
NAC +480 10410 5390 » 2149 ane 9812 + 1280
'x*SE of syrvivors reported in LU L.
P Ol wmm:rmmuuembynwmmm&mfm
TABLE 2
 Time of p.o. N-acetyicysteine (NAC) administration ve. prevention of hapatic necrosis aftar p.o. MHNORIM dows in mice
Condéhons a3 in tatie .
Fitiatieg incznience wa £ of Heoitc Necioss®
Teumment Tem 2w b1 4
Surl [] L r r * Sewzd - D " » r «
% Of Syrviy Misals i % o Sunmir Annels
- Conrol 45155 48 49 2 552 € k3 ar 37 g

NAC -20 25025 100 23124 o2 4 4

NAC +80 NS W00 1818 100

NAC +240 32738 ’ 28 72 32738 12 & 44

NAC +380- 13} 4 =3 811 12 &4 44

NAC +480 10710 10 80 3o a -1

* HOCADC NELYOSis IV NNt SUTYIVING Bt 12 and 24 17 wais $Corad accordeng 1o tet. Dats rapresent the percentage of survving ansosis $xhibiing the phen levls of
MM NICIOEIS N the Bremals Eurviving xt 6 hr was £18 devaloping, #nd bence Ao STSTRL was nade haetologically to grade i
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In another in vivo study in mice (Hjelle, J.J., et. Al., J.
Pharm. Exp. Ther., 236(2):536-534, 1986), coadministration of N-
acetylcysteine {(i.p, 4 mmol /kg) significantly prevented
acetaminopohen induced hepatotoxicity and lethality. The results
were presented in Figures 1 and 2 in this article. These figures
are attached below.

CONTRCL SULFATE NAC

% SURVIVAL

ACETAMINOPHEN (mg/kg)

Flg. 1. Effects of sodium chicrice (contrdi], sodiun sulfats or NAC on
" the lethality obsarvad 48 hr aftar acminisiration of AA. Each bar repre-
sems the percamege of mice that survived (groups of 1016 mics). An
astorisk genotes that tha survival of mice treated with NAC and 600 mg/
kg AA was significantly greater thws that absesrvex! in control or aodium
sutiate-treated mice administared 800 mg of AA per kg.

AR: acetaminophen given by i.p. injection, NAC: N-acetylcysteine
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SERUM AL ANINE AMINOTRANSFERASE (TU/L)

.l -

¢ 200. 40 60

ACETAMINOPHEN (mg /kg)
Fig. 2. Effects of sodwmn chionde (controt), sodium sullate or NAC o
AA-nduced ncreases in Serum alaning aminotransforuse activity 48 h
after AA aomrvsireLon. Each point represents the mean = S.E. of 8 &
11 mice. Asterisks denole significant differences between NAC-traats
mic and CONTTol ot SOUM sultate-treatad mice Jivan the Same dosad
of AA, :

It was also demonstrated that coadministration of acetylcysteine
increased hepatic glutathione concentration, and decreased the
“amount of covalent binding of [?H]-acetaminophen to hepatic
protein, suggesting that the preventive effects of acetylcysteine
on acetaminophen-induced 1liver toxicity are mediated via
stimulating hepatic glutathione synthesis. These results were
summarized in Figure 8 and Table 3 in this article which are
attached below.
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troated mice. Glutathione concentration was determined in iver samples
, .apmained 2 v after injection of the various agents. The vakms represent
the maen & 5.E.-of five-or six mice. Daggers denote significance (P <
-406) from the control group’ given no AA. Asterisks inclicate significant
differences from control mice that received the sama dosage of AA.

TABLE 3
Covalent binding of ["HJAA in mause Ever 2 hr after sodium sulfats
or NAC trestment
Liver/Body wt. el (YA
COwS Reto ":w Bowy
. gnmgtayw) - e I oy wi.
Control + AA 686=018 065720008 132207
Sodiyrn sutats + TO02+£026 O0757+0086 155209
AA .
NAC + AA 645+018 064820112 9009

 *Vahses for pach group represent e MmN & S.E. of five or six mioe.
** Significantly differant (P « .0%) fom the control and sodiom suliste groups.
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" Pharmacology conclusions:

Under normal condition, a small percentage of acetaminophen

. {~4%) is converted to N-acetyl-p-benzoquinoneimine (NAPQI) in the

liver. NAPQI is a strong electrophile and oxidizing agent and

 detoxified by reduced glutathione and excreted by the kidney.

However, when acetaminophen is overdosed, glutathione stores

- become exhausted, and the normal detoxification of NAPQI is

interrupted. Under this condition, NAPQI is irreversibly bound to
protein meolecules within hepatocytes and disrupts the normal
function of the 1liver, which 1leads to cell death. N-
acetylcysteine prevents acetaminophen induced 1liver toxicity by
promoting glutathione synthesis and furnishing glutathione store.
Glutathione then reacts with acetaminophen to make them inert

.-and excreted via the Xkidney. The in vivo studies in mice have

demonstrated that coadministration of acetylcysteine with

acetaminophen increased hepatic glutathione concentration,
. decreased the amount of covalent binding of acetaminophen to
" hepatic protein, and prevented acetaminophen-induced 1liver
toxicity.

'111. PHARMACOKINETICS/TOXICOKINETICS:

PK parameters:

Abgorptien:

In a 4-day toxicokinetic study in rats (693A-101-910-01), the

oral bicavailability of N-acetylcysteine was 24-29% for males and
37-43% for females (this study is reviewed under toxicity

‘;séction). The maximum plasma level of total N-actylcysteine was

reached within 8 or 12 hours after i.v. infusion of N-

..acetylcysteine at 800 mg/kg/day in rats. The plasma level of

‘total N-acetylcysteine declined with a half life of 6.4 hours or

"“8.7 hours in males or female rats, respectively.

Distribution and metabolism:

Following information was obtained from a published report
(Biochemical Pharmacology, 15:1523-1535, 1966).

‘Methods: The solution of *°S-acetylcysteine (specific activity =

8.81 x 10' count/min/mg) was given to ten fasted rats by stomach
tube at 200 mg/kg or to female dogs by oral gavage at 200 mg/kg.

~ The rats were sacrificed 2 or 24 hours after treatment. Urine
‘'samples were collected for 24 hours from both rats and dogs. The
- liver, kidneys, spleen, brain, adrenals, and femoral muscle were
-removed in rats for determination of radiocactivity. The
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radicactivity was determined using liquid scintillation
spectrometer.

Results: The results indicated that following oral
administration of ?*°S-acetylcysteine in rats, N-acetylcysteine
was found mainly in the kidney followed by the liver, adrenal
gland, lung, spleen, blood, muscle, brain, and urine. The major
metabolite in the urine was inorganic sulfate in both rats and

‘dogs. The total sulfur excreted in-the urine within 24 hours

represented 38% and 71% of the dose administered in rats and

dogs, respectively.
-

Excretion:

Following information was obtained from a published report (Eur.
J. Respir. Dis., 61l{suppl.l111}: 45-51, 1980}.

Methods: The ?°S labeled acetylcysteine was given orally to rats
and dogs at 100 mg/kg. *°S-acetylcysteine was also given
intravenously and intra-muscularly to rats at 50 wmg/kg. Urine
and feces were collected for 96 hours. The radiocactivity in the
urine and feces was then determined. Detail description of the

.methodology was not provided.

Results: The results were summarized in Table 2 in this article,.
This table is attached below.

TABLE 2. Radioacrivity (% dose) presery in urine and feces of rais after iv,,
im and oral adminisration, and of dogs after oral trearment.
Collecrion time: 0-96 hours afier reatment.

:,;l——f Route of Radipactivity {% dose)
W“’ administration -
Urine Feces Urine + Feces
i ———— = = - T ———— m— -
: tv. 3855 3.3% 41.94
™ ’ im. 28.16 5.20 31336
os 17.26 3.00 2026
Dog os 25.69 10.12 358

The results indicated that renal excretion is major route of
excretion following oral, i.m., and i.v. administrations in rats
and oral administration in dogs. The renal excretion of the
radiocactivity following oral administration represented 17% and
26% of the dose administered in rats and dogs, respectively.
Following i.v. administration, the renal excretion of the
radioactivity represented about 39% of the dose given in rats.
The results alsoc suggested that majority of the radiocactivity

BEST POSSIBLE COPY
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still remained in the body 56 hours after dosing in both rats and
bogs. '

PK/TK conclusions:

"The oral bicavailability of N-acetylcysteine was 24-29% for male
rats and 37-43% for female rats. When given by intravenous
infusion, the maximum plasma level of total N-actylcysteine was
reached within 8 or 12 hours in rats. In contrast, the maximum
plasma level of total N-acetylcysteine was reached within 0.5-1.0
hours after oral dosing. The plasma level of total N-
acetylcé¢ysteine declined with a half life of 6.4-8.7 hours in rats
following intravenous infusion. N-acetylcysteine was found
mainly in the kidney followed by the liver, adrenal gland, lung,
spleen, blood, muscle, brain, and urine in rats. The renal
excretion is major route of excretion following oral and i.v.
administrations in rats and oral administration in dogs.

III. GENERAL TOXICOLOGY:

Single dose studies:

There were single i.v. dose toxicity studies with acetylcysteine
“'in "mice, rats, guinea pigs, rabbits, and dogs in a published
report (Seminars in Oncology, 10(1), Suppl.l: 17-24, 1983).

In mice, the minimal lethal dose was 1000 mg/kg. Following
clinical signs of toxicity were observed: ataxia, hypeoactivity,
increased respiration or labored respiration, and convulsion.

-.In rats, the dose of 2000 mg/kg was non-lethal dose. The minimal
lethal dose was 2455 mg/kg. Following clinical signs of toxicity

. were observed: ataxia, increased depth of respiration, labored

regspiration, hypoactivity, cyanosis, and convulsicon.

In guinea pigs, the dose of 1000 mg/kg was non-lethal dose. The
minimal lethal dose was 1500 mg/kg. Following clinical signs of
toxicity were observed: hypoactivity, increased and labored
respiration, loss of righting reflex, and convulsion.

In rabbits, the dose of 1000 mg/kg was non-lethal dose. The
. minimal lethal dose was 1200 mg/kg. Following clinical signs of
toxicity were observed: ataxia, increased respiration, loss of
righting reflex, and convulsion.

In dogs, the dose of 300 mg/kg was non-lethal dose. The minimal
lethal dose was 500 mg/kg. Following clinical signs of toxicity
were observed: emesis, ataxia, tachycardia, 1loss of righting
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reflex,

increased respiration or labored respiration,

rectal

bleeding, hemorrhages in GI mucosa and bloody fluid in intestinal

tract,

and convulsion.

The dosing information and results were presented in Tables 2 and
These tables .are attached below.

3

in this article.

Table 2. Acute Toxicity of NAC [intravenous or irtraperitonesl Administration]

Beway Doss WD
Species L imghgl Ne. Desths/No. Donad ngfig) Obssvdons
Movne 1 1000 0/5 1500®  Ataxd dng increased resgiration 8t 1000 snd 2000
fiv.) 2000 5/6 mg/kg. Conrvulsions and ropid death st 2000 mg/
kg (pH 1.5}
2 1000 10 1200 Convulsions snd labored respiranon immecdiatety after
1200 5/10 dosing at ail ooses. {OH 1.5)
1500 B/10
3 1800 /10 a71% Arasia and yDORCHivity il Soves. Increased depth of
3000 o respranon #nd comuisons ar 3000 mg/kg o
3750 5/10 greater, {pH 1.0]
4500 810
4 3160 1710 4252 Adl daaths at 5000 and 6058 mg/kg occurred during
4000 210 1he mecrion. Clonic convulgions at 4000 mg/kg or
BOOO 10/10 grester. Ataxid, hypoactivity. and leborad raspration
6058 10730 a1 sl doses. ipH 7.0)
Rat 1 2000 Q710 2675 Ataca. mcregsed depth and labored ratpietion, cyano-
fiwd 2800 2/%0 5i%, ang clonic and 1oms cormations st 3000 wnd
3000 9/1C 4000 mg/kg. {pH 7.0t
4000 10/10
2 2455 1710 2550 Ataxia and incressed depth of respustion at all dosas.
2625 8/10 Cyanose, hypoactiviey, and convulsions st 262%
2925 10/10 wnd 2828 mgfky. lpH 7.0)
Rt 1 1500 0/10 2650  Amain and hypoactivity at all doses. Lobooed respine-
lipl 2000 110 von proceded desvh. (pH 7.0]
2600 Wi
2800 8/10
3000 8/10
2 500 10/10 <500 Asaxia. hypoactivety. and labored respiration. (pH 1.7}
750 10710
1000 20/20
2000 w0/10
3000 10110
3 1700 0/10 >2500 Nawbom pubs 1-2 days oid. No towic effacts.
2500 o/1D 1pH 7.00
*Estrrrted vahe.
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Tabie 3. Acute Toxicity of NAC lintrevenous or lntraperitonesl Adrninistraton)

Swov Dose LDy
Specet No. img/egl No. Gastha/No. Dosed Img/kgl’ Ooaarvations
Dog 1 o 0/3 700 No 1oxic effacts bt 100 mglkg. Emasis,
liv) 300 o0/3 stenia, tachyeardia ons of righting re-
1) o tlax, crassed respEEtory rete, Bnd rectal
500 /3 biseding wore Major towc Migns. & mi/
780 213 mun ipH 7.0
1000 1
2 250 0/4 - 664 Emesis and incressed respirstion at 250
500 24 mg/kg. Emests. ataxia, deep snd labored
150 174 sespamtion, rectal bleading, tachyenrdis,
1000 44 convulsians, and toss of righting rafiex,
At necronsy. hemorrhages in Gl mucosa
and bloody fluid in intestunal wact, B mi/
min. lpH T7.0)
3 B1 074 Noniethal No e eHects ot S1 mg/kg. Emesia 8t 66
66 0/ . dose levels mg/kg. Ernesis and ataxia 3t both B6 and
86 0/4 112 mgshg. B wilymn. (pM 7.0)
12 s728
Rabbe 1, 1000 0/6 1380 £tawe, moredsed respiation, Honic comad-
v 1500 2/3 sions, and loss of nghting reflex at 1500
2000 a/4 wnd 2000 mg/kg. tpH 7.0
2 BOO oM 1166 Atpxre, rapid-shallow respirstion, koss of re-
1000 /4 ! fiex 2na convulsions at 1200 and 1500
1200 34 mg/kg. ipH 7.0}
1500 /4
Guirma Pig 1 1000 0/10 1660 Ataxia 11 oll doses. Clonic convisions, lose
[FR8) 1500 5/10 - of righting refiex. and tabored respiration
. 2000 B/ 19 peacedng desdh. (pH 7.0}
© Guires Pig 1 250 ors 1500 o towc slects 2t 250 mg/kg. Ataxis ¥t
lip) . 800 o/% 500 mgfkpor graseer. Hypoactivity, -
D00 o/10 creased and laborad respication, loss of
1600 278 sighting reflex and clonic convulaons st
1860 B/5 1500 and 1860 mg/kg. ipM 7.00

These studies were not GLP studies.

Repeated dose studies:

Study title: A 4-day comparative toxicokinetic study of oral
and intravenous N-acetylcysteine in rats

Key study findings: The oral bicavailability of the total N-
acetylcysteine was 24-29% for males and 37-43% for females. The
maximum plasma level of N-acetylcysteinee was reached with 8 or

12 hours after i.v. infusion. N-acetylcysteine declined with a

half life of 6.4 hours or 8.67 hours following i.v. infusion in

.males or females, respectively. The ratio of unchanged to total

N-acetylcysteine was about 30-50% following oral and i.v.
administrations.

REST POSSIBLE COPY "
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Study no: 693A-101-910-01
Volume # 1.5, and page #: 271
Conducting laboratory and location:

C J

Pharmacokinetic analysis was conducted at —

Date of study initiation: July 27, 2001
GLP compliance: Sponsor included a statement of compliance with
"-GLP regulation and a quality assurance statement.
. QA report: yes (x ) no ( )
Drug, lot #, radiolabel, and % purity: Lot # 200319
Formulation/vehicle: 20% solution for injection

Methods:
Dosing:
Species/strain: Sprague Dawley rats
#/sex/group or time point (main study}: 10
Age: 11-12 weeks old.
Weight: Males: 307.3-377.8 g, females: 213.7-267.8 g.
Doses in administered units: Oral: 458 and 2000 mg/kg/day,
I.V.: 800 mg/ka/day given by continuous 24-hour i.v.
infusion for 3 days at 33.3 mg/kg/hr.
Route, form, volume, and infusion rate: The target dose by
i.v. infusion was 800 mg/kg/day at 2 ml/kg/h or 48 ml/kg/day
for 16.66 mg/ml. However, during the second 24 hour period,
male rats received 14.5 ml/rat or 707.4 mg/kg/day.
There was no control group.
Observations and times: ‘
Clinical signs: Mortality and clinical signs of toxicity
were observed daily.
Body weights: Body weight was determined prior to dosing and
‘at terminatiom.
Food consumption: Food consumption was measured daily.
_ Toxicokinetics: Blood samples were collected up to 48 hours
after last dose. The plasma level of total and free N-
acetylcysteine was deterimined using HPLC.

Results:

Mortality: One oral dose male was found dead about 12 hours
after the last dose. The death occurred during blood collection
and was not considered treatment related.

A Clinical signs: Ocular and nasal discharge was noted in all
i.v. dose animals.

Body weights: There was no control group in this study.

The terminal body weight was decreased in all treatment groups as
compared to the pretreatment values (Males: low oral dose: -7 g,
high oral dose: -11 g, i.v. dose: -31 g and Females: low oral
dose: -12 g, high oral dose: -7 g, i.v. dose: -16 g).

11
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Food consumption: The average food consumption in males was
17.7-19.2 g/animal/day, 10.7-16.3 g/animal/day, and 5.8-14.1
g/animal/day for low oral dose, high oral dose, and i.v. dose
groups, respectively. The average food consumption in females
was 12-12.5 g/animal/day, 9.2-10.6 g/animal/day, and 4.8-13.3
g/animal/day for low oral dose, high oral dose, and i.v. dose
groups, regpectively. )

Toxicokinetiecs: The toxicokinetic results were presented in
a table on page 55 in Volume 1.5. This table is attached below.

APPEARS THIS WAY
ON ORIGINAL
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| N-acetylcysteine
. For groups 1 and 2 animals, 9 blood samples were taken at
* Pharmacokinetics: 0 (pre-dose), 0.5, 1, 2, 3, 5, B, 12 and 24 hours post-dose, on study
© | day 3.
For group 3 animals, € bload samples were taken at : 0 {pre-dose),
4, 8, 12, 24, 26, 30, 36 and 48 hours after the start of the [ast
24-hour intravenous infusion on study day 3.
Study Times Lines: Analytical part: 11-dun-2001 to 27-Nov-2001
PHARMACONKINETIC RESULTS:

_ Reviewer; Ke Zhang NDA No. 21,539

Individus! Study Table | % National Authority Use

Referring to Part
of the Dossier

Volume:

Name of Sponsor Company:

Name of Finished Product:

Name of Active Ingredient: | Page:

The pharmacekinetic parameters are presented in the following tables :

Total N-acetylcysteine

Gender | Trastment Dose Cre Cmas | trax | AUCoas | fwz | Cea/Dose | AUCeasDose | Fabs
{makg/day) | (ngmL) [ {ng'mi) | (1) | {nghimi} | (h)
Mate PO 458 347 ' 1.0 103118* 1 2.13 B4 225 0.24
PO 2000 13%6 |- 05 | 540272 | 448 1) 270 0.28
IV inf. 800 285 [~ 80 | 737350 | 642 55 922
‘ .
Femais PO 458 | 435 |~ "{ 05 | 177698 [9.66] 163 K] 0.43
PO 2000 1457 "___ 05 | 667792 | a.93 70 334 0.37
, W inf. 800 | 443 120 ] 717854 | 8.67 43 897
*AUCorz
Unchanged (free) N-acelylcysteine
. | Gender { Treatmant { Dose Corin Corar | toms | AUCsn Uz | Cmu/Dose | AUCo2/Mose | Fabs
{mpleg/day) | ingémi) 1 (ngiml) ¢ (h) *himl) | (b} -
Male PO 458 121 — |08 [ #1987 | 098 7 92 035
PO 2000 237 10| 285450 | 135 27 143 0.30
W in, 806 63 . |80 | 293606 | NC 3 387
Fomala | PO w6 | i [~ 108 Jasar | o048 ] o1 83| 065 |
PO 2000 01 ! 05 | 385512 | 282 1 193 Q.77
vl 800 76 |, | 40| 198658 |NC 15 250
*AUCos :
* AUCos
NC : Noi calaulated, not enough points in the termingl phase

The oral biocavailability of the total N-acetylcysteine was 24-29%
for males and 37-43% for females. The maximum plasma level of N-
‘acetylcysteinee was reached with 8 or 12 hours after i.v.
.infusion. N-acetylcysteine declined with a half life of 6.4
hours or 8.67 hours following i.v. infusion in males or females,
respectively. . The ratio of unchanged to total N-acetylcysteine
was about 30-50% following oral and i.v. administrations.
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There were oral toxicity studies in rats with acetylcysteine in a
published report (Eur. J. Respir. Dis., 61, Suppl.III: 45-51,
1880) . These studies were mnot GLP-studies. The dosing
information was presented in Table 6 in this article and this
table is attached below.

TABLE &. Subacute and chronic toxicity smudies.

e
rtrods Subscute and Chronic Tests in Rats Chroni¢ Test
in Dogs
i
—gumpscol Animals. __ L& . 9 160 16
(0% maks, 50% females)
Agimal Strain Spraguc Dawley Spraguc Dawley Sprague Dawley Beagle
_ Dox Levels 0-500-1000-2000  0-250-500-1000  0-250-500-1000  0-50.100-300
(mg/ks b.wday) :
foure of Administration onl oral onl orl
Dusation of Dosing (weeks) 4 12 28 52

am——

In the 4-week oral toxicity study in rats, rats were treated
orally with acetylcysteine at 0, 500, 1000, and 2000 mg/kg/day
for 4 weeks. The results indicated that treatment with
acetylcysteine did not alter behaviour, body weight gain,
. hematology, hepatic and renal functioms, prothrombin and bleeding
..times, and histopathological parameters at doses tested in this
study. The oral dose of 2000 mg/kg/day would be equivalent to
480-740 mg/kg/day of an i.v. dose based on the oral
“bicavailability of the total N-acetylcysteine of 24-29% in male
rats and 37-43% in female rats.

In the 12-week ocral toxicity study in rats, rats were
‘treated orally with acetylcysteine at 0, 250, 500, and 1000
mg/kg/day for 12 weeks. The results indicated that treatment with
acetylcysteine did not alter behaviour, body weight gain,
hematology, hepatic and renal functions, prothrombin and bleeding
times, and histopathological parameters at doses tested in this
study. The oral dose of 1000 mg/kg/day would be equivalent to
240-370 mg/kg/day of an i.v. dose based on the oral
bicavailability of the total N-acetylcysteine of 24-29% in male
rats and 37-43% in female rats.

In the 28-week oral toxicity study in rats, rats were
treated orally with acetylcysteine at 0, 250, 500, and 1000
mg/kg/day for 28 weeks. The results indicated that treatment with
acetylcysteine did not alter behaviour, body weight gain,
hematology, hepatic and renal functions, prothrombin and bleeding
times, and histopathological parameters at doses tested in this
study. The oral dose of 1000 mg/kg/day would be equivalent to
240-370 wg/kg/day of an i.v. dose based on the oral
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. bicavailability of the total N-acetylcysteine of 24-29% in male
. rats and 37-43% in female rats.

_ There was a chronic oral toxicity study in rats in a
published report (Seminars in Oncology, 10(1), Suppl.l: 17-24,

-1983) . In this study, rats (30/sex/group) were treated with
" acetylcysteine in diet at doses of 250, 500, and 1000 mg/kg/day
for 18 months. Following parameters were determined: clinical

signs of toxicity, body weight, food consumption, hematology,
clinical chemistry, organ weight, gross and histopathology. The
results indicated that the only possible treatment related change
was increased kidney weight in the high dose group. There was no
evidence of any gross or histopathological changes in the kidney.
There was no other treatment related toxicity observed in this
study. The oral dose of 1000 mg/kg/day would be equivalent to
- 240-2370 wmg/kg/day of an i.v. dose based on the oral
“bicavailability of the total N-acetylcysteine of 24-29% in male
rats and 37-43% in female rats.

The results of a 90-day i.v. toxicity study in dogs were
-presented in a published article (Seminars in Oncology, 10(1),
Suppl.1: 17-24, 1983). In this study, beagle dogs were treated
"-with N-acetylcysteine at 100, 200, and 400 mg/kg/day by i.v.
-infusion into cephalic or jugular wveins at 5 ml/min (0.5-2.0
ml/kg) . The results indicated that N-acetylcysteine did not
produce any treatment related changes in body weight, food
consumption, hematology, clinical chemistry, urinalysis, organ
weights, and histopathology. Dogs treated at 400 mg/kg/day had
prolapse of the nictitating membranes, lacrimation, salivation,
erythema of the ears, occasicnal restlessness, nervousness, and
. tremors. These changes were briefly observed during the infusion
period. Slight prolapse of the nictitating membranes,
. lacrimation, occasional restlessness, nervousness, and tremors
. were also observed at 200 mg/kg/day. These changes were not seen
rat 100 wmg/kg/day except for the slight prolapse of the
. nictitating membranes. This study was not GLP-study.

Toxicology summary:

In the single i.v. dose toxicity studies, the minimal lethal
dose was 1000 mg/kg in mice, 2455 mg/kg in rats, 1500 mg/kg in
guinea pigs, 1200 mg/kg in rabbits, and 500 mg/kg in dogs.
.Following clinical signs of toxicity were cbserved in all species
tested: ataxia, increased respiration or labored respiration, and
convulsion. ' '

O In the 4-day toxicokinetic study in rats, rats were treated

orally at 458 and 2000 wmg/kg/day or intravenously at 800
‘mg/kg/day at 2 ml/kg/h. The results indicated that oral
bioavailability of the total N-acetylcysteine was 24-29% for
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males and 37-43% for females. The maximum plasma level of N-
- acetylcysteinee was reached with 8 or 12 hours after i.v,
infusion. N-acetylcysteine declined with a half life of 6.4

hours or 8.67 hours following i.v. infusion in males or females,
respectively. The ratio of unchanged to total N-acetylcysteine
was about 30-50% following oral and i.v. administrations.

In the 4-week oral toxicity study in rats, rats were treated
orally with acetylcysteine at 500, 1000, and 2000 mg/kg/day. In
the 12-week, 28-week, and 18-month oral toxicity studies in rats,
rats were treated orally with acetylcysteine at 250, 500, and
1000 mg/kg/day. The results indicated that there were no
treatment related changes in these stWdies. The target organs of
toxicity were not identifjied. The oral bicavailability of the
total N-acetylcysteine was 24-29% in male rats and 37-43% in
female rats. Therefore, the oral dose of 1000 mg/kg/day would be
equivalent to 240-370 mg/kg/day of an i.v. dose.

In the 90-day i.v. toxicity study in dogs, beagle dogs were
treated with N-acetylcysteine at 100, 200, and 400 mg/kg/day by
i.v. infusion into cephalic or jugular veins at 5 ml/min (0.5-2.0
ml/kqg) . The results indicated that the only treatment related
changes were prolapse 'of the nictitating membranes, lacrimation,
salivation, erythema of the ears, occasional restlessness,
.nervousness, and tremors briefly observed during the infusion
period at doses of 200 mg/kg/day or higher.

IV. GENETIC TOXICOLOGY:

In a published report (Eur. J. Respir. Dis., 61 (Suppl.III): 45-
51, 1980), acetylcysteine was not mutagenic in an Ames test.
This was not a GLP study.

‘Stpdy title: In vitro Mammalian cell gene mutation test
(L5178Y/TK+/- mouse lymphoma assay)

Key findings: N-acetylcysteine significantly increase the mutant
frequency as compared to the control group in the presence of 89
mix, suggesting that N-acetylcysteine was mutagenic in this test
system.

Study no: AR44TD.704.. .-

Volume #, and page #: volume 1.5, p354 ,

Conducting laboratory and location: ' _ . ——t—
Date of study initiation: May 9, 2001 '
GLP compliance: Sponsor included a statement of compliance with
GLP regulation and a quality assurance statement.

QA reportas: vyes ( x ) no ( )}

Drug, lot #, radiolabel, and % purity: lot no. 200319
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Formulation/vehicle: 5% dextrose, 200 mg/ml.

Methods: To examine the potential mutagenic effects of N-
acetylcysteine, the L5178Y TK+/- mouse lymphoma cell assay was
conducted in the presence and absence of metabolic activation, S-
9 mix from the rat liver. The following concentrations of N-

‘acetylcysteine were used: 800, 1000, 1200, 1400, and 1640 pg/ml.
‘Positive controls (Methyl methanesulfonate and 7,12
dimethylbenz {a)anthracene) were also tested. The TK+/- cell
suspension was incubated with the test drug for 4 or 24 hours.
. After treatment period, the test article was washed out and the
culture was allowed to grow for 24 or 48 hours. The number of
TK+/- mutant colonies were then counted. Small and large
colonies were also determined. The result is considered positive
response if a concentration-related increase in mutant freguency
was observed. :

Strainsg/species/cell line: L5178 cells

Dose selection criteria:
Basis of dose selection: The dose selection was based on
the resgults of preliminary toxicity assay.
Range finding studies: In the ‘preliminary toxicity
assay, L5178A cells were treated with test article at
106-1640 pg/ml. No visible precipitate was noted at any
concentration. The suspension growth was 105% and 79% at

the highest concentration tested (1640 pg/ml) without and
with 89 mix, respectively at 4 hour exposure and 79%
without §% at 24 hour exposure.
Controls:
Vehicle: 5% dextrose.
Negative controls: 5% dextrose.
Positive controls: Methyl methanesulfonate and 7,12
dimethylbenz (a)anthracene.
Exposure conditions:
Incubation and sampling times: L5178A cells were exposed
to the test article for 4 or 24 hours. After treatment
period, the test article was washed out and the culture
was allowed to grow for 24 or 48 hours.
Metabelic activation: Rat liver 59,
Doses used in definitive study: 800, 1000, 1200, 1400,
1640 pg/ml.
Study design: L5178 cells were exposed to N-
acetylcysteine at 800, 1000, 1200, 1400, 1640 pg/ml in
the presence of 89 mix for 4 hours or in the absence of
89 -for 4 or 24 hours.
Analysis:
No. of replicates: Two
Criteria for positive results: The result is considered
positive response if a concentration-related increase in
mutant fregquency was observed.

17
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Results:

Study validity: Positive controls significantly increased
the mutant frequency.

Study outcome: Treatment with N-acetylcysteine did not
significantly increase the mutant fregquency as compared to
the control group in the absence of S9 mix. However, in the
presence of $9 mix, N-acetylcysteine significantly increased
the mutant frequency at all concentrations tested. The
positive control also significantly increased it. The
results were summarized in a table on page 360 in volume
1.5. This table is attached below.

APPEARS THIS way
ON ORIGINAL
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Name of Sponsor Company: Individuat Study Table Referring to Part | (For Natiana! Authority Use Only)
Cumberland Pharmaceuticals Inc. of the Dossier:
‘ VYolume:
Name of Finished Preduct: NAC Page:
Name of Active ingredient:
N-acetylcysieine
Unactivated {4-hour gxposuse) 59 Activated {(4-haur (3 Unactiva r @xpOSUre
Tast % % %
Afticle Dose fnducad Total Induced Total Induced Total
_ oimi) Mutants®  Mutants®®  Growth®  Mutanis®  Mutanis®®  Growth®  Mutants®  Mutants®  Growth®
Vehicle™ - 42 - - a7 - - rv) = -
- 60 - - 38 - - 48 . -
NAC 800 43 -2 98 152 110 68 44 -2 79
800 53 2 96 94 51 21 39 -7 90
1000 38 -13 o8 137 S4 87 43 -3 74
1000 47 -4 99 kAl 26 80 53 7 79
1200 L2 -7 9% a7 54 94 38 -8 82
1200 42 -9 50 121 78 68 40 £ 85
1400 40 -1 102 145 102 K&l 62 18 B4
1400 40 -1 108 10 68 80 7 -5 94
1640 43 -8 80 1B9 147 63 51 5 684
1640 38 -16 102 132 90 80 54 8 80
MMS 10 287 236 5 . - - . - .
20 576 624 18 - - - - - .
25 . - - - . - 145 89 74
5 - - - - - - ans 259 45
DMBA 1 - - - 268 225 66 - . -
1.5 - - - 426 383 33 . - -
* Cuitures containing <0.3x10" celismi. on Day 1 and 2 were considered as having 0% total suspension growth.
® Tatal suspension growth = (Day 1 cell concentration/0.3x10° calls/mL) x (Day 2 cell concentration/Day 1 adjusted ced concentration.
¢ & total control suspension growth S {total treatment suspension growth/average vahicls control total suspension growth) x 100.
¢ Vighicle = 5% dextrose In sterile water.
* A result was considered positive if 2 concantration-related incraase was observed and 1 or more dosa levels with 210% totat growth
exhiblied mutant frequencies 2100 per 10° clonabile cells over background.
Tha study met the vaikiation criteria
Under the condiions of this stady, 4 or 24 howr exposure to NAC ¢id not provide 8 positive resull in the LS178Y/TK™ Mouse Lymphoma |
Mutagenesis Asssy, whereas 3 positive result was obtained following 4-hour exposure in S activated cultures
CONCLU,
The results of the LSI TRY/TK ™ Mouse Lymphoma Assay indicatc NAC was negalive without activation following 4- and 24-hour
exposures and positive with $9 activation.

The data on colony size distribution (not provided in the table
above) indicated that the increase in the total mutant fregquency
‘'was a result of increase in small colonies. The small colony
mutants represent chromosome aberration.
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In conclusion, N-acetylcysteine was positive in this test system.

Study title: In vivo mouse micronucleus test with N-
acetylcysteine

- Key findings: Treatment with N-acetylcysteine at i.v. doses of
187.5, 375, and 750 mg/kg did not significantly increase the
incidence of micronucleated polychromatic erythrocytes in male or
female mice. The results suggest that N-acetylcysteine was not
- mutagenic in this test system.

Study no: AR44TD.123. —

Volume #, and page #: volume 1.5, p321.
Conducting laboratory and location:
Date of gtudy initiation: May 9, 2001
GLP compliance: Sponsor included a statement of compliance with
+ GLP regulation and a quality assurance statement.

QA reports: yes ( x ) no { )

Drug, lect #, radiolabel, and % purity: lot no. 200319
Formulation/vehicle: 5% dextrose, 200 mg/ml.

Methods: To determine the potential mutagenic effects of N-
acetylcyteine, in wvivo micronucleus test was conducted using
mouse bone marrow cells. N-acetylcysteine was given by a gingle

"intravenous injection at 187.5, 375, and 750 mg/kg. Bone marrow
" oells were collected and examined for micronucleated
polychromatic erythrocytes 24 and 48 hours after dosing. The test
article was considered to induce a positive response if a dose-
- response increase in nicronucleated polychromatic erythrocytes
was observed and one or more doses were statistically increased
relative to the vehicle control at any sampling time.

——
-

Strains/species/cell line: .— mice.

Dose selection criteria:
Basis of dose selection: The dose selection was based on
the results of dose ranging studies.
Range finding studies: In the first dose ranging study,
mice were treated with test article at 1000 and 2000
mg/kg and the treated mice were found dead immediately
after dosing. In the second dose ranging study, mice
were treated intravenocusly at 5, 50, 100, 250, 500, and
750 mg/kg. There were no deaths. <Clinical signs of
toxicity were cbserved at doses of 500 and 750 mg/kg and
these included hyperactivity and piloerection.

Controls:

Vehicle: 5% dextrose.

Negative controls: 5% dextrose.
Positive controls: cyclophosphamide.
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Exposure conditions:

Incubation and sampling times: Bone marrow cells were

collected 24 and 48 hours after dosing.

Doses used in definitive study: 187.5, 375, and 750

mg/kg.

Study design: Mice were treated with N-acetylcysteine

intravenously at 187.5, 375, and 750 mg/kg. Bone marrow

cells were collected and examined for micronucleated

polychromatic erythrocytes 24 and 48 hours after dosing.
Analysis:

The incidence of micronuclieated polychromatic erythrocyte

per 2000 polychromatic erythrocytes was determined.
Criteria for positive results: The test article was
considered to induce a positive response if a dose-response
increase in micronucleated polychromatic erythrocytes was
observed and one or more doses were statistically increased
relative to the vehicle contreol at any sampling time.

~Results:

Study validity: Positive control significantly increased
the micronucleated polychromatic erythrocytes.

Study outcome: There were no deaths. All mice appeared
normal ~4 hours after dosing. The number of micronucleated
-pelychromatic erythrocyte per 2000 polychromatic erythrocyte

in the treatment groups was not significantly increased as
compared to the control group. However, the positive
control, cyclophosphamide, significantly increased the
micronucleated polychromatic erythrocytes. The results were
summarized  in Table 4 on page 336 in volume 1.5. This table
is attached below.

APPEARS THIS wAY
ON ORIGINAL
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. PCE/Total Micronucteated
- Time Numbar Eryttwooytes Change from  Number per 1000 PCEs Number
per
Trearment Sex [} ofMioe (Mean +- SD) Contre! (%) (Maan +- 5D) PCEs Soored*
Dsw : -
10 miky M2 s 0.47% = 0.04 - 032 027 3r 10000
F 24 5 047D 2 0.04 - 05 « 0.35 8/ 10000
N-acetylcysteine
-
187.5 mg/y M 24 5 0.438 = 0.08 3 05 2 0.5 57 10000
F 24 [ 0510+ 0.08 8 05« 035 S/ 10000
375 mghky M 24 5 04822 0.04 - 03+ 027 37 10000
F 24 5 0.521 » 004 10 01+ 022 17 %0000
750 mgAg ] 24 5 0404 2 0.02 3 0.4 & 042 4/ 10000
F 24 5 0505 & 0.01 7 03+ 045 3/ 10000
cp
S0mphg M 2 5 0.507 x D.O4 5 2082 544 *208 / 10000
F 24 s 0514 2 0.04 ] 2702 4.00 270/ 10000
DWW
© SO mfg ™ 48 s 0449 » 002 - 05« 0.35 8/ 10000
F a8 5 0403 ¢ 002 - 022 027 2/ 10000
W‘.
750 mgAg " 48 5 0.464 & 0.02 8 0.1 & 0.22 1/ 10000
- : F 48 5 0537 2 0.03 9 02 2 027 27 10000
1+, p<0.05 (Kasttobavm-Bowman Tables)

N-acetylcysteine was not genotoxic in this test system.

Genetic toxicology summary: Sponsor conducted an in vitro mouse
lymphoma cell forward mutation test and an in vivo mouse
micronucleus test with N-acetylcysteine. N-acetylcysteine was
positive in the presence of metabolic activation in the in vitro
mouse lymphoma cell forward mutation test. N-acetylcysteine was
negative in the in vivo mouse micronucleus test. N-
acetylcysteine was negative in an Ames test in the published

report.

Genetic toxicology conclusions: N-acetylcysteine was positive in
the presence of metabolic activation in the in vitro mouse
lymphoma cell forward mutation test. N-acetylcysteine was not
genotoxic in the Ames test and in vivo mouse micronucleus test.
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V. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY:

Following results of the reproductive toxicity studies were
obtained from a published report (Bur. J. Respir. Dis., 61
(Suppl.III): 45-51, 1980) and these studies were non-GLP studies:

" wFertility study in male rats”

In a chronic¢ toxicity study, male rats were treated orally with
acetylcysteine at 0, 250, 500, and 1000 mg/kg/day for 15 weeks
prior to mating and during mating. Each male mated with 2
untreated females. The results indicated that acetylcysteine did
not produce any adverse effects on fertility in this study at
dose of 250 mg/kg/day. The fertility was reduced at doses of 500
and 1000 mg/kg/day. No detail information was provided. Female
rats were not treated in this study.

“Teratogenicity study in rats®

Iﬁ this study, female rats were treated orally with
acetylcysteine at 0, 500, 1000, and 2000 mg/kg/day from days 6 to
15 of pregnancy. The results indicated that acetylcysteine was

not teratogenic in this study.

“Teratogenicity study in rabbits”

In this study, female rabbits were treated orally with
acetylcysteine at 0, 250, 500, and 1000 mg/kg/day from days 6 to
18 of pregnancy. The results indicated that acetylcysteine was
not teratogenic in this study.

- *Peri- and post—natal study in rats”

In this study, female rats were treated orally with
acetylcysteine at 0, 250, 500, and 1000 mg/kg/day from days 15 of

_pregnancy though day 21 post-partum. The results ‘indicated that

acetylcysteine did not produce "“any adverse effects on delivery
and lactation, physical development and maturation of the
offspring” in this study.

The results of these studies were presented in Table 7 in this
publication and this table is attached below.

APPEARS THIS WAY
ON ORIGINAL

23



v

Reviewer: Ke Zhang

NDA No. 21,539

TABLE 7. Reproduction swmdies.

~rabbits during gestation days 6 to 16.

these non-GLP studies.

Test Anunals  Doses No. of Dosing Remarks
mp/kgiday Animals Period
per Group
Fenility Male 0-250-500-1000 12 (each 15 weeks before  No adverse effects up to the
swdy rat mated with  pairifig and dose of 250 mg/kg. For higher
2 unvreated  during mating doses slight, non dose related,
females) period reduction of fertility
Teratogenicity  Rat © 0.500-1000-2000 24 from day 6 to No terstopenic cffect was
_ e et e B _ 15 of pregnancy  observed related to the
Rabbit 0-250-500.1000 15 from day 6 treatment
18 of pregnancy
Pesi- and Rat 0-250-500-1000 20 from day 150of  No sdverse effects of NAC on
post-oatal . preguincy delivery and lactation or on
Study ' through day 21 physical deveiopment and
post-partum maturatioa of the offspring
were noted’

Following information was obtained from a published report

{(Seminars in Oncology; 10(1): 17-24, 1983):

Acetylcysteine was given orally at 500 mg/kg/day to pregnant
The rabbits were
sacrificed on gestation day 29 and fetuses and uterine horns were
examined. The results indicated that acetylcysteine did not
produce any adverse effects on litter size, pup weight, and “in
utero survival”. There were no evidence of treatment related
malformations. Acetylcysteine was not teratogenic in this study.
The results were summarized in Table 4 in this article. This
table is attached below. '

Table 4. Reproductive Taxicity of MAC (Rabbit Terstology Btudy)

Doss: Averson Averags Pup Mg, .
Orag. ima/hg/davh Lireer flizn Wasghn (g} Grossly Normal Mo. Kelhorrrsd
Distilled HO g[8} 5.75 35.0 ” a*
NAC 500112) 5.82 31.B a a*

- *Bhorwened teil |2 comrots and 4 NAC-treatad pups! and uncssified spats on cranmum {6 contras srd 2 NAC-vested pupsl.
{ 1= aumber of pregrant rabbits.

Reproductive and developmental toxicology conclusions:

The results of the reproductive toxicity studies were

-obtained from published reports and no detail information was

available in these -reports. Following is a brief summary of
In the oral chroniec toxicity study in
male rats, acetylcysteine reduced fertility at doses of 500 and

24
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1000 mg/kg/day. Female rats were not treated in this study.
Acetylcysteine was not teratogenic in Segment II teratologic
studies in rats at oral doses up to 2000 mg/kg/day and in rabbits
at oral doses up to 1000 mg/kg/day. Oral administration of
acetylcysteine did not produce any adverse effects on delivery

" and lactation, - physical development and maturation of the

T

offspring at oral doses up to 1000 mg/kg/day in the oral Segment
III Peri- and post-natal reproductive study in rats.

LABELING:

The 1labeling is according to 21 CFR, Subpart B. The following
revisions in the labeling are recommended:

1. Sponsor’'s Version:

L

2. Sponsor’s Version:

-
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VI. DETAILED CONCLUSIONS AND RECOMMENDATIONS:

Acetaminophen is mainly metabolized in the liver by
sulfation and glucuronidation, while a small percentage of
acetaminophen is converted to N-acetyl-p-benzogquinoneimine
(NAPQI) which is a strong electrophile and oxidizing agent.
Under normal condition, NAPQI is detoxified by reduced
glutathione and excreted by the _ kidney. However, when
acetaminophen is overdosed, glutathione stores become exhausted,
and the normal detoxification of NAPQI is interrupted. Under this

~condition, NAPQI is irreversibly bound to protein molecules

within hepatocytes and disrupts the normal function of the liver,
which leads to cell death. The in vivo studies in mice have
demonstrated that coadministration of acetylcysteine with
acetaminophen increased  hepatic glutathicne concentration,
decreased the amount of covalent binding of acetaminophen to
hepatic protein, and prevented acetaminophen-induced liver
toxicity.

In the present NDA, sponsor is seeking for approval to
‘market Acetadote for treatment — The
repeat dose toxicity studies with acetylcysteine available from
literature were oral studies. Sponsor was asked to conduct a 4-
week i.v. toxicity study in rats or alternatively, a comparative
toxicokinetic study by oral and intravenous administrations in
rats in the pre-NDA meeting on December 15, 2000. Sponsor was
also asked in this meeting to conduct genetic toxicity studies
ineluding in vitro human lymphocyte chromosomal aberration test
or a mouse lymphoma cell forward mutation test and in vivo
micronucleus test in mice or rats. In support of this NDA,
sponsor conducted the comparative toxicckinetic study by oral and
intravenous administrations in rats, in vitro mouse lymphoma cell
forward mutation test, and in vivo micronucleus test in rats and
submitted the reports of these studies. In addition, follcowing
preclinical studies obtained from literature were also submitted
in this NDA: pharmacological studies, pharmacokinetic studies in
rats and dogs, single i.v. dose toxicity studies in mice, rats,
guinea pigs, rabbits, and dogs, 4-week, 12-weerk, 28-week, and
18-month oral toxicity studies in rats, 90-day i.v. toxicity
study in dog, and reproductive toxicity studies: oral chronic
toxicity study in male rats, oral Segment II teratologic studies
in rats and rabbits, and oral Segment III peri- and post-natal
reproductive toxicity study in rats. Some of these studies were
reviewed in NDA 13,601 and the pharmacology review of this NDA
was consulted. :
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The oral bicavailability of N-acetylcysteine was 24-29% for
male rats and 37-43% for female rats. When given by continuous
i.v. infusion, the maximum plasma level of total N-actylcysteine

was reached within 8 or 12 hours in rats. In contrast, the
maximum plasma level of total N-acetylcysteine was reached within
0.5-1.0 hours after oral dose. The plasma level of total N-

acetylcysteine declined with a half life of 6.4-8.7 hours in

"rats. The volume of distribution of N-acetylcysteine was

0.4711/kg and its plasma clearance was 0.11 l/hour/kg in humans.
The covalent protein binding was wp to 50% in humans. N-
acetylcysteine was found mainly in the kidney followed by the
liver, adrenal gland, 1lung, spleen, blood, muscle, brain, and
urine in rats. The renal excretion is major route of excretion
feollowing oral and i.v. administrations in rats.

In the single i.v. dose toxicity studies, the minimal lethal
dose was 1000 wmg/kg in mice, 2455 mg/kg in rats, 1500 mg/kg in
guinea pigs, 1200 mg/kg in rabbits, and 500 mg/kg in dogs.
Following clinical signs of toxicity were observed in all species
tested: ataxia, increased respiration or labored respiration, and
convulsion. These studies were obtained from published reports.

Since repeat i.v. dose toxicity studies with acetylcysteine
in rats were not available, sponsor was asked to conduct a
comparative toxicokinetic study by oral and intravenous
administrations in rats. The results of the comparative
toxicokinetic study can be used to assess the repeat oral dose

- toxicity in rats using the published oral toxicity studies.

In the 4-day comparative toxicokinetic study in rats, rats
were treated orally at 458 and 2000 mg/kg/day or by continuous
i.v. infusion at 800 mg/kg/day. The results indicated that oral
bicavailability of the total N-acetylcysteine was 24-29% for
males and 37-43% for females. The maximum plasma level of N-

‘acetylcysteinee was reached with 8 or 12 hours after i.v.

infusion. N-acetylcysteine declined with a half life of 6.4

" hours or 8.67 hours following i.v. infusion in males or females,

respectively.

Followings are the oral toxicity studies in rats obtained
from literature. :

In the 4-week oral toxicity study in rats, rats were treated
orally with acetylcysteine at 500, 1000, and 2000 mg/kg/day. In
the 12-week, 2B-week, and 18-month oral toxicity studies in rats,

rats were treated orally with acetylcysteine at 250, 500, and

1000 mg/kg/day. The results indicated that there were no
treatment related changes in these studies. Therefore, the
target organs of toxicity were not identified. The oral dose of
1000 mg/kg/day would be eguivalent to 240-370 mg/kg/day of an
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i.v. dose based on the oral bicavailability of the total N-
acetylcysteine of 24-25% in male rats and 37-43% in female rats.

In the 80-day 1.v. toxicity study in dogs, beagle dogs were
treated with N-acetylcysteine at 100, 200, and 400 mg/kg/day by
i.v. infusion into cephalic or jugular veins at 5 ml/min (0.5-2.0
ml/kg). The results indicated that the only treatment related

changes were prolapse of the nictitating membranes, lacrimation,
~salivation, erythema of the ears, occasional restlessness,
nervousness, and tremors briefly observed during the infusion
period at doses of 200 wmg/kg/day or higher.

In the oral chronic toxicity study in rats, male rats were
treated at 250, 500, and 1000 mg/kg/day for 15 weeks before
mating and during mating. The treated male rats mated with
untreated female rats. Acetylcysteine did not produce any
adverse effects on fertility at dose of 250 mg/kg/day. Fertility
was reduced at doses of 500 and 1000 mg/kg/day (no data were
provided).

In the oral Segment II teratologic reproductive toxicity
studies, acetylcysteine was given orally to rats at 500, 1000,
and 2000 wg/kg/day from gestation day 6 to day 15 and at 250,
500, and 1000 mg/kg/day to rabbits from gestation day 6 to day 16
or 18, Acetylcysteine was not teratogenic in these studies.

In the oral Segment III peri- and post-natal reproductive

. toxieity study in rats, rats were treated orally at 250, 500, and

1000 mg/kg/day from gestation day 15 through day 21 post-partum.
Acetylcysteine did not produce any adverse effects on delivery
and lactation, physical development and maturation of the
cffspring.

N-acetylcysteine was positive in the presence of metabolic
activation in the in vitro mouse lymphoma cell forward mutation
assay. N-acetylcysteine was not genotoxic in the Ames test and
in vivo mouse micronucleus test.

Conclusions:

In the present NDA, sponsor is seeking approval to market
Acetadote for treatment of —— .
e © A loading dose of Acetadote will be given by
intravenous infusion at 150 mg/kg in 200 ml of 5% dextrose over

f followed by an i.v. maintenance dose of 50 mg/kg in
500 ml of 5% dextrose over 4 hours and then 100 mg/kg in 1000 ml
- of 5% dextrose over 16 hours. The total i.v. infusion dose is
300 mg/kg over 21 hours. In support of this NDA, the recommended
preclinical studies were conducted and adequate preclinical
studies were submitted -in this NDA. Therefore, from a
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preclinical standpoint, this NDA is approvable. Relevant
findings of the preclinical studies should be included in the
labeling as recommended. Sponsor should be asked to revise the

labeling as recommended.

- Recommendations:
1. From a preclinical standpoint, this NDA is approvable.

2. Sponsor should be asked to revise the labeling as recommended.
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