These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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DEPARTMENT OF HEAITH & HUMAN SFRVICFS Pubhic It,e;all'h Service

Foad and Diug Administration
Rockwilla MD 20867

NDA 13-948

Sigma Tau, 1lnc.

Attention: Milton Kleatzkin, Ph.D.
723 North Beers Htrest

Holmdzl, New Jersey 17733

bear Dr. Kletzkin:

Reference 15 made Lo your new dring apyrlication dated Febroeary 8§, 1983
submitted pursuant to section 505(b) of the Federal Food, Druy and Commetic
Act for L-Carpitine Tablets,

We also ackno . xdge receipt of your additionai communications dated June 14,
July 25 and 31, September 13, October 17 and 23, aad Hovoedss 20, 1985.

W have completued Lhe review of Lhis application including the submicted draft
labeling and the application is approved. However, as ayreed to in the
telephone conversation between Dr, Kletzkin of your firm and bDr. Troendls of
FDA the drug should not be marketed until a trade name is agfeed upon,
Further, the following change must be made in the labeling:

In the DESCRIPTION section of the package insert, the chemical name should
read "I~beta-hydroxy-gamma-trimethyiamino butyric acid®.

The labeling should be revised exactly as we have requested and twelve copies
of the final printed version of the revised labeling must be submitted to FDA
prior to marketing. Marketing of the drug before the change specified above

is made and submitted to FDA renders the product misbranded under 21 U. S. C.
3s52.

Should additional information relating to the safetv- and effectiveness of this
product become available prior Lo our receipt of the final printed labeling,
revision of that labeling may be required,

Please submit one market package of the drug when it is available.

We remind you that you must comply with tihe requirements set forth under 21
CFR 314.80 and 314.81 for an approved NDA.

Sincerely yours,

Qhl

Qr\ Elaine C. Bsber, M.D.
Director
Office of Biologics Research and Review
Center for Drugs and Biologics







. Summary Basis of Approval

NDA 18-94% Drug Generic Name:
ICarnitine Tablets

Applicant:

Sigma-Tau,Tnc, Drug Trade Name:
Holmdel, New Jersey 07733 Carnitor

I. Indication for Use:

L-carnitine is :ndicated in the treatment of primary systemic
carnitine deficiency.

1I. Dosage form, route of administration and recommended dosage:

- Tablets; oral.

Adults: 990 mg two or three times a day depending on clinical
response.

Infants and Children: 50 to 100 mg/kg/day in divided doses with a
maximm of 3 g/day.

III. Manufacturing and Controls:

A. Manufactucing and Controls

1. The synthesis of the new drug substance involves the
reaction of known materials under well-defined and

acceptable coenditions and purified by use of standard
methods.

2. Specifications and testing by uppropriate methodology
insure its compliance witi: the required standards of
identity, strength, quality and purity.

B. Stability
Studies are onqoing and based on the data submitted at this

time an expiration dating of 5 years at room temperature is
justified.

C. Methods validation

The wmethods validation is now being processed.

The technical aspects of the labeling and labels are
satisfactory.
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F. PFstablishment Inspecticn

The facilities, equipment, manufacturing controls are in
compliance With current good manufacturing practices and with
conditions, comitments and requirements cont 'infed in the nev
drug appiicarion as indicated by arpropriate reports of
inspect. ions from the Manufacturing Review Branch in the
Divizion of Compliance.

F. Envirommental Impact Analysis Repanr L {RTAR)

EIAR indicate:: that the oroduct does no: have adverse
envirawental effects.,

G. HBiocavailability Regu:rements

beferred by bivision of Riopharmiceutics vatil aftor approval.

IvV. Pharmacology:

L-Carnitine is the synthetic l-isomer of d,l-carnitine discovered
8) years ago as a constituent of muscle tissue that at first was

. used as a nutrient agent. It was sixty years later that its
essuntial action in the metabolism of fatty acids was recognized.
D-L~Carnitine is synthesized in liver, kidney and testis, from two
essential amino acids, lysine and methionine. The l-isomer is the
biologically active form,

Its biological function is to activate the transport of long-chain
fatty acids such as palmitic acid across the inner mitcchondrial
membrane into the mitochondrial matrix where they undargo
beta-oxidatien resulting in the production f energy. For example,
palmitic acid released from adipose tissue or derived from diet is
activated by ocuter membrane ATP-dependent palmitoyl-CoA synthetase
tu form palmitoyl-CoA. Such long-chain fatty acyl-CoA esters have
only a limited ability to cross the mitochondrial membrane barrier
and their entry is facilitated Lty ou:ur carnitine
paimtoyltransferase which catalyzes a transesterificatiun reaction
in which the palmitoyl moiety from CoA is trarnsferred to carnitine
forming palmitoylcarnitine. This ester then c-asses the inner
mitochondrial mesbrane through action of a translscase. A second
transesterification reaction now takes places wherein "imner®
palmitoyltransferase, :scated in the immer mitochondricl membrane,
regenerates palmitoyl-UoA for subsequent beta-oxidation and
releases carnitine for a repetition of its catalytic role in
overall fatty acid transport (After: Broquist, H.P. and P.R.
Borum: “Carnitipne Synthesis Butritional Impiications.” aav,
. Mmtrit, Pesearch 4:181-204, 1982),
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The biophiysiolougical functions of 1 carnitine have been studicd by
numerous investigataors in severa)l anima! species during the last
decade. A rrcent discovery is the esmont izl role playesd by
carnitine (and requlated by androaen) in epididymal mitochondria,
in the maturacion of spermatozoa, and in the ovary in the
maturation and ovulation of follicles 1n rats, rabbits and
monkeys. Evidenc: is also accumulating for a role of carnitine in
Giucconeogenssis.

Puslications submitted in the NDA wescribin; pharmacological
parameters of l-carnitine in the anisal mukl wers usal for the
evaluation of the efficasy of i-varnitinc. Some of these werc
performed Ly the staff of Sigma-Tau in their laboratories in Italy.

Toxiovlogy Tes's were performed in rat: and dogs, both of 52 weeks

duration, with doses of 150, 450 and 13%0 mg/kg/day in the diet in
the rat studv and 300, 600 and 1200 ma/ky/day in capsules in the
dog sti-d'.  (The clinical dos- iz 990 mg one to 3 times por day,)

MAdverse actions from l-carnitine were limited to a slight
depression of body weight gains of rats on the high dose, in
contrast to a growth promoting action of the low- and mid-dose.
There was also a slight reduction of body weight gains in dogs by
the mid- and high-dose. 1In both spacies the reduction of body
weight gains was not accompanied by any clinical signs of affected
health conditions. Liquid feces were observed in dogs. There was
no &ssociated structural damage to the gastrointestinal mucosa, and
the mechanism of action was not established.

Serum triglycerides were elevated in rats given the low- and
mid—doses of l—carnitine. There were no related changes in the
livers and kidneys.

Teratogenicity tests performed in rats and rabbits did not reveal
any effects on the dams and their offspring.

Four sets of mutagenicity tests were negative,



Pase 4 - NDa 18-948

A.

Redicai:

introduction:

Utilization cf lipid for enerqgy requires the presence of
l-carnitine for optimum Lransl'.et of long-chain fat!y acids
into the mitechonarial matrix, where beta-oxidation takes
place. <enerally, the regquirement:s for carnitine are met Ly
endoaencus synthezis and/or dietary intake. In normal adults
1ot and endodenous synthesis are adeqiate Lo meet the
requirements for carpitine, Systemic (blood and tissue)
carnitine deticier oy is manifested clinically as muscie
weaknes:, cardiac failure, hypoglvcemia and/cy liver
msufficiency. The clinitcal wanifestations may resembie
cardiac fibtoelestosis, Reyes Syndrome, or mus cular
dystrophy. The enzymopathy has not bevn defined, and the
variely o. manifestations suggest that there may be spvera!
cnzymopathies that fall into the cateqgory of primary systemio
carnitine deficiency. The reported cases have in common low
serum and/or tissue levels of carnitine. Some of the reported
cases responded very dramatically to administration of
exogenous l-carnitine.

Seconcary carnitine deficiency occurs in organic acidurias,
chronic hemodialysis, severe malmut:ition, Fanconi's syndrome
and valproic acid therapy. These conditions might benefit
from carnitine therapy, but data have not been submitted.
Diagnosis of primary systemic carnitine deficiency requires
atcurate quanti-iation of both free and acylcarnitine in
serum, urine and tissue. Patients with high urine ratios of
acylcaraitine tu free carnitine may have carnitine deficiency
secondary to defective organic acid metabolism. Because of
incomplete biochenical characteriz=tion, it is not clear
vwhether carnitine deficiency is primary or secondarv in some
of the submitted cases,

studies to provide evidence of safety and effectiveness.

There are 16 cases identified as systemic carnitine defticiency
which were treated with carnitine, 11 of which provide
evidence of effectiveness. An additional 50 caes not
identified as systemic carnitine deficiency were tredted with
carnitine and provide evidence of safety omnly.

a. Cases identified as sstemic carnitine deficiency are
listed bel:, whether or not they were evaluated as
showing effectiveness. Five of the ten investigators had
more than one case.
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5. Cedirnaum, ©.D., NEJMcG 1780, 303:1389.

A 1.5 vear nld male patient with low carnitine loyels in
liver, muscle ang blood was treated first with
d,l-carnitine 1503-4000 m1/3 p.o. and then with
I-carnitine 1980 mg/d.  He inproved in affect, frequen.-;
of infections and in listlessiess, and had diminished
cardiome~yily.  Liver and serum ca-nitine jevels
increaswi, it mascle carnitin® remained low. Carnitine
therapy evaluation: lite-saving. He had transient
diarrhea which resoived vith decieancd dosaye.  This
pati=int hdas been coneincesd on i—carnitine, 7% myskeid tor
fuut years With continued bewsfir,  Totql piasma
carnitine is low normal (30 @sicropolar).  S. Cedurbaum,

et al,, NEMMed (964, 310, 1395,

<

R.R. Chun, M.b., et al., NE.™Met 1981, 305:385. Two
patients Wwith systemic carnitine deticiency were treared
with l-Tarmtine 990 ¢, 1650 my 4.

A 14 nonth old male patient died of respiratory arrest
after about 2 weeks of treatment., L-carnitine
evaluation: did not alter this patient's condition.

A 9 year oid female had a deteriorating cardiomyopathy,
familial in nature with mitra! insufficiency and

syncope. She was considered .- candidate for a cardiac
transplant, but after treatment wich l-carnitine, cardiac
function normalized, digitalis was discontinued and hear:
size returned fv normal. Carnitine treatment was
evaluated: produced dramatic improvement.

A. Slomm, J. Pads. 1981, 99:551, Three patients with
systemc carnitine deficiency were :reated with 330 o
1320 mg/d l-carnitine {100 mg/kq/d)_

A 2 year old male had nonketotic hvieglycemia before
treacment with carnitine, After treatment he had no
hypoglycemic episodes, his heighi, weight and appetite
increased, and he appeared to he more normal. Plasma
carnitine increased to normal, and on fasting he pLoduced
ketones. Carnitine treatment evaluation: produced
dramatic improvement.

A 3 year old female was walking and speaking better arter
treatment with carnitine, and had no episodes of
hypoglycemia. Carnitine treatment evaluation:
life-saving. She had a viral infection during treatment.
A 4 1/2 year 0ld male was ireated too short a time- to
evaluate response.
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n. VYalle, M., 0. Pods. 1942, Lil: /00,

A 5 1/2 year old mals with low blood and musele levels of
carnitine was treated with 3269 mg one day and then 2960
mg/d. ®- had mondarate cardiomeqaly and minimal heart
failurc despite treatment with -‘iguzin and diurctics.
Within a week of start:ng carn: ne, heart size decreased
and failure disappeared. After 5 wonths of trea-ment, he
war narmal.  Carnitine therapy evaluation: life-savineg.
Th: patient had moderate diarrhea which vas dose related,
an-i developed body odor.

. sansariog, NYU Med, Center,

1 year cld male with systeme carnitine deficiency was
reatad wi h 165 to 330 ny 1-carnitine orally. He died
Of respiratory failure after 10 days of therapy.
Carnitine therany evaluation: tono short A time to
gviluate,

S}

B.0. Stands, M.D., Richland Medical Park, Columbia, SC.
A 2 1/2 year old female with systemic carnitine
deficiency was treated with 990 mg l-carnitine/d. She
had several episodes of severe coma and was seriously ill
betoure treatment but has had no further problems and is
developing normally. Carnitine therapy evaluation:
produced dramatic improvement. She had cough, runny nose
and diarrhea of moderate severity.

R. Cruse, D.0. and S.K. Young, M.D., Hershey Med.

School. Two patients with systemic carnitine deficiency
were treated with 1320 to 1980 mg l-carnitine.

A 3 1/2 year ol temale had two attacks of coma before
and none in the year after initiating treatment, She -:
stronger. Carnitine therapy evaluation: prc uced
improvement. She had loose stools which ceased after one
week. Fishy odor was eliminated by decreasing the dose
of I-carnitine. She also had urinary tract infection and
virus,

A 6 year old female remained "asymptomatic,” and
carnitine therapy evaluation: produced improvement. She
also had loose stools and fishy odor.

P. Hartlage, M.D., Medical College of Georgia.

A 3 year old femdle with probable eystemic carritine
deficiency was treated with 1960 mg l-carnitine/d
orally. She did not benefit from carnitine therapy.



J. Dirihert:. M gnd IR, Srhimechock . M. op
Poriiand, Ure. Two pacieiils «ith systemic cernitine
i s} l-gasnitins 9 or 1980 mgAd,

11, An 1} month oid fomale had two spinoden of hywalvcemia
with hepatic, cerebral and muscie dysfunction. Ho
subsemqant attacks demite infoction=, Carnitine thoarapy
avililat ion: prociucad improvement. She had fin with
ot i, rach on trmk and hack, feaver and emogizs,
lethargy.

i4. A 7 year old female afier carnitine treatment poud

innregsed allenrion s, heagah following saqaeniial

commane's and was hore corpliant ard affactionate. S
had better lcg contrnl and vcame to et trained,
Carnitine therapy evaluation: produced dramatic
1provedent |

C.L. Hoppel, Peds. Res. 1981, 15:633. Two patients witd
systemic carnttine def iciency were L
l-carnitine.

15. A 14 year old female showed greatly improved skeletal
muscle function, hepati< function, and cardiac function,
Growth and developmert are normal. cCarnitine therapy
evaluation: life-saving.

16. A 92 month old male had no recurrence of acute hypotuonia,
weakness, hepatomegaly and hyperqglycemia (sic), but
duration cf therapy was not suifficient o deter+.ine
long~term effect on muscle and cardiac function. W%e had
moderate diarrhea, which resolved in 2-3 days, and severe

poeumonia.

Carnitine therapy was rated life-saving for 4 patients,
dramatic for 4, anl producing improvement for 3. The other 5
did oot respond or were not treated long enough to evaluate,
s5ix had diarrhea, and four had body odor. The dose of
carmtine s#as decreased because of the adverse effects in sone
patients, but it was not discontinued for adverse effects in
any patients.

Cases providing supportive avidence of safety of carnitine
administration.

The additional S0 patients were {reguently very ill, and
several deaths occurred in this group, but were attributable
to the underlying disease (Leigh's encephalopathy,
mitochondrial myopathy, Hirschprung's Diseas: with short bowel
syndrome and liver failurej. There wre reports of 7 cases of
fishy body oder, 3 cases of tremiiousness, sweating,
faintness, hyperventilation and dizziness, one case each of
mild gastrointestinal symptoms, "intestinal flu®, vomiting and
increased seizures, respiratory distress and hepatic failure,
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srancicnt diarlned, hypecams mieaila and aphcic spells, severe
diarrhea =hich subs.ded with iower -igge, fever and vomiting
with draining ears, tiffness and headaciwes, numbness of toes,
aidi moderate burning and pain in heeis and ieft hip. There iy
little r-ason to think any of the symptoms except

gastroin: estinal symptums and body odor are related to
carnizine therapy.

VIi. Approved Package insert:
APPILS Sers







CARNITOR

{L-carnitine)
Tablets

DESCRIPTION
L-camitine 13 L-beta-hydroxy-gamme-irimethylamino butyric scid (inner sall)
P 1= 2 winte powdsr with 2 meling poing of 196-:197%C and ia readily sojubls
in waler The L-isomer of carniine & the biologicallv active form

CHh

SHrN-CHzCH-CH:-COO™

CHa OH

CLNICAL PHARMACOLOGY

L-carmiting it assential for the transport of long chaun Iatly acids scroas the
inne: mituchondrial membrane into the mitochondrisl matrin where they
undengu B-oxidation.

INDICATIONS AND USAGE
Lcamitine = mdicated in the restment of primary systemic camitine
deficiency.

CONTRAINDICATIONS
Nons known.

WARNINGS
None.

PRECAUTIONS
memmmmainmwm.
Saccharomyces coravisias, and Schizosaccharomyces pombe that do not
indicat. that L-carine is mutagenic.
Long-term animal studies have not been conducied to svalualg the
=mm§oni=i\yulﬂnmmwm.
aF B. tve studies have been in rats
Bard pabt mbbilsxmusing mnmwmmmuduu-mm::m




Dasg 0 this SugQe3ted ONA! adul 00308 And have rev-esied no ham to the
Bius duw io L-camiline. Thore am. however, no sdequale sid weli-conlyolied
siudes in pregnant women Becauss ansne! reproduction StuGes s nov
always pradictve of human msponse, this drug shoulo ba useqd dunng
pregnancy only f clearly rasded

ADVERSE REACTIONS -

The most fraquent type of advensa reaction occumming Juring treatment with
1 -camiting is gastromastnal.

I chnicil studies, 41% O palients reporied ove o more gasiroinlestinal
compiainls which iended 10 ba ransieni.

Typcal complants nciuded naussa, diarthea, and sbdommal destress
Patien odor was the next mos! irequen adveras effect winch had an modence
of 11%. Dacreasing the dosage cften diminshes or sliminates drug-reiated
patisn! body odor or gastroiniesiinal symptoms when piesent.

DOSAGE AND ADMINISTRATION

Adults: The recommended oral dosage for adults rs 950 mg two or thee
times a day, depsnd.-q on clmical response.

infants and children: The recommended ol dosage for miants =d childven
is betwoen 50 and 100 mg/kgrday in divida-: Joses, with a maxsnum of 3
grama/dgy. The sxect dosage will dapend on chinical reaponse.

BIOAVAILABILITY

The bicaveilebility/pharmacokingtics of L-camitine tublets have nol besn
determined in well conirolied studes.

HROW SUPPLIED -

L-camiline is supplied s 330 my, individually foil wrapped tablets in boxes
of 90. Storg at room WMpeTRiute.

CAUTION
Federal (USA) law prohibits dispensing withou! 3 orescriphon.

* TM spplication pending

r =
Osigma-tau...z.umems o






NDA ‘8,948 Submitied: 2/8/83
Carnitine Rec'd by 40: 373,83
Sigma-Tau

R of NDA
[. GENERAL INF(RMATI]ION
A, Name of drug: L-carpitine

8. Pharm. category: natura?Ty-occurring cofactor necessary for fatiy
3c1d oxidatign in mitochondria

C. Proposed indicat ions: carnitine deficiency syndromes
0. Dosage form: tao'ets, each containing 330 mg L-carnitine

t. Source and metnod of dreparation: see chem review

1I. MANUFACTURING CONTROLS
See chemlstr}.févieu
111, PHARIACOL OGY
| See pharmaco'ogy review
“r = IV."CLINICAL SACKGROUND

(DS, carnitine-geficiency syndrome, has been recognized for about ten

years; its etiology{ies) are still not wel! estanlisned. C€OS is

considered by many to be & specific disorder of fat metabolism. Patients

have been divided into two groups: - {1) those with norma! serum

concentrations and Yow carnitine content in muscle, possibdly resulting

from a-deficit in carnitine uptake [myopathi: carnitine deficiency

syndrome], and (Z) those with systemic deficiency with decreased conteat — =~ ~ — —
of carnitine in blood and one or more tiscues -~ a generalized metabolic

disorder -that may be due to a defect in carnitine syntaesis [systemic

carnitine deficiency syndrome], It is apparent that any def iciencies of ' ' -
carnitine metabo’ism may resu’t in similar signs and symptoms as iapaireo

Yipid metabo'ism. A diet Yow in fat and high in carbohydrat2 may thus oe

of use in CDS of any kind. Similarly the treatment of acute metavolic

crisis in COS requires correction of acidosis and administration of

substantia! amounts of IV g’ucose. Also, the frequent cardiac iavolvement

-in CDS may be understandable on the pasis of impaired fatty acid influx

into heart muscle mitochondria.
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whi'e the syndrome is rare, there are a number cf patients documented :n

the Yiterature with various types of LDS who have snown dramatic
improvement - both objective and subjective - after carmiline therapy.

Carnttine is present in meat an< fish and, except for gastrointestina?
symptoms, primarily diarrhea, and fish-? lke pody =dor, 2dverse reactions
have been virtually unknown.

CLIRICAL STUDIES

The studies reported ar2 prototypic for an arphan drug product. The
numbers of patients 'n the studies are sma'! and the data availaple for
2ach study are Yimited and ‘arge’y subjective.

In g1nera‘, what is known for each patisnt is: (1) diaynozis; {¢) desege
and ‘enth of time of drug administration, (3) "Physician’s Globa!
Evaluation" of whether (a) carnitine was life-saving to tne patient, {0}
carnitine dramatica''y improved the patient's condition, {C) carnitine
improved the patient's condition, (d) carnitine did noL alter the
patient's condition, or {e) carnitine worsenea the patient's condition;
(+: subjective response w#ith regard to muscle strength, general activity,
and neuro'ogica® response; (5) cardiac size; and (6) tissue levels of
L-carnitine. The studies wil! be described and evaluatsd in as much
detai! as possible on the basis of the data presented.

Al patients were monitored for any adverse reaction, and all possible
such roactions were recorded on the case report form, for each adverse
reaction the investigator was asked to rate the severity of the reaction
as mi'd, moderate, or severe, and to estimate the causa! relationship of
the effect and the drug as remote, possinle, probaole or definite.

A. Study #£'0.

Investigator:  S. Cederbaum, A.0.

Div. of Jdedica’ Genetics
Neuropsychiatric Inst.
Center of Hea'th Sciences
700 Westwood Plaza

L.A., €A

Study Design, Open study to assess the efficacy and safety of
carnitine in the treatment of sytemic (DS of a single patient, 3.5
yo 4. DOx was based on determination of tne level of L=carnitine in
Tiver, muscle, and blood: all levels were low. Patient began on
-D;L-carnitine, 2t dosages ranging from -1500-4000 mg po qd; currently.
on 1980 mg qd L-carnitine. {Reported in NEM 303, 1389 1980



Results.

G'obal evaluation - according to Ur. (ederbaum, carnitine was
Tife-saving to the patient and dramaticaily improved the patient's
condition.

Subjective rewponse - marked improvement in affect, freguency of
intections and n Yistlessness.

Objective responsc - dimirnished cardiomegaly; markedly increased
Yiver -nd serum ca”aitine levels (to or abave nl), suscle carnitine
Tevelc ow and viriual'y unchanged with therapy {(vo*. Y, o. 10z}.

Adverse reactions - diarrhea, transient, reso*ved with decreasea

dosage.

Sponsor's conclusions. “Carnitine provided a successfu! treatment Lo

the one patient with systemic CD5S who participated 'n the study, The
quality of this patient's life has been greatly improved by the
administration of the drug. . . *

Reviewer's conclusious. 1 agree that there appears to be a marked
g

subjective and objective improvement in this patient. Moreover,
there is the laboratory correlation of increased liver and serum
carnitine level's. Thus, the drug appears safe and effective in tnis
patient.

Study #1!. ([Neurology 32, 1'06, '982]
Investigator: T. Snyder, M.D.

Dept. of Neurclogy -
Med. Ctr. of Vt.
Bur!ington, VT 0S40

Study Design. Open study to asssess the efficacy and safety of

L-carnitine in tnhe treatment of lipid storage myopathy.

Two patients with lipid storage myopahty entered the study. Tne ax
of 'ipid storage myopathy was based on histocnemistry of muscle
biopsies. The concentration of L-carnitine in the ausc’e of one
patient was '6.8 nnoles/mg protein, 7.8 nmoles/mg protein in the
other {n! M-2'), For the first weex, tne first patient received an
oral, tota! daily dosage of 14.85 gm of drug in 3 divided doses. The
dose was then reduced to 4.95 gm/d divided into 3 doses.

For the first four days the second patient received an oral, total
daily dosage of 14.85 gm of L-carnitine divided tnto 3 equal dosss.
The dose was then reduced to 4,95 g/day. ] -
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G’oba! eva'uation ~ hoth patients showed dramatic imerovement i
syptomato’oqy.

Subjective - first patient had marked impruvesent in his functiona?®
aby'ities with marked'y :acreased muscle bu’k and strength; secono
pétient had maried improvement in Busc'e strength but not 1n ou'x,
with improved sense of se’’-ne1aq and “tuncliona® abritlies.”

Adverse reactions -~ none.

Sponsor's conc'usions - “L-carnitine greviaged a successfu! treatment
to two patienls with fipid storage myopathy.”

Reviewer's conc'usions. Unce agarn, the safety ana efficacy or
L=carnitine appears to have been demonstraleo In 7/2 patiants. aote,
howeva-, that ‘n on"y one of these was true caraitine arfiriency
demonstrated.

Study #'2. [NEJM 305, 385, 1981

Investigators:

R.R. Chun, H4.D.

H.A. Peters, M.D.

M.L. Katcher, M. 0,

Univ. of Wisconsin Hosp. and Clinics
Madison, Wl 53792

it,E. Tripp, M.D.

Univ. of (iicago

Chicago, IL -

Study Dasign. Open study in 8 patients with gifferent syndromes :o
examine the safety and efficacy of i-carnitine.

Patients nad fo''owing d::3noses:

Patiznt #? systemic (D3
¥e systemic LD
3 motor neuron disease
#4 duchenne duscu'ar wystrophy
#5 myopathic (DS; Juchenne muscular dystropny;
palmity! transferase deficiency
#6 Duchenne Muscular Dystrophy
#7 Duchenne Muscular Jdystrophy
8 Duchenne ifuscular Dystrophy

Patients received tota! daily doses of 990 to 1650 mg.



6 aba evaluatinn. Patient ! - treatment wiih druy Jid noi aiter lhe

ient's conditign but too early to adequately evaluate. Patient 2
- treatment dramatically improved the patient's condition. Patients
3,5,6.7 - treatment did not a‘ter their condition, Patient 4 - toe
PHI"“V tn ‘,‘Vﬂ‘{lﬂla. Pati1ont R - 358 4 s_._.a‘_-at&‘:_

subject ‘ve sva'uation. Pat:ent #2 had deteriorating fam!ial
Cardiomyopathy, witn A1 and syncope, and was reportedly considered 3
cand1gate for a cardiac transpant, After treatment with drug,
cardiac Tunction has norma’ 1zed, digita’is nas peen disConlinued, and
heart size nas returned Lo normal,

Adverse roactions. Patient #' died of respiratory arrest after peing
treated with drug for approximalely 7 weeks; felt only remote

possIbi ity of re'arionship to drug. Patieat #2 had mila Gl sx felt
nossib'y re’atad to treatment witn drug; 1n addition, this patient
had odd body odor, aropably related to drug. Patient #4 noteo
stiffness "and headaches.

Sponsor’s conClusions. Treatment with L-carnitine dramatically
improved the congition of one patient «xith systemic (DS,

Asviewer's conc'usions, Ayree with sponsor's conclusions, as far as
they go. In adaition, 0/3 evaluan’e patients with duchenne Auscular
dystropny and 0/' with "motor neuron Jisease” responaed.

Study #'3,

Investigator:
d.X. Engel, M.0.

Hospita® of the Good Samaritan
L.A. CA 9007

Study Design. Open Study of 22 natients with fo'lowing dx:
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Patient ! myopatniz 25
7 CarniLing responsive ausile Fatigue ind
Lramps

3 - nranahle lipid mynparny anda apJropathy
rd myopathid carnitine aeficiancy

st myopathye rarpitine geficiency

#6 myopatmic carnitine deficiency

87 increased Yipid in muscle at airth

3 'ipid myopathy

2] pitcchondrial aynpathy

20 Mchenne .0,
! duchenne .il.

92 fychenre A0,

#'3 Ocutopharnygeal A.th,

£'4 Raqged Red [ibers-intreased Tioid on Lx
5 myopalnic arnitine def1Cienty

2Yh Ragqed red J1ber f152ase
§'7 vacuglar ayopathy
'R phosphory” ase deficiency
8 Ayophospnory T ase aeliienty
§20 Ragged red fiber disease
20 Ragged red Tioer myopatny LN InCreassa
lipid

¥ vacuo'ar myopathy witn lipid aropl2ts

Patient: received tota! dai'y po doses of up ta !5 g of drug.
Results.

G'oba! evaluation, In the five patients with myopathic s (s
'.4,5,6, and '5), one patient experienced dramatic improvement and
four patients experienced improvenent. In the other patienis, Lnere
was_apparent'y nd effect of treatment.

Adverse reactions. Some 31 adverse reactions were reported 1a ‘U
satients. A'' but three in three patients were 1i'g-moderate ol
effects or fishy body o007, The rzaaining thre2 wers
tremu'ousness/sueating/faintnessINyperventiYntlon ang dizzinass (£},

Sponsor's conclusions. A!Y five patignts ailn ayopatnic carnpiting
JeFiciency benefited by treatment with drug; in onz gatlent ifc
response was draaatic.

Reviawer's conclusions. On tne pasis of such aedger oata, 1 cannot
dispute the sponsor ' § conclusions. It would have been of iaterast LD
know whether laboratory values correlated with the reported ctimica’®
response.

it should also be noted that in this pivotal! study {5 of the 7
patients overall in the NDA with myopathic DS showing improvement-
are from this study) that 4 of the 5 patients were on glucocorticoids
during at least part of the time of administration of carnitire.

Tnis makes difficult interpretation of the effect of carnitine,



Study #4. 1J. Peds. 99, 551, 1981]

Investigator:

A. Slonim, M.0.

Dept. of Peds. Endocrinology
Vanderbilt Univ, Hosp.
Nashville, TN 137232

Styufty Besign. Open study to assess efficacy and safety of
L-csrnitine in COS in 3 patients with cystenic CUS ano one witn
nyuepatnhic CDS.

Patients received between 330 and 1320 mg f po 1drug qd or Qv
mqfed/d.

Adverse reacticiis. None reported.

Resu'ts.

Glcbal impression and nther data. Two patients wit- systemic COS
responded to treatment with drug (walking, speaxin. improved; w)thout
further episodes of hypoglycemia). The one patient with myopathic
CDS did not respond to treatment. It was felt to be tco early to
evaluate the other patient with sSystemic CDS.

Adverse reactions. Single episode of a "viral 11lness.”

Sponsor's conclusions. Treatment with druq was oeneficial teo two
patients with systemic (DS, One patient wilh myopatnic carn:iting
deficiency did not respond ro.ireatment. -

Reviewer's conclusions. darked 2fficacy appears toy nave oeen
demonstraten in Z/¢ patients with Systemic Cui. Ineffective in tne
one pati- at with myopathic DS, Again, n¢ sarety prob'exs,

Study #'5 - only patient in study unevaluable,
Study #16. (J. Peds. 10', 700, 982}

Investigator:

0. va'lte, 4.0,

Peds. Genetics Clinic
The Johns Hopkins rHosp.
Balt,, "0 21205



H,
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Crors Degine_ Mhen gQQQy_gf_g ging?a nattent to assess tne safeiy
an, efficacy of L-_arniiing In syscesl-. Lo,

R3Sd LS.

G'chal evaluation., Orug aas "Tife-Seving” 1o patient.

Clinica impression., Pati:nt w#as in exire - sorder’ine OV status
g4eSpIte CAYoNIc HX wW'In 2330XIn and draret - L, Wilhyn ene hontng
thera w»as obvicus improvement.  Afler S omonthe ot theradpy, he
patiant’s Clina a” status was "narmat,”

Objective gata. {ir5:7mega’y s weasurod on AR mproved marseq’y.
:“0':"—:} ‘!:_‘V!E"S I_EC!!-.__!a-: E-‘nj‘ g:a'a_‘"-i v:-_:. -lrla'l- ) are LI aiiT_i'sE_‘ {.—(J -1.3—;a_.u
after traatmenl in' JO.3-44.%;.

Adverse Reaclions. «A0ne reaorted.

Soonsor's Conc'usions. Aarked'y successfu’ treatment in tnis pati=nt,

Reviewer's (nnglusions. Concur with atoye.

Study 287,

Investigator:

E. fonkus, 4.0,
Dept, of Peas.
Div. of Neonato'ogy
Univ. of HAiam
Schoo! of Aedicine
=1iami, FL 3O

Study Jesign. Open study with two patients, one with reign’s )
encepha'opatny (patient #1), the otaer wiLh <w’ashiorkor {patient =Z),

of the safety and efficacy of L-carnitine.

Patient #' received a tota) ora' datly dos2 of ¥30 ag of
t carnitine. Patiant #2 was aaintained on 7320 wg/day.

Results,

Globa! evaluation. Patient f' died aproximately iwo months after
beginning therapy; demise unrelated to Jdruyg againistration, according
to investigator. Patient #¢ improved in rasponse to treatment wita

L-carnitine.



Llinica! impressica, It patiant 82 5!!3:“!‘.“.-']-‘)" mproved agtrition

......

improvenent ; unknown Now huch dryg contr:bu_ed.

Adverse Reactions. Oeatn of one patient, felt unrelateg to drug,

anclutions, Jrug was beneficia?! tg patieat «itn

LTS

Revieser's conclusigns. Uneva®uable.

L.0. Prockap, .0.
ﬁnlv. of So.
Tanpa, FL

i:yiginn nf H

Study Oesign. Open study of a sing’e patient witn myopathic wiS,
severe raspiratory fatlure and musc’e waakess of the safety ang
efficacy of L-carrnitine. Patizat was treated Jith "0 ,ul0 mg qo
D,L-carmitine iaitia?ly, tapered to 4000 mg D,L-carmitine, now
maintatned on 980 mg/4 L-rarniyine,

Resu'ts.

Globa? impression., According to investigator, drug was life-saving
to patient.

{linica® impression, Patient's lYong-standing auscle weakness,

flaccid paralysis and nypoxiC Orain Jamage were reversed
substantially by drug the-capy.

Objeztive, Patient was anle to be weaned from ventilator, regainea
07% of oredictea respiratory funclion and approxinate’y wi of norma?
musc'e strength after arug tneragy.

Advarsa reaction. Question of -ai'd oista’ nuabness of toes,
transient, fa't remote’y ‘ixe'y to be re'ated ro druj.

J.  Study #'9.

Invesiigator:

€. Sansaricg, M.D. :

Dept. of Peds. U
9"0 M. Ctl".

New York, NY 10076
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Study Design. Open study of a sing’e pat:zat with
the safoty and efficazy of L-carnitine.

I
[
¥
2]

-y

Sysiamic

The ane year o'd ma‘e ;atient receivied 65 - 330 mg of drug po ud.

Resu'ts, Patiant 2ieq :.f raspiratory fairture f2n d
nitraticn of therapy, fe't by nvestigator unrelat
therapy. A'sp f='C duration of itherapy too short i

Sponsor’s conc'usions. dnevaluan’e.

fRoyipwer's conc'usions. Unevatuab'e.

Study #20.

Investigator:

8.C. Stands, 1.0.

Jledica' Park Peds. & Adolescence, P.A.
Richland rledica?! Park

Co'umbia, S.C.

Study Design. Open study of a single patient witn

-~
ey

systemic (05, with

Ax based on -ubnorma? leve'!s aof L-carnitine in muscle, tiver, and

b'ood. Patient receives dosage Y90 ng/d.
Resu'ts.

G'sna? svaluation. Patient dramatica'’y improved.

C'inica' impression. Drug ended recurrent comatose episodes.

Adverse reactigns. None reported.

Soonsor's -onclusions. Orug benefica’ in this patient.

Aeyviawer's —ons‘usions. Loncur,

Stusy =z".

investigatar:

£. Cnandar, A.0.
Division of Neuro‘'ogy
Jdt. Sinat Hospital
Cleveland, 0



Study Degign. Dhen study 1o assess the efficacy and safety of
L-carnitine in a single petient {7 yo female) with =oopatimc DR
Dosage ranged from 1980-1? 880 =mg po qc.

Resu'ts,

G'oba' evaluation. Drug did not a'ter patient's condition.

C'inica’ mmpressioun. W0 appareni increase 6 muscle strengin during

study.

Saonsor's conclusisns. N response 1 tmis patient.

Study #7¢.

Invastigators:

R. Cruse, 0.0.

R.S.K. Young, 4.0.

Dept. of Peds. Neurology
Hershey Med, 3ch.
Hersney, PA Y7033

Study Design. Open stuay of two patients (3.5 and 6 yr) with
svstemic Cgh of the safety and efficacy of L-carnitine. Patients
initia''y received ora' gose of ‘380 mg, 'ater reauced to '320 mg.

Resu'ts.
G'oba’ eva'uatian. Ooth patiemts improved on drug. -

C*inica® impression. Episodic attacks of coma nave ended in one
patisnt, and the second reaains «itndul Sy:nptoas.

Agverse resactions. Transient Ypose stcols in both patients; Fishy

odor noted, e'i1a1nated with decreased dose.

Syonsor's Conc'usions. Both patiants with Systemic tD3 penefiteg.

Reviewer's concusions, Concyr.

i
P—



N. Study #23.

Investigator: .

D.L. Ehrenreich, M.D.
buffalo Med. Grp.
Buffalo, NY 14203

Study Design. Open study of. a single patient, 41 yo female, witn
ipid storage myopatny, of the safety and efficacy of L-carnitine.
Drug was bequn at po dose 4 g gqd and gradually taperea 10 zero over

14 months.

Resu’ts.

—— - —

G'oba! evaluation. HNo e!fect of drug.

Clinica! impression. "Shortly after lastituting treatment witn
Theragram (while sti'? on carnitine!, thare wac a dramatic
improvnent. Carnitine “evels were not found to pe ‘ow in :usc'e or
serum. Lipig storage myopatny was “cured® when repeat muscle ox
perforaed. Improvement was maintained after traatment with
L-carnitine stopped.”

Adverse reactions. Joderate burning ana pain in nee's and left hip;
fe't on'y remote possipi’ity of re'ation to drug.

Sponsor's conclusions. No effect in this patient.

Reviewer's conclusions. Concur.

0. Study #Z4.

Investiqators:

R.C. Griggs, .1.D.

Deot. of Neurology

University of Rochester Schoo! af Jed. anu Uentistry
Rochester, #Y 14642

Study Design. Op2n study to assess the safety ana efficacy of
iL-carnitine in tw0 male patients (ages 3 and 'H), ane witn
mitochonaria® myopathy (¥, age 3), the atner Jitn ayopatnic 03 (7c,
age ‘o). Patients dosages ranged from 1320-1960 mg po qd.

Resu’ts.

Global! evaluvation. No effect of drug in either patient.



Anverse reactions.
related to drug.
mo after beginning

-13-

‘Both patients experienced mild GI sx, possibly
Patient #) died of respiratory failure, approx. Z.n
drug (no mention of relationship to drug).

Sponsor's conclusions, No effect in two paticats, one with

mitochondrial myopathy and one with myopathic CDS.

Reviewer's conclus

ions. Concur.

Study #25.
Investigators:

P. Hartlage, M.D.

Depts. of Neu

ro and . ads,

Medical College of GA
Augusta, GA 30912

n study in two patients, 3 yo F with probable

Study Design. Ope
systemicufas (#1) and 7 yo M with lipid myopathy. #! received oral

dosage '980 mg qd;
Results.
Global evaluation.

Adverse reactions.

Sponsor's conclusi

#2, 990 mg qd.

No effect of drug on either patient.
Transient "intestinal! flu® in patient #2.

ons. No effect of drug.

Reviewer's conclusi

ions, Concur.

.-z

Study #26. [Johns Hopkins Med. Jour. ‘b?, 196, 982]

_ .nvesg;gator

H-ﬂl 340587‘, l‘ D.

Juf. Kenned*
Ba‘t.. D 21

Inst. for Handvcapped Lhr‘dren

205

#2, 5 yo i, Patients received dose of ¥80 mg po qd

Stud¥ DESI%n. Upen study in two patlents with adreno’eukouystrophy,
yo i3

(p‘us clof ibrate).
Results.’

Global evaluation.

No effect of drug.

“Clinical impression. ‘No effect of drug. -~ - —
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Sponsor 's conclusions. Drug ineffective for twe patients with

" were unvesponsive to treatment.

adrenoleukodystrophy.

Reviewer's conclusions. Concur,

Study #27.

Investigatnr:

C.A. Stanley, 4.0.

Division of Endocrinology/Diapeies
Children's Hosp. of Phila.

Phila., PA 19104

Study Design. Open study to assess the safety and efficacy of
L-carnitine in the treatment of 2itner 'ong-chain acyl!-loA
dehydrogenase or medium-chain acy!-CoA dehydrogenase deficiency.
Patients received approximately 100 ing/kg drug po qd.

Resu'ts.

G'oba! evaluation. HNo effect of drug in the 3 patients with medium
chain acyl-CoA dehydrogenase deficiercy. Improved the condition of
the patient with 'ong-chain acy!-CoA aenydrogenase.

C'inica?! impression. The patient with long-chain acy!-CoA
dehydrogenase def iciency was treated with L-carnitine and special
diet. There was gradua’® improvement over 8-12 weeks. Heart size was
reduced to upper normal leve! and muscle strength was much improvea.
1 How much is relative cont~‘bution of diet vs. drug.

Adverse reactions. None reported.

Sponsor's conclusions. Drug and diet treatment resulted in
improvement in one patient with Tong-cnain acy!-CoA dehydrogenase
deficiency. Three patients with medium-chain acyl-CoA dehydrogenase

Reviewer's ccnc‘usions._ Concur, tnough as noted, it is difficult to
know tne retative contripution of drug vs. diet in the resonsive
patient. :




S.

T1.

Study #28.

Investigator:

J. Patrick, A.D.

Chitdren's Hospita! of Eastern (ntario

Ottawa, Canada
Study Design. Open study of L-carnitine in two patients, one (#1)
41th "hepatic malfunction® (1.5 yo 7). the other (#Z) ~itn
Hirschsprung's disease of 'ong segment/snort bowe! Syndrome/jaunaice
{' yo ). Patieats received 350-66U mg pG qd of drug.

G'oba' impression. In patient =#'  drug was Tife-saving; wn patiant
#Z, treatment improved patient's condition.

C'inica' impression. Patient #': 1n response to treatment, patient
lost fetor hepaticus, became more alert, and opegan taking solia
foods. A's , she to'arated nigh protein, nigh carbohydrates, low fal
intake, and had decreased hypotonia and improvement in sitting,
ba'ance and equi’ibrium reaction. Increase in musc'e oulk and
strength was ohserved and ketogenesis was increased.

Patient #2: dJas in pre-morbig state before treatment; patient
expired approx. 3 weeks after initiation of drug.

Objective. In #1, treatment increased both total and free serum
L-carnitine. After 1 yr of treatment, total serum Tevel was
increased from 20.0 to 56.3 nmo'/L while the free level was increased
from 12.2 to 5'.°.

- - -

Adverse reactions. Patient #1 experienced vomiting and increasea
seizures ({ re'ated to drug). #Z 2xperienced respiratory distress,
hepatic failure and expirea aftar agprox. 3 weeks on druy.

Sponsor's conclusions. Treatment with drug was life-saving to one
patient with hepatic malfunction/scarnitine aeficiancy.

Reviewer's conc’usions. Concur.

Study ¥ 29.

Investigator:

o ..—.Portland, R 8722 _ . ___ _

J. DiLiberti, #4.D.
Emanuel Hosp.
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LR, Schimschock, 4.0,
2525 N.W. Lovejoy
Portland, OR 9720

Study Design. Open study of L-carnitine in two patients with
systemic (DS; #' an ""mo old F, #2 a 7 yo r. #! received dosas of
990 mg po qd, #2 Y9RC mg po qd.

Results.

G'obal evaluation, Trealment dramatically improved vetn patients,
Clinica? impression. #! seems ‘ess prone to dacompensations,
infectious and metabo'ic, since oeginning drug. #Z2 is neproleygically

and saci1a'lly tmproved.

Sponsor'; conclusions. Treatment was beneficial to ooth patients
wilth systemic CDs,

Reviewer's conclusions. Concur.

Study #30. [Lancat 5/19/82, pp. '411-2]
Investigator:

€. Roe, M.D,

Divison of Peds. Hetab.

Duke Univ. ied. Ctr,

Durham, HC 277'0
Study Design. Upen study of eag patient, a b.> mo ola o, withn
propionicacidemia ('prapion¥1 CoA carboxylase deficiency). Patient
was treated with po drug, '00mg/kg for 8 montns; dose was then
reduced to 50 ng/kg.
Resu’ts.
G'oba” eva'ual.on. Orug dramatica’'y improved patient's congition,
t'inica® imoression. rlarked'y taproved perfonnanbe on Denver
vava'opment Tesr and increased Ausc'e strength.
Adverse reactions. Transient aiarrhea, possioly relatad to drug;
Tntermittent hyperammonemia, unlixely to oe related tu druy; apneic
episodes, unlikely to be related to drug.
Sponsor's conclusions, Drug was beneficial to this patient with

—--- —DPOPIOMCACHIOMI A~~~ -~ —— = oo T e e oo mm oo e

Reviewer's conclusions. Concur.
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V. Study #31, [Feds. Res. 15, 633,1981]

Investigator:

C.L. Hoppel #.0,
Division of C'in. Pham.
V.A. Med, (tr.
Cleveland, O 44!054

Study Design. Open study of L-carnitine 1n two-patients with
systemic DS; #1 wa- a 4 yo F, #Z2 a 9 mo. #. #! received 30-125 my
po qd; #7 received 00 mg/kg/d.

Results,

G'opa" eva'uation. Brug was 'ife saving to patient #! and wmproved
the condition of #2Z,

Clinica® imprassicn.  Treatment reportedly greatly improved skeletal
musc'e and nepatic and cardiac function in #1. In #2, no recurrence
of pra-treatmenl acute problems, inc'uding nypotonia, weakness,
nhepatomegaly, and hyperglycemia.

Objective. In #1, plasma levels of L-carnitine were increased from ¢
to 37 after treatment.

Adverse reactions. In patient #2Z, itransient aoderate diarrhea and
penunonia were reported; faelt only remotely likely to be related to
drug by investigator,

Sponsor's conclusions. L-carnitine was life-saving in one patient,
benaficial to the other.

Reviewer's conclusions. Concur,. Also, 1 have a nigher index of -
suspicion than the investigator that the diarrhea in #2 was
drug-retated.

X. Study # 32.

Invastigator:

C. Imbus, 4.9,
Rancho Los Amigos Hosp.
Downey, CA 90242

Study Design. Open study in a single 5.5 yo M patient with myopathic
CDS. Patient received total po dose of !650-1900 mg of drug.



i.

Resu'ts.

G'obal evatuation. Drug improved pationt'= conpdition,

Clinica! impre-sion, Iavestigator reps-ts that patient nas fewer
adventitia! movement: and experienced  #sarkaole weight gdin,

Adverse reactione. [reatment with drug was bequn in 12/81. Seyere

di1ar rhed was repartcd the <ame aponth. The diarrnea supsideg after
the dn=e of L-carniiine was reduccd from 1980 mg to '6b0 ng gd,  dose
was Yater increased ! 1980 mg witn recurrence of diarrhed.  la 3787,
fpver yomiling, counning and draining of £ars was reported.  Vomiling
was reporLed tn '/87.  The investigator dees not indicale his i1agex
of sucyicion at: .l Jdryy-reltabsdness.

~ i
L]

Sponsor’s conclusions. itrug wdas neneficial Lo this single pat”-nt
with myogatmie (05,

Qeviawer's canc’usiani. Concur, IL appears that one dlarrnea
report2d is drug-retated.

Safety Considerations. Of Lhe ob patients prewcnted \n the chinica!
protaco's of the ADA, for 37 tnere ~as reporled one or .qore adverse
reaction. The overwnelming majurity of tnose were I1n twd

categories: (') vl syaptoms, usually mild-moderate diarrhea and; {Z)
“fishy” body odor. In no case reported aid either of thase
constitute or _iuse major mo-vidity or mortality, and symptoms were
uften diminished or eliminated by a reduction in dpse.

Seven dazaths occurred in patients in the various prolgcols, with
cause ~f jeath listed variously as cardivrespiratory
distress/progressive hepatic Failure (1), pneuwnonia i), hypulension
and hynoventilation (1), respiratory arrest/failure (4). In all
cases, the re’ationship of the patient's Jemise to drug
administration was fe't by the repective investigators Lo ve remote;
in most cases, the patients were extremely i11 winen therapy was
begun, The age range in these patients was !4 ma to 7' years;
'ikewise, there appeared nothing systematic in their diagnoses or
dosage of drug.

In sumnary, safety of this natura® product in tne patient population
for whom it is intended and at the dosages administered {up Lo 13
g/d) appears to be demonstrated. Advers2 reacticas were coilton,
consisting overwhelmingly of GI symptoms (approximately 30-40% of
patients) or fishy body odor (approximately 10%), out these tendea to
he transient and mild.

5{51;@51_Cnnsfdergtions.

The patients included in the various studies include numerous'®
diagnoses, many of them extremely rare, as shown on the next page.



INDICATION

HUMBER OF PATIEHTS

Syttemis carnirine deficiency

fAiyopachis carnitine deficiency

Ductenns Muscular Dystrophy

Lipid stulaye myopathy

Raqggrd Red Faber Discasa

: Bicochondrial myopathy

rdrenal Leukodystrophy

Eedium chain Acyl CoA dchydiogenase deficiency
Lung chain Acyl Cch dchyJLOqena§p deficiency
Propionyl Coh carboxylase deficiency

Motor Weursn Discase

Oculopharyngeal Muscular Dystrophy

Vacualar myopathy

Carnitine responsive muscle fatigus and cramps
Phosphorylase deficiency

kyophosphorylase deficiency

Cardiac myopathy

Leigh's Encephalopathy

Awashiorkor

Hepatic malfunction T
Hirschsprung's Dizease

e ]
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Brlow i chawn a2 tabylation of the investigators' global scwpcamentc
of al? patients, arranged by diagnosis; these ars ths givotal 23%3 sn
which of {1 acy can be Judged:

. e meme L ee e .
LIAOAL AT B awMENT

LIFE- “URAHAT i i
INDICATION _BAVING | IEPHOVIMERT | TMERGVEMENT | !
gt ems carnitine Aeficiency A 3 : . i
siptatlay carmitine deficiency 1 i 5 7 =
Lp. 1 storagqe myshath- o 2 1 i o
1p Y B Patee Ny=pags [+] a 1 z
whivredt 1al mypalny ] 2 a i o
-aa' lrukodvstraoLiny a 4] H z i
v chiain &y CoAa dehyc ogerase o n 0 1 i
CITiene Y
4 chain Acyl CoM dehydrogenasa 0 0 1 0 o
ficiency
wy 1 CouA carboxylase deficlency o 1 o 1] 0
ur Heuron Drscase 0 0 Ly 1 [\
nne Muscular Dystrophy 0 0 0 - 4 L
Aupnaryngeal Muscular Dystrophy 0 - 0 0 0 0
ualar mycpathy v ' 0 o] 1 o
it responsive muscle fatigue I 0 1 1] 0
Jd cramps .
2t:horyliase deticiency 0 0 0 0 G
vhoaphorylase deficiency o ~-0 . ] 1 0
dinc myopathy 0 (1} o 0 9
-h's Lncephalopathy 0 0 0 ] L]
.ahierkor 0 0 1 ¢ D
atie malfyngtion 1 [¢] 0 0 0
..ch:yrun@'gbisr—ase 0 0 1 o 0
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smalt to draw aeantoata’ conclusiens apout crrinacy, ospecially sing
1IN MANY ©ALES The Srecise Gidgansis 1+ - Tigely ta B in doust.

Scteatific, The ditircutiiss 1aheranl in éEvatuai 1o} STRI1ES Sudh as
inooe rdb,-n,_Lmj ip thte ROAR Taf & qeicrainst ot of =1§ 10 acy #fe-
abvious: tie e is a paucity ul ubjeclive dala: Lhe Lutal numbers of
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huwever . twG Consider 5 that are critica’, First, thare aro th
cons stant juagements of experiencea acariemic ana otner (tinica?
.nyp:t=qa'nf’ that the 1rgq ranraves, aften nramatzca”y, somet nms
in a 'ifesaving way, patients' cliniza' status secund, dany of Lne

patients.with the uiaqnﬁses for anich er.rcacy agpears [0 nave Deen
demonstrated {svstem:c and myopainic carniting deficiency,
respective'y) are excrame’y 17 apribund or even In extrems, and no
consistent, siygnmificant a'ternative tnerany exists, AN Tast,
L-carnitine appears to ne quite sar2 in tmis patient ponulation in
the range of dosages ad=inistered.

It should be noted thai the evidence for efricacy in myepathic LUS 1s
Tess compe11lng than that for systemic LdS. rive of the ) patients
reparted in the NDA with myopathic CD. #ho improved on carnitipe are
from a single study, #'3, ana four of tnose were treateg with
q'ucocoyrticoids during at Teast part of twa tine of admnistratjon of
carnitine. This makes interpretation of the erfect af carmitine
atone difficu't: on the othar hand, tne srincipa’ investijator for
this study is quite experienced ana #2° =varssu In (N nuances or
myopathic (DS (as i< evidenceg ny tne “arje nunoer of patients he aas
accunu” ated).

In summary, data from the stuaiss descriosea n2r2in ar: alequat2 o

support tne safety and 2ffectiveness of o-Caraliipe 10 L2 crzat.aent
of systemic carnitine dericiency or myopalhic carpitine veficizncy.

Requ'atory. This RDA shou'd be approved.



VIIL. PALIFNT INFUREATIOR TRSERT
The gratt insert is approvable wilh Lhe 10:'owing Corrections
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reaa, " . . in the treatment of sytiemic def 1CiSncy oF
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2. Unzes Dotage and Administration ve . Y, iU Shou'd De noted
that decrcasing tne gosage often dr-imishes or =lininateas
drug-re'aled satienl body odor or gastroigissiinal & yfpiloas
waen gresent,

3. Unier Dos. je and Adminicstration, Intarts anag crmildren on
p.”, "ora™" is misypelled.
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REVIEW UF CHEMISTRY AND MANUSACTURING CONTRULS

Hon plg-agn

c DivItyo MCDPR, HOFY 810
C'ne.r:‘; 334 R-“.'i::“a 4
n'.rgncan*: SIGHA-Tau, Inc. HoioWing Cherust: M.E. Bennett

Aurirens . Holiel, New Jelsey 67713

inte Compistea-  Novemoer, 1955

rroduct Hamelel: LCARHITINE Carr:corR

DUsage Formils) and Rodte(s) of Adminisir.. .ion:  Cral

Prarmacoiogical Category and/or Principe Indication: leﬂb af-\d

e —

rEmmeaede. | it a-hydroxy -qamma- trimethylamino butyric acid inner sait

Structurai Formuia and Chemical Hald::

UAN . PR
{,;H NS ,u-gH-c\Aa —CGO

Initial Subm:ssion: March 21, 1983 substantive Amendment June 14, 1983, See
Chemist Review §2.

Amendments: See Chemist Review §3, 11/9/84, 12/27/84, 1-7-85, 2-5-B4, 3-1-85,
" 6-14-85, 7-14-85, 1-25-85, 7-25-85, 7-31-85, 9-13-85, 10-17-85, 10-23-85.

“omarks: Amendments clearesd most of the deficiencies in the chemistry and
_-wwfacturing controls. 1!

. Labeling and labels are
approvable with chemical name revised as indiccted above - need FPL.

Conclusions and Recommendations: From chenistry and manufacturing controls,
this application may be approved. Applicant should be requested to submit FPL.

B &7 e for M, z’wﬂ‘

Martin K. Bennett, P.D,
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HPN-810/MKBennett/11/18/85/sw/12/6/85
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NDA 18-948 April 22, 1985

SIGHA-TAD, Inc.
North Beer Stree.
Holmdel, New Jersey 07733

Griginal Submission Date: February 8, 1983
~mendment: {3.1) June 27, 1983

Withdrawn October 23, 1963,
Resubmitted: Auqust 13, 1984

Pharmacologist Revie< and Evaluation of Ph= macology and Toxicology Data
Drug: I-~Carnitine Tablets: The drug substance is the synthetic form of
natural i-carnitine.

Chemical Formula: L-beta-hydroxy-trimethylammonium butyric acid inner salt

Source of Drug: Sigma-Tau Industrie Faimaceutiche Riunite Spa, RCre, Italy.

Proposed Clinical Use: 7Tne correction of systemic carnitine deficiencies.

Related IND: 17,819 L-Carnitine Tablets and Oral Solution.

Background Information: The original submission of the NDA contained a review
by the sponsor of some 20 publications dealing with the pharmacological
functions and the toxicological aspect of carnitine, and reports from toxicity
tests performed by _

These wera:
. acute tests in mice and rats,

. subacute tests in rabbits, one with 1.V, doses of
d,l-carnitine for 24 days, and one with
l-carnitine I.V. for 30 days
. chronic tests: one in rats with l-carnitine administered 1.v. for 180
days ard one in dogs with l-carnitine administered
intramuscularly for 180 days.
. Reproduction/Teratogenicity tests in rats and rabbits with I.V. and I.M.
administration,
» Mutagenicity tests (Ames) in rats )

MY 8 ;s



While the review by the sponsor and the reports of the preclinical test
furnished a considerable amount of information on the drug's properties they
did not fulfill the requirements of the Agency t0 an extent to be considersd
acceptable for the support of the MDA, principally by the technical
considerations of the submitted preclinical tests, such as the small numbers
of animals used in them, the inappropriate routes of drug administration not
applicable for the intended clinical usage, and the inadequate duration of
drug administration applied in these tests.

Consequently the sponsor was informed that the then submitted preclimical
test: results could not be accepted,and le was notified on June 17, 1983 that
chronic tests in dogs and rats of 12 months dur:tion had to be performed
according to FDA Guidelines, also reproduction/teratogenicity tests in rats
and rabbits.

In a later telephone conversation between Dr. Klein of Sigma-Tau and Dr.
Sobel, Dr. Klein was informed that the teratogenicity and carcinogenicity
tests could be deferred and perhap waived, and that long-range studies were
not required for this drug, because of its nature and p.oposed clinical usage
for correction of carnitine deficiencies,

Studies for the pharmacological characterization of l-carnitine to be
conducted by or for the sponsor also were not requested by us because it was
felt that the voluminous amount of publications covering clinical and animal
pharmacological aspects obtained by intensive modern investigations in the
last decade would provide sufficient information for the description of these
functions of carnitine and would serve as support for the NDA. A collection
of over 40 publications, 29 of them dealing with tests in animals published
in 1982 was submitted in the amendment of August 4, 1983, and 4 more volumes
with publications were submitted in the amendment of December 27, 1984.

Pharmacology of I~Carnitine:

The study of the voluminous material submitted in the NDA and its amendments
was facilitated by the fact that modern text books on biochzmistry do contain
detailed descriptions on carnitine, its biosynthesis, functions in lipid
metabolism. To mention a few: . -

*Biochemistry, The Molecular Basis of Cell Structure and Function®, by
Albert Lehninger, The John Hopkins University, Worth Publishers Inc.
Second Edition, 1975. :

*Principles of Biochemistry" by Abraham white, Distinguished Scieut.ist‘,
Syntex Research, et al., McGraw-Hill Book Company, Fifth edition 1973.
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Transfer ot Carnitine:

Long-chain saturated fatty acids have only a limited ability to cruss the
inner membrane as Coh thioesters but their entry is greatly stimulated by
carnitine. This substance was long known to be present in animal tissue but

its importance went unrecognized until it was found to be an essential growth
factor for the mealworm Tenebrio Molitor.

1. =, Fritz and others showed that the stimulation of fatty acid oxidation by
carritine is due to the action of the enzyme carnitine acetylt ransferase which
catalyzes the transfer of the fatty acyl group from its thioester linkage with
CoA to an oxygen-ester linkage with the hydroxyl group of carnitine. The ac’l
carnitine ester so formed then passes through the inner wmembrane into the
matrix, presumably via a specific transport system.

Transfer to Intramitochondrial CoA:

In the last stage of the entry process the acyl group it transfepbd fron
carnitine to mitochondrial CoA by the action of a secondary type of carnitine
acyltransferase located on the inner surface of the inner membrane:

Acyl carnitine + Coh acyl-CoA + carnitine

This complex entry mechanism, often called the fatty acid shuttle has the
effect of keeping the extramitochondrial and intramitochondrial povls of Cah
and of fatty acids separated. The intramitochondrial fatty acid - Coh aow
becomes the substrate of the fatty acid oxidation system which is situated in
the inner matrix corpartment.

! n a second pathway, the acetyl group i . of acetyl-CoA is
enzymatically transferred to carnitine which acts as the carrier of facty
acids into mitochondria preparatory to their oxidation. Acetylcarnitine
passes from the mitochondrial m -=rix through the mitochondrial membrane into

Cytosol and acetyl-CoA is thenregenerated to transfer of the acetyl group from
acetylcarnitine to cytosol CoA.*

While the majority of the submitted publications deals with actions of the
long—chain carnitine acyltransferases which according to several
investigations are Jocalized to mitochondria in liver, heart, kidney and
skeletal miscle, some interest exists now also for the short - and
intermédiate chain CAT and carnitine acetyltransferase activities Awat have
been demonstrated to be present not only in mitochondria but also in
peroxisomes and microsomes in the liver (CH.. Boppel, "Carnitine and carnitine
Palmitoyltransferase in fatty acid cxidation and ketosis®, in Federation
Proceedings vol 41, no. 12, 1982, quoting from Markwell et al: “The
subcellular distribution of carnitine acyltransferases in mammalian liver and
kidney. A new peroxisomal enzyme®. J. Biol. Chem. 248:3426, 1973).




The issue of the occurrence of short - and medium chain CATs in peroxisomes
was treated by Bieber and co-workers in the article® Possible functions of
short-chain and medium-chain carnitine acyltransferases®, in Pederation
Procedings 41:2858, 1382. These investigators stated that they had
demonstrated both short - and medium-chain CAT activity in microsomes,
peroxisomes and mitochordria in pig and rat liver. They made reference to a
report by Lazarow and DeDuve "A fatty acyl-Coh oxidizing system in rat liver
peroxisomes: en”hancement by clofibrate, a hypolipidemic drug®, in Proc.
Natl. Acad. 5ci. USA 73:2043, 1976. They postulated that the enzymes in

peroxisomes are active in the shuttling of beta-oxidation chain-shortened
products out of the peroxisomes in“to the liver, and for possible other
functions,

The action of clofibrate on the functions of peroxisomes in rat livers wa-.
also describ»-d by Lund and Bremer in their publication “Carnitine Acyl
Transferase - Effect of malonyl-CoR, Fasting and Clofibrate feeding in
Mitochondria from Different Tissues” in Biochemica et Biophysica Acta
750:164,1983, According to this study, clofibrate increased the carnitine
acyltransferase activity of intact peroxisomes in a manner different from that
resulting from fasting, and their conclusion was that clofibrate feeding
showed a preferential increase in activity on the medium - and long-chain
substrates. The authors also noted the significant increase in the size of
the livers caused by clofibrate but unfortunately they €.} not attempt to
correlate this phenomenon to the function of :clofibrate in any direction. The
authors were biochemists, not pathologists.

The effect of clofibrate was investigated also by small et al., reported in
“Localization of Carnitine Acyltransferases and Acyl - beta Oxidation enzymes
in Small Intestinal Microperoxisome of Normal and Clofibrate Treated Mice," in
Biochemistry International vol, 7 no.2, 1983. This study was conducted at the
University of Manchester, Department of Biochemical Sciences. The authors
stated that in the rat, mouse and human liver, fatty acid is oxidized in two
subcellular sites, the mitochondria and the peroxisomes. The first enzyme of
the peroxisomal fatty acid oxidation system is an H30; producing acyl-Coh
oxidase whose activity is greatly increased in rats and mice by hypolipidemic
drugs (clofibrate). ‘The possibility was raised by the authors that the
intestinal peroxisomes might modify the chain length of luminal fatty acids
that subsequently are esterified and released into the blood stream as
chylomicra. The ciose distribution of the peroxisomes to endoplasmic
reticulum was brought up at the very end but not further elucidated with
respect to the functions ¢f the.endoplasmic reticulum,
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Another article dealing with the functions of the peroxisomes and their
requlation is that by Debeer and Mannerts of the University of Leuven, Belgium
{*The Mitochondricl and Peroxisomal Pathways of Fatty Acid Oxidation in Rat
Livers”, in Diuabete and Metabolisme (Faris) vol. 9:134-140, 1983)that

need menticning because it described and debated tho action of malonyl-CoA as
modulator of the carnitine-acetyltransferasc system, and of the processes in
peruxisomal fatty acid oxidation. It is pointed out that until recently,
long-chain fatty acid oxidation in liver was cunsidered to occur exclusively
in mitochondria and "its regulation was generally considered to be inve:sely
related to the requlation of triglycerol synthesis,®™ but that it is now
recognized that peroxisomes are also capable of oxidizing long-chain fatty
acids, while 1nactive t-wards fatty acids zhorter than ocismuic acid. This
article is cited here in this review mainly because it tooc addresses the
action of clofibrate and of other chemicals in increacing peroxisomal
beta-oxidation that also shara the property of causing peroxisomal
proliferation and lowering serum triglyceride levels in circulation. The
authors concluded that the contributions from peroxisomes to fatty acid
oxidation is minor compareu to that from mitochondria but it is not clear fium
their discussions whether the actjon of clofibrate and related substances
enhances the contribution rate and by what mechanisms it causes the
Njstological proliferation of hepatocytes. The investigations by Farrel and
dieber in the same area, of the properties and effects of hypolipidemic drugs
on mouse liver peroxisomes ("Carnitine Octanoyl Transferase of Mouse Liver
Peroxisomes” in Arch. Biochem. & Biophys., 222:123-132, 1983) arrived at the
conclusion, among others in this very complex report, that peroxisomes from
drug-treated mice were broken at a higher rate than those of controls {60% vs
20%) indicating thet hypolipidemic drugs enhance peroxisomal membrane
fragility. The drugs used in these trialfwere clofibrate, nafenopin and
WY-14,643,

The matter of the peroxisomes and their responses to hypolipidemic drugs is of
interest beyond that of their contributions to lipid metabolism because the
now emerqging experience in the cited publications appears to give a new
pictvre and concepts for the actions of the hypolipider = drugs even of
different chemical nature, as peroxisome proliferators und their tumorigenic
properties that may need a complete revision for their significance.

A very interesting publication for a specific action of carnitine is that by
Casillas and co-workers, at the Department of Chemistry, New Mexico State
University entitled "Carnitine content >f rabbit epididymal spermatozoa in
organ culture®, in Jout.Reprod. Fert. ©5:247, 1982, After reporting previous
investigations by other workers, starting with that of Marquis and Fritz in
1965 in rats, they report their own with bull, ram and rabbit spermatozoa
describing a very high concentration of carnitine in the epididymis and




demonstrating the rol - of carnitin- in rthe maturation process of spermatozoa
during their passage through the -:pidicdymis. The presence of carnitine in rhe
epididymis is established, and that its produciion is under the requlation by
testosterone. In the present study, the presence amd -t ion of cavailine N
different. sections of the epididymis was investigated Lv an in-vitro set-up
using single epididymal tubulcs. This action of Lestoste:wie wWas abolished by
additicn of cypriterone to the culture medium. Carnitine was taken up by
spermatczoa in tubules taken from the caput but not from the czudal section
{probably because the caudal spermatozos have conpleied the maturation process
and are not needing the stimulus from carnitine). (It has been known for a
long time that sperm undergo a maturation process durina their bassage through
the - pididymis that resulted in initiation of their capr-ity to swim and to
becuik: capable of fertilization (capacitation). This action was cutrectly
ascribed to mitochondria located at the base of spermatuzoa) The publication
by Huckle and Tamblin confirms :he finding. of the cited investigators and
expands the knowledge of carnitine functions on sperm ®Purification and
Properties of carnitine acetyltran:ferases from bovine spermatozoa and irear e ™
in Archives of Riochemistry ang Bigphysics vol. 226, no. 1:94,1983).

For a corresponding situarion in the femaie it wa: found by Custa and
Stevenon that concentratinns ot carnitine :n the ovary of rat: and of
acetylcarnitine increased 3-fold after gonadotropin stimulation, and in
norisally cvulating ovaries during the periods of rapid steroidogenesis in the
luteal phase. ("Changes in Coenzyme A and carnitine concentration in
superovulated rats", BBA 792:130,1984). The carnitine appears to be pruduced
in perpxisomes located in ovarian tissue.

Other Investigations in Animal Models:

Other publications among the submitted material describing a wide variety of
investigations in animals are not reviewed in this review because they
concerned mostly specific phases of carnitine functions with limited
significance for the fundamental apalysis of the pharmacological spectrum «f
carnitine, and those with clinical aspects, were gieatly overshadowed by the
large volume of similar investigations already performed in human. Their
omissicn is justified, and also nec--ssitated by existing circumstances, also
for the sake of conserving space ir. the review document, and time of the
reviower, For eventual later utilization and review, the following
publications are cited here, all by F. P. Bell, from Diabetes-Atherosclerosis
Research, The Upjohn Company and his co-authors from the staffs of several
Medical Universities. A)l these publications wete submitted in the material
furnished by Sigma-Tau: .

Carnitine metabolism in Macaca arctoides: the effects of dietery change
and fasting on serum triglycerides, unesterified cainitine, esterified

(acyl) carnitine and beta-hydroxybutyrate, in Am. J. Clin. Nutr.
36:115-121,1982,




.

The Effect of Diet on Plasma Carnitine, ‘riglycerides, Cholesterol asd
Arterial Carnitine Levels in cynomolqus Monkeys, Cump. Biochem, Physiol.
15 B: 211-215,19873,

Pla=ma and Liver Carnitine (Frec and BEsterified) Levels and their
Intcrrelationships in Moderately Hypercholesterolemic Monkeys {Macaca
arctroides. Can. J. Biochem. Cell Biod. 61:328-332,1963.

Carnitine Esters: Novel Inhibitors of Plasma Iecithin: Cholesterol
Acyltransfersse in Experimental Animals But Not in Man (Homo Sapiens).
Int. J. biociem. 15:133-136,]983.

The last cited aiticle of Bell et ai. states among other facets that
carnitine esters possess surface active properties at certain concentration=
and cites for this issue the puhllcatiosn by Cho and Proulx on *Studies on
mechanisms of hemolysis by acyl carnitines, lecithins and acyl—<holines®,
Biochem. Biophys. Acta 225:214, 1371.

COICLUSIN FOR THE PHARMACOLOGY PART

The material for the description of the pharmacoiogy properties of carnitine
differs from that which usually is submitted for a new drug substance when
original investigations conducted with that drug are presented. This approach
was not requested for carnitine in view of the long history of its existence
both, as a nutrient, and for clinical utilization for correction of deficiency
induced myopathies py other pathological conditions. It is more important that
the subpmitted literature is of recent vintage and deals in depth with the
complex mechanism of the function of the drug as a carrier, in colaboration
from the now known enzyme systems, of fatty acids, mostly of the long-chain
type, into the site of their oxidation, the mitochondria. 1:°s phenomenon is
now firmly and unequivocally established, even though admittedly there
probably will be new discoveries forthcoming. Among these one can expect
additional knowledge on the roles of the peroxisomes, and very likely also of
the endoplasmic reticulum.

But for the considerationgf the safety of carnitine in its planned clinical
use, and for the fulfilment of the requirements for adequate pharmacoloqgical
data, it appears reasonable and justified to consider the furnished arl

reviewed information as satisfactory, from the standpoint of Pharmacology, to
serve this purpose,

TOXICOLOGY &

The supplement to the MDA of Noverber 9, 1984, vol. 6.1 contains the reports
entitled:

"L-Carnitine 52 Weeks Oral Toxicity Study in Sprague-Dawley Rats® and

*L-Carnitine O-al Toxicity Study in Beagle Dogs - Repeated Daily Dosage
for 52 vieeks."




These are the two toxicity studies that were requested by us for the
support of the HDA.

52-Weeks Oral Toxicily Study in Spraque-pawley Rats:

The report for this scudy is in the amendment Vol. 6.1 in the submission of
NOoverter 9, 1984 of NDA 18-948,

This investigat ion was coi.ducted by

n the foreword te the report, the General
Manager LwneS the statement that the
institute is authorized by thr - to conduct
toxicological stu-diez on pharmaceutical specialties and that the reported
SLudy was conduct-d on behalf of Sigma Tau, Porw-zia, Rom- , Italy.

A declaraticn by the Man-gement is submitted attesting that =he wtudy was
conducted in ocoppliance with _he GLP Requlations, together with a Quality
Assyrance Statement with a schedule of performed inspections, and a list of
Scientiszts involved in this stody.

Study Plan and Methodology:

Test Animals: Charles Riw: £ (SD) BR rats

30 males and 30 females per dose group weighing at start of
treatment, males 230-233 gms. females 163-165 gms.

Dosage: administered in the diet daily for 52 consecutive weeks.

Group 1 control

Group 2 150 mgy/kg/day
Group 3 450 mg/kg/day
Group 4 1350 mg/kg/day

The concentrations of the drug in the diet were established each week from the
weekly body weights, and the drug intake was calculated from the daily intake
of the diet established by the consumed portion of the daily offered feed dose,

An interim sacrifice of 5 animals/sex/group was performed at compl-tion of
week 13 of treatmert, with a complete work-up.

At the end of week 52, 5 animals/sex/group were selected to continue without
treatment for 4 weeks to study after-effects, or recovery from induced effects
respectively, with sacrifice of these animals at week 57. The remaining 20
animals/sex/group were sacrificed after completion of 52 weeks of treatment.
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Results:

Clinical bservations:

No mortaliiy was reported,

. . N A .
Fecal changes: No changes in facal ¢ nsistency vere reported @issimilar to
the liquid feces moteni in tiw ~tudy with dogs)

Behavior: No variations in treated animsls from thar of oontrols. The only
anomaly noted was the occurrence of an abnormal, =xcessive qrowth of incisor
teeth more frequent in males than in females, and in males its occurence
app~ared to be dose related: 2 in comtrols, 3 in group 2, 2 in group 3, 4 in
group 4. 1In females the incidence was one in controls and group 2, 2 in group
3 but none in group 4.

Body Weight Gains:

The enclosed graphs and tabulations for this parameter yield an interesting
picture for the action of the drug. The tables are a condensation made by me
of the data obtained weekly by presenting, for brevity sace, only the weights
obtained at critical points of the study, namely before initiation of
treatment, then at week 13 (at the 3-months interim sacrifice) followed by
week 26, and 52 at the terminal sacrifice, and weeks 54 and 57 for the 5 males
and 5 females from each dose group on the recovery phase.

It is evident that the low dose had a greater growth stimilating effect in
both sexes corpared to controls, most.distinct in females and less effective in
males where it became stimilating over controls onlv in the last 8 weeks of
treatment while in female<~ it had induced greater gains than that of controls
almost from the start,and continuing to the end of treatment, The mid-dose
had in males the greatest stimulatory action,but in females it was less than
that of the low dose.

In -ontrast to this action bv the low-and mid-dose was the response to the
high dose in both sexes where it reduced qains of body weigh's affecting to a
greater extent the females than the males.

The beneficial action ol the drug on weight gains was Clearly demonstrated by
the response to the withdrawal of the drug afver week 52 when the by-then
achieved body weights of the low and mid-dose groups of both sexes were not
maintained but were actually reduced.

In the high-dose males a tendency for body weight loss was noticeable after
week 50 and this tendency continued in the no - treatment period with a slight
recovery and reversal setting in later in the no-treatment period (week 54).
In the high-dose females a definite resumption of body weight gains set in
immediately after removal of the drug from the diet.
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This apparent]y favorable picture for the drug’s action on body weight -ain is
somewhat obscured by the cbservatics that the control animals, especially the
females, also showed a weight loss in the recovery period,

This problem can be eliminat2i by comparing the body weights vi the treated
animls achieved by the end uf the treatment peri-d (week 52) to the weights
after the 4 weeks “recovery®" period:

Males

Week Controls Low Mid High
52 56€ 578 612 549
57 552 559 587 546
Females

52 343 378 360 305
56 310 323 349 328

A decline in feed intake was noted in controls, low and nid dose animals

during the 4 weeks recovery period, but in the high dose animals the feed
intake was slightly elevated.

Hematolgx

The values obtained for this parameter correspond rather well to the picture
obtained from the body weight gain performance. The hematology values in
males and fermles in the low and mid dose were unaffected throughout the
entire treatment period and no differences resuited in the period without
drug. Only in the high dose males appeared slight variations from mean norma!

values for erythrocites, hemoglobin and hematocrit values, and by week 57 all
these values were again at a normal range,

Blood Chemistry Tests:

Conducted for 18 parameters, their results can be interpreted to depict

effects from the pharmacological properties of the drug and not indicative for
any direct toxic action.

in female rats, the only deviations of significance from normal and control
values were the changes in the mean triglyceride values (shown as mg/100 ml)

Week Control Low Mid High
26 77.25 87.25 94.5 73.5
52 103.¢ 119.1 117.1 87.12

57 69.4 66.4 B7.2 102.6
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The values fc¢- total cholestercl were considered to be not statistically
significant to indicate a drug action, and are shown here only in an attempt
by the reviewer to line them up :ith the action of the drug on triglycerides.

26 122.8 136.7 130.9 138.4
52 119.68 135.8 125.7 130.3
57 134.6 129.2 125.6 132.4

While the data for the triglycerides snow a stimalatory action by the low and
mid dose and the loss of this effect with withdrawal of the druy, the effect
of the high dose by week 52 would indicate a cuppressive action (perhaps by a
negative feed back mechanism) that was removed in the no-treatment period from
week 52 to weex 57, but the data for total cholesterol would indicate tha the
drug had neither a stimulatory nor an inhibitory action on cholesterol
metabolism, and the noted changes in the triglyceride levels might be results
of the action of carnitine on the metabolism and transportation of farty
acids. It has to be remerbered that the high triglyceride vaiues occurred at

the time when the body weight gains of the low-and-dose groups were high but
that of high dose group low.

For a comparison, the mean triqlyceride levels in males are shown in the next
tabulation followed by a tabulation of their cholesterol values,

Triglyceride values in males:

Week rantrol : Low Mid High Doses
26 94.5 101.8 110,24 72.7
52 130.0 164.4 180.4 121.,2
57 103.6 118.6 143.4 88.7

The Cholesterol values in males:

Week Control Low Mid

26 82.3 80.8 2%6.0 +
52 90.8 95.2 110.1
57 - 92.6 - 105.2. 100.7

For the triglyeeride values, the picture is essentially the same as in
females, elevated in the low-and-mid dose group, reduced in the high dose
group by week 52, with a drop in these values after drug withdrawal; with the
difference that the high dose group showed a drop during the recovery period.
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The data for the lesterol levels show a difference from that seen in
females in that [3 an elevation during treatment from all doses, with ,
mo significant change in the recovery period. With respect to the bodyweight
gains in relation to these two parameters, th2 mid-dose had caused the highest
Jains during treatment, lesser gains in the low-dose group, and reduction by
the high-dose, followed by a drop-off in cains in the low nd mid dose after
drug withdrawal, but slight improvement in the high-dose y:oup.

With respect to other parameters of blood chemistry, the males had a higher
incidence order than females in several that however by their appearance
during the treatment and disappearance in the recovery veriod did not give any
indication for a direct toxic potential of the drug.

Among these, the increase of ti:ital bilirubin levels in all treatment groups
was interpreted by the investicaters to be caused by sporadic elevations in
single animals but remaining within the normal (physiologicql) range. The
SGOT levels decreased in a dose related order from 73.12 units in the low
dose, to 70.4 in the mid-, and 59.4 units in the high-dose by week 52, hardly
indicative for any toxic involvements, and SGi T values remained unaltered.

With these low orders of occurrence of deviations from normal and oontrol
levels, the events in the recrovery period by necessity were unremarkable.

Urinalysis: Unremarkable,
Ophthalmology: Unremarkable

Organ Wuights and their Histopathology at weeks 13 and 52:

Organs recovered at the interim sacrifice at week 13 of 5 animals/sex/group
had weights in the normal range and were similar to that of oontrols, by
absolute and relative values, Their histological structures did not reveal
any derangements indicative for drug actions or them,

Similarly, the organ weights from the animals s: -rificed at the end of
treatment (week 52) did not reflect a distinct irug action because of the

irregqular occurrence of the noted differences in weights that also were of
minor extent:

In Males:

The livers of animals from the low-and mid-dose grovps were slightly heavier
by their mean absolute weight than those of controls,and also those from the
high dose animals, but their relative values were of the same {or similar)
order for all 4 groups.

The kidn of only the high dose group had a slight but statistically
significant elevation of the mean relative weight value compared with the
control values but n . by their mean absolute weights,
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The spleen weights were elevated by absolute mean values in the low and mid
dose group, of not statistical significance and not shown by their relative
valures.

In Females:

A similar picture for organ weight changes (or their absence) prevails alsc
for the females.

For the liver, a statistically significant elevation of its absolute weight
was reported for the mid dose confirmed by the mean relative value. Por the
low dose, elevation of the absolute weight was similar to that of the mid-dose
group but it was not. considered statistically signiicant by the statistician.
It is interesting that the absolute mean weight of the high dose group was
actually lower than tlat of controls.

The kidneys showed a statistically significant elevated mean weight in the low
dose group oniy; that of the high do== group was lower than that of the low
and mid dose group by the absolute values and, statistically, significantly
higher by its relative weigh value.

The spleen was slightly (but statistically significant) elevated in the mid
dose by absolute and relative weight values,

Results of the recovery period to week 57:

The presentation by the sponsor of the organ weights of the animals that were
continued in the recovery period did not show values with statistical
significance when cc pared with the control vaiues (by the Dunnett's test) but
this mede of presentation does not show whether there was a change in organ
weights resulting from drug withdrawal that would reveal a drug action

effect. Therefore the following tabulation was prepared by the reviewer to
provide a clearer picture for this action, {or its absence.)

In this tabulation, the body weights were included in order to bring out again
the fact that the increased body weight gains of the low and mid-dose groups
of both sexes appeared to indicate a favorable drug action, and to put this
phenomenon into a perspective relationship to organ weights as an indicator
for a drug action or its absence., Since the control groups had shown the
somewhat enigmatic drop if body weights during the recovery period, the organ
weights fron the control groups can be disregarded, and make the comparison
only between the values of week 52 angd 57.
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It can be seen that for the low and mid dose groups there was an opposite
trend for the body weights and the liver weights, in that
weights were time-wise related tofhe higher body weight gains of these groups
while the reduced liver weights in the recovery period were associated with

Inversely, the

males ocrurred when their liver
weights were lower than those of the iow ap mid-dose groups.
an improvenent of the body weight gains appeared in the high-dose during the
recovery pericd, but the liver weights were unaltered.

the reduced body weight gains (in the absence of the drug),
low weight gain performance of the high-d=x=

the alevated live:

In the females,

From these events it would seem that the liver weights were not directly and
adversely affected by the drug, and that whatever changes theroe were, coauld be
connected with the pharmacological functions of the drug that for inctance
caused the elevation of plasma triglycerides.

The data for the spleen and hidney values do not indicate any drug effect on
these organs judging by the absence of persistent differences between (' week

52 and week 57 levels.

The rare incidences of the slight differences

resulting from -tatistical significance analyses are considered to be
incidental, as for instance the elevated mean value of the spl' =n of the
mid-dose females that was attributed by the investigators to o a single case
of a very enlarged organ described as having extended areas of sclerosis of
incidental origine found in female 152 which also had a mammary gland

adenocarcinoma.

Organ Weights at Week 52 and 57 {gms) of Male and Female Rats

I. Males
Week Organ Control Low Mid High
52 —_Bodyweight 541 555 584 518
? 534 535 549 516
52 Liver abs, 11.08 13.23 13.24 11.85
rel.% 2.20 2.38 2.27 2.29
57 Liver abs. 11.49 11.39 12.39 11.73
rel.\ 2.15 2.13 2.25 2.28
52 Kidney abs. 3.20 3.36 3.38 3.2
rel. s .59 .61 .58 .64%XL
Ly Kidney abs, 3.05 3.26 3.29 3.32
rel.% .57 .61 .60 .64
52 Spleen abs, J4 .84 .86 .78
rel.% .14 .15 .15 .15
57 Spleen abs, .70 .78 .17 .16
- - rel.% .13 15 14 w23




: I11. Femaleg

Week _Organ Control Low Mid Bigh

52 Bodyweight 323 67 343 291

57 Bodyweight 298 108 324 34

52 Liver abe. 8.31 9.15 '9.71% 8.14
rel.s 2.38 2.50 2.85% 2.79

57_ Liver abs. 8.11 6.96% 7.60 8.35
rel.% 2.75 2.29 2.34 2.66

52 Ricney abs. 2.12 240X 2.28 2.24
rel.% .66 .66 .67 JTTEX

57, Kidney abs, 2.07 1,92 2.12 2.13
rel.s .78 .64 .65 .68

52 Spleen abs. .46 .48 .69% .49
rel.% .14 .13 .21 17

s Spleen abs, .45 -49 .48 .55

rel.s 15 .16 .15 .17
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In his discussion of the observations for organ weight changes, the
investigator cite:= as the cnly sther organ found to have variations from
narmal values enlarygd pituitaries but with weights that "tell within the
normal range of phys:ological variability®, found at term as ane case in the
¢ontrol group, 3 in the low-dose group, 2 in mid-dose, and none in tae high
vduse. All these were found by histopathology to be cases of pituy tary

adenc is, and additionally 2 low-dcse and onc high-dose female rat found after
the recovery period. Their occurrence also in untreated animals, and the.r
histology is not an indication {uf a carcinogenic potential of the drug.

ilistopathology:

for this parameter the jnvestijgator stated t-at ®"the nistepathologic
examinat ion did not ceveal any changes which cuuld be treatment related in any
of the animals kille 3 after 13 and 52 weeks of treatment and after the
recovery period. All aiterations found on an individual basis had features of
comnon phencrena of spontaneous paithology and they were generally sporadic in
nature or were of an intensity or frequency in rats treated at the higher
dosage which is comparable to that of the control group rats.”

A thorough inspection of the histopatholugy reports confirms this conclusjve
statement. Among the noted histopathological alterations common among control
and treated rats were hemosiderosis of the spleen, mild perilobular fatty
degeneration of livers, steatosis of single hepatocytes,

Neoplastic changes beside the already cited pituitary adenomas were one case
of adrenal-cortical adenoma,“a low-dose female, and one adrenal
phenchramocytoma in @ high-dose female,

The aniahls from the recovery period had essentially the same incidence and
type of histological findings.

THE DOG STUDY WITH L-CARNITINE:

This report was prepared by tf

. vhere this study
was conducted for Sigma Tau, The report is dated 21 August, 1984 and signed
by the responsible personnel of Compliance with the GLP
Requlations was assured by the study director, - o

3 the Quality Assurance Audit Statement,
with a log for the QAU Study Inspection dates signeqd by
’ is submitted.

The report was acddressed to Dr, M. T. Ramacci, Sigma-Tau Industrie
Pharmaceutiche, Riunite S.P.A., 47 Viale, Shakespeare, Rome, Ttaly.




Study Set-Ulp and Methodology:

Thirty-two purebred beagle dogs, (16 males, 16 femles) supplied by

were acclimated for & weeks, vaccinated,
and treated with anthelmintic piperazine applied at 3 months intervals also
during the test.

Source of Drug: Sigma-Tau, Rome,

Dosage: 4 males and 4 females in each dose group of cuntivl, 300, U0 and
1200 mg/.g/day administered in gelatine capsules.

Tests conducted:. Bloud and urine samples Laken during weeks 6, 12, 26 angd 52,
24 hours after drug administration.

Body Weights: weekly
Food Consumption: Recorded daily.

Ophthalmoscopy: Performed by means of a Keeler indirect ophtha!moscope before
treatment and during we:k 6, 12, 25 and b1,

The test procedures applied in this study were described in d:tail. Interim
teports covering clinical observations, results of hematology, blood chemistry
and urinalysis were submitted for the test p eriods at 13 and 26 weeks, with

the final report covering the final data for these parapeters and the resylts
of the terminal autopsies.

Results:

Mortality:
No cases of drug induced moriality.

One control female died during week 3 of dosing from acute diarrhea and severe
dehydration. The complete autopsy work-up indicated histological . changes
from dehydration resulting from diarrhea and the congestion of the mucosal
surface of the gastro-intestinal tract, but the primary cause for these
lesions was not established. This animal was replaced by a new entry,

A high-dose male was found in week 15 to have a severe strangulateq,
inoperable hernia, and he was euthanatized. The autopsy disclosed a 14 om
long strangulation of the small intestine, The Microscopy report of the
jejunum said : "Marked congestion of the mucosa and lamina propria®, but the
exact site of this finding was not identified, probably it was in the ’
strangulated section. Other findings in this dog were a focus of hepatocyte
necrosis, and in the kidney a focus of basophilic tubules. The noted changes
in the right testis are probably associated with the strangulating hernia,
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Clinical Siyns:

Inridence of LigQuid Feces: This symotom, “1rst tepoited ot the 4-weeks
interim, continucd to be present throughout the test, and increased in
incidence with continuation of treatment, shown in the tabulation from the
26 weeks and 32-weeks reports. It is ewpressed as percentages of the mumber
of instances maximally possible:

Dosage Percentage Incidence

26 weoks 52 weeks
Tontrol n, o2 1.1
300 12,7 i5.6
600 35.8 44.1
1200 68.5 57.4

The compent for this parameter by the investigators was that the occurrence of
liquid feces had ne effects on the health conditions of the animals during the
entire dosing period. This comment is important for the evaluation of a
possible adverse drug action that would compromize the utility of the drug.

It has to be added that the first Pharmacology Review for this drug on the
occasions of the 4-weeks and 13-weeks interim reports did stress the high
occurrence of 1iguié feces in all treated groups and expressed the view that
this response to the drug may indicate an irritating action on the
gastrointestinal lining and its consequences. The reviewing pharmacologist at
that stene did not have the benefit of results from interim sacrifices at that
period and therefore the presumptive conclusion was Justified. Bowever, as
will be shown later, the results of the terminal sacrifice demonstrate ti.at
the suspected irritation of the gastrointestinal micosa was not confirmed by
the histopathological findings. Tt will be discussed later in this review
that the liquid state of the f_e: may have resulted from the action of the
drug on the lipid metabolism and might be specific for this species, because
nc such effect was present in rats treated with similar dosages of the drug.

Body Weight Gains:

e enclosed Tabje 9 taken from the report, with the data of individual
weights and group means for dose groups, and weight gains, and the graphs made
from these data show that in both sexes there was a flattening of the weight
gain curves after the stage of rapid growth (up to approximately week 20.)
Since this decrease in weight gain rates from then on is also shared by the
control groups, it obviously reflects a natural event ,3S. the onset of
declining growth is not dose dependent: in the high dose males it starts
already by week 16, and in females of the mig-and high dose group at about the
same time,and the general pattern is similar for ali groups and both sexes.




It is evident Lthat the weight gains of the cvintrp) qroups (harh Sexesl a...
higher than those of the Froat ng TIPS, The males Of the mid doge IOt vy
clasest 1o the contrg} 9Toup, w~hile ip females j¢ is the lon fdnosa AGron: the
mid dose females Mmade lower gajng than the high dose IO while the high dose
males made tha smallest gains,

This variatjop for the 3€xes could be ascribed ro ph,. ¥ide Variarion In gains
Vade by yndivigyag dogs, that js dstinc iy shown in ;. Iraphs for individua}l
dogs:

Dog 663, Female, low dose, wys the only animal with weight lnss gt term
{shown in the table), 4 was explainegd by the investigators that there

were no ind:cat jous for sickness Or excessive liguig feses, bus G thrz
d0g was the oldest of the entire POPulation ang Wis aiso the heavieer of
all. a drug action did not seep L0 he the Cause fg shje varistion, fthe

auvtupey, this dog was foung to be the only animal #ith a severe locaj
€rosion in the Stomach wall, but lesjons in the intest jna} tract were not
found, me record for incidence of liquid feces did not indicate any
aggrevation ir thig Lespect, s

The only other animpi not making normaj veight gaing jg dog 672, femal..,
mid dose, that after ap initia) ncrmal performance Up Lo week 12 gradually
lost weight throigh mogt of the treatment period at 3 Steady rate, by«

The biochemica} and hematolwical data of the PXOI performers did not ghoy
deviations from normaj levels, 1t Seems therefore reasonable to <anclade
t the individual variations in body weight gains did not result fron

any adverse 4rug actions but were resulting from individua) genetic

treatment. at first woulg appear to be g favorable drug action, but a 8imiiar
L [ ] . :
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Vo
Initial weight (g) and waight cthange after 52 wesks of dosing

Dosags Dog No_/ Initim} Fuszqhz Af-ar Haigh;}
Lmq/kgld.y sex weight 52 wesks chnnge4
e o o — - ------—-—--——-----———-—ul—-—--—-——-_-— ST Y
Tootoo 6%)g =00 14700 %1 1
! 653¢ GGE 11200 220z ]
6554 8300 11400 5107 ! _
657¢ 8600 12700 410. ° Y
5229 1600 11lu0 1 150 .
6542 310G 17500 TO3%00 4
€569 7200 1:::00 . =yl |
658« R300 12300 000 i
—————————————————————— i U T |
Male mean | BR%D 13500 6%
Female mear a050 11750 1700
Group Mean 8450 12625 4175
b - e e e —— o ——— e s e e e e o e F o —— -
300 659 B9OD 14200 300 i
661 = 7300 127n0 540¢ H
6613 110G 11000 =204
6654 8500 12300 3pou
6609 8600 11100 2500
662y 6500 94C0 2900
6649 BBOO 13300 4500 * :
hbobe 7500 11360 3800 i
e i e el ST SSRGS SO :
Male mear e37s 12550 3575
Female mean 7850 11275 ° 3425
Group mean 8413 11913 500 .
el S-S — e S e e ] - — o o ————— e - —f - -
&C0 6672 3500 12900 3400 -
6692 8800 11700 2900 =
6712 9000 14200 5200 =
673y 7800 14400 6600 -
- 6683 7600 11100 3500
6703 8100 12300 4200
672% B40D 92000 600 .
6743 7900 i 13000 5100 ]
Male mean 8775 11300 T 4525 | !
Femsle mean 8000 11350 3350 :
Group mean L a3gs 12325 3918 -
1200 | 6755 8200 13400 | sz00 | i
6774 8300 10890 20400
o8ld 9800 13100 3300
6763 7600 11200 3600 ‘
573% 8000 12100 4100
680¢ a20a0 11200 3000
€EB23 7000 10300 3300
[ S e W BN S wn e S ey T v — -d—---——-v---———--—n--—-—-
Male mean 8933 12432 ~ 3!’:00‘-1 '
Female mean 7760 11200 3500
Group mean 3229 11729 3506
e L T — B i L Ll S ip—— i e e e R . s e 20 e e i ]
* Replacement animal - treatment commenced on Lay 19
of study 1 -




TABLE 3~ i -

" Initial waight (g} and waight changa after 3 wesks of dosing

Dousage Dog Ho., § Initiel | weight z2fter | Weight
mg,/xg/day aax waight 52 wesks change
Contral 831y 3500 14700 5200
€532 3000 13200 4200
a>24 BICT 124::80 S100 ;
€74 8500 12700 4100 i
522" 7600 11100 3500 ;
6542 9100 12600 1500
£5£2 7200 11000 jgon
€589 6300 12300 4000
———————————— e s i  —  — — —— e s W
Male msan 8850 13500 4650
Female mezn 8050 11750 1700
Group Mean BAs0 1262% 4175

300 6552 8900 14200 5300
tolg 7300 12700 24006
663g 11200 11000 =200
665¢ 8500 12300 k]:1e]]

6603 8600 11100 Isot
6629 8500 2400 2900 :
664% BBOO 133C0 — 4500 ' :
6667 7500 11300 3800 ]
Male mean 8375 12550 is?s

Female mean 78%0 11275 ° 3425

Group mean A4113 11913 2500 .

600 6672 9500 12900 3400 -
6692 8800 11700 2900 -
671z 9000 14200 5200 =
673¢ 7800 14400 6600 -
6683 7600 11100 3500
670% 8100 12300 4200
672% B400 S000 600 '

i 6743 7900 13000 5100 I
Male mean | 8775 13300 . 4525 :
Female mean 8000 11350 3350 H
Group mean a3as8 12325 3938
1200 6754 8200 12100 5200
6774 8800 10800 2000
68lqg 9800 13100 3300
6763 7600 11200 3600
678% 2000 12100 4109 ‘
680w 8-00 11200 3000
6829 7000 }0300 3200
e . SV Sy .
Male m=an 8933 12433 - 3soo0° H
Female .aean 7700 11200 3500
Group mean B22S L 11729 L 3a500
—————————— e e e e e A e - o i
* Replacement animal - treatment commenced on Day 19
of study =

32 :




Biochemistry-

Also for this area, a drug effect is not evidenr. 1: has 0 be mentioned that
Table 13a, Biochemistry - group mean values for males . and Table 136 for
females shows a sudden consisi2rable change in the varues for AP (alkaline
phosphatase) in week 15 Iiom rhe values given for preassing and weeks 6 and
1Z2. During these intcervals, the AP valuyes goere fairly '—uaform for qll 3ose
and control grovps ranging trom M to 15 my/mi but rhe data qiven for week 25 .
and week 51 as urfuup mean values are all in the range above 100 ml/ml, namely
ror week 25, control group 138 mi, and 140, 146 and 184 for the low, mid and
hish dose respectively, and for weeck 51 as 113, 111, 172 and 72 my/m
respectively. This change was probably caused by a change .n the eqil : plaeat
used for this particular test that is stated in a footnote to the table,

The next table 1s part of the rtable in the report q1ving the values tor
biochemistry parameters intended to show the absence of an action of carnitine
on the metabolism of lip:-“s. The only possibil:ty of an action iec that on
triglycerides but it is contused by the high pretreatment values,

All cther biochemistry values including thuse for SGPT and SGOT are in the .
normal ranges. Glucose levels as my/dl are lower at week 5i than they were

before treatment but here again the control dogs too had a drop with
progression of treatmont.

Ur.nalysis:
performed at weeks, 6, 12, 25 and 5i: Unremarkable,

Ophthalmoscopy:

Examinations of the eyes of all animals were performed before start of
treatment and during weeks 6, 12, 25 and 51, by means of a Keeler indirect
ophthalmoscope. Results were presented for the cited interims and final stage
of the test. The findings were diagnozed by the investigator as being
incidental and that no trends indicative for a drug effect were seen.

Tecrminal Findings:

All animals were killed by exsanguination under pentobarbitone anesthesja.

Bone Marrow: Smears prepared from specimen obtained by sternal puncture from
all animals were diagnozed to be normal,

Organ Weights:

From all animals: brain, heart, lung, liver, spleen, pancreas, thyius,
uterus/prostates, kidneys, thyroids, adrenals, gonads.
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LADMLE A2

- F 1 h
. LL™ b
Organ weighes — grous Scan

- ]
v Y
Tesulrs of tat

o S G R e e e e A T R me A ———— e v ———
Lrgan ineage : arsoluts § F3ight zdjusied | Resulrs of
ievwal waight for final statisrical
Lng/kgfdny (g} bixdywaight (g3) analysis
Ip o A - ————— o ol —— e M e e . - s - - - -
Kidneys Control 57.19 5%.4%
300 52.64 5.4/ NS
&00Q 56.B4 o, 42 |
1200 56.80 58.J31 NS
= - e e ] ————————— e i - - - e ——— e - - -—
Livei Counirul 383.90 371.99
300 138.39 142 D9 Me
&00 375.33 i7z.08 NS
;1200 354.23 365,27 NS
———————— —i——-—————-- 1 kit mhalaibil S R aiadalatets SRl T LT R
daart —antrol 167.<) 10%_59
300 8B, 20 as_11 i}
600 101.36 190.81 NS
1200 90.'91 92.93 NS
_________ ;——--—————————1.—---—-—-—--—-——{— - -— —— e e W a ----—--1--——_..-.__5_,‘__1
Teastes Control 1213 -
300 25.59 - (*)
&£00 21,89 - NS
1200 70.06 - NS
NS ¥o significance
in

} 5% level of prorability ("t* test, not confirmed by
Williams' test)

%

415




No significant changes reilated to drug Josage were noled.
Histopathology Findings:

Tissues for Histopathological Study:

Samples ior the whole)} of the foullowing tissues from each animal were
preserved together with any tissue showing MACIOSCopic abnutmality:

Adrenals ileum stern im
aorta {arch and je Junum spleen
abdrainal b Kidneys stomich (body
brain oerebral liver and antrun)
cortex, thalamc lungs testes or ovaries
nucl2i, mid-brain, iywph nodes {cervical thymus
meduita and and mesenteric) thyroids
cerebelicm) mammary gland tonque
colon (upper and oesophagus trachea
lower) pancreas arinary bladder
duodenum pituitary uterus or prostate
eyes and optic salivary gland ferur and articular
nerves sciatic nerve sur face
gall bladder skeletal muscle rectum
heart skin vagina
spinal cord

The findings were described: for each dog as macroscopic and microscopic
changes from normal and a summary tabulation of these was prepared by the
investigators. All reports were signed by

The Incidence of Liquid Feces:

The occurrence of liquid feces was the outstanding unfzvorable result from the
treatment of dogs with carnitine. In view of this effect and its weight on
acceptability of the drug, also because of the suspected irritating action on
the gastrointestinal muccsa, this problem is addiessed first of all, in an
attempt to reach its resolution and clarification.

The only case of an established lesion in the stomach was that of dog 677, a
male on high dose, with the microscopic finding of a deep erosion of approx.
15x5 mm, and two erosions up to 12x% mm. The microscopic findings read:
"Focal erosion of the luminal mucosa with associated inflammatory cell
infiltration.® The comment for macroscopy of the jejunum said: *minimal
congestion of mucosal surface®, and the microscopy protocol said “Within
normal limits®. For the stomach lesion, the comment in the tabulation says:
“The gastiic erosion involved the micoea and lamina propria but ¢id not extend
through the muscularis mucosae in the sections examined. The toxicological
significance of this finding is equivocal.®



wa
—an-

une other case of a mcroscoplc finding in the stomach was in d0g 663 on the
iow dose as “foci of mineralization in the micusa probably of no sigmificance
zince it also was seen in one control dixy, and a change in the jejunum found
in doa 675, high dose, described as "marked cvtonlasmic vacunlation of
epithelium of tips of villi.* The sigmaficance of this finding was not
addressed by the pathologist.

It appears to be of important to compare these described minor intestinal
changes in the 3 dogs with the severe changes found in the female control dog
hat had to be sacrificed because of severe time diarrhea of unknown etioioqgy
in wh*~h the gastrointestinal tracr was found to show maryed ocongestion, with
free blood on micosal surfaces in the entire tract, and large areas of mucosal
erosion in thef leun/jejunum seen on microscopy, with marked necrosis of the
lé#minal mucosae and inflammatory cell infiltration into the muc@sa , but
without ! esions in the stomach.

Since ligquid feces had occurred also in dogs that did not have any
histologically established intestinal lesions, it seems reasonable to theor:ze
that the cause for liquid feces might result indirectly frnm an action of the
drug on the lipid metabolism lvading to  steatorrhea fron. the excessive hign
doses of the drug applied in these studies. It might also be due to the
excretion of the excessive doses of carnitine in the feces, but these
possibilities were not investigated.

Macroscopic Post Mortem Findings:
Kidney:

The Summaiy prepared by the investigators for the entire dog study contains
under this subheading (p.000010) the following comment:

“Macroscopic abnormalities detected that may be related to administration
of L-carnitine were restricted to a pallor of the inner cortex of the
kidneys in 2 of 8 animals receiving 300 mg/kg/day and 4 of 7 animals
receiving 1200 mg,'kg/day*.

Apparently no search was made for any relation of these macroscopic findings
to £indings in these cases by their histopathological examination, and
therefore this had to be done by the reviewer, with the following results:

T. e animals in which the above macroscopy findings were made were dog 662
and 666, in the 300 mg/kg/day group, and dogs 675, 676, 678, and 682 in.
the 1200 my/kg/day group. The only histological findings that could apply
as being possibly related to the macroscopic findings were: for the 2
mid-dose dogs: “"Moderate extensive cytoplasmic vacuolation of the
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corticomedullary tubyles.® and for the 5 high dose dogs: *mr-ked extensive
cyroplasmic vacuclation of the corticomedullary tubules.® F.<ever, the same
description of this change in the kidneys was made also for 3 dogs in the
low-dose group that did not have the macroscopically seen pallor varying in
degree from slight to marked extensive cytoplasmic vacuolation, and the same
incidence was tound in . md-dose animals, and in 2 high-dose dogs, thac all
were without the palli- {inding. Therefore there is no relationship between
the macroscopic and the histopathological findings.

As to the significance of the microscopic findings, the most severe kidney
lesion was found in one control male (655) with the macroscopic finding for
the Ridney saying: °“Pitted appearance to <apsular surface with strands
iaeetifng into cortex from surface pitting®, and the microscopic finding
descrit 24 as "Wedge-shaped areas of cortical scarring 1b both kidneys
charact :rized by areas of fibrosis, loss of tubules, atrophic glcmeruli, and
focal i-flammatory cell infiltration. An association between these can be
recogn- zed,

One othe: control doc (572) 1lso had the microscopy finding "Slight

vacuelat: :n of cytoplacm of some corticomedullary tubules,® , therefore it is
clear tha: this change is common among contro .und treated dogs but perhaps it
is slightly agqgrevated Ly the drug in a sop—.at dose rel.ted extent.

A distinct kidney lesicn was found also in one mid-dose dog (673), without any
macroscopic abnormalities, that was microscopically detected and described as
"loss of the papillary tip with re-epthelialisation over the necro,'tic tip and
degenerating medullary tubules, with marked subepithelial mononuclear cell
infiltration in the pelvis.®" This dog had a batter than the mean growth
performance for this dose group, therefore the lesion in the kidney is of
lictle clinical significance; an® not a drug effect judging from its singular
appearance, Therefore it can be ~oncluded that the minor gross change pointed

out by the investigator as possibly treatment related was an error of
Judgement .

An other microscopical change within the .ort.coks-dullary tubules that was
dealt with by the pathologist was the incidence of fat droplets in the
epithelium of these tubules.

The comeent by the pathologist said: "Fai droplets ii: the epithelium of the
corticomedullary tubules, also seen as vacuolat-ons in the HAE sections., were
present in control and treated dogs. There were moderate/markes amounts in
some treated dogs compared to slight/minimal amounts in control degs, The
toxicological significance of this increased muber of fot dropleis is
uncertain as moderate/marked amotints of fat droplets are not uncommn in
untreated dogs.*



. e U
Incidence and degree of fat droplets in the corticomedyllary tybules.

[ T T S e S S B e e o e o e oy

sontrol 300 G0 L2006
nRG/ SR | MRSRQ/day ma/Eq/day
- e o - —— ‘———-- ---- - = -
< ] F L r | | d )
etk e L R e e —— TL-‘TL‘-_--—L ————————— 1“-——-——L ————— [ e e . o B e 1
L Slight/minimai amounts of . . . .
far droplets , 3 4 4 1 2 3 2 1
Moderate/markad amounts
8 of fat droplets ] l. 11,1 1 3
o e e . — - ———— e -- — T e = e e ———— - - . _ i_ _ - ]
Total dnas examined 4 L 4 4 4 4 4 3 4
e e e e ma———ama— SRS KNSRI [NV SR N | NN S, L e

A comparisca of the incidence of fat droplets with that of the vacuolation in
the histurathology reports dnes - contirm by their similar incidence in
individual dogs that they are the same histological structures. It is
equivocal whether they represent an adverse drug action, or if they are
f~lated to the physiclogical action of the drug on fat metabol ism.

Other observations on histological structure charges of kidneys were described
as follows:

Control 655: wedge-shaped areas of rortjcal Scarring in both kidneys
characterized by areas of fibru-.is, loss of tubyles,
atrophic glomeruli, focal inflarmatory cell infiltratisn

Low Dose  654: marked subepithelial mononuclear cel) infiltration in
pelvis

659: Occasional dilated tubules contain anphophilic material.

661: Area of marked interstitial mononuclear and eosinophilic
infiltration.

666: Areas of necrosis with marked inflamatory cell
infiltration

did Dose 667: minimal subepithelial mononuclear cell infiltration in the
pelvis of one kidney.

671: occasional Gilated tubules containing amphophilic
material,

673: left k.: loss of papillary tip with re-epithelialization
over necrotic tip and degenerating medullary tubules,
Marked subepithelial mononuclear ~ell infiltration in the
pelvis.

right k.: -areas of interstitial wononuclear cell
infiltration, some with associated basophilic cortical
tubules,

674: Area of interstitial mononuclear cell infiltration

High Dose: 675: occasional dilated cortical tubules containing
amphophilic material,
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It can be concluded that these are singlec, sporadically ocaurring minoy
“changes from normal*” not characieristic fcr a drug action.

Liver:

The histclogy of liver tissues did not show any change from normel. Foci of

hepatic necrosis with associated mononuclear cell infitration were found only
in two control dogs. .

Portal mononuclear/eosinophilic infiltration noted in 2 dogs of the low dose
group only.

Minimal dilatation of centriiobular sinuscids found in one high dose dog (677)
that was the only dog with the gastric srosions, and it also had parasitic
granuloma foci in the lungs, and erythrophagocytosis in lymph nodes. All
these changes were of sinqular ircidence, not indicative for a drug actiom.

Other Organs:

None «fthe other investigated critical organs had histopathological changes
that would indicate a toxic potential of the drug, or profound alteratrions i
their structure from the pharmaco-physiclogical actions of the massive doses
of carnitine.

Pharmacokinetics:

Blood specimen taken at weeks, 6, 12, 26 and 52, and specimen from live:,
kidney, heart, skeletal muscle and urine and faces sarples taken at +
ultimate post-mortem, from all animals were forwarded to the sponsor A
report for the analyses of these specimen was not in the submitted NDA
documents.

Teratugenicity Tests:

Teratogenicity tests in rats and rabbits were reported in the original NpA.
They were conducted in the Laburatory of

They followed in general the FDA Gujdelines for
Teratogenicity/Reproduction Studies. In the rat study, 10 rats per group were
treated with 25 or 50 mg/kg/dav by the intramuscular route from day 3 to day
14, and sacrificed on dey 19. In the rabbit test, 10 animals per YIoup Were
treated ajso with 25 and 50 my/kg/day I.M., from day 6 to day 29, with
sacrifice on day 29.

No adver-e effects on gestation, fetal de+elopment and postnatal viability
ware noted.



There was <t fI-st some concern about the adequacy of these tests for their
validity to support safety of the drug use by pregnant women, but it was later
agreed that thwy are acceptable and that no new tests would be needed.

Mutagenicity Tests:

Mutageniciiy tests witn Salmonella typhimurium, Saccharoamyces cerevisiae, and
Schizosacciiar omyces pombe in-vitro and in vivo, were cunducted by the

the
same institution tlat conducted the described toxicity tests in rats with
l-carnitine. These had heen reported in the original Npa.

An additrional rest, a Micronucleus test in mice, conducted at the

« wWas reported
in the amendment of Hovemher 2, 1983 Lz the NDA,

Froz the detailed description of the tests procedures etc. in the origi-

(with authorized translation into english,) it appears .hat
this institution is competent to conduct this ciass of research, but
documentation for compliance with GLP requirements is not provided. (This
defect should not hold up further prccessing of the NpA.) All mitagenicity
tests were i:zgative for a mutagenic potential of l-carnitine.

SUMIARY AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

For the aspects of the pharmecological properties of carnitine, with regard of
its biological functions as carrier of long-chain fatty acids, the information
obtained from the literature material furnished by the sponsor amply
demonstratas the essential role of carnitine for lipid metabolism in norpal
and deficiency conditions and thereby projected its efficacy for correcting a
state of carnitine deficiency of various origines, such as defective synthesis
fram its precursors, or geuetic defects in the availability of the enzyme
systems needed to form the complex of carnitine with the fatty acids that is
essential for their translocation into mitochondria, the site for their
oxidation into energy. Some of the submitted literature actually goes beyond
this phase and intended use of carnitine by dealing itk the functions of
carnitine in complex with mid-chain length fatty acids, and the involvement of
peroxismes in this process, beside mitochondria, and furthermore, for the now
emerging evidence for the pathways of actions of hypolipicemic drugs such as
clofibrate, as stimulators of percxismme activity beside that of H0;

release,

For the aspects of toxicity and safety, the one-year toxicity tests in rats
and ¢~ , performed at our request, have to be viewed from the angic that they
J0 not imitate the conditions of the proposed clinical use of the drug,
correction of carnitine deficient, and the dosages were multiples of the
proposed clinical doeage, Even with this milieu, unfavorable to the drug, the
ontcome of both studies is remarkable for the absence ¢’ overt adverse results
fzom the drug that would predict serious healt), hazards irow doses in excess
of the clinically effective dose.
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pathways apparently .:::- m* estai-lis; =! 21ther.

In view of the fact that :he actions of carnitine or th~ jastrointestinal
Systen are accepted and are cited in the labeling fec carnitine, the effect:.
in the dogs should not constitute a reason for any further actions at the
present stage (but it would seem advantageous to find some remedy against the
undesirable side effects after finding the causes for them).

There were several other differences in responses toc the drug between the two
species. In the rats, the drug at the low-and mid-dose had a stimlating
action on body weight gain by elevating :hem above that of the control
animals, but the high dose had the opposite effect by depressing the body
weight qains of the hioh dose yroup animals to a range below that nt

controls. The beareficial function of the low - and nid duse levels of the
drug was further supported by the observation that these two qroups of animals
developed a reduced rate of body weight gain when drug administration was
withdrawn, and inversely, when the high-dose rats showed improwved weight gains
when the drug was withdrawn. The causal origine for be:h effects, stimvlation
by the low and mid-dose, suppression by the high dose, was not investigsted,
except that there was no change in the feed intake at the change of

treatment., while the stimulating action could be explained by a more
effective metabolism from the drug, the suppressive effect is udifficuit to
explain, a negative feed back perhaps. It should be noted that the wiimais i<
the high dose group did not show clinical signs for any adverse actions.



The only oth:-r para..:ter with a noticable irdication for a drug action was the
e ~vatiom:¥ - qlycevides in the low-and mid dose groups coincident with the
=levated br% weight gains in these groups, and lower levels in the high dose
qQre=:c, AX=gAanicd with a drop in triglycerides levels with withdrawal of the
die i L loe-and mid-docse group, and an elevation in the high-dose group.
An assoCisiion “wertwwon these two phenomena is difficult to construct. It may
sdioate ohee = isdiovory action of the triglycerides as the active stimulus
s=owdar. te * o aci:o: of carnitine on triglyceride activation. I was unable
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Tvo tests, one in rabts and one in rabbits were, as could be expected from the
n lure Of ne drud, ureventful with regard to acvions on pregnancy and fetal
developrment .

Mutagenicity Tests:

Those tests by 4 different methodologies did not indicate a mitagenic property
of carnitine.

bPubiications by Sigma-Tau:

The suomitied literature material contains several articles, published and
unpublished, by staff members of the Research Laboratories of Siyma-Tau
S.p.A., Pumezia, Italy that by themselves woutld not "carry" the NDA but are
reviewed her for the sake of documenting that this firm had comprehensive
ex—2rience in the field of carnitine anc its functions,

N. 5lliprandi and Maria T. Ramacci, Inscitute of Biolegical Chemistry,
University of Padova, and Sigma-Tau Laboratories, "Carnitine as a Drug
Mfecting Lipid Metaboliswm.® (apparently an In-Hous=2 manuscript.)



This was primarely a review of the functiums of carnitine from publicat ions
that was informative for describing the complexities of the actions involved
in the mechanism of the drug, and its derangements by pathological and
deficiency conditions leading to myopathies and myocardial anomalies. Of
interest is their reference in the Zonclusion, to clofihrate b saying:" With
regard to the aleerations ot lipid metabolism, it s appropriate te point out
that some drugs, such as clofibrate which typicalliy affect lipid metabolism,
strongly modify the biosyntbesis and distribution of carnitine as well as the
carnitine transport system, a fact highly relevant to “heir mode of action.
Bowever, pharmacological and clinical studies using carnitine have the
advantage over those using other drugs because of the fairly well-known
background of carnitine biochemistry® (Ref.: Pande and Parvin, Biochim,
Biophys. Acta, 100,209-214, 1980)

F. Maccari, Pessotto, P., Ramacei, M.T. Angalucci L., of Sigma-Taun and
Instituto di Farmacologia, University of Rome: “The Effects of Exogenous
L-Carnitine on Fat-piet Inducec Hyperlipidemia in the Rat" (no literature
reference). The purpose Of t. 3 stu”. was to investigate the reducing effect
of carnitine on diet-induced hyperlipidemia, and by what mechanism, on the
premise that in the absence of carnitine oanly short-and mediun—chain farty
acids can enter the mitochondrial matrix, and that iong~chain acyl—CoA'
preferentially participates in extramitochondrial reactions such as
triglyceride synthesis that occurs in lipid storage myopathies. A TG rich
diet with 25% olive 0il was the test diet, treatment was 500 mg/kg carnitine
by gavage., Tissue distribution search was for triglycerides, total
cholesterol, phosphilipids, carnitine, and acetyl—carnitine, in hear\, nuscle,
liver, k%idney. .

The TG-rich diet induced modifications in lipoprotein pattern ry increased
serum chylomicron content and of pre-betalipoproteins, triglycerides,FFA, and
phospholipids in controls, ami their re “ction by the extraneous carnitine,
The results in the various organs were similar. An excess of carnitine cavsed
its loss is urine.

Zago, E., Maccari F and Ramacci M.T. (“"Carnitine-Irsulin Treatment in Diabetic
Rats.® The capacity of exogenous l-carnitine to restore impaired glucose and
lipid metabo) ism in diabetes was investigated in rats. This propetty had been
found o exist by other investigators. 1Irn this short notice it is reported
that streptozotocin-diabeti: rats were treated with carnitine 250 /K9 p.o..
alone or with insulin 20 U/kg s.c., for 4 days. <arnitine by itself
moderately reduced hyperglycemia in addition tc. lowering FFA, and markedly,
triglycerides in serum. Insulin alone also reduced gignilicantly alucose, FFA
and triglycerides and the comination of both reduced FFA and triglycerides,
and was more markedly effective in normalizing hyperglvcemia thar by their
separa“e actions.
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The uext aiciciv entitled "Ketone Boudy iisdificatiovas after L-Carnicine
Tresiment in Obess and Disbetic Rats™ by the same authors .3 a conlinuation of
the thers ir it. e effects of l-carnitine was asain studied in
sireptgrtacin gaabet ¢ Wistar 1als Lieated with -0 my/kg p.o. daily in the

diabetic, and 307 mg/kg cral in the -Ax::e and l=an Zucker rats.

Diabet:< £its exhibited a cons.iderable fncrease of blood ketone bodies which
was sii-~:ficant'v r-*wced hy the sio0erris carnitine, fiver carnitime

acetyliransferase was unaifected. . d:ial=zeg provuked a decr=as= in the scrum
of free carnit:ne buc sn increase in ser = aretylearnitipe.

The recuits in the chese arel iean Zncier rats showed that blenad levels of
=etone bodies inbbese rat: are laWe: than in le:a rats whereas both frse
cunitine and acetylcarnitine valvoc wer~ incressed in the obese rat-.
€arnitine .duinistration had .ppesite off its L. thebbese and lea: rots: it

increased serum ketone leveis in obesz, bui Gecreased it in lean rats.

The investigators discussed thoess :esults by the following considerations: 1n
diabevic ratL the level of bi~<:d ketone hodies is high wiv:le : p cbese rats. it
is low, but in both conditions FFA levels are elevated above normal. This
phenui=:non is expleined by the coni:lis: »i that the eicess of fatty acids in
the diabeti: rat arriving at the l:ver are rapisly oxidized and only partially
transforiced into kefone bodies, wizile in :f=-S¢ rats the excess fatty acids are
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not anadised in thefljver but ai: esterified ipso triglycerides. The
crfference :n the metabmilsm 1= ascribed = k= hich qlucago:finen - ~atia
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Lthe wetabolic alierations in diabetic afsd obese conditions in the ratk :-an be
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Ttilization in Rais and Rabbits_ ® o anthrre ofated that it j& kpown Free.
ark b}" other -;n-.;;-g-;;—'i_gator:". rhar ~arn-*ins =5 inwel: ~d in the stinuiat gn -f
FYfUVale Gehiyle DgenaSe activily us o o sSeguence b .. inductd deCriase Gi the
acpty] — TR+ CoA ratio, and thig cties- yas tn I"Westmate vhothor carpitine
alse could ~ffect carbohydrate metabolieom in healthy ane in diabeiic znimal-.
Tue test #&S CUN ID-ViiT0 O ral Jiajdiayis in Krebs-Hanseieli bufier, fos
glucose uptake and its disappearance from the medium within 6 minutes of
incubation. 1In the in-vivo study run on rats and rabbits, fasted rats were
treated with oral car~‘tine 25C mg/kg. €0 minutes before an oral giucose load;
for rabbits a glucosc fusionof 10 my/kg/:::: for 90 minutes was followed one
week later by a combination load of carnitinc plus glucose. The iesults of
the in-vitro test showed that glucose uptake in the diaphragm was increased by
carnitine but to a lesser degree than by insulin. With a combination of beth,
the uptake was slignlly ainwe thai by insulin alone,

Zagu E and M. T. Ramarcc:.  TEffects of L-Carnitine i Glucuse Upsake and
L) B3 }

In the in-vivo rat study, pretreatment before the glucose lcad with carnitine
resulted in a significant <ecrease of the hyperglycemic peak. The
investigators claim that these results correspond o the results in human
where a reduction: of glycosuria in hyperlipidenic diabetic patients was
obtained with carnitine. They believe that the carnilim action reflects a

st imulation of pyruvate-dehydrogenase activity owing to a decreased
acetyl-CoA: CoA ratio. It was specilatad that two separate mechenisms

exist: insulin induced glucose uptake in the cell, and carnitine improved the
oxidative utilization of t%e cellular glucose.

Fanelli, Ottorino: “Carnitine and Acetyi-Carnitine, Matural Substances
Endowed with Interesting Pharmacological Properties” in Life Sciences Vol. 23,
pp-2563-2570, 1978. This article deals with the inotropic and anti-fatigue
effects of d,1-carnitine, l-carnitine and d,1-acetyl-carnitine iy = rat
after a fatigue test,and in isolated heart of rabbits. The intrc .otich gave
a very good summary of imoortint findings reported in the current literature.
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?or oz isdlated heart test, freshiy ohtuined hearis were perfused witk
xn-utxwﬁS?f Live Jiffe: ent diuy substances. amd coutaciile force. COFONAry
ZiM af hear! rate yere calculated, A1l suhetance: were foung t:: hsve
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£i0 ma/kqg, d4.1-acetyl .arnitine was mos: effective but ar B06 mg/kg it

induced @ motor ativity excitation effect and adversely affected the animals.
TONCLOGII™ 2ni RECIMMENDATI(N:

The cusendial role of l-carnitine in fal wetabolizm iy ensguivocally

estublished by the numerous investigations reporied in the world-literature,
ar<l its safety is supported by thc toxicology studies and teratngenicity tesis
conducied for the NDA by the sponsor.

From Lhe standpoint of Pharmacology, approval of tie KDA can be recommended.
| B
4 ﬁl’l& AL/
V. Berliner, Ph.D. -
ce:

" Orig. NDA
HFN-310
HFN-340
HFN-810/Pharmacology
HFN-810/VBerliner/4/22/85/sw/4/23/85
ang No. 1436h
FN-3¢f /M. Galbraith
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II.

III.

summary Basis of Approval

NDA 18-948 Drug Generic Name:
L~Carnitine Tablets

Applicant:

Sigma--Tau,Inc. Drug Trade Name:

Holmdel, New Jersey 07733 Carnitor

I. Indication for Use:

L-carnitine is indicated in the treatment of primary systemic
carnitine deficiency.

Dosage form, route of administration and recommended dosage:

Tablets; oral.

Adults: 990 mg two or three times a day depending on clinical
response.

Infants and Children: 50 to 100 mg/kg/day in divided doses with a
maximum of 3 g/day.

Manufacturing and Controls:

A. Manufacturing and Controls

1. The synthesis of the new dri’g substance involves the
reaction of known materials under well-defined and
acceptable conditions and purified by use of standarc

methods.

2. Specifications and testing by appropriate methodology
insure its compliance with the required standards of
identity, strength, quality and purity.

B. Stability

Studies are ongoing and based on the data submitted at this
time an expiration dating of 5 years at room temperature is

justified.

C. Methods Validation

The methods validation is now being processed.

D. Labeling

The technical aspects of the labeling and labels are
satisfactory.
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E. Establishment Inspection

The facilities, equipment, manufacturing controls are in
compliance with current good manufacturing practices and with
conditions, commitments and requirements contained in the new
drug application as indicated by apprcpriate reports of
inspections from the Manufacturing Review Branch in the
Division of Compliance.

F. Environmental Impact Analysis Report (EIAR)

EIAR indicates that the product does not have adverse
environmental effects.

G. Bioavailability Requirements

peferred by Division of Biopharmaceutics until after approval.

Pharmacology:

I-Carnitine is the synthetic l-isomer of d,l-carritine discovered
80 years ago as a constituent of muscle tissue that at first was
used as a nutrient agent. It was sixty years later that its
essential action in the metabolism of fatty acids was recognized.
p-L~Carnitine is synthesized in liver, kidney and testis, from two
essential amino acids, lysine and methionine. The l-isomer is the
biologically active form.

Its biological function is to activate the transport of long-chain
fatty acids such as palmitic acid across the inner mitochondrial
membrane into the mitochondrial matrix where they undergo
beta-oxidation resulting in the production of energy. For example,
palmitic acié released from adipose tissue or derived from diet is
activated by outer membrane ATP-dependent palmitoyl-CoA synthetase
to form palmitoyl-CoA. Such long-chain fatty acyl-CoA esters have
only a limited ability to cross the mitochondrial membrane barrier
and their entry is facilitated by outer carnitine
nalpitoyltransferase which catalyzes a transesterification reaction
in which the palmitoyl moiety from CoA is transferred to carnitine
forning palmitoylcarnitine. This ester then crosses the inner
mitochondrial membrane through action of a translocase. A second
transesterification reaction now takes places wherein *inner*®
palmitoyltransferase, located in the inner mitochondrial membrane,
reqenerates palmitoyl-CoA for subsequent beta-oxidation and
releases carnitine for a repetition of its catalytic role in
overall fatty acid transport (After: Broquist, H.P. and P.R.
Borum: "Carnitine Synthesis Nutritional Implications.”™ Adv,
Nutrit. Research 4:181-204, 1982).
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The biophysiological functions of l-carnitine have been studied by
numerous investigators in several animal species during the last
decade. A recent discovery is the essential role played by
carnitine (and regulated by androgen) in epididymal mitochondria,
in the maturation of spermatozoa, and in the ovary in the
maturation and ovulation of follicles in rats, rabbits and
monkeys. Evidence is also accumulating for a role of carnitine in
gluconeogenesis.

publications submitted in the NDA describing pharmacological
perameters of 1-carnitine in the animal model were vsed for the
avaluation of the efficacy of l-carnitine. Some of these were
parformed by the staff of Sigma--Tau in their laboratories in Italy.

Toxicology Tests were performed in rats and dogs, both of 52 weeks
Juration, with doses of 150, 450 and 1350 mg/ky/day in the diet in
the rat study and 300, 600 and 1200 mg/kg/day in capsules in the
dog study. (The clinical dose is 990 mj one to 3 times per day.)

adverse actions from l-carnitine were limited to a slight
depression of body weight gains of rats on the high dose, in
contrast Lo a growth promoting action of the low- and mid-dose.
There was alsc a slight reduction of body weight gains in dogs by
the mid- and high-dose. In both species the reduction of bndy
w2ight gains was not accompanied by any clinical signs of affected
healtn conditions. Liquid feces were observed in dogs. There was
no acsociated structural damage to the gastrointestinal mecosa, and
the mechanism of action was not established.

Serum triglycerides were elevated in rats given the low- and
mid-doses of l-carnitine. There were no related changes in the
livers and kidneys.

Teratogenicity tests performed in rats and rabbits did not reveal
any effects on the dams and their offspring.

Four sets of mutagenicity tests were negative.
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V. Medical:

Introduction:

U+ilization of lipid for enerqy requires the presence of
l-cairnitine for cptimum transfer of long-chain fatty acids
int> the mitochondrial matrix, where beta-oxidation takes
place. Generally, the requirements for carnitine are met by
endogenous synthesis and/or dietary intake. In normal adults
Jdiet and endogenous synthesis are adequate to meet the
requirements for carnitine. Systemic {blood and tissue)
carnitine deficiency is manifested clinically as muscle
weakness, cardiac failure, hypoglycemia and/or liver
insufficiency. The clinical manifestations may resemble
cardiac fibroelastosis, Reyes Syndrome, or muscular
dystrophy. The enzymopathy has not been defined, and the
variety of manifestations suggest that there may be several
enzymopathies that fall into the category of primary systemic
carnitine deficiency. The reported cases have in common low
serum and/or tissue levels of carnitine. Some of the reported
cases responded very dramatically to administration of
exogenous l-carnitine.

Secondary carnitine deficiency occurs in organic acidurias,
chronic hemodialysis, severe malnutrition, Fanconi's syndrome
and valproic acid therapy. These conditions might benefit
from carnitine therapy, but data have not been submitted.
Diagnosis of primary systemic carnitine deficiency requires
accurate quantitiation of both free and acylcarnitine in
serum, urine and tissue. Patients with high urine ratios of
acylcarnitine to free carnitine may have carnitine deficiency
secondary to defective organic acid metabolizwi. Because of
incomplete biochemical characterization, it is not clear
whether carnitine deficiency is primary or secondary in some
of the submitted cases.

Studies to provide evidence of safety and effectiveness.

There are 16 cases identified as systemic carnitine deficiency
which were treated with carnitine, 11 of which provide
evidence of effectiveaess. An additional 50 cases not
identified as systemic carnitine deficiency were treated with
carnitine and provide evidence of safety only.

a. Cases identified as systemic carnitine deficiency are
listed below, whether or not they were evaluated as
showing effectiveness. Five of the ten investigators had
more than one case.

.
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S. Cederbaum, M.D., NEJMed 1980, 303:1389.

A 3.5 year old male patient with low carnitine levels in
liver, muscle and blood was treated first with
d,1-carnitine 1500-4000 mg/d p.o. and then with
1-carnitine 1980 mg/d. He improved in affect, frequency
of infections and in listlessness, and had diminished
cardiomegaly. Liver and serum carnitine levels
increased, but muscle carnitine remained low. Carnitine
therapy evaluation: life-saving. He had transient
diarrhea which resolved with decreased dosage., This
patient has been continued on l-carnitine, 75 mg/kq/d for
four years with continued benefit. Total plasma
carnitine is low normal (30 micromolar). §S. Cederbaum,
et al., NEJMed 1984, 310, 1395,

R.R, Chun, M.D., et al., NEJMed 1981, 305:385. Two
patients with systemic carnitine deficiency were treated
with l-carnitine 990 to 1650 mg/d.

A 14 month old male patient died of respiratory arrest
after about 2 weeks of treatment, L-carnitine
evaluation: did not alter this patient's condition.

A 9 year old female had a deteriorating cardiomyopathy,
familial in nature with mitral insufficiency and

gyncope. She was considered a candidate for a cardiac
transplant, but after treatment with l-carnitine, cardiac
function normalized, digitalis was disccntinued and heart
siZe returned to normal. Carnitine treatment was
evaluated: produced dramatic improvemenc.

A. Slonim, J. Peds. 1981, 99:551. Three patients with
systemic carnitine deficiency were treated with 330 to
1320 mg/d l-carnitine (100 mg/kg/d).

A 2 year old male had nonketotic hypoglycemia befare
treatment with carnitine. After treatment he had no
hypoglycemic episodes, his height, weight and appetite
increased, and he appeared to be more normal. Plasma
carnitine increased to normal, and on fasting he produced
ketones. Carnitine treatment evaluation: produced
dramatic improvement,

A 3 year old female was walking and speaking better after
treatment with carnitine, and had no episodes of
hypoglycemia. Carnitine treatment evaluation:
life-saving. She had a viral infection during treatment.
A 4 1/2 year old male was treated too short a time to
evaluate response.
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10.

11,

12.

D. valle, M.D., J. Peds. 1982, 101:700.

A 5 1/2 year old male with low blood and muscle levels of
carnitine was treated with 3960 mg one day and then 2980
mg/d. He had moderate cardiomegaly and minimal heart
failure despite treatment with digoxin and diuretics.
Within a week of starting carnitine, heart size decreased
and failure disappeared. After 5 months of treatment, he
was normal. Carnitine therapy evaluation: life-saving.
The patient had moderate diarrnea which was dose related,
and developed body odor.

C. sansaricqg, NYU Med. Center.

A 1 year old male with s stemic carnitine deticiency was
treated with 165 to 330 mg l-carnitine orally. He died
of respiratory failure after 10 days of therapy.
Carnitine therapy evaluation: too short a time to
evaluate,

B.O. Stands, M.D., Richland Medical Park, Columbia, SC.

A 2 1/2 year old female with systemic carnitine
deficiency was treated with 990 mg l-carnitine/d. She
had several episodas of severe coma and was seriously ill
befcre treatment but has had no further problems and is
developing normally. Carnitine therapy evaluation:
prcduced dramatic improvement. She had cough, runny nose
and diarrhea of moderate sever’ty.

R. Cruse, D.O. and S.K. Young, M.D., Hershey Med.

School. 1Iwo patients with systemic carnitine deficiency
were treated with 1320 to 1980 mg l-carnitine.

A 3 1/2 year old female had two attacks of coma before
and none in the year after initiating treatment. She is
stronger. Carnitine therapy evaluation: produced
improvement, She had loose stools which ceased after one
week. Fishy odor was eliminated by decreasing the dose
of l-carnitine, She also had urinary tract infection and
virus,

A 6 year old female remained "asymptomatic,® and
carnitine therapy evaluation: produced improvenent. She
also had louse stools and fishy odor.

P. Hartlage, M.D., Medical College of Georgia.

A 3 year old female with probable systemic carnitine
deficiency was treated with 1980 mg l-carnicine/d
orally. She did not benefit from carni:ine therapy.
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J. DiLiberti, M.D, and J.R. Schimschock, M.D. of
Portland, Ore. Two patients with systemic carnitine
deficiency received l-carnitine 990 or 1980 mg/d.

13. an 1l month old female bad two episodes of hypoglycemia
with hepatic, cerebral and muscle dysfunction. No
subsequent attacks despite infections., carnitine therapy
evaluation: produced improvement. She had flu with
vomiting, rash or. trunk and back, fever and emesis,
lethargy.

14, A 7 year old fenale after carnitine treatment had
increased attentic. svan, began following sequential
commands and was more compliant and affectionate. She
had better leg coatrol and became toilet trained.
carnitine therapy evaluation: produced dramatic
improvement.

C.L. Hoppel, Peds. Res. 1981, 15:633. Two patients with
systemic carnitine deficiency were treated with
l-carnitine.

15. A 14 year old female showed greatly improved skeletal
muscle function, hepatic function, and cardiac function.
Growth and development are normal. Carnitine therapy
evaluation: life-saving,

16. A 9 month old male had no recurrence of acute hypotonia,
weakness, hepatomegaly and hyperglycemia (sic), but
duration of therapy was not sufficient to determine
long-term effect on muscle and cardiac function. He had
moderate diarrhea, which resolved in 2-3 days, and severe
pneumonia.,

Carnitine therapy was rated life-saving for 4 patients,
dramatic for 4, and producing improvement for 3. The other 5
did not respond or were not treated long enough to evaluate,
Six had diarrhea, and four had bedy odor. The dose of
carnitine was decreased because of the adverse effects in some
patients, but it was not discontinued for adverse effects in
any patients.

Cases providing supportive evidence of safety of carnitine
administration,

The additional 50 patients were frequently very ill, and
several deaths occurred in this group, but were attributablec
to the underly.ng disease (Leigh's encephalopathy,
mitochondrial myopathy, Hirschprung's Disease with short bowel
syndrome and liver failure). There were reports of 7 cases of
fishy body odor, 3 cases of tremulousness, sweating,
faintness, hyparventilation and dizziness, one case each of
mild qastrointastinal symptoms, "intestinal flu®, vomiting and
increased seizires, respiratory distress and hepatic failure,

PRI G TR .. R S ARy
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transient diarrhea, hyperammonemia and apneic spells, severe

diarrhea which subsided with lower dose, fever and vomiting

; with draining eazs, stiffness and headaches, numbness of toes,
and moderate burnirj and pain in heels and left hip. There is

1ittle reasor to think any of the symptoms except

gastrointestinal s;Ti;. Jms =d budy ndot are related to

carnitine therapy.

V1. Approved Package Insert:
| *- A copy of the package insert is attached.

—



=




CARNITOR

(L-carnitine)
Tablets

DESCRIPTION

Lcamnitine is L-bnu—hydmxy-gamml-trimeﬁhylamino butynz acid (inner sait).
1 is a white powder with & melting point of 196-197°C and is readily soluble
in water. Tha L-isomer of carnitine is the biologicaily active {orm

CHa

CH:-N*-CHz-CH-CHz £LOO

I

CHs OH

CLINICAL PHARMACOLOGY
L-camitine 18 essential tof the transport of long chain tatty acids across the
innet mitochondrist membrans into the mitochondrial matrix where they

vndergo B-oxidation.

INDICATIONS AND USAGE
Lcamiting is indicated in the treatraent of primary syslemic carnitine

deficiency.

CONT RAINDICATIONS
None known.

WARNINGS
None.

PRECAUTIONS
Mutagenicity tesis have baen performed in Ssimonelia typhimurium.
mmu\ymmm.mdkwmwmwmmcom

indicate that L-carniting is mutagenic.
Long-erm animal studias have not been conducted tc ovaluate the
carcinogenicity of the compound.
ai"rogntn-:u Category 8. Ruproductive studies have been performad in rats
and rabbits using parenteral sdminisiration at doses equivaiani on a ™~ %xg



basis 1o the suggested oral sdult dosage and have revealed no harm to the
foius due 10 L-camitine. Thers are, however, no adequste and weli-controlied
studies in pragnant woman. Because snimal reproduction studies are not
always predictive of human response, this drug shouid be used during
pregrancy only if clearly needed.

ADVERSE REACTIONS -

The most frequent type of adverse reaction occurring during treatment with
L-camitine is gastrointestinal.

In clirica! studies, 41% of patients reporied one or more gastrointestinal
complaints which tended to be try sient.

Typical complaints inclucied nausea, diarrhea, and abdominal distress,
Patient odor was the naxt most frequent adverse eftact which had an ircidence
of 11%. Decreasing the dosage often diminishes or siiminaios drug-related
patient body odor of gastrointestinal sympioms when present.

DOSAGE AND ADMINISTRATION

Adults: The recommendad oral dosag for adults is $80 mg two of three
times a day, depending on clinical response.

infants and children: The recommended ovai dosage for infants and childran
is between 50 and 100 mg/kg/day in divided doses, with a maximum of 3
gramsiday. The exact dosage will depend on clinical response.

BIOAVAILABILITY

The bioavailability/pharmacokinetics of L-camitine tablets have not been
determined in well controlled studies.

HOW SUPPLIED

L-camitine is supplied a8 330 mg, J-dividualiy foil wrapped tablets in boxes
of 90. Store at room temperature.

CAUTION
Federal (USA) law prohibits dispensing without 8 prascription.

* TM application pending

- a
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[. GENERAL INFORMATION

A. Name of drug: L-carnitine

B. Pnharm, category: napura‘Ty-occurring cofactor necessary for fatty
acig oxidation in mitochondria

C. Proposed :ndications: carnitine deficiency syndromes
0. Dosage form: tadlets, each containing 330 mg L-carnitine

E. Source and method of preparation: see chem review

11. AANUFACTURING CONTROLS
- Seé.chemist}y';eview
111, PHARACOL OGY
| See pharmacology review

IV.~CLINICAL BACKGROUND

cos, carnitine-deficiency syndrome, has been recognized for about ten
years; its etiology(ies) are still not well estaplisned. (DS is
considered by many to be 2 specific disorder of fat metabolism. Patients
have been divided into two groups: {1) those with normal serum
concentrations and 'ow carnitine content in muscle, opssibly resulting
from a deficit in carnitine uptake [myopathic carnitine deficiency
syndrome], and (2) those with systemic geficiency with decreased content
of carnitine in plood and one or more tissues - a generalized metabolic
disorder that may be due to 2 defect in carnitine synthesis {systemicC
carnitine deficiency syndrome]. It is apparent that any def iciencies of
carnitine metabo'ism may result in similar signs and symptoms as impaired
'ipid metabo'ism. A diet low in fat and high in carbohydrate may thus De
of use in CDS of any kind. Similarly the treatment of acute metabolic
crisis in CDS requires correction of acidosis and administration of
substantia?l amounts of IV g'ucose. Also, the frequent cardiac involvement
-in CDS may be understandable on the pasis of impaired fatty acid inf Tux

into heart muscle mitochonqria.




|

-2-

-

While the syndrome is rare, there are a number of patients documented in
the titerature with varioqs types of (DS who have shown dramatic
improvement - both objective and subjective - after carnitine therapy.

Carnitine is present in meat and fish and, except for gastrointestina?
symptoms, primarily diarrhea, and fish-like body odor, adverse reactions
have been virtually unknown,

CLINICAL STUDIES

The studies reported are prototypic for an orphan drug product. The
numbers of patients in the studies are small and the data available for
each study are 'imited and largely subjactive.

In general, what is known for each oatient is: (1) diagnosis; (&) dosage
and Yenth of time of drug administracion; (3) "Physician's Global
Evaluation" of whether (a) carnitine was life-saving to the patient, (b)
carnitine dramatically improved the patient's condition, (¢) carnitine
improved the patient's condition, (d) carnitine did not alter the
patient's condition, or (e) carnitine worsened the patient's condition;
(4) subjective response with regard to muscle stren th, general activity,
and neurological! response; (5) cardiac size; and (6? tissue levels of
L-carnitine. The studies wil) be described an< evaluated in as much
detai! as possible on the basis of the data presented.

A1) patients were monitored for any adverse reaction, and all possible
such reactions were recorded on the case report form. For each adverse
reaction the investigator was asked to rate the severity of the reaction
as mild, moderate, or severe, and to estimate the causal relationship of
the effect and the drug as remote, possiole, probable or definite.

A. tudy #'0.

Investigator: S. Cederbaum, 4.0,

Div. of dedica’ Genetics
Neuropsychiatric Inst,
Center of Hea'tn Sciences
700 Westwood Plaza

L.A., CA

Study Design. Open study to assess the efficacy and safety of
carnitine in the treatment of sytemic (DS of a single patient, 3.5
yo M. Ox was based on determination of tne level of L-carnitine in
liver, muscle, and blood: all levels were low. Patient pegan on

D,L-carnitine, at dosages ranging from 1500-4000 mg po qd; current1y

on 1980 mg qd L-carnitine. [Reported in NEM 303, 1389, 198G]
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Results,

Gl'oba?! evalyation - according to Dr. Cederbaum, carnitine was
"ife- aving to the patient and dramatically improveg the patient's
conaition,

Subjective response - marked improvement in affect, frequency of
infections and in listlescness, :
Objective response - dim’ - ished cardiomegaly; markedly increased
Tiver and serum carnitine levels (to or above nl}, muscle carnitine
Tevels Tow and virtually unchanged with therapy (vo!. T, p. 102).

Adverse reactions - diarrhea, transient, resolved with decreased

dosage.

Sponsor's conclusions. "Carnitine provided a successful treatment to
tEe one patient with systemic CDS who participated in the study. The
quality of this patient's life has been greatly improved by the
administration of the arug. ., . *

Reviewer's conclusions. | agree that there appears to be a marked
subjective and objective improvement in this patient. Moreover,
there is the laboratory correlation of Increased liver and serum
carnitine levels, Thus, the drug appears safe and effective in this
patient,

Study #11. [Neurology 32, 1106, 1982]

Investigator: T, Snyder, M.D.

Dept. of Neurology .
Med. Ctr. of Vt.” '
Burling*on, VT 05407

Study Design. (Open study to asssess the efficacy and safety of
L-carnitine in the treatment of lipid storage myopathy.

Two patients with Yipid storage myopanhty entered the study. The dx
of Yipid storage myopathy was based on histocnemistry of muscle
biopsies. The concentration of L-carnitine in the musc'e of one
patient was 16.8 nmoles/mg protein, 7.8 nmoles/mg protein in the
other (n! 11.27), For the first week, tne first patient receivad an
oral, total dai'y dosage of 14.85 gm of drug in 3 divided doses. The
dose was then reduced to 4.95 gm/d divided into 3 doses.

For the first four days the second patient received an oral, total
daily dosage of 14,85 gm of L-carnitine divided into 3 equal doses.
The dose was then reduced to 4.95 9/day. . .
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Results,

G'oba! evalyation -'both patients showed dramatic improvement in
Syptomatology.

Subjective - first patient had marked improvement in his functional
abilities with markedly increased muscle bylk and strength; second

patient had marked improvement in muscle Strength but not in bulk,

with improved sense of well-peing and "functional abilities,"”

Adverse reactions - none.

Sponsor's conclusions - “L-carnitine grovided a successfyl treatment
to two patients with Yipid storage myopathy,*

Reviewer's conclusions, Once again, the -safety and efficacy of
-tarmitine apoears to have been demonstrated in 2/2 patients, Note,

nowever, that in only one of these was true carnitine deficiency
denonstrated.

Study #72. [NEJM 305, 385, 1987
Inves;ihgtors:

R.R. Chun, M.0.

H.A. Peters, M.D.

M.L. Katcher, M.D.

Univ, of Wisconsin Hosp. and Clinics

Madison, Wl 53792 .
A.E. Tripp, M.D.

Univ. of Chicago

Chicago, IL -

Study Design. Open Study in 3 patients with different Syndrome: to
eéxamine the safety and efficacy of L~carnitine,

Patients 5ad following diagnosss:

Patient #? systemic CDS
78 systemic (D3
#3 Mmotor neuron gisease
#4 Duchenne Auscular Jystrophy
#5 myopathic CDS; Duchenne muscular dystropny
palmity’ transferase deficiency
#6 Ouchenne Muscular Dystrophy
#7 Buchenne Muscular Jystrophy
#8 Duchenne Muscular Dystrophy

Patients received tota!l daily doses of 990 to <50 mg.



0. Study #13,
Investigator: e
W.K. Enge?, M.D.
Hospita® of the Good Samaritan
L.A. CA 9007
Study Design. Open study of 22 npatients with fo'lowing ax:
3‘ = .
A U A A o

Results.

G'obal! evaluation, Patient ) - Lreatment with drug did not alter the
patient's condition but too early to adequately evalvate. Patient 2
- treatment dramatically improved the patient's concition, Patients

3,5,6,7 - treatment did not alter their condition. Patient 4 -

Subjective evaluation, Patient #2 had deteriorating familial

too

cardiomyopathy, with MI and syncope, and was reportealy considered a

candidate for a cardiac transplant. After treatment with drug,

cardiac function has normalized, digitalis has oeen discontinyed, ang

heart size has returned to nomal.

Adverse rsactions. Patient #' died of respiratory arrest after
reated wi rug for approximately 2 weeks; felt only remote
possibility of relationship to drug. Patient #2 had milg GI sx

peing

felt

PosSibly related to treatment witn drug; in addition, this patient

had odd body odor, sropably relateg Lo drug. Patient #4 noteg
stiffness and headaches, :

Sponsor's conclusions. Treatment with L-carnitine gramatically
inproved the condition of one patient with systemic CDS.

Reviewer's conclusions, Agree with sponsor's conclusions, as far as
they go. Tn addition, 0/3 evaluanle patients with Uuchenne Muscular

dystrophy and 0/' witn "motor neuron giseage” responged,
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Patient #! myopathic CDS
2 carnitine responsive muscle fatigue and
cramps
#3 . probable lipid myopathy and neuropathy
#4 myopathic carnitine deficiency
#5 myopathic carnitine deficiency
#6 myopathic carnitine deficiency
#7 increased lipid in muscle at pirth
#3 1ipid myopathy
#4 mitochondrial myopathy
ARV Duzhenne M.D.
2N Duchenne M.0.
#1¢ Duchenne M.D.
3 Oculopharnygeal 4.0.
4 Ragged Red Fibers-increased 1ipid on bx
5 myopathic carnitine geficiency
#16 Ragged red fiber disease
#17 vacuolar inyopathy
#18 phosphorylase deficiency
N9 myophosphorytase aeficiency
#20 Ragged red fiber disease
¥2' ?agged red fioer myopathy with increased
ipid
#22 vacuolar myopathy witn lipid droplets

Patients received total daily po doses of up to 15 g of drug.

Results.

Globa! evaluation. In the five patients with myopathic COS (#s
1,4,5,6, and 15), one patient experienced dramatic improvement and
four patients experienced improvement. In the other patients, tnere
was apparently no effect of treatment.

Adverse reactions., Some 31 adverse reactions were reported in 10
patients. KT but three in three patients were mild-moderate Gl
effects or fishy body ogor. The remaining three were
tremu’ousness/sweating/faintness/hyperventilation ang dizziness (<4).

Sponsor's conclusions. AN five patients witn ayopathic carnitine
deficiency Nenef 1ted by treatment with drug; in onZ patient the

response was dranatic.

Reviewer's conclusions. On the pasis of such meager aata, l cannot
dispute tne sponsor's conclusions. It would have been of interest to
know whether laboratory values correlated with the reported ¢linica?

response.

It should also be noted that in this pivotal study (5 of the 7
patients overall in the NDA with myopathic CDS showing improvenent-
are from this study) that & of the 5 patients were on glucocorticoids
during at least part of the time of administration of carnitine,

This makes difficult interpretation of the etfect of carnitine.

SRR
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Study #4. (J. Peds. 99, 581, 1981]
Inves:igator:

A. Slonim, M.0.

Dept. of Peds. Endocrinology
vanderbilt Univ, Hosp. .
Nashville, TN 37232

Study Design. Open study to assess efficacy and safety of
{-carnitine in COS in 3 patients with systemic CDS ana one witn

myopathic CDS.

Patients received between 330 and 1320 mg of po drug gd or 100
mg/kd/d.

Adverse reactions. None reported.

Resu1ts{

Global impression and other data. Two patients witn systemic CDS
responded to treatment with drug (walking, speaking improved; without
further episodes of hypoglycemia). The one patient with myopathic
CDS did not respond to treatment. It was felt to be too early to

evaluate the other patient with systemic CDS.

Agverse reactions. Single episcde of a "viral illness.”

Sponsor's conclusions. Treatment with drug was peneficial to two
patients with systemic CDS. One patient with myopathic carnitine
deficiency did not respond to.greatment. - .

Reviewer's conc'isions. arked efficacy appears to nave Dheeén
demonstrated 1n 272 patients with systemic LDS. Ineffective in tne
one patient with myopathic CDS. Again, no safety problems.

Study #15 - only patient in study unevaluable.
Study #16. [J. Peds. 10, 700, 1982 )

Investigator:

0. valle, 4.0.

Peds. Genetics Clinic
The Johns Hopkins HOSp.
Balt., MD 21205
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Study Design. Open study.of a single patient to assess the safety
and efficacy of L-carnitine in systemic (DS.
Resu'ts.

Globa) evaluation. Drug was “life-saving" to patient.

Clinica’ impression. Patient was in extreme borderline CV status
despite chronic Rx with digoxin-and diuretics. Within one month,
there was obvious improvement. After 5 months of therapy, the
patient's clinica' status was “normal."

Objective data, Cardiomegaly as measured on CXR improved marxedly.
Blood levels norma'ized, from 4.3 nmol/m) pre-treatment, to ¢1.6-3¢.V
after .reatment (nl 20.8-44.5),

Adverse Reactions. None reported.

Sponsor's Conclusions. Markecly successful treatment in this patient.

-~

Reviewer's Conclusions. Concur with above.

H.  Study #7.

Investigator:

E. ifonkus, 1.0.

Dept. of Peds.

Div. of Neonatology

Univ. of Miami

Schoo! of 4dedicine
_Miami, FL 33101

-
-

Study Design. Open study with two patients, cne with i.2zigh's
encephatopathy {patient #1), the other with kwashiorkor {patient #¢),
of the safety and efficacy of L-carnitine.

Patient #) received a tota! ora! daily dose of 430 mg of
L-carnitine. Patient #2 was naintained on ¢540 mg/day.

Results.

Global evaluation. Patient #! died aproximately two months after
beginning therapy; demise unrelated to drug agministration, according
to investigator. Patient #2 improved in rasponse to treatment witn

L-carnitine.
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Clinical impression. In patient #2, markedly improved nutrition
during period of therapy was felt to be major factor in clinical
improvement; unknowil how much drug contributed.

Adverse Reactions. Oeath of one patient, felt unrelated te drug.

Sponsor's conclusions. Orug was bereficial tq patient with
Rwashiorkor.

Reviewer's conclusions. Unevaluable.

Study #'8.
Investigator:

L.D. Prockop, 1.0.
Division of Neuro'ogy
Univ. of So. Fla.
Tampa, FL

Study Design. Open study of a sing’e patient with mycpathic 03,
severe respiratory failure and musc'e weakess of the safety and
efficacy of L-carnitine. Patient was treated with 0,000 mg qd
D,L-carnitine initially, tanered to 4000 mg D,L-carnitine, now
maintained on ‘980 mg/d L-carnitina.

Results.

Global impression. According td investigator, drug was life-saving
to patient,

Clinical impression. Patient'$ long-standing muscle weakness,
flaccid paralysis and nypoxic prain damage wWere reversed
substantially by drug therapy.

Objective. Patient was able to ve weaned from ventilator, regained
67X of nredicted respiratory function- and approximately 9Us of norma?l

musc'e strength after arug therapy.

Adverse reaction. Question of nild gista’ numbness of toes,
trancient, re't remotely ‘ixe'y to oe re*atad to drug.

Study #'9.
Investigator:

C. Sansaricq; M.D.

Dept. of Peds. o
NYU Med. Cir.

New York, NY 10016
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Study Design. Open study of a single patient with systemic (DS of
the safety and efficacy of L-carnitine.
The one year old male patient receivied 165 - 330 mg of drug po qd.

Results. Patient died of respiratory failure ten aays after

py——— , - . .
Tnitiation of therapy, felt .by investigator unrelated to drug
tnerapy. Also fe't duration of therapy too short to evaluate effect.

Sponsor's conclusions. Unevaluable.

Reviewer's conc'usions. Unevaluable.

Study #20.
Investigator:

8.0. Stands, ¢ ©

edica’ Park Peds. & Adolescence, P.A.
Richland vedical Park

Cotumbia, S.C.

Study Design. Open study of a single patient with systemic CDS, wilh

dx based on subnorma) levels of L-carnitine in muscle, liver, and
blood. Patient receives dosage 990 ng/d.

Resu'ts.

Globa' evaluation. Patient dramatically improved,

Clinica® impression. Drug ended recurrent comatose episodes.

Adverse reactions. None reported.

Sponsor's conc'usions. Orug benefica’ in this patient.

Reviawer's conc'usions. concur.

Stucy #2°.

Investigatir:

K. Cnandar, M.U.
Division of Neurology
Jdt. Sinai Hospital
Clevetland, 0
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Study Design, Open study to assess the efficacy and safety of
L-carnitine in a single patient (71 yo female) with myopathic CDS.
Dnsage ranged from 1980-11,880 mg po qd.

Resu'ts.

Globa! evaluation. Drug did not alter patient's condition,

Clirica' impression. No apparent increase in muscle strength during
study. .

Sponsor's concl'usions. Ko response 1n this patient.

Reviewer's conclusions. Concur. .

Study #22.
Investigators:

R. Cruse, D.0.

R.S.K. "Young, M4.0.

Dept. of Peds. Neurology
Hershey Med. Sch.
Hershey, PA 17033

Study Design. Open stuay of two patients (3.5 and 6 yr) with

systemi¢ of the safety and efficacy c¢f L-carnitine. Patients
initia'ly received oral dose of 1980 mg, ‘ater reduced to 1320 mg.

Resu'ts.
G'oba’ evaluation. Both patiests improved on drug. .

C'inica® impression. Episodic attacks of coma nave ended in one
patient, and the second renains witnout symnptoms.

Adverse reactions. Transient loose stools in both patients; fishy
odor noted, e ininated with decreased dose.

Soonsor's conc'usions. Both patients with systemic ¢DS oenefited.

Raviewer's conc'usions. Concur,
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Study #23.

Investigator:

D.L. Ehrenreich, M.D.
Buffalo Med. Grp.
Buffalo, NY 14203

Study Design. Open study of. a single patient, 41 yo female, witn
Tp1d storage myopathy, of the safety and efficacy of L-carnitine,
Drug was begun at po dose 4 g qd and gradually tapered to zero over

14 months.

Resu'ts.
Globa! evaluation. No effect of drug.

Clinica) impression. "Shortly after instituting treatment with
Theragram (while still on carnitine), there was a dramatic
improvment, Carnitine 'evels were not found to e Yow in muscle or
serum, Lipig storage myopatny was "cured” when repeat muscle ox
performed. Improvement was maintained after treatment with
L-=arnitine stopped.”

Adverse reactions. doderate burning ang pain in heels and left hip;
fe't on'y remote possipility of relation to drug.

Sponsor's conclusions. No effect in this patient.

Reviewer's conclusions. Concur.

Studv #24.

Investigators:

R.C- Gr1ggSg 1'1.0.

Dept. of Neurology

University of Rochester Schoo! of ded. anu Uentistiry
Rochester, dY 14647

Study Design. Open study to assess the safety and efficacy of
L-carnitinc in two male patients (ages 3 and 'S), one withn

mitochonaria® myopathy (#', age 3), tne Otner Jith ayopatnic vdd> (#¢,

age '6). Patlents dosages ranged from 1320-1%80 ing po qd.

Resu'ts.

Globa! evaluation. No effect of drug in either patient.

_’, |
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Adverse reactions. Both patients experienced mild Gl sx, possibly
related to drug. Patient #1 died of respiratory failure, approx. 2.5
mo after beginning drug (no mention of relationship to drug).

Sponsor's conclusions. No effect in two patients, one with
mitochondrial myopathy and one with myopathic CDS. :

-

Reviewer's conclusions. Concur.

Study #25.

Investigators:

P. Hartlage, .0,

Depts. of Neuro and Peds.
Medical! College of GA
Augusta, GA 30912

Study Design. Open study in two patients, 3 yo £ with probaple
systemic.. (#1) and 7 yo ¥ with lipid myopathy. #1 received vral
dosage 'S80 mg qd; #2, 990 mg qd.

Results.

Globa! evaluation. No effect of drug on either patient.

Adverse reactions. Transient "intestinal flu" in patient #2.

Sponsor's conclusions. No effect of drug.

Reviewer's conclusions. Concur.

Study #26. [Johns Hopkins Med. Jour. ’5?, 195, '98Z)

Investiqgator:

H.W. doser, 4.0,

J.F. Kennedy Inst. for Handicapped Chi'dren

ga't., D 2'205
Study Design. OUpen study in two patients witn.adreno’eukoaystropny;
¥, ‘B Yo J;’#Z, 5 yo 4. Patients received dose of 180 mg po qo
(plus clofiprate).
Results.
Global =valuation. No effect of drug.

Clinical impression. No effect of drug.
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Sponsor's conclusions. Orug ineffective for two patients with
a%renoleuioaysfropﬁy.

Reviewer's conclusions. Concur.

Study #27.
Investigator:

C.A. Stanley, 4.D.

Division of Endocrinology/Diaoetes
Children's Hosp. of Phila,

Phita., PA 19104

Study Design. Open study to assess the safety and efficacy of
[-carnitine in the treatment of eitner Tong-chiun acy!-CoA
dehydrogenase or medium-chain acy!-CoA dehydrogenase deficiency.
Patients received approximately 100 mg/kg drug po qd.

Results.

G'aoba? evaluation. No effect of drug in the 3 patients with medium
chain acyl-CoA dehydrogenase deficiency. Improved the condition of
the patient with ‘ong-chain acyl-CoA denyarogenase.

C'inica' impression. The patient with long-chain acyl-CoA
dehydrogenase deficiency was treated witn L-carnitine and special

diet. There was gradua’ improvement over §-12 weexs. Heart size was

reduced to upper normal leve'! and muscle strengtn was much improved.
7 How much is relative contribution of diet vs. drug.

Adverse reactions. fone reported.

Sponsor's conclusions. Drug and diet treatment resulted in
improvement in one patient with Yong-cnain acy'-CoA dehydrogenase
deficiency. Three patients with medium-chain acyl-CoA dehydrogenase

were unresponsive to treatment,

Reviewer's conclusions. Concur, tnough as noted, it is difficult to
Know tne re'ative contripution of drug vs. diet in the resonsive

patient, :
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Study #28.

Investigator:

J. Patrick, M,D.

Children's Hospita! of Eastern Ontario

Ottawa, Canada
Study Design. Open study of L-carnitine in two patients, one (#1)
#ith "hepatic ma'function” (1.5 yo F), the other (#2) with
Hirschsprung's disease of long segment/snort bowel synarome/)aunaice
(! yo 4). Patients received 350-660 mg po qd of drug.

Results.

Gl'oba' impression. In patient #', drug was life-saving; in patiant
#Z2, treatment improved patient's condition.

Clinica! impression. Patient #': in response to treatment, patient
lost fetor. hepaticus, became more alert, and oegan taking solig
foods. A'sgc, she to'erated nign protein, nign carbonydrates, low rat
intake, and had decreased hypotonia and improvement in sitting,
ba'ance and equi'ibrium reaction. Increase in muscle oulk and
strength was observed and Ketogenesis was increased.

Patient #2: Jas in pre-morbia state before treatment; patient
sxpired approx. 3 weeks after initiation of drug.

Objective. In #!, treatment increased poth tolal and free serum
L-carnitine. After 1 yr of treatment, total serum Yevel was
increased from 20.0 to 56.3 nmo?/L while the free level was increased
from 12.2 to 5., o )
Adverse reactions, Patient #! experienced vomiting and increaseaq
seizures (7 re’'ated to drug). #¢ 2xperienced respiratory distress,
hepatic failure and expirea aftar approx. 3 weeks on druy.

Sponsor's conclusions. Treatment ~itn drug was 'ife-saving to one
patient with hepatic ma'functison/carnitine geficiency.

Reviewer's conc'usions. Concur.

Study # 29.

Investigator:

J. DilLiberti, 4.0,
Emanue Hosp,
Portland, OR 97227

I ¥ g
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J.R. Schimschock, M.D.
2525 N.W. Lovejoy
Portland, OR 9720

Study Designu Open study of L-carnitine in two patients with
systemic ; #1 an 'Y mo o'd F, #2 a 7 yo F. #! received doses of
$90 mg po qd, #2 1980 mg po -qd.

Results.

Global evaluation. Treatment dramatically improved ootn patients.
Cl'inical impression. #! seems less prone to decompensations,
infectious and metabolic, since oeginning arug. #2 is neurologically

and socially improved.

Sponsor's conc'usions. Treatment was beneficial to poth patients
with systemic CDS.

Reviewer's conclusions. Concur.

U. Study #30. {Lancet 6/19/82, pp. 1411.-2]

Investigator:

c. Roe’ Iq.Dl

Divison of Peds. ietab.

Duke Un‘v,. iled. Ctr,

Durham, M0 27770
Study Design. Upen study of ene patient, a b.b mo_oTu M, witn
propionicacidenia (propionx1 CoA carboxy'ase geficiency). Patient
was treated with po drug, '00mg/kg for & montns; Jose was then
reduced to 5) ag/kg.
Resu’ts.
G'ona® eva'uation, Orug dramatica’ly laproved patient's condition,
Clinicda' iap as3sion. arxedy improvad perfornance on Denver
Deva'opment “est and incr2ased nusc'e strength.
Adverse react.ions. Transient giarrhea, possioly related to drug;
Tntermittent hypérammonenia, unikely to oe related to drug; apneic
episodes, un'ikely to be related to drug.
Sponsor's corclusions. Drug was beneficial to this patient with
propionicacidemia.
Reviewer's conclusions. Concur,

Pt Ay
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Study #31. (Peds. Res. 15, 633,1981]

Investigator:

C.L. Hoppe?l, M.D.
Division of Clin, Pharm.
V.A., Med. Ctr.
Cleveland, 0 44106

Study Design. Open study of L-carnitine in two-patients with
systemic CES; #1 was a Y4 yo F, #2 a 9 mo. M. #1 received 30-125 mg
po qd; #2 received 100 mg/kg/d.

RESU?tSO

Globa® eva'uation. Drug was life saving to patient #1 and improved
the condition of #2.

C*inica’ impression. Treatment reportedly greatly improved skeletal
muscle and hepatic and cardiac function in #1. In #2, no recurrence
of pre-treatment acute problems, including hypotonia, weakness,
hepatomegaly, and hyperg!ycemia.

Objective. In #1, plasma levels of L-carnitine were increased from ¢

to 3! after treatment.

Adverse reactions. In patient #Z, transient .noderate diarrhea and
penumonia were reported; felt only remotely likely to be related to
drug by investigator.

Sponsor's conclusions. L-carnitine was Vife-saving in one patient,
beneficial to the other.

Reviewer's conclusions. Concurs Also, 1 have a higher index of -
suspicion than the i1nvastigator that the diarrnea in #2 was
drug-re’ated.

Study # 32.

Investigator:

c. I'\"IDUS, '4.0.
Rancho Los Anigos Hosp.
Downey, CA 90¢42

Study Design. Open study in a single 5.5 yo o patient with myopathic
DS. Patient received total po dose of 1650-1900 mg of drug.
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Results.
G'obal evaluation. Drug improved patient's condition.

Clin'cal impression, Investigator reports that patient has fewer
adventitia! movements and experienced remarkaple weight gain.

Adverse reactions. Treatment with drug was begun in 12/81. Severe
diarrhea was reported the same month. The diarrnea subsided after
the dose of L-carnitine was reduced from 1980 mg to 650 mg qd. Dose
was Yater increased O 1980 mg witn recurrence of diarrhea. In 3/8¢,
fever vomiting, coughing and draining of ears was reported, Vomiting
was reported in 1/82. The investigator Joes not indicate his index
of susyicion about drug-relatedness.

Sponsor's conclusions. Drug was peneficial to this single patient
with myopathic .

Reviewer's coaclusions. Concur. It appears that the diarrnea
reported 1s drug-re ated.

safety Considerations. Of the 66 patients presented in the clinical
protoco’s of the NOA, for 37 tnere was reported one or .nore adverse
raaction. The overwnelming majority of those were in twO

categories: (') Gl synptoms, usually mild-moderate diarrhea and; (¢)
“fishy" body odor. {n no case reported aid either of these
constitute or cause major moroidity or mortality, and symptoms were
often diminished or eliminated by a reduction in dose.

Seven deaths occurred in patients in the various protocols, with
cause of death listed variously as cardiorespiratory
distress/progressive hepatic failure (1), pneumonia (1), hypotension
and hypoventilation (1), respiratory arrest/faiture (4). In al
cases, the relationship of the patient's demise to drug
administration was felt by the repective investigators Lo De renote;
in most cases, the patients were extremely i11 when therapy was
begun, The age range in these patients was !4 mo to 77 years,
Tikewise, there appeared nothing systematic in their diagnoses or
dosage of drug.

In summary, safety of this natura'! product in tne patient population
for whom it is intended and at the dosages agministered tup to 1>
g/d) appears to be demonstrated. Adverse reactions were Common,
consisting overwhelmingly of GI symptoms (approximately 30-40% of

patients) or fishy body odor (approximately 10%), out these tendea to

be transient and mild.

Efficacy Considerations.

The patients included in the various studies include nuUMerous *
diagnoses, many of them extremely rare, as shown on the next page.
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Results.

Global evaluation. Drug improved patient's condition.

Clinical impression. Investigator reports that patient has fewer
adventitia) movements and experienced remarkable weight gain.

Adverse reactions. Treatment with drug was begun in 12/81, Severe

q—__—-'_—-_ . -
diarrhea was reported the same montn. The diarrnea subsided after

the dose of L-carnitine was reduced from 1980 mg to '650 mg ad. Dose
was Yater increased 10 1980 mg with recurrence of diarrhea. In 3/8¢,
fever vomiting, coughing and draining of ears was reported. Vomiting
was reported in /82, The investigator does not indicate his index
of suspicion about drug-relatedness.

Sgonsor's rancusions.
with myopathic .

Reviewer's conclusions. Concur. It appears that tné diarrnea
reported 1S drug-re’ated.

Orug was peneficial to this single patient

Safety Considerations. Of the 66 patients presented in tne clinical
protoco’s of the WOA, for 37 tnere was reportea one or .nore adverse
reaction. The overwneming majority of those were in two

categories: () Gl sympioms, usually mild-moderate diarrhea and; (¢)
“f jghy" body odor. In no case reported gid either of these
constitute or cause major morpidity or mortality, and symptoms were
often diminished or eliminated by a reduction in gose.

Seyen deaths occurred in patients in the various protocols, with
cause of death listed variously as cardiorespiratory
distress/progressive hepatic Failure (1), pneumonia (1), hypotension
and hypoventilation (1), respiratory arrest/failure (4). In all
cases, the retationship of the patient's denise L0 drug
administration was felt by the repective investigators L0 De renote;
in most cases, the patients were axtremely i11 when therapy was
hegun. The age rangé in these patients was '4 mo (O 71 years;
“jxewise, there appeared nothing systematic in their diagnoses Or
dosage of drug.

In summary, safety of this natura’ product in tne satient population
for whom it is intended and at the dosages agninistered {up to 15
q/d) appears to be demonstrated. Adverse reactions were common,
consisting overwhelmingly of GI symptoms (approximately 30-40% of
patients) or fishy body odor (approximate?y 10%), out these tended to
be transient and mild.

Efficacy Considerations.

The patients included in the various studies include AUMErous *
diagnoses, many of them extremely rare, as shown on the next page:
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INDICATION

_NUMBER OF PATIENTS

| Motor Neuron Dissase

Systemic carnitine deficiency
Myopathic carnitine deficiency
Duchenne Muscular Dystrophy
Lipid storage myopathy

Ragged Red Fiber Disease
Mitochondrial myopathy .
Adrcral Leukodystrophy

~»adium chain Acyl CoA dehydrogenise deficiency
Long chain Acyl CoA dehydrogenase leficiency
kropionyl CoA carboxylase deficiincy

Oculopharyngeal Muscular Dystrophy

Vacuolar myopathy

Carnitine responsive muscle fatigus and cramps
Phosphoryiase deficiency

Myophosphoryluse deficiency

Cardiac myopathy

Leigh's Encephalcpathy

[
o

z:IHHHFFFHPNHHHHUNNUO-Jﬂ\D

Kwashiorkor
Hepatice malfunction s .
Hirschsprung's Discase
TOTAL
?r - [ .
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Below is shown a tabulation of the investigators‘ global assessments
of all patients, arranged by diagnosis; these are the pivotal data on
which efficacy can be judged:

< .

— T e A T T e A .

“LTIFE- BRAMATIC O No

INDICATION SAVING IMPROVEMENT IMPROVEMENT ALTERATION WORSENING RATING
stomic carnitine deficiency 4 L y 3 ¢ 2
~athi¢c carnitine deficiency 1 1 5 2 0 v}
limd storage myopathy 0 2 1 | 0 0
ied Rod Fiber Disease 0 0 1 2 0 2
whondrial myopathy v o 0 1 0 1l
snal leukodystrogphy ’ 0 0 0 2 0 0
qu_chain heyl CoA dehydrogenase ) o 0 3 0 0

‘iciency
¥ €hain Acyl CoA dehydrogenase ¢] 0 1 0 0 0
! ficiency
pi 1 CoA carboxylase deficiency 0 1 ¢ 0 0 0
or Neuron Discase 9 3 ¢ 1 9 0
i.cnne Muscular Dystrophy 0 0 0 . 4 0 ¢
.lupharyngeal Muscular Dystrophy 0 0 0 0 0 |
wolar mycopathy o ° 0 0 1 0 1
watahe casponsive muscle fatigue 0 0 1 o 0 0
"} 4 cramps .

sphorylase deficiency 0 0 0 0 0 1
yhosghorylase deficiency 0 “:0 - 0 1 0 V]
diac myopathy 0 0 0 9 D) 1
Jh'ez ncephalopathy 0 0 0 0 0 1
.shieckor 0 0 1 0 0 1)
atic malfunstion 1 0 0 0 0 [
;schsprunq‘gbiuan 0 0 1 0 ¢ 0

; LA~ —m -

=
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It is evident that L-carnitine appears to have been consistently
effective only for patients with diagnoses of Systemic carnitine
deficiency (improvement, dramatic effect or lifesaving in 12/14, or
85% of evaluated patients) and myopathic carnitine geficiency
(improvement, dramatic effect or lifesaving in 7/9, or 78%, of
patients. For patients with other diagnoses, the numbers are too
small to draw meaningful conclusions aoout efficacy, especially since
in many cases the precise diagnosis itself is likely to dbe in doubt.

V1. CONCLUSIONS

A.

Scientific. The diificulties inherent in evaluating studies such as

those submitted to this NDA for a aetermination of efficacy are
obvious: ther2 is a paucity of obiactive data; the total numbers of
satients and rumber from any one i;i titution are small; the diagnoses
are somewhat vague both biochemically and ciinically. Tnere are,
nowever, twO considerations that are criticals rirst, there are the
consistent judgements of experienced academic and otner clinical
investigators that the drug improves, often dramatically, sometimes
in a Vifesaving way, patients' c¢linica' status. Second, many of the
patients.with the diagnoses for w~hicn efficacy appears to have been
demonstrated (systemic and myopathic carnitine deficiency,
respectively) are extreme'y i1, moribund or even in extremis, and no
consistent, significant a'ternavive therapy exists. Ana last,
L-carnitine appears to pe quite safe in tnis patient population in
the range of dosages administered,

It should pe notec that the evidence for efficacy in myopathic C0S 1is
Yess compelling chan that for systemic LDS. five of the 7 patients
reported in e NDA with myopathic CDS who improved on carnitine are
from a sing’e study, #'3, ano four of tnase werz treateg with
g'ucocorticoids during at least part of the time of agministratjon of
carnitine. This makes interpretation of the effect of carnitine
a'one difficu't; on the other hand, tne principa’ investigator for
this studv is quite experiancad ang ~2' -varsey 1n tne nuances of
myopathic CDS {as s evidenceg Oy Lme ‘arge numoer of patients he nas
accumu’ated).

In summary, data from the stugies gescrioeg n2rain are ajeguate to

support tne safety and 2ffectiveness of w-caraitine in tne treataent
of systemic carnitine deficiency or myopainic carnitine aeficiency.

Regu'atory. This NDA shou'd oe approved.
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vil. PATIENT INFORMATION INSERT

The draft insert is approvable with the following corrections:

Under Indications and Usage on p.1, the sentence should

read, “_. . ..ip the treatment of systemic deficiency or
myopathic deficiency of L-carnitine,”

Under Dosage and Administration on p. 1, it should pe noted
that decreasing the dosage often diminishes or eliminates

drug-related patient body odor or gastrointestina! S ymp toms
when present. .

3. Under Dosage and Administration, Infants ang c¢hildren on
p.1, "oral" is misspelled.
H.1. Miller, M.D,
cc:
NDA Orig.
HFN-180
HFN-130
- HFN-130/HMi1Yer/0133C

[ P S
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NDA 18-948 April 22, 1983

SIGMA-TAU, Inc.
North Beer Street
Holmdel, New Jersey (7733

Original Submission Date: February 8, 1983
Amendment: (3.1) June 27, 1983

Withdrawn October 23, 1983.
Resubmitted: August 13, 1984

Pharmacologist Review and Evaluation of Pharmacology and Toxicology Data
Drug: L-Carnitine Tablets: The drug substance is the synthetic form of

natural L-carnitine.

Chemical Formula: L~beta-hydroxy-trimethylammonium butyric acid inner salt

cH Nt—- cm CcH -
3 N - ‘2 ‘ CH2 —— COO
od
CH,

- - -

Source of Drug: Sigma-Tau Industrie Farmaceutiri» Riunite Spa, ROme, Italy,

Proposed Clinical Use: The correction of systemic carnitine deficiencies.

Background Information: The original submission of the NDA contained a review
by the sponsor of some 20 Publications dealing with the pharmacological
functions and the toxicological aspect of carnitine, and reports from toxicity
tests performed by .

These were:
. acute tests in mice and rats,

. Subacute tests in rabbits, one with I.V. doses of
d,l-carnitine for 24 days, and one with
l-carnitine 1.V, for 30 days
. chronic tests: one in rats with l-carnitine administered I.vV. for 180
days and one in dogs with l-carnitine administered
intramuscularly for 180 days,
. Reproduction/Teratogenicity tests in rats and rabbits with 1.V. and I.M.
administration,
. Mutagenicity tests (Ames) in rats )

MAY 8 1085




While the review by the sponsor and the reports of the preclinical test
furnished a considerable amount of information on the drug's properties they
did not fulfill the requirements of the Agency to an extent to be considered
acceptable for the support of the MDA, principally by the technical
considerations of the submitted preclinical tests, such as the small numbers
of animals used in them, the inappropriate routes of drug administration not
applicable for the intended clinical usage, and the inadequate duration of
drug administration applied in these tests,

Consequently the sponsor was informed that the then submitted preclinical
test: results could not be accepted,and he was notified on June 17, 1983 that
chronic tests in dogs and rats of 2 months duration had to be performed
according to FDA Guidelines, also reproduction/teratogenicity tests in rats
and rabbits,

In a later telephone conversation between Dr. Klein of Sigma-Tau and Dr.
Sobel, Dr. Klein was informed that the teratogenicity and carcinogenicity
tests could be deferred and perhap waived, and that long~range studies were
not required for this drug, because of its nature and proposed clinical usage
for correction of carnitine deficiencies.

Studies for the pharmacological characterization of l-carnitine to be
conducted by or for the sponsor also were not requested by us because it was
felt that the voluminous amount of publications covering clinical and animal
pharmacological aspects obtained by intensive modern investigations in the
last decade would provide sufficient information for the description of these
functions of carnitine and would serve as support for the NDA. A collection
of over 40 publications, 29 of them dealing with tests in animals published
in 1982 was submitted in the amendment of August 4, 1983, and 4 more volumes
with publications were submitted in the amendment of December 27, 1984,

Pharmacology of L-Carnitine:

The study of the voluminous material submitted in the NDA ang its amendment.s.
was facilitated by the fact that modern text books on biochemistry do conta:.n
detailed descriptions on carnitine, its biosynthesis,functions in lipid
netabolism. To mention a few:

*Biochemistry, The Molecular Basis of Cell Structure and Function", by
Albert Lehninger, The John Hopkins University, Worth Publishers Inc.
Second Edition, 1975, ’

"Principles of Biochemistry® by Abraham wWhite, Distinguished Scientist;
Syntex Research, et al., McGraw-Hill Book Company, Fifth edition 1973.







The majority of the publications are based on the function of carnitine in the
transfer of long-chain fatty acids into the mitochondria where they are
oxidized to serve as a source of energy.

Carnitine is synthesized, under normal condition, from two essential
aminoacids, lysine and methionine,with additional functional contribution from
ascorbate, niacin and Bg. The intermediate precursor form of carnitine,
gamma-butyrobetaine, is hydroxylated by enzymatic actions into carnitine.
Carnitine acts as the carrier for fatty acyl groups from the Cytoplasm into
mitochondria where the enzyme acetyl carnitine transferase located on the
external surface of the inner merbrane catalyses the conversion of the
Cytoplasmic long-chain acyl CoA and carnitine into acylcarnitine. The
acylcarnitine is reconve ted to intramitochondrial acyl-CoA by the action of
carnitine palmitoyl transferase located in the inner membrane. The acyl-CoA
is now available for beta-oxidation in the matrix.

A more detailed description of these processes by their steps-by-step
progression cited is given in the textbook ®Biochemistry,® of A, Lehninger on
p. 546-547, quoted here “in toto ":

"Activation of Entry of Fatty Acids into Mitochomdria

There are three stage. in the entry of fatty acids into mitochondria from
extramitochondrial cytoplasm:

(1) the enzymatic ATP-driven esterification of the free fatty acid
with extramitochondrial CoA to yield fatty acyl-Coh, a step
often referred to as the activation of the fatty acid,

(2) the transfer of the acyl group from the fatty acyl-CoA to the
carrier molecule carnitine followed by the transport of the acyl
carnitine across the inner membrane and

{3) the transfer of the acyl group from the fatty acyl carnitine to
intramitochondrial CoA which occurs on the inner surface of the
inner membrane.

Activation of Fatty Acids:

At least three different enzymes catalyse formation of acyl-CoA thioesters
each being specific for a given range of fatty acid chain length. These
enzymes are called acyl-CoA synthetases. Acetyl-CoA synthetase activates
acetic, propionic and acrylic acids; medium-chain acyl-CohA synthetase
activates fatty acids with 4 to 12 carbon atoms, and long-chain acyl-CoA
synthetase activates fatty acids with 12 to 22 or more carbon atoms. The last
two enzymes activ-te both saturated and unsaturated fatty acids as well as
2-and 3-hydroxy acids,
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Transfer of Carnitine:

Long-chain saturated fatty acids have only'a limited ability to cross the
inner membrane as CoA thioesters but their entry is greatly stimulated by
carnitine. This substance was long known to be present in animal tissue but

its importance went unrecognized until it was found to be an essential growth
factor for the mealworm Tenebrio Molitor.

I. B. Fritz and others showed that the stimulation of fatty acid oxidation by
carnitine is due to the action of the enzZyme carnitine acetyltransferase which
Catalyzes the transfer of the fatty acyl group from its thiocester linkage with
CoA to an oxygen-ester linkage with the hydroxyl group of carnitine. The acyl
carritine ester so formed then passes thzough the inner membrane into the
matrix, presumably via a specific transport system.

Transfer to Intramitochondrial CoA:

In the last stage of the entry process the acyl group is transfepéd from
carnitine to mitochondrial CoA by the action of a secondary type of carnitine
acyltransferase located on the inner surface of the inner membrane:

Acyl carnitine + CoA acyl-CoA + carnitine

This complex entry mechanism, often called the fatty acid shuttle has the
effect of keeping the extramitochordrial and intramitochondrial pools of CoA
and of fatty acids separated. The intramitochondrial fatty acid - CoA now
becomes the substrate of the fatty acid oxidation system which is situated in
the inner matrix compartment.

In a second pathway, the acetyl group ' . . of acetyl-Cod is

enzymaticzlly transferred to carnitine which acts as the carrier of fatty *
acids into mitochondria preparatory to their oxidation. Acetylcarnitine

passes from the mitochondrial matrix through the mitochondrial membrane into

Cytosol and acetyl-CoA is thenregenerated to transfer of the acetyl group from
acetylcarnitine to cytosol CoA."

While the majority of the submitted publications deals with actions of the
long—chain carnitine acyltransferases which according to several
investigations are localized to mitochondria in liver, heart, kidnev and
skeletal muscle, some interest exists now a.so for the short - and
intermediate chain CAT and carnitine acetyltransferase activities flat have
been demonstrated to be present not only in mitochondria but also in
peroxisomes and microsomes in the liver (CH.. Horpel, "Carnitine and carnitine
palmitoyltransferase in fatty acid oxidation and ketosis™, in Federation
Proceedings vol 41, no. 12, 1982, quoting from Markwell et al: "The
subcellular distribution of carnitine acyltransferases in mammalian liver and
kidney. A new peroxisomal enzyme®. J. Biol. Chem. 248:3426, 1973).
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The issue of the occurrence of short -~ and medium chain CATs in peroxisomes
was treated by Bieber and co-workers in the article" Possible functions of
short-chain and medium—-chain carnitine acyltransferases®, in Pederation
Procedings 41:2858, 1982. These investigators stated that they had
demonstrated both short - and medium-chain CAT activity in microsomes,
peroxisomes and mitochondria in pig and rat liver. They made reference to a
report by Lazarnw and DeDuve *A fatty acyl-CoA oxidizing system in rat liver
peroxisomes: en’hancement by clofibrate, a hypolipidemic drug®, in Proc.
Natl. Acad. Sci. USA 73:2043, 1976. They postulated that the enzymes in

peroxisomes are active in the shuttling of beta-oxidation chain-shortened
products out of tne peroxisomes in’to the liver, and for possible other
functions,

The action of clofibrate on the functions of peroxisomes in rat livers was
also described by Lund and Bremer in their publication "Carnitine Acyl
Transferase —- Effect of malonyl-CoA, Fasting and Clofibrate feeding in
Mitochondria from Different Tissues" in Biochemica et Biophysica Acta
750:164,1983. According to this study, clofibrate increased the carnitine
acyltransferase activity of intact peroxisomes in a manner different from that
resulting from fasting, and their conclusion was that clofibrate feeding
showed 2 preferential increase in activity on the medium - and long-chain
supstrates. The authors also notad the significant increase in the size of
the livers caused by clofibrate but unfortunately they did not attempt to
correlate this phenomenon to the function of clofibrate in any direction. The
authors were biochemists, not pathologists,

Th2 effect of clofit 3te was investigated also by Small et al., repcrted in
"Localization of Carnitine Acyltransferases and Acyl - beta Oxidation enzymes
in Small Intestinal Microperoxisome of Normal and Clofibrate Treated iMice,” in
Biochemistry International vol. 7 no.2, 1983. This study was conducted at the
University of Manchester, Department cf Biochemical Sciences. The authors
stated that in the rat, mouse and human liver, fatty acid is oxidized in two
subcellular sites, the mitochondria and the peroxisomes. The first enzyme of:
the peroxisomal fatty acid oxidation system is an H30; producing acyl-CoA
oxidase whose activity is greatly increased in rats and mice by hypolipidemic
drugs (clofibrate). The possibility was raised by the authors that the
intestina! peroxisomes might modify the chairn length of luminal fatty acids
that subsequently are esterified and released into the blood stream as
chylomicra. The close distribution of the peroxisomes to endoplasmic
reticulum was brought up at the very end but not further elucidated with
respect to the functions ¢f the. endoplasmic reticulum.




Another article dealing with the functions of the peroxisomes and ti. _ir
regulation is that by Debeer and Mannerts of the University of Leuven, Belgium

Livers®, in Diabete and Metabolisme (Paris) vol. 9:134-140, 1983)that

need mentioning because it described and debated the action of malonyl-CoA as
modulator of the carnitine-acetyltransferase System, and of the processes in
peroxisomal fatty acid oxidation. It is pointed out that until recently,
long-chain fatty acid oxidation in liver was considered to occyr exclusively
in mitochondria and *jts requlation was generally considered to be inversely

article is cited here in this review mainly because it too addresses the

proliferation and lowering serum triglyceride levels in Ccirculation. The
authors concluded that the contributions from peroxisomes to fatty acid
oxidation is minor compared to that from mitochondria but it is not clear from
their discussions whether the action of clofibrate and related substances
enhances the contribution rate and by what mechanisms it cauges the
Njctological proliferation of hepatocytes. The investigations by Farrel and
Bieber in the same area, of the properties and effects of hypolipidemic drugs
on mouse liver peroxisomes ("Carnitine Octanoyl Transferase of Mouse Liver
Peroxisomes® in Arch. Biochem. & Biophys. 222:123-132, 1983) arrived at the
conclusion, among others in this very complex report, that peroxisomes from

fragility. The drugs used in these trialfwere clofibrate, nafenopin and
WY-14,643,

The matter of the peroxisomes and their feSponses to hypolipidemic drugs is of
interest beyond that of their contributions to lipid metabolism because the
now emerging experience in the cited publications appears to give a new

different chemical nature, as peroxisome proliferators and their tumorigenic
properties that may need a complete revision for their significance,

A very interesting publication for a specific action of carnitine is that by
Casillas and co—workgrs, at the Department of Chemistry, New Mexico State
University entitled "Carnitine content of ravbit epididymal spermatozoa in
organ culture®, in Jour.Reprod. Fert. 65:247, 1982. After reporting previous
investigations by other workers, starting with that of Marquis and Fritz in
1965 in rats, they report their own with bull, ram and rabbit spermatozoa
describing a very high concentration of carnitine in the epididymis and




demonstrating tihe role of carnitine in the maturation process of spermatozoa
during their passage through the epididymis. The presence of carnitine in the
epididymis is established, and that its production is uncer the regulation by
testosterone. 1In the present study, the presence and action of carnitine in
different sections of the epididymis was investigated by an in-vitro set-up
using single epididymal tubules. This action of testusterone was abolished by
addition of cyproterone to the culture medium. Carnitine was taken up by
spermatozoa in tubules taken from the caput but not from the caudal section
(probably because the caudal spermatozoa have completed the maturation process
and are not needing the stimulus from carnitine). (It has been known for a
long time that sperm undergo a maturation process during their passage through
the epididymis that resulted in initiation of their capacity to swim and to
becore capable of fertilization (capacitation). This action was correctly
ascribed to mitochondria located at the base of spermatozoa) The publication
by Huckle and Tamblin confirms the findings of the cited investigators and
expands the knowledge of carnitine functions on sperm fPurification and
Properties of carnitine acetyitransferases from bovine spermatozoa and heart”
in Archives of Biochemistry and Biophysics vol. 226, no. 1:94,1983).

For a corresponding situation in the female it was found by Costa and
Stevenson that concentrations of carnitine in the ovary of rats and of
acetylcarnitine increased 3-fold after gonadotropin stimulation, and in
normally ovulating ovaries during the perinds of rapid steroidogenesis in the
luteal phase. ("Changes in Coenzyme A and carnitine concentration in
Superovulated rats®. BBA 792:130,1984). The carnitine appears to be produced
in perpxisomes located in ovarian tissue.

Other Investigations in Animal Models:

Other publications among the sibmitted material describing a wide variety of
investigations in animals are not reviewed in this review because they
concerned mostly specific phases of carnitine functions with limited
significance for the fundamental analysis of the pharmacological spectrum of
carnitine, and those with clinical aspects, we:e greatly overshadowed by the
large volume of similar investigations already performed in human. Their
omission is justified, and also neczssitateg by existing circumstances, also
for the sake of conserving space in the review document, and time of the
reviewer. For eventual later utilization and review, the following
pu-lications are cited here, all by F, P, Bell, from Diabetes-Athercsclerosis
Research, The Upjohn Company and his co-authors from the staffs of several
Medical Universities. All these publications were submitted in the material
furnished by Sigma-Tau: .

Carnitine metabolism in Macaca arctoides: the effects of dietery change
and fasting on serum triglycerides, unesterified carnitine, esterified
{acyl) carnitine and beta-hydroxybutyrate, in Am. J. Clin. Nutr.
36:115-121,1982,




The Effect of Diet on Plasma Carnitine, Triglycerides, Cholesterol and
Arterial Carnitine Levels in {ynomolgus Morkeys, Comp. Biochem. Physiol.
75 B: 211-215,1983,

Plasma and Liver Carnitine (Free and Esterified) Levels and their
Interrelationships in Moderately Hypercholesterolemic Monkeys (Macaca
arctroides. Can. J. Biochem. Cell Biol. 61:328-332,1983,

Carnitine Esters: Novel Inhibitors of Plasma Lecithin: Cholesterol

Acyltransferase in Experimental Animals But Not in Man (Homo Sapiens),
Int. J. biochem. 15:133-136,1983,

The last cited article of Bell et al. states among other facets that
carnit.ine esters possess surface-active properties at certain concentrations
and cites for this issue the publication by Cho and Proulx on *Studies on
mechanisms of hemolysis by acyl carnitines, lecithins and acyl-cholines",
Biochem. Biophys. Acta 225:214, 1971, -

CONCLUSION FOR THE PHARMACOLOGY PART

The material for the description of the pharmacology properties of carnitine
differs from that which usually is submitted for a new drug substance when
original investigations conducted with that drug are presented. This approach
was not requested for carnitine in view of the long history of its existence
both, as a nutricent, and for clinical utilization for correction of deficiency
induced mycpathies py other pathological conditicns. It is more important that
the submitted literature is of recent vintage and deals in depth with the
complex mechanism of the function of the drug as a carriez, in colaboration
from the now known enzyme systems, of fatty acids, mostly of the long-chain
type, into the site of their oxidation, the mitochondria. This phenomenon is
now firmly an¢ unequivocally established, even though admittedly there
probabliy will be new discoveries forthcoming. Among these one can expect

additional knowledge on the roles of the peroxisomes, and very likely also of
the endoplasmic reticulum. '

But for the considerationgf the safety of carnitine in its planned clinical
use, and for the fulfilment of the requiremeats for adequate pharmacological
data, it appears reasonable and justified to consider the furnisheAd and

reviewed information as satisfactory, from the standpoint of Pharmacolog - to
serve this purpose.

TOXICOLOGY :

-

The supplement to the NDA of Novembe: 9, 1984, vol. 6.1 contains the reports
entitled:

‘L~-Carnitine 52 Weeks Oral Toxicity Study in Sprague-Dawley Rats" and

*L-Carnitine Oral Toxicity Study in Beagle Dogs - Repeated Daily Dosage
for 52 Weeks."
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These are the two toxicity studies that were requested by us for tle
support of the NDA.

52-Weeks Oral Toxicity Study in Spraque-Dawley Rats:

The report for this study is in the amendrent Vol. 6.1 in the submission of
NOovember 9, 1984 of NDA 18-948.

This investigation was conducted by .
In the foreword to the report, the General
Manager

Iwres the statement that the
institute is authorized 0y the to conduct

toxicological studies on pharmaceutical specialties and that the reported
study was conducted on behalf of Sigma Tau, Pomezia, Rom- . Italy.

A declaration by the management is submi*ted attesting that the study, was
conducted in compliance with the GLP Regulations, together with a Quality
Assurance Statement with a schedule of performed inspections r @nd a list of
Scientists involved in this study.

Study Plan and Methodology:

Test Animals: Charles River CD (SD) BR rats

30 males and 30 females per dose group weighing at stact of
treatment, males 230-233 gms..females 163-165 gms.

Dosage: administered in the diet daily for 52 consecutive weels.

Group 1 control

Group 2 150 mg/kg/day
Group 3450 mg/kg/day
Group 4 1350 mg/kg/day

The concentrations of the drug in the diet were sstablished each week from the
weekly body weights, and the drug intake was calculated from the daily intake
of the diet established by the -onsumed portion of the daily offered feed dose.

An interim sacrifice of 5 animals/sex/group was performed at completion of
week 13 of treatment, with a complete work-up.

At the end of week 52, 5 animals/sex/group were selected to continue without
treatment for 4 weeks to study after-effects, or recovery from induced effects
respectively, with sacrifice of these animals at week 57, The remaining 20
animals/sex/group were sacrificed after completion of 52 weeks of treatm me.
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Regults:

Clinical Observations:

No mortality was reported,

Pecal changes: No changes in fecal consistency were reported ﬁissimilar to
the liquid feces noted in the study with doc) ,

Behavior: No variations in treated animals from that of controls. The only
anoraly noted was tne occurrence of an abnormal, excessive growth of incisor
teeth more frequent in males than in females, and in males its ocCcurence
appeared to be dose related: 2 in controls, 3 in group 2, 2 in grouwp 3, 4 ir
group 4. 1In females the incidence was one in controls and group 2, 2 in group
3 but none in group 4.

Body Weight Gains:

The enclosed graphs and tabulations for this parameter yield an interesting
picture for the action @f the drug. The tables are a condensation made by me
of the data obtained weekly by presenting, for brevity salte, only the weights
obtained at critical points of the study, namely before initiation of
treatment, then at week 13 (at the 3-months interim sacrifice) followed by
week 26, and 52,at the terminal sacrifice, and weeks 54 and 57 for the 5 males
and 5 females from each dose group on the recovery phase,

It is evident that the low dose had a greater growth stimulating effect in
both sexes corpared to controls,most.distinct in females and less effective in
males where it became stimulating over controls only in the last 8 weeks of
treatment while in females it had induced greater gains than that of controls
almost from the start,and continuing to th> end of treatment. The mid~-dose
had in males the greatest stimulatory action,but in females it was less than
that of the low dose.

In contrast to this action by the low-and mid-dose was the response to the
high dose in both sexes where it reduced gains of body weights affecting to a
greater extent the females tham the males.

The beneficial action ¢ ~ the drug on weight gains was clearly demonstrated by
the response to the withdrawal of the drug after week 52 when the by-then
achieved body weights of the low-and mid-dose aroups of both sexes were not
maintained but were actually reduced.

In the high-dose males a tendency for body weight loss was noticeable after
week 50 and this tendency continued in the no - treatment period with a slight
recovery and reversal setting in later in the no-treatment period (week 54).
in the high-dose females a definite resumption of body weight gains set in
immediately after removal of the drug from the diet.

P e
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This apparently favorable pPicture for the drug’s action on body weight gain is
somewhat obscured by the observation that the control animals, eéspecially the
females, also showed a weight loss in the recovery period

Males
Week Controls Low Mid High
52 566 578 612 549
57 552 559 587 546
Females

52 343 378 360 308
56 310 323 349 328

A decline in feeg intake was noted in controls, low and nig dose animals
during the 4 weeks recovery period, but in the high dose animals the feed
intake was slightly elevated,

Hematolggx:

drug. Only in the high dose males appeared slight variations from mean normal
values for erythrocites, hemoglobin ang hematocrit values, and by week 57 al}

Blood Chemistry Tests:

Conducted for 1s parameters, their results can be interpreteqd to depict

effects from the pharmacologica) Properties of the drug and not indicative for
any direct togxic action.

1 female rats, the only deviations of significance from norma} and contro}
values were the Changes in the mean triglyceride values (shown as mg/100 ml)

Week Control Low Mid High
26 77.25 87.25 94,5 73.5
52 103.0 119.1 17,1 87.12
57 69.4 66.4 87.2 102.6
—
P A S
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The values for total cholesterol were considered to be not statistically
significant to indicate a drug action, and are shown here only in an attempt
by the reviewer to line them up with the action of the drug on triglycerides.

26 122.8 136.7 130.9 138.4
52 119,68 135.R 125.7 130.3
57 134.6 129.2 125.6 132.4

While the data for the triglycerides show a stimulatory action by the low and
mid dose and the loss of this effect with withdrawal of the Qrug, the effect
of the high dose by week 52 would indicate a suppressive action (perhaps by a
negative feed back mechanism) that was removed in the no-treatment period from
week 52 to week 57, but the data for total cholesterol would indicate tha the
drug had neither a stimulatory nor an inhibitozy action on cholesterol
metabolism, and the noted changes in the triglyceride levels might be results
of the action of carnitine on the metabolism and transportation of fatty
acids. It has to be remembered that the high triglyceride values occurred at
the time when the body weight gains of the low-and-dose groups were high but
that of high dose group low.

For a comparison, the mean triglyceride levels in males are shown in the next
tabulation followed by a tabulatiun of their cholesterol values.

Triclyceride values in males:

Week Control Low Mid High Doses
26 94.5 101.8 110.24 72.7
52 130.0 164.4 180.4 121.2
57 103.6 118.6 143.4 88.7

The Cholesterol values in reles:

WEek' Control Low Mid

26 82.3 80.8 ‘6.0 +
52 90.8 95,2 110.1
57 92.6 105.2 100.7

For the triglyeeride values, the picture is essentially the same as in
females, elevated in the low-and-mid Gose group, reduced in the high dose
group by week 52, with a drop in these values after drug withdrawal, with the
difference that the high dose group showed a drop during the recovery periodg.

R 7 W, e
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The data for the lesterol levels show a difference from that seen in
females in that Y Show an elevaticn during treatment from all doses, with,
no significant change in the recovery period. With respect to the bodyweight
gains in relation to these two parameters, the mid-dose had caused the highest
gains during treatment, lesser gains in the low-dose gtoup, and reduction by
the high-dose, followed by a drop-off in gains in the low and mid dose after
drug withdrawal, but slight improvement in the high-dose group,

With respect to other parameters of blood chemistry, the males had a higher
incidence order than females in several that however by their appearance
during the treatment and disappearance in the Lecovery period did not give any
indication for a direct toxic potential of the drug,

Among these, the increase of total bilirubin levels in ajl treatment groups
was interpreted by the investigators to be caused by sporadic elevations in
Single animals but remaining witain the norma) (physiological) range. The
SGOT levels decreased in a dose related order from 73.12 units in the low
dose, to 70.4 in the mid-, and 59.4 units in the high-dose by week 52, hardly
indicative for any toxic involvenents, and SGPT values remained unaltered.

With these low orders of occurrence of deviations from normal and control
levels, the events in the rec-overy period by necessity were unremarkable,

Urinalysis: Unremarkable.
Ophthalmology: Unremarkable

Organ Weights and their Histopathology at weeks 13 and 52:

Organs recovered at the interim sacrifice at week 13 of § animais/sex/group
had weights in the normal range and were similar to that of controls, by
absolute and relative values. Their histological structures did not reveal
any derangements indicative for drug actions on them.

Similarly,the organ weights from the animals sacrificed at the end of
treatment (week 52) did not reflect a distinct drug action because of the
irregular occurrence of the noted differences in weights that also were of
minor extent:

The livers of animals from the low-and mid-dose groups were slightly heavier
by their mean absolute welight than those of controls, 2nd also those from the
high dose animals, but their relative values were of the same (or similar)
order for all 4 groups,

The kidneys of only the high dose group had a slight but statistically
significant elevation of the mean relative weight value conpared with the
control values but not by their mean absolute weights,
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The spleen weights were elevated by absolute mean values in the iow and mid
dose group, of not statistical significance and not shown by their relative
values.

In Pemales:

A simlar picture for organ weight changes {or their absence) prevails also
for the females,

Por the liver, a statistically significant elevation of its absolute weight

was reported for the mid dose confirmed by the mean relative value. For the
low dose, elevation of the absolute weight was similar to that of the mid-dose
group but it was not considered statistically signiicant by the statistician.
It is interesting that the absolute mear. weight of the high dose group was
actually lower than that of controls.

The kidneys showed a statistically significant elevated mean weight in the low
dose group only; that of the high dose group was lower than that of the low
and mid dose group by the absolute values and, statistically, significantly
higher by its relative weigh value.

The spleen was slightly (but statistically significant) elevated in the mid
dose by absolute and relative weight values,

Results of the recovery period to week 57:

The presentation by the sponsor of the organ weights of the animals that were
continued in the recovery period did not show values with statistical
significance when compared with the control values (by the Dunnett's test) but
this rade of presentation does not show whether there was a change in organ
weights resulting from drug withdrawal that would reveal a drug action

effect. Therefore the following tabulation was prepared by the reviewer to
provide a clearer picture for this action, (or its absence.)

In this tabulation, the body weights were included in order to bring out again
the fact that the increased body weight gains of the low and mid-dose groups
of both sexes appeared to indicate a favorable drug action, and to put this
phenomencn into a perspective relationship to organ weights as an indicator
for a drug action or its absence. Since the control groups had shown the
somewhat enigmatic drop in body weights during the recovery period, the organ
weights fron the control groups can be disregarded, and make the comparison
only between the values of week 52 and 57.

O -
J
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It can be seen that for the low and mid dose groups there was an cpposite
trend for the body veights and the liver weights, in that the elevated liver

the reduced body weight gains (in che absence of the drug), Inversely, the
low weight gain performance of the high-dose males occurred when their liver
weights were lower than those of the low and mid-dose groups. In the females,

an improvement of the body weight Jains appeared in the high~dose during the
fecovery period, but the liver weights were unaltered.

From theze events it would seem that the liver weights were not directly and
adversely affected by the drug, and that whatever changes there were, cculd be
connected with the pharmacological furctions of the drug that for instance
caused the elevation of plasma triglycerides.

these organs Judging by the absence of persistent differences batween the week
52 and week 57 levels. The rare incidences of the slight differences
resulting from statistical significance analyses are considered to be
incidental, as for instance the elevated mean vaiuse of the spleen of the
mid-dose females that was attributed by the investigators to one single case
of a very enlarged organ described as having extended areas of sclerosis of
incidental origine found in female 152 which also had a mammary gland
adenocarcinoma,

Organ Weights at Week 52 and 57 (gne) of Male and Female Rats

I. Males
Week Organ control Low Mid High
52 Bodyweight 541 555 584 518
57 534 535 349 516
52 Liver abs, 11.08 13.23 i3.24 11,85
rel.sg 2.20 2.38 2.27 2.29
20 Liver abs. 11.49 11,39 12.39 11,73
rel.g 2,15 2.13 2.25 2.28
52 Kidney abs, 3.20 3.38 3.38 3.32
rel.s . .59 .61 .58 .64XX
57 Kidney abs. 3.05 3.26 3.29 3.32
rel. g .57 .61 .60 .64
52 Spleen abs, .74 .84 .86 .78
— rel.s .14 .15 .15 .15
57 Spleen (bs, .70 .78 .77 .16
rel.s .13 .15 .14 .23
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11. Female;

Week Organ Control oM Mid Hiqgh

52 gzg;:eight 323 367 343 291

57 eight 298 308 324 314

52 Liver abs. 8.31 9.15 '9,71X 8.14
rel.d 2.38 2.50 2.85% 2.79

57 Liver abs. 8.13 6.98% 7.60 8.35
rel.s 2.75 2,29 2.34 2.66

52_ Kidney abs. 2.12 2.40% 2,28 2.24
rel.s .66 .66 .67 JTTXX

ST Kidney abs. 2.07 1,92 2.12 2.13
rel.s .78 .64 .65 .68

52 leen abs. .46 .48 .69% .49

= rel.s .14 .13 .21 .17

Ly & Spleen abs, .45 .49 .48 .55

rel.s .15 .16 .15 .17
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In his discussion of the observations for Oorgan weight changes, the
investigator cites as the only other organ found to have variations from
normal values enlarged pituitarjes but with weights that *fell within the
normal range of physiological variability®, found at term as cne case in the
control group, 3 in the low-dosn grour, 2 in mid-dose, and none in the high
dose. All these were found by histopathology to be cases of pituitary
adenomas, and additionally 2 low-dose and one high-dose female rat found after

Histopathology:

For this parameter the investigator stated that "the histopathologic
examination did not reveal any chinges which could be treatment felated in any
of the animals killed after 13 and 52 weeks of treatment and after the
recovery period. All alterations found on an individual basis had features of
common phenomena of spontaneous pathology and they were generally sporadic in
nature or were of an intensity or frequency in rats treated at the higher
dosage which is comparable to that of the control 9group rats.*

A thorough inspection of the histopathology reports confirms this conclusive
statement. Among the noted histopathological alterations common among control
and treated rats were herosiderosis of the spleen, milg perilobular fatty
degeneration of livers, steatosis of single hepatocytes,

Neoplastic changes beside ths already cited pituitary adenomas were one case
of adrenal-cortical adenoma,”a low-dose female, and one adrenal
pheochromocytoma in a high-dove female.

The aniahls from the recovery reriod had essentially the same incidence and
type of histological findings.

THE DOG_STUDY WITH L-CARNITINE:

This report was prepared by tt
» where this study
was conducted for Sigma Tau. The “eport is dated 21 August, 1984 and signed
by the responsible personne] of Compliance with the GLp
Requlations was assurad by the study Qjirector, 1 o
: N 3 the Quality Assurance Audit Statement,
with a log for the QAU Study Inspection dates signed by
’ is submitted,

The report was addressed to Dr. M. T. Ramacci, Sigma-Tau Inuustrie
Pharmaceutiche, Riunite S.P.A., 47 viale, Shakespeare, Rome, Italy.
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Study Set-Up and Methodology:

Thirty-two puretred beagle dogs, (16 males, 16 females) supplied by

were acclimated for 6 weeks, vaccinated,
and treated with anthelmuntic piperazine applied at 3 months intervals also
during the test,

Source of Drug: S.igma-Tau, Rome.

Dosage: 4 males and 4 females in each dose group of control, 300, 600 and
1200 mg/kg/day administered in gelatine capsules,

Tests conducted: Bloc: and urine samples taken during weeks 6, 12, 26 and 52,
24 hours after drug administration.

Body Weights: weekly

Food Consumption: Recorded daily.

gggthalmoscogx: Performed by means of a Keeler indirect ophthalmoscope before
treatment and during week 6, 12, 25 and Sl.

The test procedures applied in this study were described in detail. Interim
reports covering clinizal observations, results of hematology, blood chemistry
and urinalysis were submitted for the test P ériods at 13 and 26 weeks, with

the final report covering the final data for these parameters and the results
of the terminal autopsies,

Results:

Mortality:

No cases of drug induced mortality.

One control female died during week 3 of dosing from acute diarrhea and severe
dehydration. The complete autopsy work-up indicated'h15t01ogiba1. changes
from dehydration resulting from diarrhea and the congestion of the mucosal
surface of the gastro-intestinal tract, but the primary cause for these
lesions was not established. This animal was replaced by a new entry,

A high-dose male was found in week 15 to have a sever» strangulated,
inoperable hernia, and he was euthanatized. The autopsy disclosed a 14 cm
long strangulation of the small intestine, The Microscopy report of the
jejunum said : “Marked congestion of the micosa and lamina propria®, but the
exact site of this finding was not identified, probably it was in the
strangulated section, Other findings in this dog were a focus of hepatocyte
necrosis, and in the kidney a focus of basophilic tubules. The noted changes
in the right testis are probably associated with the st.rangulating hernia.
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Clinical Signs:

Incidence of Liquid Feces: This symptom, first reported at the 4--weeks
interim, continued to be present throughout the test,-and increased in
incidence with continuation of treatment, shown in the tabulation from the

26-weeks and 52-weeks reports, It is expressed as percentages of the numbder
of instances maximally possible:

Dosage Per~entage Incidence

26 weeks 52 weeks
Control 0.02 1.1
300 12,7 15.6
600 35.8 44.1
1200 68.5 57.4

The comment for this parameter by the investigators was that the occurrence of
liquid feces had no effects on the health conditions of the animals during the
entire dosing period. This comment is important for the evaluation of a
possible adverse drug action that wov’d compromize the util:ty of the drug.

It has to be added that the first Pharmacology Review for this drug on the
occasions of the 4-weeks and 13-weeks interim reports did stress the high
occurrence of liquid feces in all treated groups and expressed the view that
this response to the drug may indicate an irritating action on the
gastrointestinal lining ard its consequences. The reviewing pharmacologist at
that stage did not have the benefit of results from interim sacrifices at that
period and therefore the presumptive conclusion was justified, However, as
will be shown later, the results of the terminal sacrifice demonstrate that
the suspected irritation of the gastrointestinal mucosa was not confirmeg by
the histopathological findings. It will be discussed later in this review
that the liquid state of the feces may have resulted from the action of the
drug on the lipid metabolism and might be specific for this species, because
no such effect was present in rats treated with similar dosages of the drug.

Body Weight Gains:

_J

The enclosed Table $ taken from the report, with the data of individual
weights and group means for dose groups, and weight gains, and the graphs made
from these data show that in both sexes there was a flattening of the weight
gain curves after the stage of rapid growth (up to approximately week 20.)
Since this decrease in weight gain rates from then on is also shared by the
control groups, it obviously reflects  a natural eventiai t.e onset of
declining growth is not dose dependent: in the high dose males it starts
already by week 16, and in females of the mid-and high dose group at about the
same time,and the general pattern is similar for all groups and both sexes.
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(Because the weights of the males are higher than those of females, the
arrangement in the table presenting a group mean for each dose group by
combining the weights of males and females is, in my opinion, a faulty method,
unusable for effect evaluation purposes,)

It is evident that the weight gains of the control groups (both sexes) are
higher than those of the treated groups. The males of the mid dose group come
closest to the control group, while in females it is che low dose group; the
mid dose females made lower gains than the high dcse group while the high dose
males made the smallest gains.

This variation for the sexes could be ascribed to the wide variation in gairs

made by individual dogs, that is distinctly shown in the graphs for individual
dogs:

Dog 663, Female, low dose, was the only animal with a weight loss at term
(shown in the table). It was explained by the investigators that there
were no indications for sickness or excessive liquid feces, but that this
dog was the oldest of the entire population and was also the heaviest of
all. A drug action did not seem to be the cause fo this variation. The
others in this group showed a rather similar growth performance,

A similar situation existed in the hich dose group of males where dog 677
showed a distinctly reduced growth performance already after week 11 with
continued decline of weight, followed by a slight recovery, but with a
total gain much below that of the other group members., At the terminal
autopsy, this dog was found to be the only animal with a severe local
erosion in the stomach wall, but lesions in the intestinal tract were not
found. The record for incidence of liquid feces did not indicate any
aggrevation in this respect, . C

The only other animal not making normal weight gains is dog 672 female,
mid dose, that after an initial normal performance up to week 12 gradually
lost weight through most of the treatment period at a steady rate, but
eventually started a recovery after week 44,

The biochemical and hematological deta of the poor performers did not show
deviations from normal levels. It seems therefore reasonable to conciude
that the individual variations in body weight gains did not result fron
any adverse drug actions but were resulting from individual genetic
make-up for growth,

Hematolggx:

The overall picture for this paramete- is that there is no indication fer a
drug effect. An zparent elevation in the values for hemoglobin and RBC of
males and females in all dose groups and a drop in the values of total WBC
with progressing treatment when compared with the values obtained before
treatment, at first would appear to be a favorable drug action, but a similar
*response® appears also in “he control groups at each test interval.
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Dosage

control

- - -

mg/ka/day

o or e - - L X R R L L L N R -

—— - -

. . - e o v -

Male mean
Female mean
Group Mean

Male mean
Female mean
Group mean

Male mean
Female mean
Group mean

o o - - -

Male mean
Female mean

- T ey bl Bt F

weight

e - -

8900
7300
11200
8500
8600
6500
B800
7500

e

N

Group mean

cf study

T

Weight after
52 wasks

o s v - —

Initial weight (g) and weight change after 52 weeks of dosing

Weight
change

Replacement animal -~ treatment commenced on Day 19

-

4L e

o

i e



TABLE 9 -}J““ -

‘ taitis) weight (g) and weight change after 52 weeks of dosing

e L LT Y g T ey e - —— A O W W AP N . . - - -y
Dosage Dog Neo./ Initial | Weight after | Weight
mg/kg/day sex weight $2 weeks change
Control 651¢ 9500 14700 5200 '

. 653¢ 9000 13200 4200 :
655¢ 8300 13400 5100 :
657¢ 8600 12700 4100 |
522¢* 7600 11100 3500 ,
6543 9100 12600 3500
6569 7200 11000 3800
658% 8300 12300 4000

e L T Ll R ol DTl el d -, - - - - - - -
Male mean 88S0 i 13500 4650
Female mean 6050 11750 3700
Group Mean B450 12625 4175
300 6592 8900 14200 $300
66ls 7300 12700 $400
663¢ 11200 11000 -200
665¢ 8500 12300 3800
6609 8600 11100 2500
6629 6500 9400 2900 '
664% 8800 13300 — 300 '
666% 7500 11300 3300 ]
Male mern g97s 12550 as7s
Female mean 7850 11275 ° 3425
Group mean 8413 11913 3500 .
600 6672 9500 12900 3400 -
6692 8800 11700 2900 o
6713 9000 14200 5200 i
673g 7800 14400 660 -
668¢ 7600 11100 3500
670s 8100 12300 4200
6€72% B400O 3000 600
6743 7900 13000 5100 |
Male mean 8775 13300 4525 i
Female mean 8000 11350 3350 :
Group mean giss 12325 3938
1200 675¢ 8200 13400 5200
677¢ eeoo 10800 2000
68l¢ 9800 13100 3300
6763 7600 11200 3600
678¢ 8000 12i00 4100 d
680¢ 8200 11200 3000
6829 7000 10300 3300
Male mein 8933 12433 - as500° “
Female mean 7700 11200 3500
Group Mmean L 8229 11729 3500
* Replacement animal - treatment commenced on Day 19
of study =

32
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Biochemistry:

Also for this area, a drug effect is not evident. It has to be mentioned that
Table 13a, Biochemistry - group mean values for males, and Table 13$ for
females shows a sudden considerable change in the values for AP (alkaline
phosphatase) in week 25 from the values given for predosing and weeks 6 and
12. During these intervals, the AP values were fairly uniform for all dose
and control groups ranging from 29 to 35 mU/ml but the data given for week 25 -
and week 51 as group mean \alues are all in the range above 100 mU/ml, namely
for week 25, control group 13¢ mU, and 140, 146 and 184 for the low, mid and
high dose respectively, and for week 51 as 113, 111, 123 and 17% mi/ml
respectively. This change was probably caused by a change in the equipment
used for this particular test that is stated in a footnote to the table.

The next table is part of the table in che report giving the values for
biochemistry parameters intended o show the absence of an action of carnitine
on the metabolism of lipids. The only possibility of an action is that on
triglycerides but it is confused by the high pretreatment values,

All other biochemistry values including those for SGPT and SGOT are in the .
normal ranges. Glucose lei:ls as mg/dl are lower at week S1 than they were
before treatment but here again the control dogs too had a drop with
progression of treatment,

Vrinalysis:

performed at weeks, 6, 12, 25 and 51: Unremarkable,

Ophthalmoscopy:

Examinations of the eyes of all anima.s were performed before start of
treatment and during weeks 6, 12, 25 and 51, by means of a Keeler indirect
ophthalmoscupe. Results were presented for the cited interims and final stage
of the test. The findings were diagnozed by the investigator as being
incidental and that no trends indicative for a drug effect were seen.

Terminal Findings:

All animals were killed by exsanguination under pentobarbitone anesthesia.

Bone Marrow: Smears prepared from specimen obtained by sternal puncture from
all animals wer : diagnozed to be normal,

Organ Weights.

From all animals: brain, heart, lung, liver, spleen, pancreas, thymus,
uterus/prostates, kidneys, thyrouids, adrenals, gonads.




=

|4

[Cos-o] e | e ] sm| ees] [TIIII[TTTTTIITT[TTTTIITTTIIT[TIIIT [T
. &¥°0 s st | sz 11141 6oz\
1®-0 0S 651 {4} €St . 0
. sreo| ()99 st | szi L141 009
9 0 ry vt HeedLll (ve )61t Sy 0 Ly LS\ £ 471 ont 13
.-m.m.:.... ....-a..wH.-! -!.!wm.m.. uunn.z 60t zZv o or 901 | zey i 1013v03(  YeaM
S50 9¢ {7} i zLl m:4 uiuiuiutel Snhduioiialttl teitabintotel Sbedutetd tnlaieiudetl I Sebuuiil R
. 10 ov SZi1 | oS 4] oozt
90 13 101 ol 6Pl .
760 790 ‘e 6 | 6t1 14! 009
4 8 J €is 6rt 15¢ 69°0 6c 6€1 % 21 (141 00¢ S7
€90 ot e 1 LT an
I 10 of 9/ | evi 601 1oaue]n | ¥A0M
bl LK E R R R K F A Lad ko -—— ey
—.. . e s e - —— o frwem———y -
hm.e (9 00: 4N 9€} £9°0 «»09 L7 s €5t 0gzI
d 0{°0 @ﬁ A.—'—— t4 23 art 9y *D S 601 £ t4 1} nog9
\ 99°0 vs o0 ott 61t ire0 ss | tedzve | seu ! oac i
-~ ze-o s {2 zn L \ o1 soM
Setied SURY A U am.og 0s L8 Sk st u»_ou; b ]
. ﬁll"" o A W W WP A W A b b ll'l'l.llﬂ ﬁ||||-ll - *
ﬂfur av.o 1S 601 SE 8ri mq.eﬁ s Gzi | 661 g o 0021t
90 14 601 1 111 1241 . _ 009 .
90 e T o 09°0 »S 2t | o8 154}
o N " ~M. e €9°0 13- v | 9cu 0st 0o¢ 9
MR R sl o 601 | zsk | @9 | 1o I
. j.l'nl'l- - e D - _‘|||||||| —.llnvlv‘.ll =T T
S0 *SS 49 10l 141 oo o elS eyt | cei oL on9
$5°0 " tos 9t 1] s WS : : s
iy WA IR B 6C*0 Ty ZtL | von 6Ll 1o1juo)| -3id
ﬁl TETems  Tmememe—- S T T o T T T ] _.l.lllllln_lllllll
/e 10001 0O 1p/bw Kep
w/fa  Joooetx ao 1p/bw hid
~u“m“ -e-u“wmdo =“M”“uu ke unuo /bgufopyaackih| uieroad| yp/hw] t1oae /fin/bw | anqunu
3 - - - - o
v oo | o [reetow) | | i | -odvicg) an [-aeeten] | steren] xoon
" EPERSS S VR SR ey s S EEL LIRSl bt
Sho 2lvit1ad sbaq 3|v
ll\\‘ .
— -




TABLEL 12 Sy _Z

. Organ weights = group mean values for selected paramsters and
results of statistical analysis

' Organ Dosage Absolute | Weight adjusted | Results of K
K level weight for final statistical
mg/kg/day (g) bodywaight (g) analysis
Kidneys | Control 5§7.19 55.45
300 52.64 $3.47 NS
600 56.84 56,42 NS
1200 $6.80 $8.31 NS
| S S —— —— - - - — - - By b = o = -l
; Liver i Control 383.9%0 371.99
300 338.39 344.09 ’ NS
600 375.93 373.08 NS
P 1200 354.93 368,27 NS
o o o o - - —|l- ---------- o i - wm w o w — — — o e A S S e - e 4 G - - -
Heart Control 107.91 105.59
300 88.20 89.31 {(*}
600 101.36 100.81 NS
- 1200 90.91 92.93 NS
e o o e e et . e —-—— ity pfataiatede bl Dl B L L  ade LB L R -
Testes Control 32.14 -
300 25.59 - {*)
600 31.89 - NS
1200 30.06 - i NS

NS No significance

(*) S3 level of prebability ('t' test, not confirmed by
Williams' test)

————




e e -

-23-

No significant changes related to drug dosage were noted.

Histopathology Findings:

Tissues for Histopathological Study:

samples (or the whole) of the following tissues from each animal were
preserved together with any tissue showing macroscopic abnormality:

Adrenals ileum sternum
aorta {arch and jejunum spleen
abdominal) kidneys stomach (body
brain (cerebral liver and antrum)
cortex, thalanmic lungs testes or ovaries
nuclei, mid-brain, lymph nodes (cervical thymus
medulla and and mesenteric) thyroids
cerebellum) mammary gland tongque
colon (upper and oesophagus trachea
lower) pancreas urinary bladder
duodenum pituitary uterus or prostate
eyes ang optic salivary gland femur and articular
nerves sciatic nerve sur face
gall bladder skeletal muscle rectum
heart skin vagina
spinal cord

The findings were described: for each dog as macroscopic and microscopic
changes from normal and a summary tabulation of these was prepared by the
investigators. All reports were signed by

The Incidence of Licquid Feces:

The occurrence of liguid feces was the outstanding unfavorable result from the
treatment of dogs with carnitine. In view of this effect and its weight on
acceptability of the drug, also because of the suspected irritating action on
the gastrointestinal mucosa, this problem is addressed first of all, in an
attempt to reach its resolution and clarification,

The only case of an established lesion in the stomach was that of dog 677, a
male on high dose, with the microscopic finding of a deep erosion of approx.
155 mm, and two erosions up to 12x5 mm. The microscopic findings read:
"pocal erosion of the luminal mucosa with associated inflammatory cell
infiltration.® The comment for macroscopy of the jejunum said: "minimal
congestion of mucosal surface®, and the microscopy protocol said "Within
normal limits". For the stomach lesion, the comment in the tabulation says:
*The gastric erosion involved the mucosa and lamina propria but did not extend
through the muscularis mucosae in the sections examined. The toxicological
significance of this finding is equivocal.®
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One other case of a microscopic finding in the stomach was in dog 663 on the
low dose as °"foci of mineralization in the mucosa probably of no significance
§ince it. also was seen in one control dog, and a change in the Jejunum found
in dog 675, high dose, described as "marked cytoplasmic vacuolation of
epithelium of tips of villi.* The significance of this finding was not
addressed by the pathologist, .

It appears to be of important to compare these described minor intestinal
changes in the 3 dogs with the severe changes found in the female control dog
that had to be sacrificed because of severe time diarrhea of unknc - etiology
in which the gastrointestinal tract was found to show marked conge:tion, with
free blood on micosal surfaces in the entire tract, and large areas of mucosal
erosion in theileum/jejunum Seen on microscopy, with marked necrosis of the
léminal mucosae and inflammatory celil infiltration into the mucosa , but
without ! esions in the stomach.

Since liquid feces had occurred also in dogs that did not have any
histolegically established intestinal lesions, it saems reasonable to theorize
that the zause for liquid feces might result indirectly from an action of the
drug on the lipid metabolism leading to steatorrhea from the excessive high
doses of the drug applied in these studies. It might also be e to the
excretion of the excessive doses of carnitine in the feces, but these
possibilities were not investigated.

Macroscopic Post Mortem Findings:

Kidney:

The Summary prepared by the investigators for the ontire dog study contains
under this subheading (p.000010) the following comment:

"Macroscopic abnormalities detected that my be related to administration
of L-carnitine were restricted to a pallor of the inner cortex of the
kidneys in 2 of 8 animels receiving 300 mg/kg,‘day and 4 of 7 animals
receiving 1200 mg/kg/day".

Apparently no search was made for any relation of these macroscopic findings
to findings in these cases by their histopathological examination, and
therefore this had to be done by the reviewer, with the following results:

The animals in which the above macroscopy findings were made were dog 662
and 6¢6, in the 300 mg/kg/day group, and dogs 675, 676, 678, and 682 in.
the 1200 mg/kg/day group. The only histological findings that could apply
as being possibly related to the macroscopic findings were: for the 2
mid-dose dogs: "Moderate extensive cytopiasmic vacuolation of the
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corticomedullary tubules,” and for the 4 high dose dogs: "Marked extensive
cytoplasmic vacuolation of the corticomedullary tubules.® However, the same
description :f this change in the kidneys was made also for 3 dogs in the
low-dose group that did not have the macroscopically seen pallor varying in
degree from slight to marked extensive cytoplasmic vacuclation, and the same
incidence was found in 3 mid-dose animals, and in 2 high-dose dogs, that all
were without the pallor finding. Therefore there is no relationship between
the macroscopic and the histopathological findings.

As to the significance of the microscopic findings, the most severe kidney
lesion was found in one control male (655) with the macroscopic finding for
the Ridney saying: °“Pitted appearance to capsular surface with strands
extending into cortex from surface pitting®, and the microscopic finding
described as "Wedge-shaped areas of cortical scarring in both kidneys
characterized by areas of fibrosis, loss of tubules, atrophic glomeruli, and
focal inflammatory cell infiltration. An association between these can be
recognized.

One other control dog (522) also had the microscopy finding *"Slight
vacuolation of cytoplasm of some ccrticomedullary tubules,* therefore it is
clear that this change is common among control and treated dogs but perhaps it
is slightly aggrevated by the drug in a somewhat dose related extent,

A distinct kidney lesion was found also in one mid-dose dog (673), without any
macroscopic abnormalities, that was microscopically detected and described as
%loss of the papillary tip with re-epthelialisation over the necro;'tic tip and
degerierating medullary tubules, with m ‘ked subepithelial mononuclear cell
infiltratjon in the pelvis.” This dog .4ad a better than the mean growth
performance for this dose group, therefore the lesion in the kidney is of
little clinical significance; and not a drug effect judging from its singular

appearance. Therefore it can be concluded that the minor gross change pointed
out by the inVestigator as possi 1y treatment related was an error of
judcement,
An other microscopical change within the corticomedullary tubules that was

dealt with by the pathologist was the incidence of fat droplets in the
epithelium of these tubules,

The comment by the pathologist said: "Fat droplets in the epiihelium of the
corticom:dullary tubules, also seen as vacuolations in the H&E sections, were
present in ccntrol and treated dogs. There were moderate/marked amounts in
some treated dogs compared to slight/minimal amounts in control dogs. The
toxicological significance of this increased nurber of fat droplets is
uncertain as moderate/marked amounts of fat droplets are not uncommon in
untreated dogs."
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Incidence and degree of fat droplets in the corticomedullary tubules.
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A comparison of the incidence of fat droplets with that of the vacuolation . in
the histopathology reports dnes *.C confirm by their similar incidence in
individual dogs that they are the same histological structures. 1I* is
equivocal whether they represent an adverse drug action, or if they are
related to the physiological action of the drug on fat metabolism,

Other observations on histological structure changes of kidneys were described
as follows:

Control 655: Wedge-shaped areas of cortical scarring in both kidneys
characterized by areas of fibrosis, loss of tubules,
atrophic glomeruli, focal inflammatory cell infiltration

Low Dose 654: marked subepithelial mononuclear cell infiltration in
pelvis

659: Occasicnal dilated tubules contzin amphophi.lic material,

661: Area of marked interstitial mononuclear and eosinophilic
infiltration.

666: Areas of necrosis with marked inflammatory cell
infiltration
Mid Dose 667: minimal subepithelial mononuclear cell irfiltration in the
pelvis of one kidney.

671: occasional dilated tubules containing amphophilic
material.

673: left k.: loss of papillary tip with re-gpithelialization
over necrotic tip and degenerating medullary tubules.
Marked subepithelial mononuclear cell infiltrati.: in the
pelvis.

right k.: -areas of interstitial mononuclear cell
infiltration, some with associated basophilic cortical.
tubules,

674: Area of interstitial mononuclear cell infiltration

High Dose: €75: occasional dilated cortical tubules containing
amphophilic material.




It can be concluded .hat these are single, sporadically occurring minor
*changes from normal” not characteristic for a drug action.

Liver:

The histology of liver tissues did not show any change from normal. Foci of
hepatic necrosis with associated mononuclear cell infitration were {ound only
in two control dogs. .

Portal mononuclear/eosinophilic infiltration noted in 2 dogs of the low dose
group only.

Minimal dilatation of centrilobular sinusoids found in one high dose dog (677)
that was the only dog with the gastric erosions, and it also had parasi:tic
granuloma foci in the lungs, and erythrophagocytosis in lymph nodes. All
these changes were of singular incidence, not indicative for a drug action.

Other Organs:

None cfthe other investigated critical organs had histopathological changes
that would indicate a toxic potential of the drug, or profound alterations jp
their structure from the pharmaco-physiological actions of the massive doses
of carnitine.

Pharmacokinetics:

Blood specimen taken at weeks, 6, 12, 26 and 52, and specimen from liver,
kidney, heart, skeletal muscle and urine and feces samples taken at the
ultimate post-mortem, from all animals were forwarded to the sponsor. A
report for the analyses of these specimen was not in the submitted NDA
documents.

Teratogenicity Tests:

Teratogenicity tests in rats and rabbits were reported in the original NDA.
They were conducted in the Laboratory of

They followed in general the FDA Guidelines for
Teratogenicity/Reproduction Studies. In the rat study, 10 rats per group were
treated with 25 or 50 mg/kg/day by the intramuscular route from day 3 to day
14, and sacrificed on day 19. Tn the rabbit test, 10 animals per grcup were
treated also with 25 and 50 mg/kg/day I.M., from day 6 to day 29, with
sacrifice on day 29.

No adverse effects on gestation, fetal development and postnatal viability
were noted.
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agreed that they are acceptable and that no new tests wouid be needed.

Mutagenicity Tests:

Mutagenicity tests with Salmonella typhimurium, Saccharomyces cerevisiae, and
Schizosaccharomyces pombe in-vitro and in vivo, were conducted by the

. the
same institution that conducted the descr ibed toxicity tests in rats with
l-carnitine., These had been reported in the original Npa.

An additional test, a Micronucleus test in mice, conducted at the

- Was reporteqd
in the amendment of Novenber 2, 1983 tu the NDA.

From the detailed description of the tests procedures ete. in the original

(with authorized translation into english,) it appears that
this institution is competent to conduct this class of research, but
documentation . _ mpliance with GLp requirements is not provided. (This
defect should not hold up further processing of the NDA.) all mutagenicity
tests were negative for a mutagenic potential of l-carnitine.

For the aspects of the pharmacological PLoOperties of carnitine, with regard of
its biological functions as carrier of long-chain fatty acids, the information
obtained from the literatyre material furnished by the sponsor amply
demonstrates the essential role of carnitine for lipid metabolism in normal
and deficiency conditions and theredby projected its efficicy for correcting a
state of carnitine deficiency of various origines, such us defective synthasis
from its precursors, or genetic defects jin the availability of the enzyme
systems needed to form the corplex of carnitine with the fatty acids that is
essential for their translocation into mitochondria, the site for their
oxidation into energy. Some of the submitted literature actually goes beyond
this phase and intended use of carnitine by dealing with the functions of
carnitine in complex with mid-chain length fatty acids, and the involvement of
peroxismes in this process, beside mitochondria, ang furthermore, for the now
emerging evidence for the pathways of actions of hypolipidemic drugs such as
clofibrate, as stimulators of peroxisome activity beside that of H207

release.

For the aspects of toxicity ang safety, the One-year toxicity tests in rats
and dogs, performed at our request, have to be viewed from the angle that they
do not imitate the conditions of the proposed clinical use of the drug,
correction of carnitine deficient, and the dosages were mltiples of the
proposed clinical dosage. Bven with this milieu, unfavorable to the drug, the

from the drug that would predict serious health hazards from doses in excess
of the clinically effective dose,
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The most pronounced resylt is in the dogs in the form of the continuous
presence of liquid feces even from the low dose and setting-in already at the
early phase of treatment. However, the at-first expressed concern that this

unaffected, with only a slight dep:ression of the body weight gains by the mig
and high dose, and resolved by the histological findings at the final necrops

that did not reveal any distortions of the histological architecture of the
mucosal ocomponents.

because of the unavailability at present of the analyses of the
pharmacokinetic samples. The existence of stentorrhea from FFA in the stoo)
caused by a disturbance of 1lipid metabolism by the excessive carnitine doses

is a theoretjical possibility resulting in extreme Stool-softening and
eventually a liquid state,

pathways apparently are not established either,

There were several other differences in responses to the drug between the two
Species. In the rats, the drug at the low-and mid-dose had a stimulating
action on body weight gain by elevating them above that of the control
animals, but the high dose had the opposite effect by depressing the body
weight gains of the high dose group animals to a range below that of

controls. The beneficial function of the low - ang mid dose levels of the
drug was further Supported by the observation that these two groups of animals
developed a reduced rate of body weight gain when drug administration was
withdrawn, and invergely, when the high-dose rats showed improved weight gains
when the drug was withdrawn, fThe causal origine for both effects, stimulation
by the low and mid-dose, suppression by the high dose, was not investigated,
except that there was no change in the feed intake at the change of

treatment, while the stimulating action could be explained OY a more
effective metabolism from the drug, the Suppressive effect is difficult to
explain, a negative feed back perhaps. It should be noted that the animals in
the high dose group did not show clinical signs for any adverse actions.
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The only other parameter with a noticable indication for a drug action was the
elevation<f triglycerides in the low-and mid dose groups coincident with the
elevated body weight gains in these groups, and lower levels in the high dose
group, accompapied with a drop in triglycerides levels with withdrawal of the
drug in the low-and mid-dose group, and an elevation in the high-dose group.
An association between these two phenomena is difficult to construct. It may
indicate the stimulatory action of the triglycerides as the active stimuius
secondary to an action of carnitine on triglyceride activation. I was unable
to obtain advice, or a source of information from the litarature for this
action of carnitine, and whether it is an unfavorable action. It might occur
only with the excessive doses of carnitine, and therefore would not occur with
the clinical use. A modulating action on various lipid levels was not seen in
the rat study.

Also in the dogs, levels for cholesterol, HDL, betalipoprotein and FFA values
were not affected by carnitine at the doses used.

No adverse effects were indicated by organ weights and histopathology in
either species to an extent that would predict a hazardous actions in the
human.

Teratogenicity Tests:

T™wo tests, one in rats and one in rabbits were, as could be expected from the
nature of the drug, uneventful with regard to actions on pregnancy and fetal
development.

Mutagenicity Tests:

These tests by 4 different methodologies did not indicate a mutagenic property
of carnitine, :

Publications by Sigma-Tau:

The submitted literatures material contains several articles, published and
unpublished, by staff members of the Research Laboratories of Sigma-Tau
S.p.A., Pomezia, Italy that by themselves would not “carry" the NDA but are
reviewed herk for the sake of documenting that this firm had comprehensive
experience in the field of carnitine and its functions.

N. Siliprandi and Maria T. Ramacci, Institute of Biological Chemistry,
University of Padova, and Sigma-Tau Laboratories, "Carnitine as a Drug
Affecting Lipid Metabolism,* (apparently an In-House manuscript.)
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This was primarely a review of the functions of carnitine from publications
that was informativy for describing the complexities of the actions involved
in the mechanism of the drug, and its derangements by pathological and
deficiency conditions leading to myopathies and myocardial anomalies. Of
interest is their reference in the Conclusion, to clofibrate by saying:" With
regard to the alterations of lipid metabolism it is appropriate to point out
that scne drugs, such as clofibrate which typically affect lipid metabolism,
strongly modify the biosynthesis and distribution of carnitine as well as the
carnitine transport system, a fact highly relevant to their mode of action.
Bowever, pharmacological and clinical studies using carnitine have the
advantage over those using other drugs because of the fairly well-known
backaground of carnitine biochemistry® (Ref.: Pande and Parvin, Biochim,
Biophys., Acta, 100,209-214, 1980)

F. Maccari, Pessotto, P., Ramacci, M.T. Angalucci L., of Sigma-Tau and
Instituto di Farmacologia, University of Rome: "The Effects of Exogenous
L-Carnitine on Fat-piet Induced Hyperlipidemia in the Rat" (no literature
reference). The purpose of this study was to investigate the reducing effect
of carnitine on diet-induced hyperlipidemia, and by what mechanism, on the
premise that in the absence of carnitine only short-and medium~chain fatty
acids can enter the mitochondrial matrix, and that long-chain acyl-Coi'
preferentially participates in extramitochondrial reactions such as
triglyceride synthesis that occurs in lipid storage myopathies. A TG rich
diet with 25% olive o0il was the test diet, treatment was 500 mg/kg carnitine
by gavage. Tissue distribution search was for triglycerides, total
cholesterol, phosphilipids, carnitine, and acetyl-carnitine, in heart, muscle,
liver, kidney.

The TG-rich diet induced modifications in lipoprotein pattern by increased
serum chylomicron content and of pre-betalipoproteins, triglycerides;FFA, and
phospholipids in controls, and their reduction by the extraneous carnitine.
The results in the various organs were similar. An excess of carnitine caused
its loss is urine.

zago, E., Maccari F and Ramacci M.T. (*Carnitine-Insulin Treatment in Diabetic
Rats.” The capacity of exogenous l-carnitine to restore impaired glucose and
lipid metabolism in diabetes was investigated in rats. This property had been
found to exist by other investigators. 1In this short notice it is reported
that streptozotocin-diabetic rats were treated with carnitine 250 ma/kg p.o.,
alone or with insulin 20 U/kg s.c., for 4 days. Carnitine by itself
moderately reduced hyperglycemia in addition to lowering FFA, and markedly,
triglycerides in serum. Insulin alone also reduced significantly glucose, FFA
and triglycerides and the comination of both reduced FFi and triglycerides,
and was more markedly effective in normalizing hyperglycemia than by their
separate actions,
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Zago, E, Maccari, Pessotto and Ramacci,: “"Reduced Resistance to Developing
Ketosis during fasting in Obese Zucker Rats Treated with 1-€arnitine.” The
fasting state is characterized by an enhanced release of free fatty acids from
adipose tissue which are then oxidized in the liver into ketone bodies, a
process controlled by the carnitine acyltransferase activitijes modulated by
the glucagon: insulin ratio, according to some investigators. Studies in man
and animals are said to have shown that in the obese normal state reduced or
increased FFA mobilization is induced without readily developing a state of
ketosis, The investigators thecrized that the impaired (rather more
accurately "prevented) ketogenic process is caused by a defective carnitine
release mechanism in the liver. In this test obese ang lean 2ucker rats were
treated with 500 mg/kg carnitine orally. In untreated obese rats, free and
acetyl carnitine levels were signficantly higher than jn lean rats without a
definite difference in serum FFA,but acetoacetate and hydroxybutyrate levels
were reduced in the obese rats with triglycerides being elevated, Treatment
with carnitine signficantly increased Serum FPA and acetyl carnitine in both
groups, but acetoacetate and hydroxybutyrate were enhanced in the obese, but
significantly reduced in the lean rats. The conclusion by the investigators
is not quite clear. They say that the deficient(?) production of ketone
bodies can be ascribed to tbe persistence of hyperinsulinemia but that

The next article entitled "Ketone Body Modifications after L-Carnitine
Treatment in Obese and Diabetic Rats" by the same authors is a continuation of
the theme in it. The effects of l-carnitine was again studied in
Streptozotocin diabetic Wistar rats treated with 250 mg/kg p.o. daily in the
diabetic, and 500 mg/kg oral in the obese and lean Zucker rats,

Diabetic rats exhibited a considerable increase of blood ketone bodies which
was significantly reduced by the exogenous carnitine. Liver carnitine
acetyltransferase was unaffected. . diabetes provoked a decrease in the serum
of free carnitine but an increase in serum acetylcarnitine.

The results in the obese and lean Zucker rats showed that blood levels of
ketone bodies i Se rats are lower than in lean rats whereas both free
carnitine and acetylcarnitine values were increased in the obese rats.
€arnitine administration had opposite effects in thepbese and lean rats: it
increased serum ketone levels in obese, but decreaseqd it in lean rats,

The investigators discussed these results by the following considerations: 1n
diabetic rats the level of blood ketone bodies is high while i n obese rats it
is low, but in both conditions FFa levels are elevated above normal. This
phenomenon is explained by the conclusion that the excess of fatty acids in
the diabetic rat arriving at the liver are rapidly oxidized and only partially
transformed into ketone hodies, while in obese rats the excess fatty acids are

e
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not oxidised in thefliver but are esterified into triglycerides. The
difference in the metabolism is ascribed to the high glucagon/insulin zatio
typical of diabetes that stimulates the activity of the translocatory
carnitine system and transfer to the inner mitochondrial membrane and
oxidation, whereas the low glucagon/insulin ratio typical for (genetic)
obesity inhibits the activity of this system. Therefore, the difference in
the metabolic alterations in diabetic and obese conditions in the rat can be
explained as consequences of an altered control on carnitine translocating
system (anfthe ensuing alteration in carnitine function?). The decreased
ketone bodies content in blood after administration ot carnitine to diabetic
rats was explained by an increased utilization of the ketone bodiss for
oxidation by extrahepatic tissue mitochondria(probably the heart and kidney)
with carnitine - stimulated mitochondrial CoA.

zago E and M. T. Ramacci: “Effects of L-Carnitine on Glucose Untake and
Utilization in Rats and Rabbits." The authors stated that it is known from
work by other investigators that carnitine is involved in the stimulation of
pyruvate dehydrogenase activity as a consequence of an induced decrease of the
acetyl - CoA: CoA ratio, and this study was to investigate whether carnitine
also could affect carbohydrate metabolism in healthy and in diabetic animals,
The test was run in-vitro on rat diaphragms in Krebs-Banseleit buffer, for
glucose uptake and its disappearance from the medium within é minutes of
incubation. 1In the in-vivo study run on rats and rabbits, fasted rats were
treated with oral carnitine 250 mg/kg, 60 minutes before an oral glucose load;
for rabbits a glucose infusionof 10 mg/kg/min for 90 minutes was followed one
week later by a combination load of carnitine plus glucose. The results of
the in-vitro test showed that glucose uptake in t'2 diaphragm was increased by
carnitine but to a lesser degree than by insulin. With a combination of both,
the uptake was slightly above that by insulin alone.

In the in-vivo rat study, pretreatment before the glucose load with carnitine
resulted in a significant decrease of the hyperglycemic peak. The
investigators claim that these results correspond to the results in human
where a reduction of glycosuria in hyperlipidemic diabetic patients was
obtained with carnitine, They believe that the carnitine action reflects a
stimilation of pyruvate-dehydrogenase activity owing to a decreased
acetyl-CoA: CoOA ratio. It was speculated that two separate mechanisms

exist: insulin induced glucose uptake in the cell, and carnitine improved the
oxidative utilization of the cellular glucose.

Fanelli, Ottorino: “Carnitine and Acetyl-Carnitine, Natural Substances
Endowed with Interesting Pharmacological Properties" in Life Sciences Vol. 23,
PP.2563-2570, 1978. This article deals with the inotropic and anti-fatigue
effects of d,l-carnitine, l-carnitine and 4,l-acetyl-carnitine in the rat
after a fatigue test,and in isolated heart of rabbits., The introduction gave
a very good summary of important findings reported in the current literature.
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Por the isolated heart test, freshly obtained hearts were perfused with
solutionshf the different drug substances, and contractile force, coronary
flow and t rate were calculated. All substances were found to have
inotropic effects that were dose related in effectiveness.

In the fatigue test performed on a rotarod apparatus, in a dose range from 200
to 600 ", kg, 4.l-acetyl carnitine was most effective but at 800 mg/kg it
induced a motor activity excitation effect and adversely affected the animals.

CONCLUSION and RECOMMENDATION:

The essential role of l-carnitine in fat metabolism is unequivocally
established by the numerous investigations reported in the world-literature,
and its safety is supported by the toxicology studies and teratogenicity tests
conducted for the NDA by the sponsor.

From the standpoint of Pharmacology, approval of the NDA can bhe recormended.
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