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EXECUTIVE SUMMARY
1. Recommendations
1.1 Recommendation on approvability

From a preclinical standpoint, approval of oral glutamine is
recommended for short bowel svndrowme = =

o

1.2 Recommendation tor nonclinical studies: None

1.3 Recommendations on labeling

Sponsor should be asked to revise the labeling as recommended.
2. Summary of nonclinical findings

The following summary is based on literature reports submitted

by the sponsor.

2.1 Pharmacologic Abtivity:

Glutamine, a non-essential amino acid, is widely
distributed throughout the body and it is important in normal
gastrointestinal cell structure, function, and regeneration. It

is considered as a “conditionally essential” amino acid since
the nutritional requirement of glutamine is markedly increased
in catabolic conditions. The pharmacology studies demonstrated
that treatment with dietary glutamine promotes electrolyte and
nutrient absorption, and stimulates mucosal cell proliferation
and regeneration of the small intestinal mucosa in rats with the

resected small intestine. The trophic effects were
synergistically elevated when glutamine is given in combination
of growth hormone in rats with resected small intestine. These

results suggest that the trophic effects of glutamine are
certainly beneficial for patients with short bowel syndrome.

The pharmacokinetic studies indicated that oral absorption
of glutamine was demonstrated with peak plasma glutamine level
at ~1-1.5 hours after oral dose in rats. Glutamine was
distributed in the 1liver, lung, kidney, heart, spleen, muscle,
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and brain following dietary administration in rats. Glutamine
can cross the placenta in rats. Glutamine is formed in the body
through the condensation of a glutamate and an ammonia molecule
by glutamine synthetase with hydrolysis of ATP. 1In the reverse
process, glutaminase deaminated glutamine to glutamate and
ammonia. Approximately 66% radioactivity ('*N) of glutamine was
recovered in the urine following intravenous administration of
radio-labeled glutamine in rats. Majority of the radioactivity
(94%) was associated with wurinary urea and only ~4% was as
ammonia.

2.2 Toxicological Findings

The acute oral toxicity studies were conducted with
glutamine in mice, rats, and rabbits. LDs, values were provided
in the report. The oral LDy, values were 20.3 (females) and 21.7
(males) g/kg in mice, 7.5 (males) and 10.5 g/kg in rats, and
18.8 g/kg in male rabbits. Signs of acute toxicity and minimal
lethal dose were not identified in this report.

In the 30-day oral toxicity study in rats, glutamine was
given to rats by oral gavage at 4, 6, and 10 g/kg/day for 30

days. Glutamine was lethal at 10 g/kg/day dose due to
“administration of the test substance suspension in large
volumes” (“physical problems”). Catarrh in the stomach was noted

in the L-GM groups but not in the control group.

In the 180-day oral toxicity study in rats, glutamine was
given to rats by oral gavage at 2 and 4 g/kg/day for 180 days.
Catarrh in the stomach and infiltration of inflammatory cell and
edema in gastric submucosa were identified in both glutamine
groups but not in control group. Catarrh in the stomach was
noted on both days 90 and 180.

APPEARS THIS yay
VAY
ON ORiGINAL
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PHARMACOLOGY/TOXICOLOGY REVIEW

3.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21,667
Review number: 01
Sequence number/date/type of submission: August 8, 2003

Information to sponsor: Yes ( ) No (x) _
Sponsor and/or agent: Nutritional Restart Pharmaceutical, L.P.
Durham, NC

Manufacturer for drug substance:

s———/—\\

Reviewer name: Ke Zhang
Division name: Division of Gastrointestinal and Coagulation
Drug Products
HFD #: 180
Review completion date: May 6, 2004
Drug:

Trade name: L-glutamine powder

Chemical name: (S)-2-aminoglutaramic acid

Molecular formula/molecular weight: CsH;0N,0; and 146.15

Structure:

@)
H 2 N—'C—CH Z_C}{ 2'“CH“-ﬂ —OH

NH,

Relevant INDs/NDAs/DMFs: IND 54,284 (oral glutamine), IND 48,750
(recombinant human growth hormone) .
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Drug class: Amino acid.

Indication: Oral glutamine is indicated for short bowel syndrome

-

Clinical formulation: Glutamine for oral administration is
formulated as a white crystalline powder in a paper-foil-plastic
laminate packet. Each packet of oral glutamine contains 5 g of
L-glutamine.

Route of administration: 'Oral powder dissolved in water (5 g
glutamine powder in 8 oz water).

Disclaimer: Tabular and graphical information are constructed
by the reviewer unless cited otherwise.

Studies reviewed within this submission:

PRECLINICAL STUDIES AND TESTING LABORATORIES:

Type of Study Study # Lot # lab Page #
Pharmacology Published reports 5
Pharmacokinetics Published reports 13
Acute Toxicity: X

Acute oral toxicity studies in mice, rats, Published report 1 17

and rabbits
Subacute/subchronic/chronic Toxicity:

30-day oral toxicity study in rats Published report 1 17

180-day oral toxicity study in rats Published report 1 27
1=

3.2 PHARMACOLOGY

3.2.1 Brief summary

Glutamine, a non-essential amino acid, 1is widely
distributed throughout the body and it is important in normal
gastrointestinal cell structure, function, and regeneration. It
is considered as a “conditionally essential” amino acid since
the nutritional requirement of glutamine is markedly increased
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in catabolic conditions. The pharmacology studies demonstrated
that treatment with dietary glutamine promotes electrolyte and
nutrient absorption, and stimulates mucosal cell proliferation
and regeneration of the small intestinal mucosa in rats with the

resected small  intestine. The trophic effects were
synergistically elevated when glutamine is given in combination
of growth hormone in rats with resected small intestine. These

results suggest that the trophic effects of glutamine are
certainly beneficial for patients with short bowel syndrome.

3.2.2 Primary pharmacodynamics

Glutamine is a non-essential amino acid widely
distributed throughout the body and makes up about 50% of the

human body’'s free amino acid pool. The typical daily dietary
intake of glutamine is ~5-10 g. Glutamine is important in
normal gastrointestinal cell structure, function, and
regeneration. Under normal condition, glutamine level in the
body is maintained by dietary intake and synthesis from
endogenous glutamate. However, the nutritional requirement of
glutamine is dramatically increased in catabolic condition such
as short Dbowel syndrome. Thus, it is referred as a
“conditionally essential” amino acid. The pharmacological

activities of glutamine alone and in combination of growth
hormone were evaluated in the animal models of intestinal
resection.

Effects of glutamine alone

To investigate the effects of glutamine on the growth-
related factors after intestinal resection (Dig surg
1999;16:197-203), rats were fed diets with and without glutamine
(4%) for 2 days after the intestinal resection (60% of middle
part of small Dbowel removed). Epidermal growth factor,
transforming growth factor-a, insulin-like growth factors I and
II, peptide YY, and enteroglucagon were analyzed in mucosa from
the proximal jejunum, distal ileum, and in portal plasma 72
hours after resection. Animals in the control groups
(transected animals and non-operated animals) were also fed
diets with and without 4% glutamine. The results indicated that
treatment with glutamine significantly increased peptide YY,
epidermal growth factor, and enteroglucagon in the portal plasma
and ileal mucosa in the resected animals as compared to the non-
glutamine treated animals. The results were presented in Tables
2 and 4 in this publication and these tables are attached below.
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5;:‘ VTabIe 2 Thc mean (SEM) portal plasma concemmuons of pcpudes in resectéd, xransected and comrol rats recewmg
i}za pOS(OperallVC dict free of glutarine or supplemcmed with glutamine (4 %)

PYY EG EGF IGF-I IGF-1l TGF-u
pmol/l pmol/l pmol/i pmolsl nmol/f pmol/l
) 'Rcseclcd ’ : o :
"No ghnamine (n =11} 3.7(63) 22.5(20) - 9.R(0.88) - 432(24) 124:9 (0.8)>9  0.034 (0.004)
4% glutamine (n =12)  63.9(7.00 3L.9(LBRC10.5(L1¥ . 521(46) - 17.3(1.8)  0.032(0.007)
, Transedcd A o ~ )
No glutamine (n = 10) 19.5(L.7  18.5(1.4) B8B8(0.89) 617(24) 14.2(1.0y  0.039(0.002)
4% glutarnine (n = 10) 18.1(1.4)  17.1(1.6) 82(.1)  615(27) 17.7(1.4)  0.036(0.002)
Controls A
No glutamine (n = 10) 39.2 (7.8) 27.5(2.6) 8.08(0.59) 597(57 15.3(2.0) 0.039 (0.003)
4% 'glulamine (n= 10) 18.7(4.0) 208(2.6) 5.8(0.75) 541(86) 18.6(2.1)  0.039{0.004)

PYY = Peptide YY, I:(J = enteroglucagon; EGF = epidermal growth factor fGF = insulin-like growth factor;
TGF-a = transforming growth factor-a.

Significant differences vs. the control group receiving the same diet: * p < 0.05,% p <0.01.

Significant differences vs. the transected group receiving the same diet: < p<0.01.

Significant difference vs. the resected group not receiving the same diet: ¢ p < 0.05.

- Table 4. Mean (SEM) ileal mucosa levels of peplides in rcsected, transecied and control ratson a postOpéralive diet
free of glutamine or supplemented with glutamine (4%)

PYY EG EGF IGF-1 IGF-U TGF-«
pmol/g pmol/g pmol/g pmolig pmol/g pmolrg
Resecied
No glutamine (n = 1) 42.3(3.0) 19.5(2.57) 0.17¢0.01) 2.45(0.24) 3.34{0.56) 0.18(0.03)
4% glutamine (n = 12) 61.4(5.4) 30.8(3.37)  0.25(0.04)> 2.83(0.32) 5.29(0.55)> Q.24(0.03)
Transected
No glutamine (n = 10) 75(20) 21.9(6.2) 0.16(0.04) 2.41(049) 2.17(0.18) 0.22(0.03)
4% glutamine (h = 10}, 145 (38) 442(9.2Fr 0.15(0.02) 31 (0.5) 245027y 0.37(0.04)
Controls
Na glutamine (n = 10) 128(19) 29.4(4.24) 0.12(0.02) 244(0.34) 2.04(0.31) 0.22(0.03)
4% glutamine (n = 10) 124 (22) 24.3(3.00) 0.13(0.02) 2.49(0.37) 3.01(0.42) 0.28(0.04)

PYY = Peplide YY; EG = enteroglucagon; EGF = epidermal growth factor; IGF = insulin-like growth factor:
TGF-a = transforniing growth factor-a.

Significant difference vs. the control group receiving glutamine: 3 p < 0.05.

Significant difference vs. the transected group receiving glutamine: ® p < 0.05.

Significant difference vs. the resected group not receiving glutamine: ¢ p < 0.05.

Epidermal growth factor stimulates mucosal cell proliferation
and promotes electrolyte and nutrient absorption.
Enteroglucagon also stimulates small intestinal growth.
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Increased Peptide  YY slow GI transient and gastric emptying
which would be beneficial after resection. Therefore, treatment
with dietary glutamine would promote the nutrient absorption and
small intestine growth by increasing peptide YY, epidermal
growth factor, and enteroglucagon in the portal plasma and ileal
mucosa.

The effects of dietary glutamine on mucosal regeneration
were evaluated in rats with 80% mid-jejunoileal resection (J
Clin Biochem Nutxy; 1993; 15:219-225). The mucosal regeneration
was determined by measuring the levels of bromodeoxyuridine
labelling indices and alkaline phophatase activity in the
residual jejunal mucosa. Treatment with dietary glutamine (7.5
g/100 g) for 7 days significantly increased- bromodeoxyuridine
labelling indices and mucosal alkaline phophatase activity as
compared to the glutamine free diet. The results were presented
in Table 4 in this publication and this table is attached below.

Table 4. Bromodeoxyuridine labelling indices of the residual jejunal epithelium and
alkaline phosphatase activity in the homogenate of the residual jejunal mucosa from
experimental rats fed a gluramine-free or a glutamine-enriched clemental diet for 7 consecu-
tive days following 80% resection of the jejunoileum. ‘

Indicator of mucosal regeneration Glutamine-free Glutamine-enriched

" l“f erotm : oSl regener , elemental diet group clemental diet group B
Bromodeoxyuridine labelling index 0.19+0.02 0.3240.07 <0.0)
Alkaline phosphatase activity A 0.160.03 0.24+0.04 <0.05

(International units/mg protein)

Values are expressed as mean +SD from five rats in each experiment.

The bromodeoxyuridine labelling indices is an indicator of the
regenerative ability of epithelium. The results suggest that
dietary glutamine accelerates the regeneration of the small
intestinal mucosa as indicated by increase in bromodeoxyuridine
labelling indices. The mucosal alkaline phophatase is a brush-
border enzyme and its activity is elevated by fat feeding.
Histopathological examination of the liver also revealed that
the fat infiltration in the liver was more severe in the control
group than that in the glutamine treatment group. The later
findings imply that glutamine treatment prevents the liver from
fat infiltration and this preventive effect may be related to
the increased activity of alkaline phophatase.

In another study (Can J Gastroenterol; 1994; 8(2):108-114),
rats underwent anastomosis by removing 1 cm ileum and performing
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end-to-end anastomosis. These rats were fed with either
glutamine (4 g/kg/day) or glycine (4 g/kg/day) diets for 5 days
before surgery and 2 days after surgery. The fluid absorption,

morphometrics (villous height, wvillous number), glutaminase
activity, DNA and protein content in ileum and jejunum were
measured. The results indicated that treatment with glutamine

significantly increased villus height, DNA:protein ratio, and
glutaminase activity in jejunum but not in ileum as compared to
the glycine treatment in the non-surgical animals (not in rats
with anastomosis). The authors believed that the resection and
anastomosis may cause transient impairment of the functions of
the small intestine. The results indicated that oral supplement
of glutamine produces beneficial effects in jejunum (proximal
intestine) in the normal non-surgical rats.

Effects of glutamine and growth hormone in combination

To investigate the potential synergistic effects of
glutamine and insuline-like growth factor-I (IGF-I), rats with
80% small bowel resected were fed diet with glutamine (28 g/100
g total amino acids) and treated subcutaneously with recombinant
human IGF-I for 7 days (Ziegler et al, 1996; Am. J. Physiol
271:G866-875). DNA and protein contents in ilea and plasma and

ileal weights were determined. The results indicated that
glutamine and IGF-I each significantly and synergistically
increased the DNA content in ilea and ileal weight. The results

were presented in Table 2 and Figures 1 in this publication,
which are attached below.

Table 2. Whole body weigh! change and ileum wet
weight after small b(mgel resection

—
. Body Weight, g THeal Wet s
Stady Group Initial Change Weighllan of ,’
- ‘.2_'-‘
trol 2586 -5x4 44 =2 4
Romerted 26145 -18=2" 9939 {
Resected/1GF-1 252+3 +2127¢ 103 Ig.
Resected/high Gln 253+5 -12+ 2%t 94{6’ :
Resected/1GF-1+GIn 2516 -3x1tt 120 !

i r 1 !

Sew toxt for details of study group dietary and hormuna

IGF‘:, iasulin-Hke growth factor-d, *F < 0.01 vs. controk 11’“4 ot

vs. resected; 1P < 0.01 vs. rasected/IGF-1. §P < 001 va. 8 ;
groups by Fisher’s protected leaat squares difference teat.
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A s
251 * ¢
* ¢ 1
2.0 o oud
5 . .
3%‘ 154
< R
35 '1.0:1 [/
i V7
05 g ?%
0.0 Kl féﬂ% . X
Conkol  Resscled Assectad Resected Resectnd
IGF-1 Gn  |GF-4+Qin
B . ' "
2.5+ .
§ 2‘0-1 . * - hn ot
i
é'g 1.5 T i .
F
ft’é 1.0
H
0.54 *
00-

Conkol  FRescected Rrsected Resected Resecled
QF-¢ Gin IGF-l + Gin

:’lla;f:.;l Pyll-tbxcmess DNA a1d protein content were determined in
britg segment betv’veen larnd .’ivf:m natgl to the surgical anastomo-

' aftar 7 days of diet-horme ne infusioni. A: ileal DNA conteht per
“ntimeter (n = 8 control group; n = 7 other groupa) in the §
Sderimental groups. See Dicrary/hormonal regimens for explana-

ys of groups. 1GF-I, insulin-like growth factor.l; Gln, ghutamine.
mae: 0.01 v=. control; 1P = 0.01 va. resected; §F < 0.05 va.
;mu‘rf(;d/hlgh Glo. B: jleal protain content per centimeter (n = 8
1001 Vi group; n = 7 other grou pa) in the 5 experimental groups. * P <
P vs control; £P < 0.01 vs. afl other groups.

Ry

The results suggest that combination of glutamine and IGF-I
would synergistically enhance intestinal growth in resected

small bowels. ’

In a study published in Journal of Surgical Research (Xin
Zhou et al, 2001; 99:47-52), rats with 85% small bowel resected
received 1liquid glutamine via a gastrotomy tube (20 g/l, 5
ml/rat) and growth hormone (0.3 IU, bid) subcutaneously 3 days
after resection. Glutamine and growth hormone were given to
rats for a total of 9 days. Growth hormone gignificantly
increased body weight, jejunal and ileal villous height, mucosal
thickness, and plasma level of insulin-like growth factor 1I.
These parameters were not significantly altered by glutamine
supplement. However, treatment with both hormone and glutamine

10
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in combination produced further increases in these parameters.
These results were presented in Figures 1, 2, and 3 in this
publication. These figures are attached below.

~o-Control  ~e—CLN

—_ ~—CH —H—-CHWIN 5 p
=280 }
§z7o s
260 }
8 250 { <
240 SN TPV S SN [} 9 PO

Day 0 Day 3 Dav & Day 9 Day 12
Days after surgery

FIG. 1. Changes in body weight of rals with massive intestinal
resectlon, receiving control luminal liquid diet. glutamine-cnriched
diet, growth hormane treatmenit, or combined glutamine supplemen-

_ tation and growth hormone treatment {# = 8 in each group). *P <
0.05 vs Control. *FP < 0.05 vs GH.

APPEARS THIS wa
ON ORIGINAL |
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FIG.2. Plasma insulin-like growth factor fevel on Day 12 inrats
with massive intestina) resection. receiving control luminal liquid
diet, glutamine-enriched diet, growth hormone treaument. ov com-
bined glutamine supplementation. and. growth hormone treatment
{n = B in each group}. *P < 0.05 vs Control. *P < 0.05 vs GH.

1000 ¢ [Ovitlous height

W mucosal thickness;l.‘:
80O | “ ab
600
13
a
400
200
0 5
Control GLN GH GH+GLN
B

1000 r {Jviltous height
W mucosal thickness

Control  GLN GH CH+GLN

FIG. 3. Villous height and mucosal thickness of remnant jeju-
num (A) and Jeum (B) tn rats with massive intestinal resection,
receiving control luminal tiquid diet, glutamine-enriched diet,
growth hormone treatment. of combined glutamine supplementation
and growth hormone treatment (n = 8 In each group). *P < 0.08 vs
Control. *P < 0.05 vs GH.

The results indicated that glutamine in combination with growth
hormone produces synergistic trophic effects of ‘the resected
small intestine. The trophic actions of glutamine on resected

12
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small intestine are certainly beneficial for patients with short
bowel syndrome.

3.3 PHARMACOKINETICS

3.3.1 Brief summary

A Glutamine level in the body is maintained by dietary intake
and synthesis from endogenous glutamate. The typical daily

dietary intake of glutamine is ~5-10 g. Oral absorption of
glutamine was demonstrated with peak plasma level of glutamine
reached at ~1-1.5 hours after dosing in rats. Glutamine was

distributed in the 1liver, lung, kidney, heart, spleen, muscle,
and brain following dietary or intravenous administration in
rats. Glutamine is formed in the body through the condensation
of a glutamate and an ammonia molecule by glutamine synthetase
with hydrolysis of ATP. In the reverse process, gJglutaminase
deaminated glutamine to glutamate and ammonia. Approximately
66% radioactivity (*°N) of glutamine was recovered in the urine
following intravenous administration of radio-labeled glutamine
in rats. Majority of the radiocactivity (94%) was associated
with urinary urea and only ~4% was as ammonia.

3.3.3 Absorption

The oral absorption of glutamine was demonstrated in rats
following oral gavage of 20% aqueous suspension of glutamine
(Archives of Biochemistry and Biophysics, 1962, 97:442-448).
The results indicated that portal and systemic plasma levels of
glutamine peaked at 1-1.5 hours after dosing and the portal
plasma level of glutamine was higher than that in the systemic
plasma. The results were presented in Figure 2A in this
publication. This figure is attached below.
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The percentage of oral absorption and the oral biocavailability
were not determined in this study.

3.3.4 Distribution

The 7results from a study with dietary glutamine in rats
indicated that increase in the glutamine level was observed in
the 1liver, 1lung, kidney, heart, spleen, and muscle following
dietary glutamine at 28.5 and 57 mg/day (Tigerman H., et al.,
1950, the copy of the article was provided by the sponsor but
the journal name, volume, and pages cannot be identified). The
results were summarized in Table I in thig publication. This
table is attached below.

Tasre:

Elect of Ingested Qlulamine upon Rat Tissue Glularmine from Bight Rals

Tlwme Gluamine, mg. per cent per grosp

Liver.......... N o8 102 118

Lang. . ... Ll e e 82 83 107

Kidhey 106 109 121

" Heart... .. 205 219 253

Spleen .. .. e 167 188 19

Muecle ... ... ... L L A 187 190 . 208
Glu .amine ingeated, ym. per kg. ralion .. .. 7 0 1.9 3.8

The distribution of glutamine in the brain, liver, kidney, and
muscle was also demonstrated following intravenous
administration of glutamine at 7% in rats (Schwerin P., et al,
1950, the copy of the article was provided by the sponsor but
the journal name, volume, and pages cannot be identified). The

14
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results of this study showed that the highest level of glutamine
was detected in the liver and kidney at 10 minutes after dosing.
The glutamine level was also increased in the brain, muscle, and
blood. The results were summarized in Table II in this study.
This table is attached below.

_ Tabus {1
Glumm Acid (Aad) cml Glutamine (Amide) Concentralion in Rai Orgam after
- Inirastnous Injaction of Glulamic Acid or Glutami
Values expreseed 23 'mg. por 100 egm.
- Bnin Liver Muscls Kidoey M—
Min, , P i
. Add | Amide | Acd [ Amide | Acdd | Amide | Acd- | Amide | Add | Amids
0| 152 | & wof 65 | 18 40f % 2{ 3 6.1
£16% | 48.1 ,#:14 %371 £2.8| £12| £4.5] 2} 207 :kl 4
Clutemic acid sdministered
10] 120 | 8 sa| 38 | 40 ( 35
10 144 832 M) 3 ] 88 | 400 Bixw 6.4
15 122 88 - 637 890 18 42 | 480 3] 6 7.6
18- 11 | 4 n) es &4 a5 { 620 431 % r.1
20 140 56 721 4
20 158 63 114 4 124 0] 86 8.6
30 116 37 510 1) 68 6.2
60 131 e7 260 L] 4.6 4.3
o Glutamine administored
10120 )68 | sw]ae | 18 ]
15 161 78 30| 92 119 9. 6.1f 32
.16 | 166 | 85 146 23| 6.7 86
20 | 10 | 84 200] 78 | 13 s3 )
80 | 135 | 38 167 | 128 180 195 4.4 m
30 156 88 b3 i 8.1] 3
8O- | M7 78 ‘ - 94 21 8.6 1.5

s Fach nverage in tlua row represents six groupa of threa animals each, except for
liver ind muscis for which five and threé groups were used, reapectively,

t Standand deviation. The bold-faced values differ (rom the control values
sighificantly (P < 0.05) (10).

Glutamine can cross the placenta in rats.

3.3.5 Metabolism

Glutamine level in the body is maintained by dietary intake
and synthesis from endogenous glutamate. Glutamine is formed in
the body through the condensation of a glutamate and an ammonia
molecule by glutamine synthetase with hydrolysis of ATP. 1In the
reverse process, glutaminase deaminated glutamine to glutamate
and ammonia. This process is depicted in the following figure.

15
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coo~ : - coo-

o o
o CHy + NH,! + ATP — CH, + ADP + P, + H*
'?Hz ' o ?Hz |
Coo- =0
N,
Glutamate Glutamine

The high level- of glutamine synthetase activity is seen in the
skeletal muscle where glutamine is stored and released to other
tissues. Glutamine is mainly disposed through conversion to
glutamate and then urea. It was demonstrated (Berenbom M, et.
Al.; 1949, the copy of the article was provided by the sponsor
but the journal name, volume, and pages cannot be identified)
that approximately 66% radiocactivity (*®N) of glutamine was
recovered in the urine following intravenous administration of
radio-labeled glutamine in rats. Majority of the radiocactivity
(94%) was associated with urinary urea and only -~4% was as
ammonia.

3.3.6 Excretion

A radio-labeled study (Berenbom M, et. Al.; 1949, the copy of
the article was provided by the sponsor but the journal name,
volume, and pages cannot be identified) indicated that
approximately 66% radioactivity (*°N) of glutamine was recovered
in the urine following intravenous administration of radio-
labeled glutamine in rats. Majority of the radiocactivity (94%)
was associated with urinary urea and only ~4% was as ammonia.

3.4 TOXICOLOGY

3.4.1 Overall toxicology summary

Sponsor did not conduct any toxicity studies with glutamine but
provided the following study reports.

16



Reviewer: Ke Zhang NDA No. 21.667

General toxi cology:

3.4.2 Single-dose toxicity
Study title: Acute oral toxicity studies in mice, rats, and
rabbits

Key study findings: These studies were conducted by

LDs, values were provided in a
table in Volume 1.6 and this table is attached below. Signs of
acute toxicity and minimal lethal dose were not identified in
this report.

1. Acute toxicity:

Animal Administration | Sex LDy value (rke) |
Mouse p.0. malo 217
female 203
iv. raale 4.5
L female 4.3
Rat p-o. male 18
. female 10.5
Rabbir - p.o. male 18.8
3.4.3 Repeat-dose toxicity
RAT

Study title: 30-day oral toxicity study in rats

—
\.

—

Key study findings: In this study, glutamine was given to rats
by oral gavage at 4, 6, and 10 g/kg/day for 30 days. Glutamine
was lethal in the high dose due to “administration of the test
substance suspension in large volumes” (“physical problem”).
Catarrh in the stomach was noted in the L-GM groups but not in
the control group.
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Methods: To evaluate the repeated dose toxicity of —-110 (N-
acetyl-L-glutamine aluminum complex) in rats, —-110 was given
to Sprague Dawley rats (10/sex/group) by oral gavage at 0, 0.4,
1, 2, 4, 6, and 10 g/kg/day for 4 weeks. ~—~-110 was developed

as a drug for treatment of peptic ulcers. L-glutamine (L-GM)
was used as a control in this study. L-GM was given to rats
- (10/sex/group) by oral gavage at 4, 6, and 10 g/kg/day for 30
days. Animals were not treated on Sunday. L-GM was suspended

in 5% agueous gum arabic solution at 25-50% and volume of 0.16-2
ml/100 g body weight was given by oral gavage. In this study,
animals were observed daily. Body weight, food and water
consumption were determined every 3 days. Hematology, clinical
chemistry, and wurinalysis were conducted at the termination.
All animals were necropsied at termination and organ weights
were determined. Histopathology was conducted in all animals.
It is noticed that the data from glutamine dose group of 6
g/kg/day and —-110 dose group of 1 g/kg/day were not presented
in the tables in the result section.

Results:

1. Clinical Signs/Mortality: Two females and one male treated
with L-GM at 10 g/kg/day died due to administration of the test
substance suspension in large volumes. T“Physical problems” were

noted in these animals.

2. Body Weights: Sponsor provided mean body weight values
during the 30-day period. The mean body weight was 250 g, 251
g, and 240 g (males) and 188 g, 191 g, and 192 g (females) in
the 4, 6 and 10 g/kg L-GM groups, respectively. The mean body
weight was 259 g for males and 190 g for females in the control
group. The mean body weight was about 7% lower in the high dose
males as compared to the control.

3. Food and Water Consumption: The food consumption was
slightly lower in the high dose L-GM males (19.6 g/rat/day) as
compared to the control (22.1 g/rat/day). There were no

treatment related changes in water consumption.
4. Hematology: There were no treatment related changes in L-GM

groups. The results were presented in Tables 6 and 7 in this
publication and these tables are attached below.

18



Reviewer: Ke Zhang NDA No. 21,667

lelo 6 Snb.cuce lnxmry ol' ——-410 in male rars -dmmim:ted orallyy
Htﬁmlogml fest,

Day of tum; ' o k] dnys

N Group dose ! =T a1 | 7 | 0,
. e m,..a — u i —1ug —an -—Ml — 10| L-GM] L:GM
Trem. T | oW ). 4 8/kg 2.0 g/kg's. vg/kg: xv..,uk. d. oukqw,o;/kg
_Ng _of aniu';il Txam. - - ) 5 5 | 5 5 |- 5 5 - - SA =8 :55"

"R.BC.  Meam |67 |70z {66 {w3 [e69. [.es2. [ses .| 725
(‘G‘lm') -8.D. 4. 48. 2. 6. 32 | e %, ] A )
Hemstocrit  Mean us | s | s | o] s o | «a] ¢4

(peseent)  S.D. 1.7 2.1 1.2 32| 15 2.4 1.0 1.4
Hemoglob} Mean 16.1 | 16.2 { 15.6 | 15.0 | 15.2¢) 153« | 159 | 160
wd) ~ SD. | 03] 64| 06} 12] 06| 07 | 62] o5
W.B.C. Mess Jns2 J103.4 o Jrzes Jimo | 1008 | %8| 9.2
(lﬂ'lmm‘) S.D. J 434 ) %1 | 89| KT |6 | 124 [104] 6B

Lymphocyte  Mean 6.5 1881 |80 732) 2] M7 jrr] a3

(pereent)  S.D. a2 ]| 10 26| 117|132 7.0 ad 6.3
Monocyte Mean 3.4 22| 28} 39| 23| 21 2.4 26

(pereent)  S.D. 1.2 [-10f 10 o8 tro 10 12 1.4
Eosinophile  Mean 0.7] 03| 10) 05| o7 0.2 0.4 0.3

(pereent) S.D. 07 ) o4} o | 0a] o4 0.2 0.6 02
Basophile Mecan 0.0 0.0 oo { o0 0.0 0.9 0.0 0.0
- (percent) S$.D 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0
Neut ile .

Total Mean 95| 94| 93| 24l m2| 129 | 135 | 140

(pereeot)  5.D. 28] o7] 1.7 ] ns| 122 65 | 37 7.8

Band Mcan 1.9 2.1 1.4 20} 1.8 11 430 38

(pereent)  S.D. 1.9 1.2 1.4 Q.9 Lo { 1o | 39 3.0

Segment Mesn 7.6 7.3 2.8 | 2D.4%) 2.4 1.8 9.2 | 0.0

(occecat)  S_D. 1.4 12| 27 | 125 | nle 6.7 1.9 6.7

" Blood plate Mean 72 |2 | |8 | & 8. | e 7.
(107 mmY). 5.D. 17. 10. 8. 18, 18. 1. 8. 8.
Prothrombin time Mesn 203 203 ]|207]az|laz| as | 21} =0

(second) S.D. 1.6 | 20 | 29 16| 14 26 1.7 4.9

. ngunﬁe.ndy different from control data (p<0.01)
*  siginificantly different fiom control dets (p<0.05)-
S.D. Standsrd devistion

P.B.C. (Red blood cell)

W.B.C. (White blood cell)
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'rstie 1 Subuute ox ;c‘ty of — -110 in femate rets ulmmslered onfly .

S H@_,hn’m] test
T Day of Exam. - . :&dn. o
T~ Grwpdose | 1 Vo 1] e Uon |8 ) 10
e &md-ﬂm~lm—dlaﬂe_AML&ML£M
Jtem T} D-W. P g/kgz0 kgl o p/kgk av.v 5/KE 4.0 10.0g/kg
Noofmimdem. | 5 | 5 | 5 | 5_'_ s | s 5 §
R.B.C.° Mesn 1643 [596. ]599. less. |eos. | 622  jend | 66
. QbYmm?D . S.D. ey a |7 | | 18. s | e
- Hematocrit Mein 28 | 82 | wo | 20 we | w6 [ a@ac] 22
(percent)  S.D. 37 ) 20) 26} 15| 34 1.6 31 26
Hemoglobia Mesn 5.2 } 138°| 140 | 145 137 | M1 |15z { 146
(e/dd sp. | o8| o9 | 1z | o8| 03 0.9 1.3 .
W.BC. °  Mean 7.6 | 18| mo | 8o | 794 ] 720 | 826 | 10
(% /mm?) _D. 1727 | 106 | 1dd | 134 ) 19 ] W9 | w4 | 139
Hemogram
Lyn ¢ Meas 5.8 )| 5] 8s5)] m5 | 82.0] 824 | 8956 89
(percent)  S.D. ss5 | 3¢l 37] €7) 52 43 0.7 6.3
"Monocyte  Meaa 22| 26} 22| 2¢] 30 2.6 13 1.4
(percent)  S.D. 14} 16| 07| 24 1s Lz 1.0 10
Eosinopbile  Mean 10f{ 06 3| as]| o0z o5 0.9 0.5
(percent)  S.D. 0o5) o6} 09 ) 02| o2 0.5 0.7 0.5
Basoghile Mean 00| oo] 0o ] oo | 0o 0.0 0.0 0.0
(percent)  S.D. 00| aof oo{ a0 oo a0 0.0 0.0
Neutrophile  Mean nmtr | 93} 7zs) e8] 97 s 8.2 | 132
(percent) S. p. 3.8 4.0 3.4 4.3 3.7 4.5 0.9 5.7
Band Mean 31| 19] 24| 24| 21 3.3 2.5 37
(percent)  5.D. tz| vs{ ¥5| s | 20 1.5 12 31
Segment  Mean 80| 74| 51 ] 74| 76] nz 5.7 9.5
(peicent)  S.D. 38 ) 26 ] 27| 44| 34 3.6 1.2 6
Hfood plate Mean 7 | | | |en 67. 9. 88.
Qb/mm®  S.D. 8. u. |1 | .. 8. 2. 2 13.
Prothrombin time Mean 2.9 2.4 2.9 2.7 2.5 2.4 2.8 21.9
Greond) - S.D. 1.5 14 {15 ] 05§ 23 11 1.8 1.9

. slgmﬁcnntly difierent from control date (p<0.01)

- *  sigoificantly different from control data ($<0.05)

S.D. Stapdatd devistion.
R.B.C. (Red blood cell)
W.B.C. (White blood cell)

Decrease in bromfulein retention time in
bromsulfalein retention test (liver
function test) was not clinically meaningful. All other liver
function tests were normal in the L-GM groups. There were no
clear treatment related changes in other parameters in the L-GM
groups. The results were summarized in Tables 8 and 9. These
tables are attached below.

5.
the

Clinical Chemistry:
L-GM groups in the
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4*  Signific
Sign

B WW e (B8 | e y wa ee Me [vn| ~o (8B

W I lw ldo [ec | kv | v T 3 : o - S

, ll.um l, ﬁl, MI mmmm 218 m...

,,_.M.M t o 1om BB lenlwn leafan| qelan) ew R
SMQ. 5 6000 H,&, ,nL mm [-451 m&“ Y &l. m,o v
o%| Jz. ¢ s ;
2l 18< k8 | colan e i |Eelhel onlen

j [y A Of N ive | ~a ] " wa -l ma MA.. al @~ (e
; g .
L o g "
g : (e

Bl T8ln (32|88 |avlqu|ontnolt 8. ke| wvlns
181 (5] 7891~ |6~ | I [ | %3 | g | g9 |95 | 23 |ao
ig ™ e . — , S
1 - . -

, .......W - moz S (we lon {ox {uc |3 S lia on |39 |
g 1" |ws |~ 8- 32 | 4n | 5= |get |dn |95 | g8 |we
lOo‘ . B b

- - L
IW w = 12T 1o w0 low e ve (00| wmn |NS
. Axu we |6 g g (g | dg | ds | gel go | us
L TEE F A | ,
| 7S w2 B8 (x| on [vo | ae ao (ne | ow e
| 2|7 ]85 |~ |2 |48 |ga |95 |3« 0% | §n | 39 |5a
Ex | 1m0 |88 o lwn ive |on a0 (o | o B2
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devi
(Serun glutamic oxalacetic transaminase)

Bromsalfilein retention test)
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standard

WE
. kO
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Stown in Tables 8 and 9.
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Sobetute’ touicity of — 110 in lemale cats sdminhstered onally’

(oo77] ToNe3 , ;
. Blnod chemk:il test

Day o'('ei'lfn:\.' ) - . Rdes .
= Gopdae | L+~ | - 1 a ' ) = & | 10
Contral,— 1105 —110 —— 210 ~—110) =110 [ L-GM] L-GM
ftem R § #/kg2.0g/kgd. 0g/kg6.0a/kg, 10.08/kg 4.0 g/uk 10.0 g/kg
TNoofsamalesem. | 5 |5 |5 | 5| S s |5 |° s
T Towl protein  Mesn | 59 | 62| s8] 53] S} 5.4 60 | 60
(r/dD) §5.12. 0.2 0.2 0.3 " 0.4 0.4 0.4 0.1 0.2
A/G Mean r10] 098] rog] no¢| il L2 nei L0
5.D. 9.06 0.10 0.08 0.1t 0.12 0.1b 0.07 0.08
AL.P. " Mean 9,1 so0 | %0 )02} wa) 158 | 94 11.8
(K. A. uni) S.D, 3.0 2.1 1.4 " 4.0 11 5.6 1.9 26
S-G.P.T.” v Lm0 | %0 | %0 | @2 |an2]| 20 | ws] 16
au) . D. a2’) 7 ) 42| 52| B8 83 | 92 8.1
5-G.0.T. Mesn 1335 l125.6 |1%.0 |137.2 j15.2 | 1468 |1m.2 | 6.8
au) S. D. iz { 150 { 205 | 73 {21 | 1as |71 | 322
sP - M:sa 28 ) 28 ) 18% 12w 20| 36 2,301 1.3+
(Pereen)  S.D. oe| o7 | o8| o2] vo 1.3 | o5} o1
Blood sugar Mean n7. f1e. f{w7 3 |02 9L+ |17, 142
(og/dD) 5.D. 17 15. 12, 10. - 13 4. 22 12.
B.U.N. Mean 13.9 14.8 14.3 M5 19. 8« 21.4%* | 16.6 13.8
(ug/al) S.D. 9.8 1.2 1.8 §.6 3.9 34 28 2.
N.P.N. Mean 3.8 32.8 35.2 36.4 39.0¢ 40.0°* | 36.2 s
(mg/dD) s.D. 29 | 27 1.9 .7 1.4 20 { 35 2.0
Setum electrolyte ' A
sodium Mess |138.8 |130.0 |1388 |138.8 {13.0 | 1372 {1388 | 138.2
(mEg/?) S.D. 0.8 0.6 0. B' ) 1.2 0.6 1.3 0.8 0.8
Potessium jean sw! s.2z| s=| 52| 54 5.32 508t 5.2
(wmEa/D 3.D. ! 023, 007] 028 03] 03] o84 ’ 070! 0.43
ta 0.

** Significently diffecent from contstl deta (P

+  Signibeatly different from control dats (#<0.05)
S.D. Standard deviation

A/G (Albuais Globolin)

AL.P. (Alkaline phosphatese)

S-G.P.T. (Serum glutamic pyruvic trensaminasc)
5-G.0.T. (Serum glutamic oxalacetic transaminase)
B.S. P. (Brommlh!&n retentios 3es)

B.U.N. (Blood wres vitrogen)

N.P.N, (Nooprotcia nitrogen)

6. Urinalysis: There were IO treatment related changes in L-GM
groups. The results were summarized in Tables 10 and 11. These

tables are attached below.
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'l';ble 10 Snbacute teicity of — -110 in mele rats ldlumm:ml orsily

Urina fest _
A Day of exem. l : 7 ' ﬁdoh
=TT ery dosc A Y - S
c o . Contyol : —TI0, ——no "/llt 110 —2110 | )
kera - e D, w. 0. 43/!(32 0 a/kg4.0 g/kg6.0 £/k§,10.0 g/kg
:\'o. of anif-':'a:l exam. i .5 1 5.1 5 5 ’
Oceult blood ~ Mean + ] -1 -1-1- -+ | =
Ketoos Mean - - - - - - - -~
Glecose Mesn -1 - - - — _ — R
Pretein Mean 18 [YS 38, 0. L. k<} 6. 0.
(mg/dD) S.D. 14. 44. 33 2 4. . 6. 12, 118,
Mean 7.9 7.6 8.2 a5 8.6 87 I %7 7.9
S.D. osi os| o7l oal 04] o4 | oal o8
TSFGR. Mesn 1.02] LO4| 1L.03| 1.04% 1. 1.0 12| 1.0
! S.D. 0.01 0.03 0.01 0.01' . 0.02 0—01 0.0 0.04

s+ Significantly. d:lmt frem contvol data. (910.01)
*  Sigoificantly different from contyol data (p<0.05)
S.D. standard devistion
Scale for occult blood and ketone by Tabstix.
~wpegative, +=small, Jt ~moderste, i =large.
Scale for glucose by Labstix
-~ =pegative, 4 =light, {tmedium, {f=dark.

Table 11 . Subacute toxicity of = 110 in female rats sdministered orally

Urine test
Dy of exam. ’ 30 dayx o
I Group doue £, = Y 19.
Tl Conirol \/“m —ae— '-u\ —=10 ——110 [L-GM| L-GM
Item ~~=—_} D.W. 0.4 g/kg2.0 g/kg 4.0 ve/kgl10.0 g 0g/kgl 10.0 g/kg
N of animal exam, 5 5 5 5 5 5 5" 5
Oceult blood Meaa + — + + — - -— -
Ketone ' Mean —_ — - — —_ —_— [ —
Glucose Mean — - - - - —_ - -~
" Protein “Mean 2. l 6. 0. 0. 0. 0. 0. [
(wg/d) S$.D._ | 38 12, 0. 0. ] o 0. 0, 0
Mems &0 7.7 B7 | 8.6.] O.8° 35 54 (4 B
S.D, 05] 06| 04| o4 021 04 0.4 L0
SFGR. Mein .00 1.04) Loz 103y 1024 103 L0565} 105
S.D. 0.01] o.0t] o.00] oo1} o.o1 .02 ] 002! 002
*+ Significantly differeat from control data ($<0.01)
* Significuptly diferent from controf date ($<0.05)
S.D. Stndard deviation
Scile for occult blood and ketone by labstix.
— =ncgative, { =smull, H=modecrate, i =large.
Seale for glucose by labstix
— =negative, -} =light, L =medium. #~=dark.
7. Organ Weights: There were no obvious treatment related
changes in L-GM groups. The results were presented in Tables 12

and 13. These tables are attached below.

23



NDA No. 21,667

Reviewer: Ke Zhang

Je rats adsinistered orally

0 ma

»

_ Table i2 Sebscute foxicity of R

0&.‘5‘@’;@‘:\ €3]

** Significantly different from coatro} dsta {p<0.01)

5 . _ ) . . [ - .
o.cm_ » |58 |82 | B5 |8 a8 |82 98 |88 (88 qu|ay
le 1 | e |00 #6 | #id | vid |8d |wid &8 |69 | de [ e

=2 2 1 T
<03 [n (RE (58 (B2 [R5 (#2189 9% (5g |82 |83 |8e |as
52 46 | =S | TS |utm | =G | 8 | GG | Hid | 86 | 8 |- | s
o -2 |a [ 3 e - ) Ie .
ﬁ4w B8 (8o (8= 7e (82 (82 (32 (42 {88 (B8 (aq (ke

\M ©6 [Sd | o0 | kS |00 |60 | SS | mid | 68 | S0 | mic | mo
ll...l. 1s 3 5 , . ’

el T3 ln k8 20 (o0 |30 |0 |32 |5 |9 |58 (88 (e |ne
£ 121" |8e s |es |ds |ss (2|6 |35 |ed |Sa | a | ne
18 Sl S g — , T
{31838 b |25 18 182 185 g |53 |83 9 [0g
M =G | | SS [gm | RO ) MG | S8 | & |88 [da | <8 | He
-3 "

3w |88 |82 |58 n8 |88 108 as oz |BE BE xs inx

HM S S [ O6 | =0 | WS | S 1SS | md | S (IS | wid | mS
- Ty .

m .._...m w{58 B2 ke loning |02 138 83528 183 08 |ns

..Nl =S |wd |8c | Zo [es. =S | 86 | vic |66 |86 | e | s
222 1n s 82 8y |3z 65 lne | 5g (20|82 |82 | 0s |4s

. Sa O [ MO ([ BSO |l | =B 1 i 108 |mS 180 S8 | md | ma

[# /] |§8189ge(gc{§6 58 58 46 salaclsclam

ARSI A E X LIEEEEEE
”I G ﬂ |

3 & -

.uIJ Aﬂu £ m " .l.\m l.\ll ..\Ml oy
= ;g .d M e m. u ..mv..fmwo < m “ .Wrm .mmw mncmu mﬂw

» S iz 15 18 15 18 13 ._m 2T 18 (X

Significantly differeat from controf deta (p<0.01)
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: :baw;e t:mcd) of VIID S l’cmle u&t adnmmn&d on!ly

Organ welgbl (€3] Ty,
B e e R o = '7 = =
: Day of exsm. ’ : ; 30 doys
' Group 6osc A ' Fa, Ve b e s 8 | 10,
o A lerol -—"m—/ 150 =6 — 416 — 110 [L-GM] L-GM.
Tem ] D - pagskgz. u;]lg‘&.oy\us 0 §/kg}10.0 g/kg 4.0 g/ke] 10.0 g/ke
-, Na, of ammal exun o § s 1 & 5 5 - 3 5} R
Hest - Mean |-0.82| 0.89 088 [ 092 vez] o088 ] oo | 1.06
e - s. 0.4 020 | 0000l o | 00 |01 | o1z
Lung Mean toc | 100} 203 a2 ) ) 1oz i 1.42¢
S.D. 009 J ot0} 033 ) oo} ois| 018 § 014§ 022
Spieen Mean 069105 | 067} 0.7 Jom| o6z | o] o
- . 8.D. 010 | 0.07 J o ) 0.9 | 0.1 | 017 | 010 | 019
Livec Mean | 738 | 724 | sase[ soel 81 | 700 { 795 | 9.43
S.D. 047 ) 066 | 0.45 | 0.3 J 0.63 | 108 | 0.67 { 1.38
Kidney = . ~Mm 0761 0% {07 ) os2z)onn] o | o081 ] o098
Gigh) -~ S.D. 6.03 | 0.03 ] 004 | 0.04 } 0.9 | 0.07 | 0.07 0.19
Kidoty Mear, 07 | o7 om|lom|ow] 0B |osm | owm
Qelt) 's.D. 0.05 j 0.0 | 0.09 | 0.0 | 0.67 ) 008 | 0.05 | 0.18
Thymus Mean | 051 | 0.3 | o.3r%] 0.37¢f 0.36*] o0.34«] 0.53 | o.s3
: , S.D. 0.06 | 011 | 005 ] 006 ] 0.6 | 006 ) 008 | 0.09
Hirain Mean 1.47 ( 2.53 | 2.46 } 1.45 } 1.52 1.9 1.52 1.
3.0, . Q.11 0.05 0.19 0.05 0.12 0.05 0.02 O.g
Adrensl Mesa 0.008) 0.029] 0.00} 0.0m3] 0.03] 0.0¢5 | 0.005¢ 0.038
(sight) S.D. | 0002} 0.002 0.000] 0.003) 0.002{ 0,016 | 0.005] 0.010
Adreual Mean | 0.008) 0.008] 0.030] o.03] 0.0324 0065 | 0.005¢ o,
(lelt) S.D. ; 0.002) 0.0021 0000| 0008{ 0.002| 0.016 | 0.005 o.gfg
" Sex organ Mean 0.057 ] 0.057] 0.062] 0.062] 0.005| 0.0 | 0.060| 0.067
, (ﬂgbt) - s.p. 0.017 | 0.020| 0.009 z 0.010[ o.oit{ o008 | 0.016{ 0020
Sex orgen  Mean | 0.057: 0.057) 0.0621 0.062) 0.043] 0040 i 0.060! 0.068
Clefo) S-D. 4 0.017, 0.020] 0.009; 0.010] 0.0111 0.008 ! 0.016] 0.009

** Significantly different from control data (£<0.01)
*  Siguificgntly differeny from control data (p<O.05)
S.D. Standard deviation

8. Gross Pathology: There were no treatment related changes in
L-GM groups.

9. Histopathology: Catarrh in the stomach was noted in the L-GM~
and -110 groups but not in the control group. In addition,

infiltration of inflammatory cell and edema in gastric submucosa

and intestinal metaplasia were found in the -110 group but not

in the control and L-GM groups. The results were summarized in
Table 16-1. This table is attached below.
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" Table 16-1 Suhcme m:uctcy of —110 ia cats .ammeted oully
Hmopothobp:d ch-n.es and ;!w mmbﬂ ol mnmds Mml hsioos

ao days ) L
Days of exam. o — 110 (#/ke) i ‘L~GM (s/ke)
Control §. — i g
- 04 | 20 ] 40 6.0 10.0 4.0 { 100
Numbe:;‘o( animals exam. 3 5 5 5 5. 5 5 5 S5
- ? 5 3 5 5 ) 35 S 5
Spleen
Slight congestion s { 2 l 3 2 | 2 5 2 5
? 4 1 3 3 3 5 4 3
Siight prolierstion o 3 | 4 3 3 s | 3 3 5 5
m’fel:ﬂu’}'.. cell -] 5 4 5 3 ;| s 5 5 5
) . i
l;isvft fatty. infil ; 3 4 ll $ 4 ' 3 N |
t a h’lﬁm . 1 H 2 ’
‘fh ey 21 3! 3| s T 2 5 4
Slight infltration of o ! :
ro:\und cell in Glissor's g { i i ot 1 1
"capsule ; i i
Kidne
S";{t vacuolation of a 4 1 2 3 S 4 1 K}
) mbulnr epithelium ? 4 3 E3 5 4 5 4 5
S‘tgf\( hyslic drop F- 3 i
atfon 3 ||
Shight protein cast 3 2 i 2
? 2 }
Stomach |
Catarch trace 3 { 1
E° 1 1 1 2
slight & 1 2 1
2 1 1 1
moderute a 1 ) 1
. 3 1 1
remarkable & 1
P ! 2 1 2 1 1
Tofiltration of mﬂlmm-toq 4 . ! i
cell in submncosa - . i
teace | & i : | S |
1" . 2 I § 1
stight a ! ' ‘ CoL 1
3N H ;o1 :
i i | i
moderate S . H : HE 3
g , boogp oo 1]
remarbable 3 ! ‘ 4 ! 1 i 1 1 ;
- ; ! 1 } 4 . g 2 |
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20 deys

Dass of exam. '= S~ 20 (k). i L-GM (g/kg)
. JConteol b i ol et e o
| 04 | 20 | «0] 60 ]| 200 ; 40 J10.0
~ Edema in submucosa
' ' frace a8 1
e 1
slight 3 2 '3 2 1
-] 1 3
moderate 3 1
< 1
Intestinal metaplasia
trace S 2 1 1
: e 1 2
slight - s
2
moderate s q 2
R ! 1
remarkable 8 2
5
Thymee
- Slight proliferstion s 1 1 1
- of reticulum cell =3 3

Blank=0

Study title: 180-day oral toxicity study in rats

<f‘*_—~—*—~*~—Cmub‘hh%‘“““f‘\\

/—.—/’—"’“———_\

Key study findings: In this study, L-GM was given to rats by
oral gavage at 2 and 4 g/kg/day for 180 days. Catarrh in the
stomach and infiltration of inflammatory cell and edema in
gastric submucosa were identified in the both glutamine groups
but not in control group. The catarrh in the stomach was noted
on both days 90 and 180.

Methods: To evaluate the repeated dose toxicity of —-110 (N-
acetyl-L-glutamine aluminum complex) in rats, —110 was given
to Sprague Dawley rats (11/sex/group) by oral gavage at 0, 0.2,
0.4, 1, 2, and 4 g/kg/day for 180 days. L-glutamine (L-GM) was
used as a control in this study. L-GM was given to rats
(11/sex/group) by oral gavage at 2 and 4 g/kg/day for 180 days.
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L-GM was suspended in 5% aqueous gum arabic solution at 50% and
volume of 0.2-0.8 ml/100 g body weight was given by oral gavage.
Animals were not treated on Sunday. In this study, animals were
observed daily. Body weight, food and water consumption were
determined every 3 days. Three animals per sex per group were
sacrificed on days 90, and 210 and 5 animals per sex per group
were sacrificed on day 180. Hematology, clinical chemistry, and
urinalysis were conducted on days 90, 180, and 210 after
treatment. All animals were necropsied at scheduled
termination. Organ weights were determined on day 180.
Histopathology was conducted in all animals.

Results:

1. Clinical Signs: There were no treatment related changes in
L-GM group and there were no death in this study.

2. Body Weights: Sponsor provided mean body weight wvalues
during the 180-day period. The mean body weight was 453 g and
455 g {(males) and 288 g and 284 g (females) in the 2 and 4 g/kg
L-GM groups, respectively. The mean body weight was 463 g for
males and 299 g for females in the control group. The mean body
weight was about 5% lower in the high dose females as compared
to the control.

3. Food and Water Consumption: The food consumption was
slightly lower in the high dose L-GM females (14.7 g/rat/day) as
compared to the control (16.1 g/rat/day).

4. Hematology: Slight decrease in hematocrit (10-11%) was noted
in the high dose males as compared to the control. There were
no clear treatment related changes in other parameters in the L-
GM groups. The results were summarized in Tables 6, 7, 8, and

9. These tables are attached below.
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, Uy of e, - 1| - T ey A o
S~ 2| e s. 1 s ) 7| s

, — 410, —a10)]— 110, 10| LGM | L-GM
hem > 0.4g/ke|1.0 w/ke|2.00/kg 4.0 g/xe| 2.0€/ke[4.08/ke
Noof eaimslexam. | 3 | 3 s | 3] s} 3 | 2} s
RBC. Mesa] 779 | sa J o |en | 70 |en | ez | 58
Q0 /mem®) 5 25 ‘51 4 3 11 5 10 15
Hematocrit - Mesn 45.3 46.0 4.7 «o 45.0 45.9 5.0 41.3+
" (percen)  SD. 65 | o8 0.9 1.4 0.0 0.5 | 22{ 19
Hemoglobin ~ Mean | 157 [ 165 { 151 ] 155 ] 154 ) 157} 158§ 2151
(erdh sp. | o3 0.5 0.4 b5 0.6 0.8 0.1.] o4
W.BC. Mean | 154.0 | 120.7 | 1800 | 147.3 | 129.0.} 1453 | 1423 | 1243
(P/mm®>  SD. 4.5 61 ] 671 1| 9] 128 06| s
Hemogram
Lymphocyte Mecxn | 88.5 | 80.8 | 588 | 77.3 | 76.2¢{ 80.5 | 7e5w 843
(percent)  SD. 1.6 7.0 | 18.7 5.7 <1 56 2.9 a8
Monacyte Mesn 1.7 1.8 39 o a7 7)) vz s
(pesceat)  SD. 0.9 0.8 1.4 2.0 27 25 31 11
" Exsinophile  Mesn 0.5 0.q 0.3 0.7 0.5 1.3 0.7 0.2
(percent)  SD. 0.4 | o0 0.2 0.6 0.4 0.5 0.6 0.2
Basopbile  Mean] 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
(peccent)  SD. 0.0 0.0 o0 | 0.0 0.2 o.0 0.0 0.0
Nentrophile ; - ) )
Total Mean 92 ) 1723} 378 3.50) 195+ 145 | 2.8 120
(percent) SD. 0.5 7.6 19.2 1.9 2.3 5.2 1.2 4 a.s
Band Mesn 2.5 3.2 5.3 as 23 1.8 4.0 0.8%
(percent) SD. 0.4 1.0 | 28 1.9 1.9 1.3 1.5 0.2
Segment Mean | 6.8 | 142 | 325 | 1S.5% 1720 127 | 19.3% 1.2
(perceni) SD. 1.0 67| 1ma | L8| 1LO 42 28 § 33
Bleod plate Mesn 1 93§ 106 5 | % : 9 108 110 20
10/mm®) 5. 1 9 | 17 8 ;| s 17 2 4
Piothrombin time wa | 1wa ] mal ws) wel aed wal 1
Me.n - - o . 0 . - -

(3&094!) Sb. 05 0.9 1.7 0.6 05 ¢ 08 1.6 1.4

** Significantly ‘different from control data (2<0.01) .
* Significently different {rom contiol data (2<0.05)

S.D.=Standard deviation -
RBC. (red blood cell)

WBC. (white blood ccll)
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© table T Chtonic toxicity of — -110 n fesale rits aduinisteced orslly (90 day)
Hematologica! test ' -

’ ng of exam. : . 90 deys S -
S s doee | 1 2. | 3| o | s | s | 2| s
RN Grou dose - ) : - -
LT L control | 10 — 0] —oti0 — 110 —-110] LGM | L-GM
Hiem ] DW. Jo.28/kg|0.48/ke 1.0g/kg|2.0a/kg |4-00/kg 2. 0n/ks | 4.08/ke
- Noedsnimsemin. .| 3 | 3 | 3 | 3 | 3 3 s | s
RBL. Men] 395 |72 |77 je3 e |em | 708 | 688
(¥/mm’)  SD. 15 10 17 5 s 15 12 [
_Hemstocrit  Mean | 407 | 41,3 4,0 | 407 40.7 0.7 40 39.7
(parcint) sD. - 0.5 0.5 0.8 0.9 0.5 0.5 0.8 0.9
" Hemoglobin  Mesn | 1.8 ) 16.3°] M9 | M4 ] 143 ] M1 | W9} 147
(/4D SD: 0.6 0.1 0.5 0.7 0.4 0.6 0.2 0.1
WaC. "Mean | :09.0 8.0 { 1260 95.3 | 1127 | 1017 | 1027 | 100.0
(®*/mm')  SD. 23.0 6.2 16.6 5.4 10.5 7.3 13.2 19.0
Hcmag.um
Lymphocyte Mean 77.5 78.8 78.5 80.5 75.7 83.2 78.8 1.7
(percent) SD. 1.9 30 | 21 1.9 8.0 52 14 4.3
“Mosocyte  Mem| 18] 23| 18| 12| 17| o7r| 18| 23
" -(peicent) SD. 0.8 1.0 0.2 0.5 0.6 0.6 0.6 1.4
" Eovinophile  Mean | 1.7 0.7 1.5) o8| 1s| o7 | oz2] os
(percent) | SD. 0.6 0.2 1.1 0.8 0.7 0:9 0.2 0.8
Basophile Mesn o0 | o0 0.0 0.0 0.0 0.0 0.0 0.0
(perceat) | SD. 0.0 0.0 00| o0 0.0 0.0 0.0 0.0
Neutrophile '
Total Mcan | 19.0 16.5 17.8 175 | 2.2 15.5 19.2. ] 19.2
(perceat) SD. 2.9 2.9 2.9 25 7.6 4.9 1.2 1. 38
Bund Men | 4.0 3.7 200 =22 2.8 % R 2.8
(perceat) SD. | 0.8 0.8 0.4 2.1 1.2 ez | 1o 2.2
Scgment - Mean | 15.0 12.8 15.8 15.3 18.3 1.2 18.5 16.3
(percent) SD. 2.1 35 2.5 2,5 6.3 48 1.5 1.5
- Blood plate Mesa | 10t | 110 9% ) 8 % a1 | 76
(I¢/mm?)  SD. 10 5 16 19 10 12 10 12
Prothrombin ﬁm‘e“nn 18.7 2.0 18.9 0.7 18.8 21.0 '20.9 19.9

(second) SD. 1.7 7.1 2.1 0.8 2.0 2.4 2.7 4.9

" ** Significantly different from control date (p<0.01) R
. Signiﬁcmﬁy’ diffetent from control dats (p<0.03) ’
S D.v Standard devistion -
RBC. (red blood ccll) ’

. WBL. (white blood cell)
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Tablé 8 Chronic-soxiity of __-110 i ovle rats administered orally (180 days)
 Hematologieal test o ' o A

- s i itar o o s e Loy s o parvnt st e Sk i
Uiy of ‘exem. o o : 190 days’ A
V\\;__ " Groap doat | 7—l.- ] 2 ' A I i ] s. ! 6. Rl 7. 1 8.
) T Control | =140, — 110 — 110 — 110 — 10 L-GM { L-GM
Clem o S ) DL [0.2g/ke 0.4 grke) 1.0 a/ke | 2.00/ke )4 0a/ke | 2. 08/ks [ 4.0/ ke
Noofanimalexam. | 5 -] s [-s5 ] s | s | s | s ] s
RBC: Mesn | 765 | 876 ] 752 | ne | 6% | 626 | esar | 668
(10/mmY)  SD. 85 100 » € 23 g8 '} 36
Hematotrit Meso | 464 | 458 | 458 | «ae| 34y 58 s 42
(percent) . - SD. 1.0 LS 1.2 1.9 1.7 39} 16| 20
Hemoglbin ~ Mesn | 157 ) 160 ] 5.7 | 153 ] sy 136 153 | 158
(g/dD SD. . 0.5 0.5 as | o7 06| 13 1.5 1.9
WEBC. Mees | 1190 | 888°) 1106 | 18.0 | 8240y 984 | 73.0%% 7040+
(i%/mmd)  SD. uo| 167\ 20| 12 s4] o] 18] =8
tleogram
Lytophocyte Mean | 825 | 79.8 | 721 ] 766 | 785 ] su8 | 711} 813
(percent)  SD. s8] a9 a8 18 5.0 8.4 5.2 61
Monocyte Mesn | . 20 Lz | 2o 21 2.0 1.6 1.8 1.4
_ (pereent)  SD. L1 11 Lo 09 | 1.4 0.9 LI 0.5
Eosinophile  Mean 0.4 0.7 0.5 0.9 0.6 1.1 0.6 0.6
(percent)  SD. 0.4 0.5 0.4 0.9 0.s 0.8 1.0 0.8
Pasophile Mean 0.0 0.0 0.0 09-). oo 0.0 0.0 0.0
(percent) - SD. 0.0 0.0 | o0 0.0 0.0 0.0 0.0 0.0
Neutrophile , ‘ :
Total Mean | 15.1 179§ 204} 204 )] 189 155 195§ 12
(percear) SD. 6.5 5.7 37 75 as 8.7 5.8~ 56
Band Mean 3t 1.2 1z 25 ad 2.5 2.9 27
(percear) SD. | 2.2 09 | o7 1.2 L2 23 LS 1.5
Segment  Mean ! 220 i 167 i 12| 18| 1S | 130 166 | 120
) -~ (percent) S.D. 48 @ AS.lV 1’2 10 44 6.4 5.1 ST
Blood plate Mean [ S0 1 B4 ;i 72 i' 5¢ 57 54 ' 58 93% .
(10/mm®) SD. 12 2 2 (10 13 13 18 18
L T t
Prothrombia time 1 17 | e | w1 | e ] we | 65| 1wz | w2
 (second) SD. 2 0.8 17 1.2 22 2.0 22 L2
*¢ Sigaificently Jil!ére'nt from control data (p<0.01) -

¢ Significantly differert frorm contso) data (5<0.03)
5.D.~standasd deviation

RBC. (red blood cell)

WBC. (white blood cell)
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~ Tebled Chronic wxicity of 110 in. female rats sdministered or’-'ﬂx(l&:dj-_y‘s)’
- Hematologiest rest - ' ‘ A

Rpeve s entios et N et T Y TN N VTS S R A YT = T S

Day of exsm. | 180 days i
L e T T e TR T e T s T e [ T .
~.. Cootral | —110{ ~— 110, — 110} — 110| — 110] L<Gn. ; L-GM
Bem | DW. [0.20/kg0. ¢ g |10 a/rg)2 0 gg | .0 6/kg| 2. 0 g/Ra |40 07k
No of animal exam.. s s s 1 s | s | s ] s 1 s
RBC. - Mean | 677 | 703 |68 | ess |79 | e {7z | 75000
10’ /mm?) SD, 33 90 59 38 ke 4 7 2
Hematocrit Mean 4az.2 4.4 41.4 41.0 44,6 45.4 45.0 “.6
(percent)  SD. | 2.8 L5 15 11 1.5 L4 [ LS 1.4
—_— L —
Hemoglobin ~ Mean | 14.9 | 145 { M9 | 17} 158 | 1600 158 | 160
(e/8D) SD.. 0.8 051 05} o2 03 0.4 0.8.] o5
wacC. Mean | 2060 | 75.0 | o8 | 764 | 1200 | 1228 | 157.40 ] 1028
(10'/mm’)  SD. 25| 195 | 167 ns| wz| 24| 24| 178
Hemogram . . V
Lymphocyte Mean | 6.0 | 79.3 | sas | so0 | @9 | 07| e7.4 | &7
(percen)  SD, 16.5 27 6.2 7.4 4.9 65 | 15.4 43
Monocyte Mean 24 1.4 22 2.2 1.6 2.7 20 2.2
(percent)  SD, 1.1 1.4 L0 1.3 1.0 | " 12 1.2 0.7
Ecsicophile ~ Meun 0.7 1.2 04 ] o8 07 | o3 0.2 0.2
(percent) S, 0.5 0.4 0.6 0.7:] 0.6 0.4 0.2 0.2
Basophile  Mean o.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cpercent)  SD. 0.0} 0.0 0.0 0.0 0.0 0.0 0.0 0.9
Meutrophile )
Total Mesn | 277 1 185 | 169 | 1.0 138 ) 163 | 24| 139
(percent) SD. 16.2 3.5 5.9 727 46 6.7 15.8 4.0
Band Mcaa | - 2.0 2.8 2.2 L2 1.6 1z | 3s 1.0
(percent) SD. 2.0 23 17| 1o 1.0 09 | 19 0.6
Segmeat  Mean | 248 | 157 | w7 | 128 | 122 | 151 ] 268 | 129
_Cpemend) SD. G 13 i 42 5.9 67 | 3.8 5.9 | 120 39
Blood plett  Mewn | 67 | 76 6 | 7 7| 712 70 45
(0/mw) SD. | 12 | 5 | 7 % 16 7 15 U
. b- - H 1
Prothrombia time | 189 | 2.0 | 167 | 159 ’ 161 | 163 | 165 | 166
(second) 5D, 23 1.5 1.8 13§ 130 21 151 os

*¢ Significantly different from control data (»<0.01) _
* Significantly different from :ontrol data (#<0.05) '
S.D.~Standard deviation —
RBC. (red blood cell)

W.BLC. (white blood cell}

5. Clinical Chemistry: Serum glutamic pyruvic transaminase was
significantly increased in the high dose males (26.8 I.U.) on
day 180 (but not on day 90) as compared to the control (12
I1.U.). There were no clear treatment related changes in other
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parameters in the L-GM groups. The results were presented in
Tables 11, 12, 13, and 14. These tables are attached below.

“Table 11 Chromic toxicity of — 110 in male rats administered orally (%0 deys)
© Blood chemical test.

 Day ol exemn. o %0 devs ,
™~.... Group dose N ' L . ‘ & 1. 8.
Fem - e Coutrol  —110{ —-110 — 10} —110, — 10| L-GM | L-GM
em \_ DW. |0.2g/kgl0.4g/kgl1.0g/kg|20g/kgl4.0g/%a[2.0g/ke |4 0g/ke
Mo of animial exam, 3 3 3 3 3 3 3 3
Tdal protein©~ Mean | 6.2 6.7 &5 ] 62 5.9 60] &5 6.4
/a)y . SD. 0.2 0.1 0.2 0.0 0.2 0.2 0.2 - 0.3
7/G Mean 80| 06| o6! o8| os] osed o7| o
, SD. 0.o5{ oo08{ o0zm| o008] om| o002 0.03 0.02
ALD. Mesn 1.3 11.1 14.6 1.5 111 g.2*| 159 13.3
(KA. wnit) SD. 1.3 25 53 1.2 1.2 0.5 3.9 25
$GP.T. Meas | 83 ) Mo 367 ) @7 e7 | 193] 427 | &3
) SD. | m1]| 43 9.8 | 307 | 421 5.2 | 10.4 2.1
".SGOT. - Mean | 1.0 | 933 | 14000 | 1627 | 1733 | 1507 | 17,3 | 107
au) ~ SD. w24 133 23| 303 «:2 10.4 9.0 2.6
BSP. Mean 6.0 91 12.3 13| 127} 61 14.8 10.6
(percent) SD. 3.1 38 21 0.1 0.4 0.7 41 | 32
Blood sugar Mean | 147 131 145 157 | 144 151 155
(mg/d) SD. 6 8 8 8 13 6 6 4
BUN. Mear, | 121 12.9 132} 18] 1B1] 150] 126 133
(mg/dl) SD. | 0.5 0.9 0.8 1.9 1.4 14 1.1 1.1
N.PN. Méan | 323 4 13| 33| 33| %3] w7 7
(quO - SD. 0.5 1.0 0.9 21 0.9 1.2 1.7 21
Serum electyolyte . - A
Sodism’ Mean | 140.3 | 139.3 | 140.3 | 100 | 2400 | 1207 | T20.7 | 1303
(mEq/l)  SD. 0.5 0.5 0.5 0.8 1.4 0.5 0.9 0.5
Potassium  Mean | 507! 47| sz si3) 9] 51| 47| s2
(mEe/D SD. | 02 0os| o037] o012] ool o2} o012 0.45

** Significantly differeat from coatrol data (£<0.01)
¢ Significantly different from coatrol data (p<0.05)
S.0.w Standard deviaticn

A/G (Albumin/Globulin)

ALP. (Alkdline phosphatase)

S-GP.T. (Setum glutamsic pyruvic transaminase)
SG.O.T. (Serum glvtamic oxalscetic transeminese)
BSP. (Bromsulfalein retention test)

BUN. (Blood uces nitrogen)

NPN. (Nonprotein nitrogen) —
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‘l‘-bh Aliz ftiiiMic go,._ici}y ,0‘_/ -110 in female rats sdministered orally (50 days)
Blood chemical t=it

T Dy of cnm. T e
R Gmpdose 1. T 2 - X & l S - I 6— A - a'»
Contral | —110| — 1100— 110 __ 110, = 110| L-GM | L-GM
Ttem | pw. [0.2e/ke[0.40/ke |1 0¢/kef2 00/ke |0 06/kg|2 0e/t5|4.06/ke
No of snimsl exam. 2 3 3 3 3 3 3 3
" Totsl protein  Mean | 6.4 7| 64| &2 6.0 s.774 63 6.5
C . (e/3D) " sp. | o1 ]| oo ¢3{ ori o3 1} o0 0.1
A/G Maa | o0.91 o0 o8| o92| oe]| o8| 09| o8
SD. | 0.0 0,03 0.08 0.04 0.09 0.05 0.08]  0.04
ALP. Men [ 6.7 6.4 5.8 5.0 6.1 5.1 5.9 5.5
(KA. unit) SD. 1.6 1.7 1.2 0.4 L5 0.6 0.9 1.3
SGPT. Mean | 267 80| 340 ] 30| 380 | 187 ] 380 3.7
(L) S.0. 8.2. 2.8 1.8 18.8 12.8 6.8 5.9 6.2
. $GOT. Mean | 1360 | sa7e| 1620 | 1440 | 1613 | 1287 | 140.0 | 1393
f(RIA SD.'{ 170 | 109 7.1 | 7] 186 6.6 | 128 20.7
BSP. Mean.| 7.5 2 1“‘ seef ase| 42| s5s 5.2 6.4
(percent) Sp. 1.1 i.0 1.5 L3 | 11 0.4 22 3.7
Blood sougar Memn | 149 133 17 143 136 123+ 153 151
(mg/dD) ‘SD. 6 8 11 8 1 10 2 19
BUN. Mean | 14.4 mwe | 125 | 137 ] 133 ] 13.4 125 124
(mg/dl) SD.. 21 1.1 0.9 2.2 1.2 1.6 0.5 0.6
NPN. Mesa | 33| mnz{ 33| w3| =1 | 20| 7| %7
(wg/dl) Sp. | 29 s | L7 24 21 29 0.5 0.9
Serum tlectrolyte S L
Sodium Mesn { 13863 | 1383 | 139.7 | 1380 | 139.0 | 1400 | 1387 { 137.7
wEa/) SD. | 09| 12 0.5 os 14 0.0 0.5 0.5
Poussiom  Mean | 493} am| ao7| 49| o] <7 w0l s
(mEq/l)  SD. 0.05] 0.4 017! ow| om{ o908} oa1 0.2%

o4 Signihcantly different from control dsta (p<0.01)
* Significantly different from control data (p<0.05)
S.D.=Stndird deviation

A/G (Albumin/Globulia)

ALP. (Alkeline phosphat:.se)

SG.P.T. (Scrum glutanie pycuvic transaminasc)
$-G.0.T. (Sérum glatamic. oxalscctic transamiaasc)
BSP. (Bromsulfalein reteation test)

BUN. (Blood urea nitrogen)

N.PN. (Nonprotein nitrogen)
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“Table 13 Chiowit toxicity of — 110 in malo rets sdministered ocally (180 days)
blood chermical test

o 180 diys - o
. | 2 | 1 o« | s ] & | 7 | &
Control  —-110{ — 110; —10, — 110j — 110{ L-GM | L-GM
D.W. 10.2g/ke|0.48/ke|1.08/ke}20¢/kg}4.0u/kg |2 0g/keg] L 02/ke
No of animel exem. 5 S 5 5 H3 5 § 5
Tol peotein  Mesn | 66| 66| 65] 63 ] 594 s24 65| 64
(d) .. SD. | o0z} o0z | 03 o2 { o2 0.2 0z} o2
A/G Mea | 089] om| o] -os2] rot| o] osf 108
, SD. 018§ 003] 03f 027] 0| 020] OM| O
ALP. Mena | 1723 | 160} 183 ] w7} 152 9.1°1 209 | 183
(KA. wnit) SD. 4.6 2.2 29 4.6 17 3.0 6.8 3.6
SG.P.T. "Mean | 120 ) 220 | 216 ] 324 | 488° 360" 424 | 26.8¢
auv) SD. 87 7.5 | 1.8 ] 155 | 125 49 | 30.2 5.7
'SGOT. Mean | 106.8 | 96.4 | 126.00| 1200 | 1ar.29 143.6¢4] 133.2 | 1156
av)  SD. 651 189 | 100 | 228 | 107 | 197 | 24| 108
BSP. ‘Memn | 64| 85| w1 | 97| m2z| ] 8« 8.7
(percent) SD. , 3.7 4.6 4.7 A 33 | 38 5.4 3.9
Blocd sogsr  Mean | 225 | 140 |12 [1 [12 [ ms {a 134
(mg/dl) SI. 9 16 7 9 7 5 z 15
BUN. Mean | 122 | 19 128 120 | 130 | 100 ]| M8 ] 17
(mg/dn) SD. 21 2.4 13 0.8 1.3 1.7 2.2 1.7
NPN. Mean | 344 | 334§ 387} %7 | M9 | 57| 7| 372
(mg/dl) S 2.1 2.4 2.4 23 3t 1.0 3.9 1.7
Serum electrolyte 8
Sodium Mean | 140.2 | 139.4 | 139.0+} 138.8 | 190 | 138.6 | 137.6*| 139.0
(mEq/l) . SD. 0.8 1.4 | os 1.0 1.1 L6 1.7 ) 14
Potsssiam Mean 5.14 5.28 5.28 s 5.16 5.08 5.10 S.12
(mEq/)  SD. 0.52 0.23 017] 02| 017 0.23 0.22| o35

s« Significantly diffescat from control date (p<0.01)
* Significently diffesent [rom contol data {p<0.05)
S.D. =Stasidard. devmnnn

A/G (Albummlﬁlohlm)

ALP. (Alkalige yhosplnlhse)

SCP.T. (Serun gletainic pyruvic transaminase)
S-G.OT:. (Sctun glistamic oxalacetic transaminase)
BSP. (Bromsulfulein cetention test)

BUN, (Blod urea nitrogen)

N.PN. (Nonprotein nitrogen) -
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Tetle 14 Chronic toxicity of =110 ia female gats sdministered orally (180 days)’

- Blood chemical test o
Dy of exem. " , L 1 dys A
S~ L . ] 2z 1 a | « 1 s 1 6 | 72| 8
‘ - _.‘\Smp do1¢ Control 110 —’"_oi —10,— 110, — 110 L‘-GMV ,L_GM
hem “~__ | DW. |v.2aske|0 48/ke|1.0a/ke|2 92/kg| 4. 08/ke[2.08/kg|4. 08/ kg
S
No of animal exam. 5 5 5 5 5 S S S
Totl protein  Mean 6.8 7.2 | 66 ] 6ie s9eq 55 66 67
A - sp. | 01| o6 oz| o3| o3| 03] 03} o1
AJG Men | roz| 120 1z p1z{ 1n| n16) 07} 1LI0
' _.SD. ou| oow| on| oz| o) ool ozunj o
ALP. Mewn | 120 | 46 83| e8] s»q 529 101} 109
(KA. wait)  SO. 1.6 1.0 29 1.1 0.8 0.8 23 27
SG.PT. Mem ] 29.2) 24| 8] 456 | ol .2 ) 532 | 4«0
au) SD. 35 10.9 %7 | 187 121 3.2 3290 13.7
SGOT.  Mem/| 125.0 | L2 | 1460 | 100 | 160079 243.2 ] 136.0 | 133.2
Coau) SD. 6.1 84| 1| 27| 1o | 28| 7] 162
BSP. Mean a1 62| 121+| 108 6.5 54 a4 “4
(percent) S, 1.7 3.9 5.0 6.2 4.3 3| os 24
Blood sugar Mean | 133 | 136 132 l” 116+ ) h ¥4 137 130
(me/dD) sSD. 13 1n 12 8 5 B3 | =z 13
BUN. ~ Mem | 126 | 154 | 138 ] 152 | 109} 125} 137 | 138
(ma/dl). SD. 2.7 1.6 28 1.6 13 1.9 38 | 29
NPN. Mean | 346 | 22| 31| a7 | se | a3 3¢} 2
(mng/dl) S.0. 3.8 1.7 1.7 2.4 1.8 2.0 317 2.0
Sérum clectrolyte . ' ' 7
Sodium Mean | 133.2 { 1380 | 1380 | 1382 | 130.2| 138.6 | 338.2 } 1386
(mEq/t) . SIX 1.3 14 2.8 10| 16} L6 1.0f La
Poussium  Mesm | 4.8 492] asa| 86| 46| 40| So2| s06
(mEql)  SD. 0.27 02| 03] o017| oz=m| o017} 015] 0.28

*s Significantly differéat from control data (#<£0.01)

* Significantly different from coatrol data (p>0.05)

S.D.=Standicd deviation

A/G (Albumin/Globulin)

ALP. (Alkaline phosphatase)

S.G.P.T. (Serum glutamic pyruvi¢c trapsaminase)

S-G.O.T. (Serum glutamic oxalacetic traosaminase)

BS.P. (Bromsulfalcin retestion test)

BUN. (Blood uten nitrugen) N
N.PN. (Nonprotein nitrugen)

6. Urinalysis: There were no treatment related changes
group. The results were presented in Tables 16, 17, 18,
These tables are attached below.
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" Table 16 Chronic toricity of — 110 in mele rats sdmiatitered orally (50 days)

: Udioe test .
o Dey'el geams T obdeys
“\:. AP T | PO S S
O dose } congrol y — 110y 110 110, T =110
i =i | DW. lo.zg/kgl0 4g/kgl1.0g/kgl2 On/ke
" No of anisial exam. 3 | 3| 3} 3 | 3
Usine vilume Mesn | 4.1 a1 6.7 23 | 3.4
(mlishr) SD. .| 10 [ 1.4 2.4 Le 14
Oceult blood ~ Mesa — — + + — - - -
thones ) Mean — -— — — — -— —_ -
-AGlu’cose " Mean - - - - - - ~" -
Protein - Mean'| 13 2 7 53 50 s3 3
(rog/dn) Sn. 0 12 12 E N 50 33 | 33
oH Meen | 7.2 7.0 7.5 7.3 7.8 &S5 85 7.8
-~ SD. 0.6 0.0 0.7 o5 | os 0.5 0.4 0.6
SPGR. Mesn | 1.06 | 1oze| 103 | ti1o| 108} 1310} 107 ) LO9
‘ S.D. . oo o0 0. 00 0.03 0.02 0.10 0.05 0.03

¢ Significantly different from control dits (p<0.01)
* . Signibcantly diffcvent from control data (<0.05) -
_ SD. Staridard deviation. C :
Scale for occult blovod mad ketons by labstix: — —«Negative, 3 wSosll, 4=Moderste, {ff==Large.

Scale for glucose by lelstix : —=Negative, 4 = Light, 4f-=Meditm, {i~Dsrk.
Table 17 - Chronic toxicity of .~ ~110 in female rats administered orally (30 days)

~ Urine test
Day of exam. ) 90 days
e . 1. h 3 v 4. i S. ) (.3 2 8
hem .Group dose | chuirol -’%uo —10— -0} —-N0, ~_ -0|.L-GM | L-GM
-~~~ ] DW. 10.2¢/kg]0.4g/%g11.08/kgl2 05/kgld.0g/kg|2 0 g/kg}d.0g/kg
No of animal exam. 2 3 2z } 2 3 3 2 3
Urise volome Mesn | 3.4 7.2 1.1 1.8 28 26 a0 | 27
(mlfi6ht) SD. 23 1.8 0.2 0.3 1.7 06 |-01 L6
Oceult bood ~ Mesn | — | — - + - - - -

. Ketones Meon ‘ - l —_ —_ — —_ —_ - —
Glucose Mean ‘ —_ I — _ - — — — —
Protein. ‘Mean [ 6 3 30 18 13 5 18 &

(rog/dl) $0. 35 0 0 12 12 0 12 40
pH Mean 5.3 6.7 8.3 6.5 5.7 a7 6.5 6.8 .
) s.D. 1.2 0.5 0.3 0.0 1.2 0.5 | 25 0.8
SPGR. ~  Mean| 112 | 1024 1ro7 | ros | roo | ros| ro6] nroO7

(mg/dl) - $D. 0.0t 0.0t 0.0 0.01 0.06 00z | oot} o002

** Significantly different from control data (p<0.01)
* Significantly diferent from contol data (£<0.05)
S.D. Standard devistion

Scele for occult blond snd ketons by Labstix: — = Negative, + = Small, 4+ =Moderate, #i~Large
Scale for glucose by labstix: —w=Negative, 4 =Light, i+ = Medium, # = Dark
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Table 18 Chmuc ioxmty of — 110 in female ms~q&ﬁini's§e:d. oially (100 doys) .

Urine test o
Dny of enm A'A o ’ ' 1m "‘7’ . ,:f,— )
—~" . ¢ LG 3 - L SN A R
fiew roup dose ‘Control { 110 — %116, — .1 10 _ -llo : -no L-GM | L-GM
Tl DW. {0.2a/kgl0.4 g/kel1.0g/ks 20g/kgl40g/knl20g/kg 4.0
. Noof inml exam. 5 5 5 s 5 S S S
Urine volume  Mean 1.2 53 | 26 2 5_ 7.2* L3 | a3 44
o (ulishky SD. | 17 | 44 1.8 | 28 | a8 | 27 | 41 13
" Occult blood  Mesn | — — ~ | = -1 -1 - —
" Ketones Mean — — - — —_ — — —
EGln'cose Men | — - - - - - - | -
Protein Mean | 100 2 200 . | 2qee gre 14%¢ &7 34
(mg/dD) S.D. 0 ro) 12 12 1 13 a s
oH Mean | 60 | 69| 6.5 6.2 7.6*| Bal 6.3 6.4
. 8D. 0.0 0.5 0.4 0.4 0.7 o8 | o4 | o4
SPGR. Mesa | 111 106 | roe | 110 roee| Los | 111 109
SD. oon | oos | o003} aos| oo02| 003 | 004 | 0.0

** Significantly different fm control data (£<0.01)

* Significantly differert from control data (p<0.05)

S.D.eaStandard deviation .

Scale for occult ood and ketons by labstix : — —=Negstive, 4 =Small, {=Moderate, % =Large
_Scale for glucose by labstix : —=Negative, - —Light, 4= Medium, # =Dark

Table 19 Chronic toxicity of

130 io male rats administered orally (180 days)

Uriae test
Diy of exam. ’ . 180 days
- T 5 7. ;8
s Growp dose | ooy —F0 —Th0 —Yuo, T Zuo T Tuo| tGm | LGu
.1 DW. {0.2¢/g]0.4g/ku|L0g/ke{20 4.0p/kg|2 0k |4 0 g/ke
No of animal exnm. s 5 5 3 s [ 3 5
Urine volume  Mean 6.0 6.5 6.2 8 55 8.6 10.8 1.5
(miNGhe)  SD. a7 1.3 w6 | 26 a1 48 -1 9.5 58
Occult blood ~ Mean | — - 1 - + - — + —
Kem", Me@n - o —_— — —-— -_— - —
Glucose Mean — - — — — - - -—
Protein Mean | 79 58 0 58 2 10 39 p. 13
(eg/dl) SD. 3 0 34 ¥ 10 3 1z
oH Men | 6.3 7.0 6.0 6.7 g0e] 87+] 6.4 6.7
S.D. 0.4 113° | oo 0.4 0.6 0.4 0.5 0.4
SPGR. Meaa L.06 1.06 1.07 1.08 1.09 1.06 1.08 1.06
SD. | o003 ] oot 003 003 o006 | 003 | o.01 0.0L

** Significantly diffesedt from control data (p<0.01) -
* Significantly dilérent from control data (£<0.05)

S.D.=Standard deviation -

Scale for occult blood and ketons by Labslix: — —Negative, 4+ =Small, 44 =Modceate, it eLarge
Scale for glucose by labsiix : — = Negative, +~Light, 3= Medium, 3t « Dark

7. Organ Weights: There were no obvious treatment related
changes in L-GM groups. The results of the terminal organ
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weights were summarized in Tables 25, 26, 27, and 28. These
tables are attached below.

lele‘ 3 'd\lv;ﬁt toxicily of’;' -ﬁo $a mile rets sdministered orally €190 days)
Oigan_ weight (g)

Day of exsin. = ) 180 days :
\“'5.“ Group dose 1N 2 3 I 'R ] S5 ] 6. T -8
T Control . =110} — 110 — 10~ 10— -110] L-GM | L-GM
Item AN p.w. |0.28/kg0.48/kg]1.0g/kg|2. 08/kg]4.0 ¢/ke|2.08/kg|4.00/ka
\
No of snimal exam. H] 5 -1 H 5 5 s 1
Heart Mecan 1.88 1.es|] r73l L75| 169} 162 L7 L7
SD. e15] o13] o1s}] o016} o016] o32| o616 0%
Lung Mean 2.03 2.2 1.72 1.60 1.79 1.90 2.60 L80
SD. 032! o0s3] o113} o036} 02| o0358] 097 0.22
Spleea Mean 1.06 105/ Lo 1.00 Lot| o 1.12] 0.9
S.D. 0.17 ow| o0s] o0100] 006 o] 0.9 (411
Lives Mean | 1697 1a06] 1806| 1542{ 15.m1]| 13929 1649} 12538
SD. 1.29 2.53 r%| oom L7l Lmy o7t 1.98
Kidoe Mean 1.88 1.es| rwu| Lesl L& 1.52J L.87 175
GrighO) SD. 039 o1a] oos] on} on 0.2 0.15] o013
Kidoey Mean 1 85 51.83 1.8% 1.71 1.7t 1.53 1.87 L. 67
Qelt) SD. o2 o13| oo0| o] o 0.2¢ o.zz} o»™
Thymus Mean - 0.19 0.28 0.23 0.2 0.2 0.3 0.2 0.7
S.D. 0 08 o 0.17;i ot ow| o1z} 013 0.14
Brain Mean 1.76 1.89 1.81 1.70 1.81 1.69 1.81 1.83
S.D. 0.15 o] oos| o22| o0} o15f -002] 0.03
o : : T
Adrenal Mesn ©  0.03% 0038 00295 0027 0.0M o.gﬁ 0.03] o002
(right) sp. | ooy o.00¢ o.orn‘ 0.008 Doo¢ O 0.004 0.005
: i ! ! |
Adcenal Mesn : 001 003 008 007 0o0s ool o 0.92%
eft) S.D. ‘l 0 02Ii 0. ON‘ 0.007. ©0.008 0.002 O 0. 0.005
Sex organ Mean | 1sg] nes| rsz| 1s3| 1sf va} LS6} L&
Zeight) SD. 0.08 ‘ oos| o1s] oor|! o0o02{ o1 wor{ 007
Sex organ Mean 1.51 1.63 1.58 1.55 1.40 LSt 1.56 1.59
Cleft) S.D. 0.10 0. 11 0.14 0.08 o2 o10] 00 0.07

v+ Signifcantly diflecent from conteol data (p<0.01)
¢ Significantly diffcrent from control data (p<0.05)
S {).= Standard deviation
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hl»to % Chmmr toxicity of — 110 in msle rets .dmummcd orslly (160 dl)")

'A.or'x'ih wcq;ht (mg/lw g)'
Dey of chm. 180 doys
ﬁ\cmﬁp dos= | L | 2 ] a I« l | s 7 8
: TN Ceatrol | ~ 10, —10,— no ~ m —110{ L-GM | L-GM
Item \ DW. 10.24/kg]0.4 g/xg| 1L 0g7kg}2 0 g/kg | 4.0 g/ke |2 0 g/kg] 4 O g/im
No of animal exam. 5 s ] 5 s s S 13
Heart " Mean | 203 276 266 27 269 319 m 287
» S.D. 1?7 31 -3 38 1 2 0 4
" Luog Mean | 335 J v | 2w | wr s [am [ | s
i S.D. 78 101 2% 70 7 | & 193 0
Spken Mesa | 176 155 168 174 173 187 190 163
SD. 42 25 i 18 16 15 41 23
Liver Mzan | 2762 2634 2644 2692 2580 2781 787 2621
SD. 203 262 52 20( 200 181 189 358
' Kidaey Mean | 307 72 280 290 2 | 303 | mas 296
. Cright) S.D. 48 20 26 2 49 26 40 33
Kldney Meso | 303 %7 308 299 294 306 (7 1 M
(\eh) . S.D. 3 18 25 32 %0 % 58 s3
Thymus Mean 30 40 36 38 36 4 39 U
S.D. 12 14 21 x 14 17 24 2
Brain Mean | 287 n 30t 299 m 340 306 r 309
SD. 3 24 28 & B 35 ~18 =2
Adrenal Mean 6.2 5.0 48 .8 41 €5 52 4.4
(cight) S.D. 35 0.8 1.1 1.6 0.7 1.2 0.7 0.9
Adzeaal Mean 6.6- 5.0 4.7 48 48 6.3 5.2 44
Qeht) SD. 42 0.8 1.2 1.6 0.6 13 0.7 0.9
Sex orgen Mean | 258 248 262 268 299 258 263 2264
(ngh«) SD. 3 30 38 2 3L 29 17 20
Sex organ Mena | 47 243 263 270 240 307 263 267
Qlef) sp. | ‘® 32 £ 2 a7 « 7 21

** Significantly diferent from conteol data (p<0.05)
* Sigoificastly diferrat from conteol deta (p<0, 05)
5.D.=Stendsrd deviation

* BW. (Body weight)
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110 in female ruts sdministeced orally (180 days)

' 7 180 >do'ry:
. 1 2 , 3 l .“ | s |8 7. | &
e  Comtrol . —-110, — 110, — 116} — 110 — 110l L-GM-| L-GM
~ Ttem , “\ DW. [0.2g/kg|0 ¢ a/kg|L0g/kg|2 0g/ke|4.08/ke]2 0/ke |4 0g/kg
No of snimal exsm. 5 $ 5 5 s . § 5 s
Heart Mezan 1.2 1.06 1.13 L2 1.23 1.14 1.29 1,18
SD. wis { 0w | o020 ) oz ) oor ] oo | 017 ] o0
Tang "Mean | e} Lt | 16| ra] rtel Lol La | Le
SD. 04 | 015 caa | o3| 17| o13] 015 ] o
Spleen Measn: 0.78 0.60 Q.80 0.81 0.80 0.74 0.81 0. 06
SD. 013 |-03 ) o3| on oo | o12{ o067 { on
- 3
Liver Mesn 9.88 869 9.23 10. 16 9.43 9. 47 9.45 9 .58
SD. 246 | 13| 213 | 267 ] o061 | o4 § o079 | os8
"Kidoey: . Mean] 095 ) 096 ) 03] 1n ) as| res| 09| re
- (riglt_) S.D. N.08 o1 0.08 0.31 0.05 0. 10 0.08 0.06
Kidocy Mem | rO1 0.91 0.97 115 | 0.96 1.04 0.99 100
(left) SD. 0. 08 0.09 0.09 0.2 0.06 0.10 0.09 0. 05
Thymus Mcan 0.20 0. 20 Q.15 0.17 0.23 0.18 0.26 0.20
SD. o8 | o] o002) o3| cosf oos| o010 omn
. ‘ — A
Brain Mein | 1.68 1.6 1.63 1.77 1.66 170 L70 1.71
SD. 0051 o013] 005 ] o172} ow | o003 | 007 ]| o008
Adrenal ~ Memn | 0032] 0032] 00M] 0031] oconf ooM! o0oz{ oo
(right) SD. 0.007| oo0oc| 0oot{ o004l o0o00s{ ooos| ooosl o 004
Adrenal Mein { 0.03¢) o.032) ouo3ef oo3| ool oms{ cozmq ows
Qety SD. 0.004] o000¢] O004f 0004) 0005] 0.006] 0 004] O 008
Scx,_otgen Meaa 0.078 0.044 0.064 0.063] 0.059( 0.056] 0.054} 0.060
(right) =~ SD. 0.038) 0.005| 0.013] o0.00] o0.009{ 0009] 0.012] 0.006
Sex orgen Mean | 0.062] o0.040% Gos3| oo6r]| oo0s7] o.0sa] o0.052] aor
Cheft) S.D, 0.013] o000 o00é| omr]| ooov| oo ool o015

¢ Sigaificantly different from control dsta (p<0.01)
¢ Significsnily different from control data (p<0,05)
S.D.=Standard deviation

[
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.

A;rn'-ﬁc' é’sf c:.m.: fox igtiy of. — -110 in female rats sdministered otelly (160 days)
- Relative organ weight (mg/1008)*

" Day of exem. : 186 diys
T Group dose | L 1 2 1 3 | I 5. I & | = | &
' " | Cootrol — 110, _ 110 7110} — 110, — 110] L-GM } L-GM
Jiem R D.W. |0.2¢/kg|0.4 g/ke|1.08/kp ]2 05/kg|4.0g/kg]2 0g/kg|4 0g/kg
No of snimal exam. 5 S 5 5 5 S S 5
3z 280 312 33 7 338 6 ass
He 5= % 2 15 % 25 2 M 6l
- s ez | | s |4 |40 | 4
Lung gf)" {g 74 82 n 64 [ o 123
a| 208 18 | 22 28 | 25 217 221 23
Splecn yf)u 2 54 12 12 2% 2 16 59
2309 533 2838 2661 2815 2573 2662
Lives gf)'." %80 6 193 e 223 189 0 “189
' Ki M 54 254 261 su | ze | sz | 268 | 2«
K'E':%'Kq 33“ 14 42 7 st u F44 28 U
Kidsiey Mean | ¢ 21 | | | [0 |20 | om
Clefty SD. 17 <] 35 o | 33 0 25 a“
Thymus Mean 55 54 41 47 64 S4 n 55
5D. 19 16 7 ¢ 15 16 z >
Beain . Mcsa | 453 41 482 502 469 506 465 479
sSh. | @& 77 78 2% & 5™ ) 38 59
Adreaal Meaa 85 85 9.6 &8 87 | 102 7.4 5.9
“Cright) sD. 1.2 1.7 L3 13 1.1 22 1.3 1.0
Adceaal Mean 9.1 8.5 9.6 8.8 B7 10.8 7.4* 7.4
(lefi) S.D. 0.2 17 L3 13 11 21 L3 26
" Sex organ Mecaa 19.59 1191 1A 17.75 16.84 16 63 14.72 16. 83
(zight) S.D. 7.20 285 465 L3 i3 261 2.80 29
Sex organ Mean | 1646 10.784 1800] 172.27] 16.26] 1606] 1415[ 19
(left) S.D. 203 33| 497] 109] 346} 278| 2s52f 3is
** Sigoificantly different frcem control data {p <0, 01)
* Significantly diffecent from control data (p<0.05) . -
5 D=Standacd deciation
= BAY. (Body weight)
8. Gross Pathology: There were no treatment related changes in
L-GM groups.
9. Histopathology: Catarrh in the stomach and infiltration of
inflammatory cell and edema in gastric submucosa were identified
in both glutamine groups but not in control group. Catarrh in
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the stomach was noted on both days 90 and 180. In addition,
slight fatty infiltration in the liver cells (one low dose rat
and one high dose rat), slight vacuolation of tubular epithelium
(two high dose rats), and slight protein cast in the kidney (one
high dose rat) were also found in the glutamine groups on day
180. The results were presented in Table 31. This table is

attached below.

Table 31 Chioaic ¢§xi¢:hy of ~~_-110 in rats edwinisteced orally
7 Hispp_.ghglpgicgi charges and the number of animals observed lesions

] D}ly of exam. - :i - 90 days i . 180 days 210 days
s_ Gtwp dose Eomexno(‘/ko k"‘ e 11O (mg)vﬁ'ﬁ — -110{x/kg)
hew | ™ 0.4y o2 e de oo ook dh ok o] ™ bl
MNumber of animal 3 3 13]3[313]3]|3|32 5 (5({5]5(5]5]%t50 3 }JI3}3]3ls

exam. 21 3 {3{3I3[3(3j3{3f S5 (5{5|515(5I5i3+(1 3 (3|3[|3]3

Spleen
g m o] 111 1 2 s |s|slefate]ls|2f — —[—{~[—

Stight congestion. S | 3 11111 ]2f2] l2f 5 [«|3{e]3]2]|3]8} = |—|=|~]|=
‘ihxbt profiferation: 3 f2¢41 2{1]2]21 2 21513141511 — 1—=]~]—|—

(-f reticalum cell @ § 3 .11t 12)2]213]/2] 1 51514{513{3f — {—|—{—[—

Liver
Slight fatty inflira- 3 . 111 JOCR DI N U
tion in liver cel @ 2ivfrfrisir Tl - |—={—l—-{—

Kidoey
Slight vacuolation of 3 1 -— -]
|n‘§nl¢r epithelium. @ | et 1{1 . } 1 } 1 : { —_ =] —=1-]

3 E 2 1 — e —f

Slight protein cast S ,’ i1l '8 B Sl i

Stomach £
Catrari 3! 11 1 z2{1 X 1
Catrarth trace b4 i 1 1 1 ; 21113 2l2 2 3

- s 2 2(1¢ 1 1
shight 2 1 1o |2 t{1 2{ s
qe O 1 N
moderate g, 1 : 2 1 i
réxnérhbleg ' 12 : »l 1
lnﬁltuhon of iofla- ﬁ
mmatory cell and
edems in submocosa
trace 5 t | B 111
2 1 2 21l
slight 3 ! 3 1
% i i ¥ 112 3
moderate g H Tjijr}e 1
T 3 111
S 1 3 1 2{S
nmurkfbleg ; Do 2{313 6 3l ;
Intestinel metaplasia ; i
P o :
trace Q HI 1 1}2]3
2[ Pt ! ¢ 1 1
shight g1 S O ) 1
S
moderate 3 ; : . :
i I 3 3 1{1
remackable S | j112:3: E 21318
) prke ¢ { p2p2 2! ' 2143 i ,

Blank =0, —=Non exam.
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3.4.4. Genetic toxicology

Study title: Amino Acid excess increase Sister-Chromatid

Exchagnes (SCEs) in human lymphocytes (Mutation Resaerch; 1996;
372:75-78).

The purpose of this study was to determine the effects of
excessive amounts of amino acids including glutamine on SCEs in
the cultures of human Ilymphocytes. The results indicated that

addition of 10, 50, and 100 pg/ml of glutamine slightly increased
the SCEs (11.05-11.50 SCEs/metaphase) as compared to the control
(8.15 SCEs/metaphase) but this increase was not concentration
dependent. There was no positive control in this study. The
results were presented in Table 1 in this report. This table is
attached below.

Tibic 1
Irfluznce of amino acids on SCE frequency iv human lymphocytes

- Ammo  ids Original contemt  SCE/-netaphase{mean + SE) SCE ratios
a) (pg/mi)* Contecl Teeatment (s g/m) excess) {mean)

10 50 100 Average

Facentinl 16
Argnunc 146 B.5=248 11yt 12004259 12353323 12074268 148
-Cystoic 37 8151218 1400 + 2.35 1385+ 282 14254 295 1403 + 2.7¢ .73
boleucin: ¥ 6.50 1 1.43 12,15 262 1290 + 378 12.40 4 375 1248 ¢ 3.37 1.93
1 cucioe » 6504143 9614 1.85 1005£250 1040%362 0022266 152
Lysine 29 6.50 £ 1.43 (1.25+2.26 11.56 4 2.94 12,08 £ 2.32 1161 £ 2.51 1.79
Methiomae i 6.50 ¢ 1.43 9.10 £ 2.65 965+ 243 97512069 9.50 + 2.59 1.45
Phemyialinine 1 6.62 £ 2.20 185 =195 8.00 4 2.10 8.21+2.22 8.02 + 2.09 1.24
Thrennin: - 15 BIS+ 208 10652210 10954284 11253323 10954272 134
T-yplophan 4 6.62 + 2.20 Y +2.24 9274 288 955422} 9.21£245 138
Histidine i 65014 1.43 945 +1.93 9.60 + 2.58 9724 190 959 +2.14 48
Tyrvune 15 .45+ 2.18 1344 4+ 3.22 13.432 238 13.25 > 2.09 13.28 + 2.76 £.63
Valine i5 650+ 143 10.25 + 1.94 10374 2.72 10,65 + 243 1042 £237 1.0l

- Glutaminz 219 815t 218 11.24 2 1.89 11s0+220 11.05 x 228 11.26 ¢ 2.12 1.40
Nonecset tial 1.49

- Ghnamc acid 15 6.62 1220 8951 1.2 9.304+2.29 9854 2238 9372 19T 143
Owmthine - 6.62 ¢+ 2.20 10.25 £ 2.49 1014 1338 1015 £ 272 10.18 + 2.86 1.57
Hydraxyproline (M) 6.50 + 1.43 9154195 995 ¢ 2.02 10.00 £ §.85 9,70 + 1.94 147
Proline 15 650+ 143 10851 1.95 1140+ 2.50 SL61 £ 2.62 11.29 + 2.36 1.73
Alamine - 650 +143 10.35 £ 2.66 10.15 +2.92 10.20 £ 2.24 101 £2.6) 1.56
Aspanic weid 15 650+ 1.43 9.15 ¢ 1.48 945 +2.32 971427 9.26 £+ 2.1% 1.45
Serinc 22 6.50 + 1.43 9.65.+ 2.45 930+275 10051283 967+ 268 1.52
Glycure 7 6.62 £ 2.20 821+ 1.87 809204 8334138 821 £ 175 .21

For alt ipxatments. p < 0.01.

? Represcting the original final cono:ntrations of amino acids sn culture mediem caleulaled haved on she ariginal conent of each amino
acid in RPMI 1640,
" The final concentrations of the additional duse of cach aminn scid applicd

The small and concentration-independent increase may not be of
any clinical significance. ‘
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3.4.6. Reproductive and developmental toxicology

Study title: Studies on the relationship between the chemical
structure and embryotoxic activity of thalidomine and related
compounds (R.L. Smith, et.a., In: Robson JM, et. Al., eds.
Embryopathic Activity of Drugs. Ed. Boston: Little, Brown and
Company; 1965:194-209).

Key study findings: Treatment with L-glutamine orally at 150
mg/kg/day during gestation days 7-12 in pregnant rabbits was not
teratogenic. However, this study is not considered as a wvalid
study since the treatment with glutamine during gestation days
7-12 did not cover the entire organogenesis of rabbits
(gestation days 6-20 in rabbits).

The aims of the studies were to evaluate embryotoxicity of
thalidomine and structure related compounds including L-
glutamine. In these studies, pregnant rabbits were given L-
glutamine orally at 150 mg/kg/day during gestation days 7-12.
The results indicated that treatment with L-glutamine was not
teratogenic at this dose. However, this study is not considered
as a valid study since the treatment with glutamine during
gestation days 7-12 did not cover the entire organogenesis
(gestation days 6-20). And the dose of glutamine tested (150
mg/kg/day) was not sufficient high. The results were presented
in Table 5 in this report. This table is attached below.

LY LT

Table §
Enmbepotoxic ativity of y-sminoghuterimide and L~ and DL-glutamine
No.of Im Re M-

Compaynd rabbits plantations sorprions  formed  Novmal
3-Amino- 4 37 4 o 1
gluarizids
"‘“‘\/\L
07 NN
H
DL-Glutamine s 57 4 ° 51
1-Glutstnine s At 2 ° 39
s
NH,—CH CHs
COOH CONH,

Treatraent: 150 mg.fkg. orally on days 12 of progoasicy.
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LABELING:

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

1. Sponsor’s Version:

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY

2. Sponsor’s Version:

Pregnancy Category B

/’\\

46



Reviewer: Ke Zhang , NDA No. 21.667

3.6 OVERALL CONCLUSIONS AND RECOMMENDATIONS

Glutamine is a non-egsential amino acid widely distributed
throughout the body and makes up about 50% of the human body’s
free amino acid pool. Glutamine is important in normal
gastrointestinal cell structure, function, and regeneration.
Under normal condition, glutamine 1level in the body is
maintained by dietary intake and synthesis from endogenous
glutamate. The typical daily dietary intake of glutamine is ~5-

10 g. However, the nutritional requirement of glutamine is
dramatically increased in catabolic condition such as short
bowel syndrome. Thus, it is considered as a “conditionally
essential” amino acid. The review of this NDA is based on the

literature reports submitted by the sponsor. The pharmacology
studies demonstrated that treatment with dietary glutamine
promotes electrolyte and nutrient absorption, and stimulates
mucosal cell proliferation and regeneration of the small
intestinal mucosa in rats with the resected small intestine.
The trophic effects were synergistically elevated when glutamine
is given in combination of growth hormone in rats with resected
small intestine. These results suggest that the trophic effects
of glutamine are certainly beneficial for patients with short
bowel syndrome.

In the present NDA, sponsor is seeking for approval to
market oral glutamine for short bowel syndrome as a cotherapy
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with recombinant human growth hormone (rhGH) to reduce or
eliminate the requirement for parental nutrition and to increase

gut absorption of nutrients. In support of this NDA, sponsor
did not conduct any preclinical studies but provided published
reports from literature including pharmacology,

pharmacokinetics, single acute oral dose toxicity studies in
mice, rats, and rabbits, 28-day and 180—déy oral toxicity
studies in rats, and a sister chromatid exchange study in human
lymphocytes.

The pharmacokinetic studies indicated that oral absorption
of glutamine was demonstrated with peak plasma level of
glutamine at ~1-1.5 hours after oral dose in rats. Glutamine
was distributed in the 1liver, 1lung, kidney, heart, spleen,
muscle, and brain following dietary or intravenous
administration in rats. Glutamine can cross the placenta in
rats. Glutamine is formed in the body through the condensation
of a glutamate and an ammonia molecule by glutamine synthetase
with hydrolysis of ATP. In the reverse process, - glutaminase
deaminated glutamine to glutamate and ammonia. Approximately
66% radioactivity ('*N) of glutamine was recovered in the urine
following intravenous administration of radio-labeled glutamine
in rats. Majority of the radioactivity (94%) was associated
with urinary urea and only ~4% was as ammonia.

The acute oral toxicity studies were conducted - with
glutamine in mice, rats, and rabbits. LDs;, values were provided
in this report. The oral LDs, values were 20.3 (females) and
21.7 (males) g/kg in mice, 7.5 (males) and 10.5 g/kg in rats,
and 18.8 g/kg in male rabbits. The clinical signs of acute
toxicity and minimal lethal dose were not given.

In the 30-day oral toxicity study in rats, glutamine was
given to rats by oral gavage at 4, 6, and 10 g/kg/day for 30
days. Glutamine was lethal in the high dose due to
administration of the test substance suspension in large volumes
(“*physical problem”). Catarrh in the stomach was noted in the
glutamine groups but not in the control group.

In the 180-day oral toxicity study in rats, glutamine was
given to rats by oral gavage at 2 and 4 g/kg/day for 180 days.
Catarrh in the stomach and infiltration of inflammatory cell and
edema in gastric submucosa were identified in both glutamine
groups but not in control group. Catarrh in the stomach was
noted on both days 90 and 180.
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A genetic toxicity study to determine the effects of
excessive amounts of amino acids including glutamine on sister-
chromatid exchagnes (SCEs) in human lymphocytes indicated that
addition of 10, 50, and 100 pg/ml of glutamine slightly increased
the SCEs (11.05-11.50 SCEs/metaphase) as compared to the control
(8.15 SCEs/metaphase) but this increase was not concentration
dependent . The clinical significance of the small and
concentration-independent increase of SCEs is not clear.

In the present NDA, sponsor is seeking approval to market
oral glutamine for short bowel syndrome as a cotherapy with
recombinant - human growth hormone (rhGH) to reduce or eliminate
the requirement for parental nutrition and to increase gut
absorption of nutrients. Treatment with oral glutamine alone
should be continued to sustain the achieved increase in gut
absorption and reduction of parenteral nutrition requirements
for additional 12 weeks to 3 years. In support of this NDA,
sponsor did not conduct any preclinical studies but provided
published reports from literature including 30-day and 180-day
oral toxicity studies in rats. The results of the 30-day and
180-day oral toxicity 'studies in rats indicated that treatment
with oral glutamine produced catarrh in the stomach at 4 and 10
g/kg/day in the 28-day oral toxicity study and 2 and 4 g/kg/day
in the 180-day oral toxicity study. The required chronic
toxicity study in nonrodent species is not available. However,
glutamine, a “conditionally essential” amino acid, is widely
distributed throughout the human body and makes up about 50% of
the human body’s free amino acid pool. The typical daily
dietary intake of glutamine is ~5-10 g. Oral glutamine has been
marketed in the U.S.A. as an over-the-counter dietary
supplement. Therefore, from a preclinical standpoint, approval
of oral glutamine is recommended for short bowel syndrome as a
cotherapy with rhGH for 4 weeks followed by additional 12 weeks
with glutamine alone to reduce or eliminate the requirement for
parental nutrition and to increase gqut absorption of nutrients.
Long term effects of large dose of glutamine are not known.
Sponsor should be asked to revise the labeling as recommended.

Recommendations:

1. From a preclinical standpoint, approval of oral glutamine is
recommended for short bowel syndrome as a cotherapy with
recombinant human growth hormone for 4 weeks followed by
additional 12 weeks with glutamine alone to reduce or eliminate
the requirement for parental nutrition and to increase gut
absorption of nutrients.
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2. Labeling should be revised as recommended.

Ke Zhang, Ph.D. Date
Pharmacologist, HFD-180

Comments:

Jasti B. Choudary, B.V.Sc., Ph.D. Date
Supervisory Pharmacologist, HFD-180

CC:

NDA

HFD-180

HFD-181/CSO

HFD-180/Dr. Choudary
HFD-180/Dr. Zhang
HFD-048/Dr. Viswanathan

R/D INIT. J. CHOUDARY 5/4/04
C:\DATA\WORD\21667.DOC
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