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The preclinical phannacology and toxicology data submitted in support of the approval ofXyrem 
suggest that the chronic administration of gamma hydroxybutyrate (GHB) to animals was 
associated minimal systemic toxicity. Therefore, I concur with Dr Rosloffs recmmnendation 
that the NDA is approvable. 
Preclinical studies submitted in suppmi of the NDA include complete genotoxicity and 
reproductive toxicity batteries and 6-month rat and 12-month dog oral toxicity studies with GHB. 
The published results of 2-year oral carcinogenicity studies conducted by the National 
Toxicology Program (NTP) with gamma-butyrolactone (GBL) in mice and rats were also 
provided . GBL is extensively converted to GHB in vivo. A separate 2-year rat carcinogenicity 
study with GHB has been recently completed and the results will be submitted as a Phase 4 
commitment. 

The genotoxic potential of GHB was evaluated in an Ames test, an in vitro chromosomal 
aberration assay in Chinese hamster ovary cells, and an in vivo rat micronucleus assay. GHB 
tested negative in all three assays. The NDA review (p.l 02) suggests that higher doses of GHB 
could have been utilized in the rat micronucleus assay. However, the high dose of 2000 
mg/kg/day is considered the maximum required dose for testing in the in vivo micronucleus 
assay. Therefore, the completed genotoxicity battery is adequate. 

The only drug-related adverse effects observed in the chronic oral toxicity studies were 
hypoactivity and mild decreases in food consumption and body weight gain in high dose rats and 
high dose dogs. The high doses tested, namely 1000 mg/kg/day in rats and 600/900 mg/kg/day in 
dogs, produce exposures comparable to (1-2 times) therapeutic exposures with the maximum 
recmmnended human dose of 9 grams/day. The animal to human exposure ratios (safety 
margins) are comparable regardless of whether the comparison is based on body surface area 
(mg/M2

) or actual pharmacokinetics (AUC) . 

The effects of GHB on fertility, reproductive perfonnance, embryo-fetal and postnatal 
development were evaluated in the standard battery of studies which included a rat fertility study, 
rat and rabbit embryo-fetal toxicity studies, and a rat pre/postnatal development study. 
No compound-related reproductive or developmental adverse effects were observed in any of the 
studies. Similar to the oral toxicity studies, the highest doses evaluated in the reproductive 
toxicity studies produce drug exposures in animals comparable to human therapeutic exposures. 
The high dose of 1200 mg/kg/day utilized in the rabbit teratology study was associated with 
decreased food consumption and significant decreases in maternal weight gain supporting the 



adequacy of the doses tested in the rabbit. Data were not provided in the NDA review to 
demonstrate that the 1000 mg/kg/day high dose evaluated in the rat studies was adequately high 
(i.e., associated with minimal maternal toxicity). 

The rodent carcinogenicity studies conducted by the NTP evaluated gamma butyrolactone(GBL), 
which is extensively converted to GHB in vivo. 
2-Year Study in B6C3Fl mice: Doses evaluated were 0, 262, and 525 mg/kg/day in both sexes. 
(50/sex/dose). There was no evidence of carcinogenic potential associated with chronic oral 
administration of GBL. 
The high dose of 525 mg/kg/day GBL exceeded the maximum tolerated dose (MTD) in male 

mice since significant mortality was observed (76% at HD vs. 30% in controls). The high dose 
of 525 mg/kg/day GBL also represented the MTD in female mice since the final mean body 
weights were reduced 14-17% in HD female mice. A separate study was conducted to determine 
the plasma GHB exposures (AU C) after direct dosing with the MTD of GHB in mice (1000 
mg/kg/day) or the high dose of 525 mg/kg/day GBL tested in the 2-year mouse CA study (see 
NDA review, p. 93). This was performed to determine adequacy of the completed mouse study 
with GBL to assess the carcinogenic potential of GHB . This evaluation demonstrated that GHB 
exposures after dosing with the high dose of 525 mg/kg/day GBL in mice were approximately 
50% in males and 70% in females of those achieved after direct dosing with gamma 
hydroxybutyrate at the MTD . Therefore, it was concluded that the mouse study with GBL could 
be considered an adequate carcinogenicity assessment since it was conducted at GHB exposures 
in mice equivalent to 50% of those attained with the maximum tolerated dose of gamma 
hydroxybutyrate. (Carcinogenicity studies conducted at half the MTD are generally accepted as 
adequate). 

2-Year Study in F344 rats: Doses evaluated were 0, 112, 225 mg/kg/day in males; 0, 225, 525 
mg/kg/day in females (50/sex/dose). GBL produced no increases in neoplastic or non-neoplastic 
lesions in this study. However, doses of GBL evaluated in the rat did not represent a maximum 
tolerated dose (MTD) since they were not associated with excess mortality, decreased mean body 
weight, or any significant increase in tissue pathology or tumors. 
In addition, the GHB exposures in rats after administration of the high doses of GBL were only 
fractions of the AUC exposure to GHB associated direct dosing of the maximum tolerated dose 
of GHB to rats (8% in males, 35% in females; NDA review p. 96). It was concluded that the rat 
study with GBL was not an adequate assessment of the carcinogenic potential ofGHB. A 2-year 
rat study with GHB was conducted at FDA request. The 2-year rat carcinogenicity study with 
GHB has been completed and the sponsor has stated that no evidence of carcinogenic potential 
was observed. The Division has agreed to accept the results of the 2- year rat study with GHB as 
a Phase 4 commitment. 

Assessments of carcinogenic potential are generally required prior to approval. The Division's 
decision to allow post-approval submission of the rat carcinogenicity study results for GHB 
appears reasonable based on the other available data suggesting a minimal carcinogenic risk. 
These supportive data include: 
1) the absence of evidence of genotoxic potential 
2) the absence of tissue proliferative effects in chronic toxicity studies (i.e., no evidence for 

potential carcinogenic effects via non-genotoxic mechanisms) 
3) no evidence of carcinogenic potential in a 2-year mouse study with GBL (at GHB exposures 

half the MTD for GHB). 

A labeling review has been conducted (NDA review pp. 103 and 1 04) and accurately represents 
the study findings. 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 

/s/ 

Jeri El Hage 
4/8/02 04:08:34 PM 
PHARMACOLOGIST 
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ORIGINAL SUMMARY 

SPONSOR: Orphan Medica) 
13911 Ridgedale Drive 
Minnetonka, Minnesota 55305 . . 

. . . 

DRUG: sodiurii·gamWia·'Jiydh)Jlybh;tyrat~ tGHB) (X~emTM) 

(See attached page for other names and structure) 

CAI:EGORY: endogenously-occuning compound; CNS depressant at pharmacologic doses; 
proposed here for narcolepsy . 

RELATED IND": 1ND <bH4> (Companion to present NDA) 

c 



CONFIDENTIAL 
Orphan Medical, Inc. 
GHB IND , CMC Section 7 

7 .1 . 2 Descrip.tion, Including Physical and Chemical 

Chara~teristics and Stability. 

a . Nome nc.l a ture 

Chemical Names .: Sodium Oxybate 

Sodium Gamma Hydroxybutyrate 

4 -hydro~ybu.tanoic acid <bH4lsodi urn sal t 

CAS Nuni.ber: 502'-85-2 . 

Abbreviation: . ' . GHB 

Trade Name: Xyrem1M 

;q: I!(J 

Generic Name: Sodium Gamma Hydroxybutyrate 

b. Chemi.cal · Structure 
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6 MONTH P.O. TOXICITY IN RATS 

A) Dosage 

20/sex at 0, 150, 350, or 1000 mglkg/day, by gavage. 

Strain: Sprague - Dawley Crl: CD BR 

Laboratory: 

Drug Lot #: 9501 

B) Results 

.} ) Observed signs 

"Hypoactivity'' seen in 11 HD M and 14 HD F. This was seen quite sporadically, i.e. on 1-
6 days each among HD M and o·n 1-11 days each among HD F. lt was seen only in the first 
2 (M) or 3 (F) months of the study. 

2) Mortality 

One control F, 3 LD F, and 1 HD F died, not considered drug-related. 

3) Bodyweight gain 

Weights at HD were below controls beginning weeks 3-4; mean weights near end of study 
were - 90% of control. Weight gain was slightly less than controls in LD and MD M; this 
was not dose-related and mean weights were not statistically significantly different from 
controls. 

4) Food Consumption 

Decreased at HD periodically over most of the treatment period. Overall consumption 97% 
and 92% of control in HD M an:d HD F, respectively. 

5) Ophthalmoscopic exam 
(Done pre-study and during week 26) 

·No drug effects 

6) Hematology 
(Done at termination) 

"'· . 
I I 



1) Total WBC, and numbers oflymphocytes and segmented neutrophils, were 
slightly decreased in HD M; mean~ 75% of control. A slight/ equivocal 
decrease in total WBC and lymphocytes seen in HD F. 

2) RBC, Hb, and HCT were very slightly below controls in all M groups, not 
clearly D-R. 

3) Other parameters measured: platelets, PT, APTT, rest of differential. 

7) Clinical chemistry 
(Done at termination) 

No clear/pronounced drug effects. Very slight/equiv?cal effects included 
decreased total protein, albumin, and potassium in HD M, and decreased 
phosphorus in HD F. 

Other parameters measured: AL T, AST, AP, GGT, total bilirubin, glucose, 
urea N, ~reatinine, globulin, amylase, Ca, Na,-Cl. 

8) Urinalysis 
(Done at termination) 

. . 
morgamc 

Text states the results were "generally unremarkable and comparable between the 
groups." Summary tables were not presented; from the individual animal data it is 
evident that urine pH was greater than controls in all M groups and in HD F; mean 
values were approximately 1-1.5 units above control at HD. 

Other parameters measured: volume, SG, appearance, glucose, ketones, protein, 
occult blood, microscopic exam of sediment. 

9) Organ weights 

No clear drug effects aside from changes in absolute or relative weights 
at HD likely secondary to decreased bodyweights. 

1 0) Gross pathology 

No drug effects 

11) Microscopic pathology 

(Routine exam in controls and HD only. Gross lesions, lung, liver, and 
kidney were examined in all groups). 

No drug effects. 

12) Plasma drug levels 



Samples taken duririg ·week 26 at 0.5, 1, 2, 4: and 24 hours post-dose; N=3/time 
point. Results are shown in the attached tables. AUCs increased proportionally to dose 
between LD and MD F, but greater than proportionally i.n other cases. Levels in M .and F 
were similar. 

APPEARS THIS WAY ON ORIGINAL 



Text Table 3 . 
Exper imental Va luei of Pharm~cokihet ic Pa~ameters and Resul ts of 

~tatisiica l Analysei 

Group Dose Sex AUC 0 _24 · AUMC0_2.4 MRTo-z4 cmax Tmax · AUC0_24JOose cmaxfOose 

2 ISO H . 34 . 755 24.830 0. 7144 39.70 0.5 0. 2317 0. 2647 

3 350 H 197 . 825 238 .900 1 . 2076 11 1. 50 1.0 .. 0. 5652 . 0.3186' 

4 1000 M 1177. 11 0 2389.607 · 2.0301 369.67 2.0 I .1771 0.3697-
-

" 

150 F 77.005 79.673 1.0347 102.07 0.5 2 .0.5134 0.6805 

3 350 F 180.042 }63. H,l3 0.9064 155 . 03 0.5 0.5144 0.443.0 

4 1000 F 1032.867 2079 .633 2.0135 479.00 1.0 1. 0329 0;4790 

Statistical Resul ts of ANOVA 
Gr oup p- va 1 ue .0599 . 1875 .0784 . 7797 
Sex -val ue .9969 .2254 .8440 . 1621 



12 MONTH P.O. TOXICITY IN DOGS: 
. I 

· A) Dosage 

4/sex at 0, 150, 350, and 600 ~· 900 mg/kg/day, by oral intubation. 

The dosage increase at HD began week 32. 

Strain: Beagle · 

r-----------,(b)(41 

(b)(4);-------' 

Drug Lot# : 9501 

B) Results 

1) Observed signs 

a) All HD F had hypoaetivity and ataxia on a very few occasions, mainly near the 
beginning of the study anp/oi after the dosage was increased to 900 mg/kg at week 
32. One HD F also had prostration week 1 and another had slight convulsions week 33. 
One HD M ha(i ataxia on 3 occasions near the begitming of treatment. 

b) Increased incidence/frequency of diarrhea in MD and HD M and HD F. 

c) · .Emesis was seen in most animals~ frequency was greater than controls in 1 MD F and 
IHDF. 

. . . 
d) Thin appearance seen in 1 MD M, 1 HD M, and 2 HD F near the beginning of the 

study; decreased appetite seen sporadically in most of these. 

2} Mortality 

None 

3)· Bodyweight 

Decreased gain in MD and HD M and HD F early in the. study. Weights in M remained 
below control throughout the study (final weights 95% and 91% of control in MD M 
and HD M, resp~); weights in HD F retumed to control level by week 14. (One HD F 
lost ·a relatively large amount of weight, 1.7 kg, shortly after increase in dosage, but 
reboui1ded rapidly). · · · · 



' 4) Food consumption 

Decreased in HD M (~ 60-75% of control, mainly due to a large effect in 1 dog) and HD F 
(~30-60% of control) during first 3-4 weeks. The HD F mentioned above which transiently 
lost weight upon dosage escalation a:lso had a transiently reduced food consumption at this 
time. 

5) Ophthalmoscopic exam 
(Done pre-study and week 52) 

No drug effects 

6)EKG 
(Done pre-study and "during" weeks 26 and 52; the time relative to 
dosing when this was done was not stated). 

It was stated that EKGs were within riormallimits; no results were shown. 

7) Hematology 
(Done pre-study and weeks 13, 26, 39, and 52) 

No clear drug effects. 

· Parameters measured: RBC, Hb, Hct, platelets, PT, APTT, WBC, 
differential 

8) Blood chemistry 
(Done pre-study and weeks 13, 26, 39, and 52) 

No clear drug effects. Chloride was equivocally slightly 
decreased (mean 2 meq/L below control) in HD M at most times 
during treatment. 

Other parameters measured: ALT, AST, total bilirubin, GGT, total 
protein, albumin, globulin, glucose, urea N, creatinine, Ca, Pi, Na, K 

9) Urinalysis 
(Done pre-study and weeks 13, 26, 39, and 52) 

Text states that results were "generally unremarkable and comparable between the control and 
treated groups". Summary tables were not presented; from the individual animal data it is 
evident that urine pH was greater than controls i1,1 HD M and MD and 
HD F at all times during treatment; sporadic increases were also seen at the lower doses. 

Mean values averaged ~ 1-1.5 units above control. Also, urine SG was slightly below control 
in HD M weeks 39 and 52. 

Other parameters measured: appearance, glucose, ketones, protein, 
bilirubin, occult blood, sediment exam. 



1 0) Organ weights 

Absolute and relative liver weights slightly increased in HD M . (Rei. wt. 1.24 x 
control) . Relative kidney weight ·siightly increased in HD M (1 .1 9 x control). 

11) Gross pathology 

Pale/dark raised area in lung seen in 1 MD M, 2 HD M, and 1 HD F. See below 
for histology. 

12) Microscopic pathology 
(Routine exam done in all animals) 

a) Lung- Chronic active inflammation seen in the 4 dogs with gross lesions noted 
above. Two of the~e dogs (1 MD M and 1 HD M) also had pigmented 
macrophages. The text states that these lesions "could be related to the irri tation 
caused by the aspirated test article." 

b) Esophagus- atrophy of submucosal gland seen in 7/8 MD and 
8/8 HD; none in other groups. "Moderate" or "moderately severe" in 
most cases. 

c) Mandibular salivary gland- atrophy in 6/8 MD and 7/8 HD; 
none in other groups. Severity ranged from "minimal" to "moderately 
severe". 

13) Plasma drug levels 

(Samples taken weeks 4, 30, 32, and 52, at 0.25, 0.5, 1, 2, 4 , 8, and 
24 hr. post-dose [with the exception that no samples were taken at 8 hours post
dose at week 4]. The samples at week 32 were presumably taken on the first 
day of the dosage increase, at HD to 900 mglkg). 

Results are shown in the attached tables. (Note that no results were shown 
for LD and MD at weeks 30 and 32; the study report is contradictory as to whether or 
not samples were taken at these times in these groups). 

The following conclus ions may-be drawn regarding the AUC values; 
however, note that these caMot be said to be well-established in v.iew of the small 
sample sizes and large inter-animal variation (e.g. see "Text Table 1"): 

a) AUCs increased much greater than proportionally to dose between LD (150 
mglkg) MD (350 mglkg), but equal to or less than proportionaJJy betWeen 
MD and HD ( 600/900 mglkg). 

•• 
, I 



b) At LD, AUCs were similar between weeks 4 and 52; at MD, AUC at 52 
weeks was about 2/3 that at 4 weeks. At HD, AUC decreased by abdut half 
between weeks 4 and 30; when the dose was increased to 900 mglkg at 
week 32, AUCs were similar to those seen at week 4 (at 600 mglkg). 

c) AUCs were roughly similar between sexes. 

APPEARS THIS WAY ON ORIGINAL 
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Text Table 1 - AUC'H, (~gxhour/qt{_) 

Group Sex ·Animal .Week 4 Week 30 Week32 Week 52 

2 M 33507 . 231-.275 313.325 
2 M 33508 196.250 259.575 
2 M ,33509 233.450 471.550 
2 M 335.10 265.750 . 372.475 

2 F 335 11 192.875 434.300 
2 F 33512 . 31.245 13.625 
2 . F 33513 0.833 74.050 
2 . F 335 14 237.300 351.675 

3 M 335 15 3353.375 1962.000 
3 M 335 16 . 1401.525 2 ll9. l25 
3 M 335 17 1994.125 971.125 
3 M 335 18 364'6. 125 1933.700 

3 F 33519 2051.375 .. 466.650 
3 F 33520 4138.625 n22.15o 
3 F 3352 1 2942.250 2538.875 
3 F 33522 324.450 129.538 

4 . M 33523 4 152.625 2705.300 4987.875 5321.875 
~ 4 · M 33524 2675.625 2515.400 5708.250 267 l.l 25 

4 M 33525 3466.750 1093.150 3990.825 4611.625 
4 M . 33526 5733.3 7.) 2222.000 4630.250 847.575 

4 F 33547 .. 2705.250 .).761.250 3084.625 . 4'021.250 
4 F 33528 288 1.12.5 169.925 4803.125 620 .. 025 
4 F 33529 4911.62.5 . 2683.500 772.550 4703:625 . 
4 F 33530 )3ltR 750 i98 1.750 5050.925 5.180.500 
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r~x( T&bl~ 9 • Heeo end Standard Oevi• tion (SO ) br Gr~1 Sex, end \leek 

G s \J( , .... c ... AUCa ·t l AVHC'1 . u . HilT I ·U >. tu:z AUC1.11to c,,tl> 
z " < ..e.AW 0 .62500 146.750 231.68 263.81 I. B roo 0.80958 0 .86083 1. 54454 . o. 97833 . 
2 H ' so 0. 25000 19 . 75S 28.40 ' 42.44 0 . 11543 0 . 15603 0. 17078 0. 18932 0. 13170 

2 " 52 ..e.AH 0 .87'500, 195.250 354 . 23 521.7'5 1.4J2 11 0.81895 0.99501 2.36154 1.30167 
2 H 52 so 0 .25000 1 8.~90 90:79 l26.90 0.41317 0.4487l 0. 36670 0.60528 0. 12393 

2 r 4 ..e.AH 0.43750 102 . 56{) 115.56 119.38 0 .74949 <U8894 O.SU39 0.77042 0.68387 
2 f 4 so 0 .12500 ' 72. 157 1 17.00 ' 133.44 0 .39269 2.25357- ·0 .34288 0.78003 0 .48105 

2 52 ..e.AH 0 .87500 121.800 2 16 . 4 1 284.81 1.03801 0. 89~68 1 . 17005 1.45608 0. 81200 
2 52 so 0 .25000 89.663 205.87 299.18 0 .391.52 0. 74430. 0.75620 1. 37245 0 .59775 

3 II -4 IIE)JI 1.00000 432.000 2598.79 7970.96 3 .07'913 0 . 35369 ' 2 . 0 1314 5. 71'508 0. 96000 
J " 4 so 0 . 707 11 176.490 to7t. .n JZ72. IS _0. 127?4 0.0721 1 O.JSO IS 2.38837 0.39220 

J H 52 ~ 1.25000 4J0. 2SO 1746. 49 4454.98 2. 56812 0 . 33084 3.76643 3.86108 0 . 95611 
3 H 52 so 0.50000 . 195.783 523.30 1Z7S. 31 0. 19789 0 . 23576 J.76i94 I . 16290 0 .43507 ·. 
3 4 I<EAII 1.37'500 367.500 2364. 16 7461.66 :?.66719 0.<6566 1 .66 154 5 . 25372 0 . 61667 
J • 4 ·so 0 . 7'5000 157.830 1606.36 5683 .14 1.06868 0. 20037 ' 0.5451.3 3.56969 0,. 35073 

J ' 52 I<EAH 1.00000 403 .425 1589.45 4247.69 . 2 .03961 · O. Q975 I .6$71. 1 3 :53212 0 .89650 
3 f 52 so 0 .00000 307.960 1523.26 t.615 . 95 o.9o8S5 0.09557 0.1;4965 3.38506 0.681.35 

I. H 4 t<EAII t. 25000 606 . 250 4007.09 12?01.22 3.05301 0.31.762 2.06426 6.67849 1.01375 
4 H 4 so 0.50000 234.723 1299.49 4013 .65 0.20233 0.087(] 0.48785 2,16581 0.39121 

4 H 30 NOAH 1. 75000 565.500 2133.96 m~ . 2a 2.47508 0 . 51.435 2. 78359 3 . 55660 0.94250 
I. " 30 so 0 . 50000 210.961 721.79 1813 .91 0.29685 0 . 31231 3 . 56355 1.20299 0.35160 

4 " 32 H€AH 1.67500 671.250 1.829. 30 21664.26 {, , 1.9537 o. 24300 3 : 0261.8 5 .36569 0.74583 
4 II 32 so 1 . 54765 152.690 716 . 56 3661. n 0. 52571 0.06079 0.93M7 0.79617 0.16966 

4 " 52 . I<EAII 1.75000 583.000 336J . OS 12755 ;S·I 3.26292 0.52170 1.81803 3.nbn 0 . 64T78 

I. · " 52 so 0. 50000 272.2S8 2016.79 l0$10 .67 1.22156 0.33535 1. 15643 2 . 24088 0 .30251 

(. 4 HE,_,) 0.75000 596.750 3471.69 10039.39 2 .&7S:Y. 0.3.9364 1.865 14 5. 78615 Q.99458 
~.,· ' so 0.28868 IS 7.800 1002.74 3 174 . 57 0 . 16350 0 . 10689 0.62174 1.67124 ·o. 26300 

4 f 30 NOAA 1.62500 499.500 1649 . 11 3617.45 1. 90275 0. 75489 1. 08978 2 . 74651 0.83250 
4 r 30 so 0. 75000 256 . 573 1061.63 2599.65 0 .6 1072 0.31.756 0 . 53536 1. 76938 0.'2762 

4 ' 32 HCAII 1.50000 656 . 750 3427.81 125tt.o9. 3 . 25202 0. 422t.3 I. 732 18 3 . 80867 0.72972 
I. F 32 so. o.5ms 303.385 1974.35 8537.63 0.9298< 0. 10968 0.47713 2. 19372 0 .33709 

4 F 52 I<EAN 1.37500 726 . 750 363 1. 35 125". 98 3.0 1627 O.H830 2.31"75 4 .03483 0.80750 

' F 52 so 0.75000 336 : 230 2063. IS 7675.31 1.09191 0. 109M 1.09524 . 2.29239 0.37359 

c = Croui:> 
S = Sex 
U( : Ueel 
.o.uc,.,,;o • AUC0 • 7, /0ose 
C •• .IO = C. , . /Oose 



SEGMENT I REPRODUCTION IN RATS: · 

A) Dosage 

20/sex at 0, 150, 350, or 1000 mglkg/day, by gavage. 

Males were treated for 10 weeks beginning 4 weeks pre-mating. Females were ·treated from 2 
weeks pre-mating through day 13 of gestation, at which time they were sacri ficed/ caesarian 
sectioned. Mating ratio= 1:1. · 

Strain: Sprague-Dawley Crl: CD BR 

Laboratory: 

Drug Lot #: 9501 

·B) Results 

1) Observed signs 

Five HD M and 6 HD F had "hypoactivity"; in 9.ofthese rats this was seen only on a single 
day; in the other 2 rats it was seen on 2 dayl?. · 

2) Bodyweight 

Decreased weight gain in HD M (weights 90-95% of control).· No d ear effects in F . (Weights 
in HD F were slightly below controls during treatment, but initial weights were lower to a 
similar degree). · 

3) Food Consumption 

Decreased in HD M (- 92% ofcoritrol). 

4) Male organ weights 

No effect on weight of testes, epididymis, seminal vesicles, prostate. 

5) Sperm analysis 
· ( I 0/sex/group) 

No drug effect on sperm count, motility, or morphology 

6) Mating 

No drug effect on estnts cycling, mating performance, or successful matings. 



7) ca·esarian sc<:tion data 

No drug effects. (See attached table). 

APPEARS THIS WAY ON 
ORIGINAL 

' , 
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Orphan !oledlea \ 

. TABLE 11 
STUDY OF' FERTILITY ANO EARLY EMBRYONIC DEVELOPMENT TO IMPLAN TAT ION !N RATS 

. SUMMARY OF CESAREAN S'ECTION DATA 

-- ------------------------------------------------------------------------------------------------------------------------------·---. . . 
DOSE LE VEL GROUP 1 GROUP 2 . GROUP 3 GROUP 4 

0 MG/KG/DAY 150 MG/KG/OAY 350 HG/KG/OAY 1000 MG/KG/OAY 
- - - - --~- ---- - --~---~ -- ---------- -- ---------- --- ------------------ - --- ------------- ---- ------ ---~------ -------~----7·----------------Pregnant at C-secilon N 20 19 19 1.9 

Resorpt ions: Tota l HEAN 0. 7 1.3 0.6 1.3 s .0 . 0.7 1. 5 0 .9 1.3 
N 20 19 19 19 

TOTAL 14 24 12 24 
MEAN X 9.7 11. 1 3.8 9.9 

S.D. 22 .6 22.3 5.3 !5.8 

Early MEAN 0.7 1.3 0.6 1.3 s .0. 0.7 l. S 0.9 1.3 
N 20 19 19 19 

' 
TOTAl 14 24 12 24 
MEANY. 9.l 11. 1 3.6 9.9 
S. D. 22.6 22.3 5.3 15.6 

·Late MEAN 0.0 0.0 0.0 0.0 s .0. 0.0 0 .0 0 .0 0 .0 

® 
N 20 19 19 19 

TOTAL 0 0 0 0 
HE ANY. 0 .0 0.0 0.0 0.0 
S.D. o.o. 0. 0 0.0 0.0 

Oead Fetuses TOTAL 0 0 0 0 

Postlmpl antat lon Loss MEANY. 9.7 11 . I 3.8 9.9 
S. D. 22.6 22.3 5.3 15.8 

- - ------ ·--------~------------------------------- --- ---------------- ------------------------------------~------------------------ ---
S l G~ IF !CA~iLY DIFFERENT FROM CONTROL: * • P~O . OS ; ** • P~O.Ol. 

. · .~ .. . ,;.,._ 



Orphan Hedlc!'1 

. TABLE 11 
STUDY OF FER Till TY AND EARLY EMBRYON.IC O£VEtOPMEII T. TO IMPLANMT!ON JN. RATS 

SUMMARY OF CESAREAN S.ECTIOH OATA . . 

·---- - ------~- ~-- ---- ------- --- ---- ---- - -------- -----------------~------------ -----~---- --------------- --~---~----------------------
DO SE LEVEL GROUP 1 ' GROUP 2 GROUP 3 GROUP 4 

· 0 MG/KG/OAY ISO MG/KG/OAY 350 MG/KG/OAY 1000 MG/KG/OAY 
------------- -- --- - - -------------------------------------·---- -- ----------------~------------------- ------------------------- --------
Pregnant at C-sect ion N 20. 19 1'9 !9 

Lt ve Fetuse·s . HEAN !4 . 4 14 .6 15.4 14 .0 
S.D. 4.6 4.0 1.8 3 i~ N 20 19 19 

TOTAL 289 277 312 266 
MEANY. 90.3 88.9 96. 2 90. 1 
S.D. 22.6 22 .3 5.3 15 .8 

. . 

----·---------·--------------------------------------------------------------------------~--~---------------------------------- ---- --SIGNifiCANTLY Dl FFERtNT FROM CONTROL:· • • P~0. 05; •• • P~O.O l , 



EGMENT II REPRODUCTION IN RATS: 

A) Dosage 

25 F at 0, 150, 350, or 1000 mglk.glday, by gavage, days 6-17 of gestation 

Dams sacrificed day 20 of gestation. All fetuses examined externally. One half of fetuses 
processed for visceral exam by Wilson teclmique. Remaining fetuses processed for skeletal 

·exam by Alizarin Red S staining method. · 

Strain: Sprague-Dawley Crl: CD BR 

r--------.(b)(41 

Laboratory: 

Drug Lot # : 9501 

B) Results 

1) Observed signs · 

"Hypoactivity" seen in 5 HD F (on 1 day each in 3; on 2 days each in 2). Ataxia was 
also seen in 2 of the above on 1 day each. Prostration was seen in an additional HD on a $ingle 
day. 

2) Body weight 

No drug effect · 

3) · Food consUmption 

Equivocal slight decrease at HD during first week of treatment; 
mean values 6-8% below controls, generally not statisti~ally significant 

4) Gravid uterine weight 

No drug effects 

5) Reproductive parameters 

No drug effects on resorptions, live or .dead fetuses, or post-implantation loss. 



Fetal weights were slightly greater than controls in all drug groups, not clearly dose-related 

· 6) Fetal exams 

Results shown in attached tables. 

There were no clear drug effects with the possible exception of an 
increase in "wavy/bent rib(s)" (fetal incidence 0, 1.7, 4.2, and 4.1% in control, LD, MD, and 
HD, resp.; litter incidence = 0, 8, 14, and 21%, resp.). (Historical control values not given, 
although it was stated that the skeletal variations ''were generally of the type and frequency 
commonly noted in this strain of rat."). 

APPEARS THIS WAY ON ORIGINAL 
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Table 9A 
Summary of Fetal External Variations 

Rat Developm,ntal Toxi~ity Study 
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TABLE 9A 
RAT. DEVELOPME NTAL TOXIC ITY STUDY 

. SUMMARY OF FETAL EXTERNAL . VARIATIONS . 
- ------- - ---------------- - --------- -- - ---------- ---- ------ ---- ----------- ------------ - -------------------~------------------------ --DOSE LEVEL GROUP 1 

0 MG/KG/DAY 
GROUP 2 

150 MG/KG/OAY 
GROUP 3 

350 HG/KG/OAY 
GROUP 4 

1000 HG/KG/OAY 
-------------------------------- ------------------------~--------- ------ - -- ----- - -~-- -----------------------------------~-----------Litter s Eval uated N 23. 25 22 24 
Fetuses Evaluated N 333 331 293 332 

Li ve N 333 ' 331 293 332 
Dead N 0 0 0 0 

TOTAL f ETAL EXTERNAL VAR IATIONS 
Fetal Inc idence N. 0 0 0 0 

Y. 0.0 0. 0 0. 0 0.0 

Ll t ter 1 nc I dence N 0 0 0 0 
1. 0.0 0.0 0.0 0.0 

N • Number 

----.:-~ :._:.:..:.:..:..: ~ ~ . ,.._ .. _______ , ______ _ 
. ·-·· ...... ~ .... .. . 

4 .,.;~_ ., .e ... : .. ~-· 

.,......,,,. 
" .... · r ·. ·!1 

~ 
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U'1 
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Tab.l e 98 
Summary of Fetal txternal Malformations .. 

Rat Devel9pment~l Toxi city St~dy 

i . 

.• . 



• I 

. ..- ( ' , ,:.'· . ""' 
•, . . ... , \ 

I 

-® 

..... 

OOSE LEVEL 

TABLE 96 
RAT DEVELOPMENTAL TOXICI TY STUDY 

SUMMARY OF FETAL EXTERNAL HALFORHATIONS 
GROUP I GROUP 2 

0 HG/KG/ DAY 150 HG/KG/ OAY 

Crphan Hedical Project No, t'· ,.,. · . 

GROUP 3 
350 MG/KG/OAY 

GROUP 4 
1000 HG/KG/OAY 

- -·- - ---- - - ~---- · - -----·- - - ------------- ----- -- ---------- ------- --------·----- ---~------- --------------------------------------------l itters Eval uated N 23 25 22 24 
Fetuses Evaluated N 333 331 293 . 332 

Live H 333 331 '293 332 
Oead tl 0 0 0 0 

ANOPHTHALMIA 
Fetal Incidence H 0 1 0 l 

X 0,0 0.3 0.0 0.3 

Lt tter Inc idence N 0 I 0 I 
X 0.0 4.0 0.0 4.2 

BRACHYGNATHIA 
Fetal Incidence N 0 1 0 1 

X 0.0 0.3 0.0 0.3 

Li tter Incidence N 0 1 0 1 
h 0.0 4.0 0.0 4.2 

NOSE MALFORMED " 'o Fetal Inc I dance N 0 1 0 
X 0.0 . 0.3 0.0 0.0 

l i tter Incidence H 0 1 0 0 
1. 0.0 4.0 0.0 0.0 

COCCYCEPHALY 
Fetal Incidence N 0 0 0 1 

Y. 0.0 0.0 0.0. 0.3 

Litter Incidence H 0 0 0 1 
r. 0.0 0.0 0.0 4.2 

ASTOMIA 
Fetal Incidence N 0 0 0 l 

I y. 0.0 0.0 0.0 0.3 

Litter Incidence N 0 0 0 1 
X 0.0 0.0 0. 0 4.2 

--·---------------------- · --- - - ---- - --------- ------------------ ---- --------------~------- -- ------ --- --~ ---- --------- - ---- - - ---------
t1 " Number 

.. ,, 

.• 

i . 
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TABLE 98 
RAT DEVELOPMENTAL TOXIC ITY STUDY 

SUMMARY OF FETAL EXTERNAL MALFORMATIONS 
·· --·-- ~-- - - --- ~ ---- - - - - - - -- --- - -------~-------- - - - --- - -------- ------- -- ----- - ---------- - ------ ---- - ---------- ------------ - - - - -- ----OOSE LEVEL GROUP I 

0 MG/KG/DAY · 

l 1t t ers Evaluated N 23 
fetuses Evaluated II 333 

Live N 333 
Dead II 0 

TOTAL FETAL EXTERNAL MALFORMATIONS 
F'etal Incidence N 0 

Y. 0.0 

t ltt er Incidence II 0 
Y. 0. 0 

N • Number 

. I 

GROUP 2 
150 MG/KG/DAY 

25 
331 
331 

0 

1 
0.3 

J 
4 .0 

GROUP 3 
350 HG/KG/OAY 

22 
293 
293 

0 

0 
0.0 

0 
0 .0 

··, 

GROUP 4 
1000 MG/KG/DAY 

24 
332 
332 

0 

1 
0.3· 

1 
4. 2 
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Table lOA 
Summary of Fetal Soft Ti ssua Variations . 

Rat Developmental Toxicity Study ~ 
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. TABlE lOA 
RAT DEV£LOPHEHTAL TOX ICITY STUDY 

SUMMARY OF FE TAL SOFT TISSUE VARIATIONS 
--------------------- ---------- ------------- --------~-------~--- --- ------- - --- --- --------- - -------------- ---·--------- ---------------DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 

0 MG/KG/DAY . : 150 HG/KG/DAY 350 HG/KG/OAY 1000 MG/KG/OAY 
------···-------------·-------------------------------------------------------------------.------------------------------------------Litters Eval uated ·N 23 25 22 24 
. Fetuses [valuated N 166 159 149 163 

Live N 166 159 149 163 
Oeod N 0 0 · 0 0 

DIL AJATION OF LATERAL VENTR!CLf' (S) 
Fetal l nclde~ce N 7 l 3 0 

Y. 4.2 0.6 2.0 0. 0 

Ll tter Inc idence N 4 1 2 0 
X 17 4 ,0 9.1 0.0 

!NCREASEO R£NAL PELVIC CAVITATION 
Fetal Incidence N 3 ~ 5 5 

X !.8 2.5 3.4 3. 1 

L i.t ter Inc 1 dence N 3 4 3 4 
;1, 13 .16 . 14 17 

O! LATEO URETER(S) 
Feta l Inc idence N 0 3 ·o . . 3 

Y. 0.0 1.9 0.0 1.8 

Li t ter Inc idence N 0 3 0 3 
X 0 .0 12 0.0 '13 

TOTAL FETAL SOFT ! ISSUE VAR lATIONS 
Fetal Incidence N 9 7 7 7 

. Y. s .. 4 4.4 4.7 4.3 

Utter Incidence N 5 7 3 6 
1. 22 28 14 25 

- ------------------------------ --- - - -- ------------------- ----- - -- -- ------ - - - - - --------·--------------------- ~-- - - ---- - - - --- -- - --- - - -II " Number 

.,......,,1.' 
" ' •. 
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01 
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. ,, Orphan Medical Project No. 
' I"· •"'' ' . 

. ·. i TABLE lOB 
RAT DEVELOPMENTAL TOXIC ITY STUDY . 

SUMMARY OF FETAl SOFT TISSUE MALFORMATIONS 
-------- ---·---------------------------------------------------------------------~------ - -------------- ---- -------------------------DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 

0 MG/KG/DAY 150 MG/KG/OAY 350 MG/KG/DAY 1000 HG/KG/DAY 
-----------------------------~ --- ---~-- --------------------------- ------- --------------·-------------------------------------- - - - - - -l itters Eval uated N 23 25 22 24 
fetuses Evaluated N 166 159 149 163 

Ltve N 166 159 14.9 163 
Dead N 0 0 0 0 

INTERNAL HYDROCEPHALY 
Feta l Incidence N 1 1 0 0 

/. 0.6 0.6 0.0 0.0 
l1 tter Incidence N 1 1 0 0 

Y. 4.3 4.0 0.0 0.0 

\ 
I 

TOTAL FETAL SOFT TISSUE MALFORMAT IONS 
0 Fetal lncl dence N 1 1 0 

X 0.6 0.6 0.0 0 . 0 

Litter Incidence N 1 1 0 0 
/. 4.3 4.0 0.0 0.0 

------------------ --------------~ ---·----~ -- ---~----- ---------------- ---~----- ---- -- -----------------------~------------------------N a Number . •· .. ·. 

i 
. I 

. t 
£> . .. 

,, 
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Tabl e 11A 
Summary of Fetal Skeletal Var{ations 
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TABLE llA 

RAT DEVELOPMENTAL TOXICITY STUDY 

2729-\04 

Orphan Medica 1 Project No. (bH4J GHB-008 
' I' ,n", 

SUMMARY OF FETAL SKELETAL VAR IATIONS 
---------- --------------- oosE-LiviL·--------- - -~- GRouP·i·---- ---------GRouP·2·--------- - - --6Rou?_3 ________ ______ 6Rou?_4 ____________ _ 

0 MG/KG/DAY · 150 HG/KG/OAY 350 MG/KG /OAY . 1000 HG/KG/OAY 
-------·----------------------------------------------------------------------------------------------------------------------------
ll t ters Evaluated N 23 25 22 24 
Fetuses Evaluated N 167 172 144 169 

L lve N· 167 172 144 169 
Dead N 0 0 0 0 

!HCOMPLETE{UNOSSIFIEO HYOID BODY 
fetal Incidence N 39 52 29 41 

Y. 23 30 20 24 

Litter IncIdence N 17 14 12 14 
y. 74 56 55 58 

INCOMP~ETE OSSIF'ICATIOil OF SKULL 
feta Inc idence N 21 25 20 22 

Y. 13 IS 14 13 

Ll ttor lnc ldance N 12 9 9 9 
r. 52 36 41 36 

f'OIITANELLE E~LARGEO 
Fetal !nci ence . N 0 0 0 1 

Y. 0.0 0.0 0.0 0.6 .. , 
li tter Incidence N 0 0 0 1 

1. 0.0 0.0 0.0 4.2 

!NCOMPtETE OSS!F lCATIDrl OF VERTEBRAL ARCH(ES) 
Feta Incidence N . 48 40 40 39 

1. 29 23 28 23 

Li t ter Inc idence N 17 M 18 13 
Y. 74 82 54 

LESS THAN FOUR CAUDAL VERTEBRAE OSSIFIED 
Feta l Incidence N 79 44 43 49 

1. 47 26 30 29 

litter Inc idence N 2i 16 17' 13 
;.: 100 64 77 54 

. UNOSS IFIEO VERTE BRAL CENTRUM(A) 
Fetal Incidence N 3 2 0 3 

Y. 1.8 . 1.2 0.0 1.8 

Lltte~ Incidence ~. 3 2 0 3 
/0 13 8 .0 . 0.0 13 

· ·w·:·N~~b;;·--- ------ ------------- ---·------------·--------- ------~------ - ------- ---- - ------ ---- ----- ·-------- - ------------ --------
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TABLE ! lA 
RAT DEVELOPME NTAL TOXICI TY STUOY 

- ----------- --------------------~--- ---------~~~~~~Y-9~--~~!~~-~~~~~!~~----~~~!~!!~~~------------- ------- -- ----~-------- ----- -------
• OOSE LEYEL . . GROUP 1 GROUP 2 GROUP 3 GROUP 4 

0 MG/KG/DAY . ISO HG/KG/DAY 350 HG/KG/OAY 1000 HG/KG/OAY 
------------------------------------------------------------------------------------------------------------------------------------~itt~rs ~valuated H 23 

etuses valuated N 167 
Live N 167 
Oead N 0 

81PARTITE VERTEBRAL CENTRUM(A) 
Fetal Incidence II 2 

X 1.2 

Litter lnc1dence N 2 
Y. 8.7 

HEMICENTRUM( A) 
F eta 1 Inc 1 denc.e N 

:;, 
0 

0.0 
Litter Incidence N 0 

Y. 0.0 
25 PRESACRAL VERTEBRA£ 

feta l Incidence N 1 
% 0.6 

Lit t er ·rnc ldence N 1 
. ... % 4.3 

5TH STyRHEBRA UIIOSSIFIEO 
F eta I nc1 dence H 93 

% 56 

Li t ter Incidence N 
1. 

22 
96 

5TH/6TH STERHESRA(E) INCOMPLE TE OSS IFICATION. 
Fetal Incidence N 140 

1. 84 

li t ter Incidence N 23 
! % 100 

OTHER STERNEBRA(.£) JNCOHPLETE OSSlf'!CATJON., 
8 feta:l Inc 1 dence' .. . N · . . % 4.8 . 

Li t t er incidence N 5 
% 22 

zs 
172 
172 

0 

2 
1.2 

2 
8.0 

() 

0.0 
0 

0.0 

0 
0.0 

0 
0 .0 

87 
51 

25 
100 

141 
62 

25 
100 

iO 
5.8 

4 
16 

22 
144 
144 

0 

3 
2 . 1 

3 
14 

0 
0.0 

0 
. 0.0 

0 
0· .. 0 

0 
0 . 0 

66 
46 

20 
91 

l iS eo 
22 

. .1 00 

5 
3.5 

4 
18 

24 
169 
169 

0 

1 
0 .6 

l 
4. 2 

1 
0.6 

1: 
4.2 

0 
0.0 

0 
0 .0 

76 
45 

21 
88 

146 
86 / ' 

24 
lQO 

11 ' 
6.5 

8 
33 

---- ------------- - - ----- - - - ----- --- - - - - -- ----- -- --- - ~----------- ---- -- - - ~----- --- ------ ----- --- --- -----~------------------- --~- - - ---N ~ Number 
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Orphan Medica,). Pr~A~ct No . 

TABLE l!A 
RAT DE VElOPMENTAL TOXIC ITY STUDY 

SUMMARY OF FETAL SKELETAL VARI AT IONS 
----------------------------------------- -- -----------------------------------------------------------------------------------------DOSE LEVEL GROUP 2 

150 MG/KG/OAY 
GROUP 3 

350 MG/KG/DAY 
GROUP 4 

1000 .MG/KG/OAY 
----------------------------------------- -------------------------------------------- -----------------------------------------------r I tters Eva luat'ed N 23 25 22 . 24 

etuses Eva ·uated N 167 172 144 169 
Live N 167 172 144 169 
Dead N 0 0 0 0 

STERN EBRA(El ASYMMETRICALLY OSS IF IED 
Feta 1 Inc. dence . · N 10 5 5 7 

X 6.0 2.9 3.5 4. 1 
Li tter Incidence N 7 5 5 7 

Y. 30 20 23 29 
OTHER STERNEBRA(E) UNOSS IFIEO 

Feta l Incidence N 5 l 2 1 
X 3.0 0.6 1.4 0.6 

l1 t ter Inci dence N 2 1 2 1 
~ .8. 7 4.0 9. 1 4.2 

6TH ST\RNEBRA UNOSS!FIEP 
6 5 1 2 Feta Incidence N 

. y. 3.6 2.9 ··0. 7 1.2 

Litter Incidence N 3 3 1 2 
r. . 13 . 12 4 .5 8.3 

5TH/6TH STERNEBRA(E) BI PARTITE 
Fetal Inci dence. · N o· 1 0 0 

y. 0.0 0.6 0.0 0.0 

litter ·Incidence N 0 1 0 0 
y. 0.0 4,0 0.0 0.0 

OTHER STERNEBRA(£ ) BIPARTITE 
0 0 0 1 Fetal Incidence . N 

Y. 0.0 0.0 0.0 . 0.6 

Ll tter Incidence N 0 0 0 1 
I X 0.0 0.0 o. o . 4. 2 

14TH RUD IMEN TARY R!B(S) 
N . 0 2 2. . 0 Feta l Inci dence . 
Y. 0.0 1.2 1. 4 0.0 

li t ter Inci dence ·N 0 2 2 0 
X 0.0 8.0 9 . 1 o.p 

-~ -- ------------ --------------------------------·-------------- - --------- -------- --------------------------------------------~-------N • Number 

.• 

'· . 

I • • ~ 
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TABLE llA 
RAT DEVELOPMENTAL TOXICITY STUDY 

·suMMARY OF FETAL SKELETAL VARIATIONS 
------ ------·----------------------------------~------------ ---- ~- - - -----·------- - --------- --------------~-----~----------------- --- . DOSE LEVEL GROUP 1 GROUP 2 ·GROUP 3 GROUP 4 

0 MG/KG/OAY . !50 MG/KG/OAY 350 MG/KG/OAY 1000 MG/KG/OAY 
--------------------------·--·------------------------------------------------------------------------------------------------------l itters Evajuated 
Fetuses Eva uated 

Live 
Dead 

N 23 25 22 24 
N 167 172 144 169 
N 167 172 144 169 
N 0 0 0 0 

13TH RUDIMENTARY RIS(S) 
Fetal lnctdence N 7 3 4 4 

Y. 4.2 2.3 2.8 1.8 

Ll t t er Inci dence N 4 4 4 3 
r. 17 16 18' 13 

INCOHPT ETE OSSIFICATION OF R I B(S~ 
Feta Incidence 1 1 5 2 . y. 0.6 0 .6 3.5 . 1.2 
Li tter Incidence ~ 1 1 2 2 

4.3 4.0 9. 1 8.3 

WAVY(BENT RIB{S) 
N 7 Fe al Inc idence 0 3 6 
r. 0.0 1.7. ~;2 . 4 . .I 

Ll t tei lncldenca . N o . 2 3 5 
% 0.0 8 .0 14 21 

7TH CERViCAl RIB(S) 
Fetal nc1dence N 2 0 0 1 

% 1.2 0.0 0 .0 0.6 

Li t ter 'Incidence N i 0 0 1 
Yo 8.7 0 .0 0.0 4.2 

LESS THAN FOUR METATARSALS OSSIFIED 
Fetal Inc idence N I 0 O · I 

Yo 0 .6 0.0 0.0 0.6 

Li tter Incidence N 1 0 0 1 
% 4.3 0.0 0. 0 4.2 

UNOSSIFIEO PUBI S (ES~ 
3 4 2 l Fetal Incidence N 

1. ! . 8 2.3 1.4 0. 6 

ll tter Incidence N 3 2 2 l 
y. 13 8 .. 0 9 .l 4. 2 . . 

- ~~-~ --~-------------- --·- ---~ -~- --------------------------------------------- ---~--- - - -- -- - - - -- --------------------------------~---II = Number 
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TABl E I IA 
' RAT DEVELOPMENTAL TOXICI TY STUOY 

SUMHARY OF FETAL SKELETAL VARIATIONS . . . 
--- - -- - ------- ---------- --- -- ----- - ---- --~---- --- ------------------- -- ------------------ - -- - --- --------- ------ - ------ ------ ---------DOSE LE VEL GROUP I GROUP 2 GROUP 3 . GROUP 4 

0 MG/KG/OAY · 150 HG/KG/DAY 350 HG/KG/DAY 1000 HG/KG/OAY 
-------------------------------·----------------------------------------------------------------------------------------------------LI t ters Evaluated II 23 25 22 24 
Fetuses Evaluated N 167' 172 144 169 

' · L1ve N 167 172 lA4 t69 
Dead N 0 . 0 0 0 

UNOSSIFIED ISCHIUM(A) 
Fetal Incidence N 0 0 I 0 

X 0.0 0.0 0.7 o. o 
l it ter Incidence N 0 0 1 0 

% 0. 0 0.0 4.5 0 .. 0 
INCOMPLETE OSSIFICAT ION OF ISCHIUM( A) 

Fetal Inc idence N 0 0 1 3 
% 0.0 0.0 ·o. 1 1.8 

' 
Litter . Incidence N 0 0 1 3 ' 

:'. 0.0 0.0 4.5 13 

TOTAL FETAl SKELETAL VAR IATI-ONS . 
155 Fe t al Inci dence N 156 ! 57 131 

Y. 93 . 91 ,, . 91 . 92 

' (C::A 
~) 

Li t ter Inclqence tl 23 25 22 24 
% 100 100 100 100 

N " Number ~·- - ·~-- ·-- ---- - ----- ------- -- -- ------ - - ----- - - -- -- - -------- ----- -------- ---~-- ------- - - - ------- -- ----- ----- -- --- -- ----------- - ---- --

· ' 
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Table llB 
Summary of Fetal Skeletal Malfbrmations 
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TABLE 116 
RAT DEVELOPMENTAL TOXIC ITY STUDY 

SUMMARY OF FETAL SKELETAL MALFORMATIONS 

Orphan Medical Project No . 
. f'· .• ,. · . 

--- ------- ------ - --- - - - - -------- ---- - ---------- --~-------- - ------------------------ ------------ - ----- ---- ------ ------~--- -------- ---DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 
0 HG/KG/DAY 150 HG/KG/OAY 350 MG/KG/OAY 1000 HG/KG/OAY 

------ - ---------------- ---- --------- -- - --- ----~-- ------- --- --~ - - - ----- ------ ------ - ----- - - - · -- - -- - - --------- ------------ - --- ----- ---Li tters. Evaluated N 23 ~~~ 22 24 
· Fetuse.s Evaluated N . 167 144 169 

L1ve N 167 172 144 169 
Dead . N 0 0 0 0 

ABSENT SONE(S) IN SKULL 
Fetal Inc idence N 0 0 0 1 

X 0.0 0.0 0.0 0.6 
Utter lncl9ence N 0 0 0 l 

X 0.0 0.0 0.0 4. 2 

VER TEBRAL ANOMALY WITH/VITHOUT ASSOCIATED RIB ANOMALY 
Fetal Incidence · N ' 0 0 0 1 

X 0.0 0.0 0.0 0.6 

Li tter Incidence N 0 0 .o l 

" 0.0 0.0 0.0 4.2 

EXTRA RIB(S~ · 
~eta 1 Inc de nee H 0 0 ···o . l 

Y. 0.0 0.0 0.0 0. 6. 

Li t ter Incidence N 0 0 0 1 
Y. 0.0 0.0 0.0 4.2 

TOTAL FETAL SKELETAL MALFORMATIONS 
Fetal Incidence N 0 0 0 2 

:t. 0 .0 0.0 0.0 L2 

Li tter Incidence N 0 0 0 2 
r. 0.0 0.0 0.0 8.3 

- ------------ -- - --- - -----·-- ----------------~----- --- --------- --- -- --- --~----~---- --------- -- - ------ -------- - - ----------- ------ ---- -N • Number 

.. 
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SEGMENT II REPRODUCTION IN RABBITS 

A) Dosage 

' 
20 Fat 0, 300, 600, or 1200 mglkg/day, by·gavage, days 7-20 of gestation. 
An additional3 Fin LD and HD were used for TK data. 

Does sacri ficed day 29 of gestation. All fetuses examined externally, for soft 
tissue abnomialities using a modification of Staples' technique, for contents of 
cranium using a mid coronal slice of the head, and for skeletal abnormalities using 
Alizarin Red S staining method. 

Strain: lira: (NZW) SPF 

(b)(4X 

Laboratory: 

Dn1g Jot #: 9501 

B) Results 

1) Observed signs/mortality 

Increased incidence of few or no feces at HD; incidence = 16/23 (seen on 1-14 
days each). (Incidence in controls= 1 /20~ seen on 2 days). · 

One L.O, 2 MD, and 1 HD were found de'ad; cause of death was not 
established. One MD and 1 HD aborted; the latter w as on day 29 of gestation. 

2) Bodyweight 

No clear dm g effects. 

(Tex t notes that Weight gain at HD was about 25% that of controls over the 
treatment period. However, the amount of gain in all groups was only a small % of 

the starting bodyweights. There was no differen ce in bodyweights across groups). 

3) Food Consumption 

Decreased at HD during the treatment period. (M_ean -75o/~ of control): 

4) Gravid uterine weight 

No drug effect . 



5) Reproductive parameters 

No drug effect on resorptions, live or dead fetuses, post-implantation loss, or 
~etal weight 

6) Fetal exams 

Results shown in attached tables. 

There were no clear drug effects. (It is noted that there was a very low incidence [but 
greater than GOntrol] of angulated hyoid wings at HD [see Table " llA"]; 2 of the 5 
affected fetuses also had incomplete/unossified hyoid wings. This was not discussed 
in the text; the text stated that the skeletal variations seen "were of the type and 
frequency commonly noted in this strain of rabbit"). 

7) Plasrria drug levels 

. Samples were taken from . 3 LD and 3 HD at 15, 30, and 60 minutes post-dose on 
gestation days 7 and 20, and analyzed for GHB. Results are shown in attached table 

·(following fetal exam results). Levels at 15 min. were roughly propo11ional to qose;. 
· levels at later times were l~ss than . proportional. Levels on day 20 were generally 

greater than those ·on day 7. ·.·However, note that the inter~animal . variation was large, 
thus bringing int0 question the accuracy of these values and comparisons·. Also note 
that levels in ali animals were greatest at the 1 hour measurement, thus neither Cmax 
nor AUC are obtainable from these data. 
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Tab1e 9A 
Summary of Fetal Ex ternal Variations 
Rabbit Developmental Toxici ty Study 
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.· 
TABLE 9A 

RABBIT DEVELOPMENTAL TOX ICITY STUDY 
SUMMARY OF FETAL EXTERNAL VARIATIONS 

DOSE LEVEL GROUP 1 GROUP 2 GRO UP 3 GROUP 4 
0 MG/KG/OA,Y 300 HG/KG/OAY 600 MG/ KG/ OAY 1200 MG/KG/OAY 

------ --- - -- --------- --- - - -- - - --- - ------ - - - --------------------~-- -- ------ ---------- --------- - ----------------- ---------------------Litters Eval uated N 19 16 . 16 19 
fetuses Evaluated N 170 !35 138 171 

Live N 17 0 135 138 170 
Dead N 0 0 0 1 

OOME-SHA?EO HEAD 
l=eta l Inc idence N 0 0 . 2 0 

Y. 0.0 0.0 1.4 0.0 

Litter Incidence N 0 0 1 0 
X o.o 0.0 6.3 0.0 

TOTAL F'ETAL EXTERNAL VARIATIONS 
Fetal Incidence H 0 0 2 0 

~ o.o 0.0 l. 4 0.0 

Litter I ncl~ence N 0 0 1 0 
X 0.0 0.0 6.3 0.0 

N • Number 



(b)(4)2729•105 
Orphan Medica 1 Project No. <bH4>G~B-007 :t· 

Tab'le 98 
. Summary of Fetal External Malformations 

· Rabbit Developmental Toxicity Study 

.:~ . 



TABLE 9B 

(6)(4J 
2729· 105 

Orp~an Hediea 1 Project No. (b)(41·GHB·007 

. RABB IT DEVELOPMENTAL TOX ICI TY S TUOY 
. SUMMARY OF FETAL EXTE RNAL MALFORMATIONS 

----------------------------- --------------·-------------~------------------------------------~- ------------------------------------DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 
0 MG/KG/OAY 3.00 MG/KG/OAY 500 HG/KG/OAY 1200 MG/KG/OAY .. 

------------------------------------------------------------------------------------------------------------------------------------Litters Evaluated N 19 18 · 16 19 · 
Fetuses Evaluated N 170 -135 138 171 · 

Live N 170 135 138 170 
Dead N 0 0 · o 1 

TOTAL FETAL EXTERNAL MALtORMAT!ONS 
F eta 1 Inc 1 de nee N 0 0 0 . 0 

% 0.0 0. 0 . 0 .0 0.0 

Utter Incidence N 0 o o o · 
:{ 0.0 0. 0 0.0 0.0 . . 

---------------------·--------------------.----·-------------~------·----------------------~---------------------------·-------------N • Number 
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Table lOA 
Summary of Fetal Soft Tissue Variations 

Rabbit ·Developmental Toxicity Study 

· ..... 
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TABLE lOA 
RABBIT DEVELOPMENTAL TOXICI TY STUDY 

(b) (41 

2729-105 
Orphan Hedl ca 1 P"oject No ·: (bH

41;Hs-oo7 

SUMMARY OF FETAL SOFT TISSUE VARIATIONS / 
------·----------------------------------------------------------------------------------------------------------------·------------DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 

o HG(KG/OAY 300 HG/KG/OAY 600 HG/KG(OAY lZOO MG/KG(OAY 
--------------------------------------·--------------------------------------------------------------------~------------------------Litters Evaluated N 19 18 16 19 
Fetuses Evaluated. N 170 135 138 171 

Live N 170 135 138 170 
Dead N 0 0 0 1 

INTERMEDIATE LOBE OF LUNG SMAll/MISSlNG 
Feta l Incidence N 7 8 6 4 

1. . 4.1 5.9 4 ,3 2.3 

Litter Incidence N 4 4 4 3 
Y. 21 zz 25 16 

GALL BLADDER SHALL 
Fetal Incidence N 0 1 0 0 

y. 0.0 0.7 0.0 0.0 

Litter lnclder.ce N 0 1 0 0 
1. 0.0 5,6 0.0 0.0 

TOTAL FETAL SOFT TIS SUE VARIATIONS 
Feta l Incidence N 7 9 6 4 

1. 4.1 6. 7 4.3 2.3 

Litter Incidence N 4 5 4 3 
Y. . 21 28 25 16 

--------------- -~- ------------~-----------------------------------------------------------------------------------------------------N • Number 

., . 
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Table lOB 
Summary of Fetal ~oft Ti ssue Ma l formations 

· · Rabbit Developmental Toxicity Study 

. ... -.. ~·~-----··---.. - . ; 

~· 
.·· •• '.! 

' I 
' l 



.,u • • _ _._ .. ---~--·• · ··---~ • 

.. 
TABLE lOB 

RABBIT DEVELOPMENTAL TOX ICITY STUDY 
---------------------------------------------~~~~~~~-~~ -~~:~~-~~::.::~~~~~ ~~~·:~~~~::~~~-- -- ~----------------------------------------

DOSE LEVEL GROUP 1 . GROUP 2 GROUP 3 GROUP 4 
0 MG/KG/DAY 300 MG/KG /DAY . 600 MG/KG/OAY 1200 MG/KG/OAY 

---------------------------------------------------------------------------------------------·--------------------------------------Li tters Evaluated H 19 18 16 19 
Fetuses Evaluated N 170 135 138 171 

live N 170 135 138 170 
Oead N 0 0 0 l 

INTERNAl HYDROCEPHALY 
Fetal Incidence N 0 0 2 0 

'Y. 0.0 0.0 1.4 0.0 

litter Incidence N 0 o· 1 0 
Y. 0.0 0.0 6.3 0.0 

K ! ONtY~S~ MALPOSITIONEO 
Feta nc ldence N 1 0 1 0 ca 1. 0.6 0~0 0.7 0.0 

Li tter Incidence N 1 0 l 0 
Y. 5.3 0.0 6.3 0.0 

TOTAL FETAL SOFT TISSUE MALFORMATIONS 
0 FetAl Incidence N 1 0 2 

Y. 0.6 0.0 1. 4 0;0 

Litter Inci dence N 1 ·o 1 0 
y. 5.3 0.0 6.3 0.0 

N • Number 
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. Table llA 
Summary .of Fetal Skeletal Var1ations 
Rabbit Developmental Toxicity Study 

' . 
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Orphan Medi cal Project No. ~· 
.• 

TABLE llA 
RABBIT DEVELOPMENTAL TOXICITY STUDY · 

SUMMARY OF FETAL SKELETAL VARIATIONS 
----------------- ------·-oosE-LEVEL·----~--------6RouP·i·-------------6RouP·2·- ----- --- ----GRouP·3 ·------------ -GRouP·4 ·----------- -

o HG/KG/OAY 300 HG/KG /DAY 600 MG/KG/CAY 1200 HG/KG/OAY 

-~!~~i~~-f~:i~:~ig·----~ ----------~--- --------------~~i·------ - -------- --~ig·------ - ----------~ig··------- ---------~~r·- ----~ - ------
Live N 178 135 138 170 
Dead H 0 0 1 

INCOMPLETE/UNOSS IFIEO HYOID BODY 
Feta 1 Incidence N 1 0 0 1 Yo 0.6 0.0 0.0 0.6 
litter lnc1dence N 1 0 0 1 y, 5.3 0.0 0.0 5.3 

ANGULATEO HYOID WlNG(S) ., 
Fetal Incidence tl 1 0 1 5 /. . 0.6 0.0 0. 7 2.9 . 
Li tter Incidence N l 0 l 4 

·~ 
· Y, 5.3 0.0 6.3 21 

ACCESSORY 80NE(S) IN SKULL 
Fetal lnc1dence N 0 0 0 1 .y, 0.0 0.0 . 0.0 0.6 
Li tter Incidence N 0 0 0 1 . Y. 0.0 0. 0 0.0 5.3 

INCOMP~ETE/UNOSSIF!EO HYOID WINGhS I .. 
f eta Inc 1 de nee 0 0 0 2 Y. 0.0 0.0 0.0 1.2 
litter Incidence N 0 0 0 2 /. 0.0 0.0 0.0 11 

INCOMPLETE OSS IFICATION OF SKULL 
.Fetal Incidence N 0 0 2 0. Y. 0.0 0 .0 -- 1.4 0.0 
Litter Incidence N 0 0 1 0 Y. 0.0 0.0 6.3 0.0 

Z5 ·PRESACRAL VERTEBRAE 
31 Fetal Incidence N 25 31 29 

Y. 15 23 21 18 
Litter Incidence N 10 10 . 13 Il Y. 53 56 81 58 

· - -- - -------------------------------------- --------------- -- ------------------ ------------------ ----------------~------------------- · N : Number 
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TABLE llA 
RABBIT DEVELOPMENTAL TOXIC ITY STUDY 

SUMMARY Of:' f:'HAL SKELETAL VAR IATIONS 

Orphan Medical 

-----------------------------------------------------------·-------------------------------------------------------------------------. DOSE LEVEl GROUP 1 GROUP 2 GROUP 3 . GROUP 4 
0 HG/KG/OAY 300 HG/KG/OAY 600 HG/KG/DAY l ZOO HG/KG/OAY . 

------------------------------------------------------------------------------------------------------------------------------------r itters Evaluated N 19 18 16 1~ 
etuses Eva . u~ted N 170 135 138 171 

Live N 170 135 138 170 
Dead N 0 0 .o 1 

Z4 PRESACRAL VERTE BRAE 
Fetal Incidence N 0 0 oJ 1 

X 0.0 0. 0 0.6 
Litt.e·r Inc idence N 0 0 1 1 r. 0.0 o·.o 6.3 5.3 

L.ESS THAN 16 CAUDAL VERTEBRAE OSSI FIED 
Fetal Incidence . · N 7 4 4 6 r. 4.1 3.0 2.9 3.5 
Litter Incidence N 4 3 4 3 

Y. 21 17 25 16 

HEMICENTRUM{A ) 
N 0 0 0 1 Fetal Inc dence · 
% 0.0 0. 0 0.0 0.6 

Li t ter Inc idence N 0 0 0 ·I 
X 0.0 0.0 0. 0 5. 3 

5TH/6TH STERNEBRA(£) INCOMPLETE OSSIFICAT ION 
Fetal Incidence . N 19 ·z.z 10 28 

% ·11 16 7.2 . 16 
l i t ter Incidence N 

% 
9 

47 
11 
61 

9 10 
56 53 

STH STERNE.BRA UNOSS IFIED 
Feta I Inc! dence N 12 

· % 7.1 
13. 5 

9.6 3.6 
11 

6. 4 

~ l tter Incidence N 7 6 3 5 
% 37 33 19 26 

6TH ST~RNEBRA UNOSSIFIED 
N . 1 4 5 5 .F eta Inc 1 de nee r. · 0.6 3.0 3.6 2.9 

Utter lncldence N 1 3 4 4 
Y. 5.3 17 25 21 

··-·---------------------------------·---------------·------------------------------------------------------------------------------N ~ Number 

'1\: 

: .:t::·"'·;· 
· · i 

' · 
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. TABLE llA 
RABBlT DEVE LOPMENTAL t OXI CI TY STUDY 

SUMMARY OF FETAL SKELETAL VARIATIONS 
-------------------------------------------------------------------- -----------------------~----------------------------~-----------DOSE LEVEL gR2M~~<! GROUP 2 . GROUP. 3 GROUP 4 

·. 300MG/KG 600MG/KG · 1200MG/K 
--------------- --~------------------------------------------------------------------~------------------------~----------------------Litters ~vajuate~ N 19 ~ 18 . '16 19 
Fetuses va uate N 170 135 138 171 

live N 170 135 138 17~ Oead tl 0 0 0 
STERNEBRA(£? ASYMMETRICALLY OSSIFIED 

Feta 1 Inc dence · N 3 5 2 3 
Y. 1.8 3.7 1.4 1.8 

Litter lnctdence N 3 4 2 3 r. 16 22 13 16 

@ 
MINOR FUSION OF STERNEBRAE 

Fetal Incidence H 3 . 3 3J . 0 
% 1.8 2,2 0. 0 

Lftte r Incidence N '3 3 2 0 
% 16 17 13 0.0 

5TH/6TH STERNEBRA(() BIPARTITE 
Feta 1 !net dence N 1 2 . 2 2 

Y. 0.6 L S 1 . 4 1.2 

ll tter Inci dence N 1 2 2 2 
Y. 5.3 11 13 ll 

ST~R~E~RAE : ExTRA OSSI FICATION S!TE(S ) 
1 3 0 I eta lne ldence N 

Y. 0 . 6 2.2 o.o 0.6 

Litter Incidence N 1 3 0 1 
Y. 5.3 17 0.0 5.3 

13TH 'RUDIMENTARY RIB(S) 
Fetal Incidence N 39 32 38 34 

r. 23 24 28 20 
L ltter lnc.ldence H 14 14 14 17 

% 74 78 88 89 

13TH FULL R!B(S) 
s2 59 49 72 Feta l Incidence H 

% 31 44 36 42 

L tt ter Inc I de nee H 13 13 14 16 
% 68 72 88 84 

-- --------------- ------- ---- --- -------·---~------------------------------------------~-----------~----------------------------------N " Number 
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Li tters Eva luate~ N 19 18 16 19 Fetuses Eva uate N !70 135 138 171 live N 170 135 138 170 Dead N 0 0 0 1 THI CKENED R!B(S ) 
Fetal Incidence N 0 1 0 2 y, 0.0 0.7 0.0 1.2 
Litter Incidence tl 0 1 0 2 % 0.0 5.6 0.0 11 

® 
7TH CERVICAl R!S(S) 

Fetal Incidence N 1 0 0 . 0 Y. 0.6 '0;0 : 0.0 0.0 
Litter Incidence N l 0 0 0 l( 5.3 0.0 0 .0 0. 0 

TABLE 11A 
RABBIT DEVELOPMENTAL TOXICITY STUDY 

SUMMARY OF FETAL SKELETAL . VARIATIONS 
·-----------------------------------------------------------------------------------------------------------------------------------DOSE lEVEL GROUP I GROUP 2 . GROUP 3 GROUP 4 

o MG/KG 300HG/KG 600MG/KG lZOOMG/K 
-------------------·-------------------------------------------------------------------·--------------------------------------------

UNOSS !F!EO TALUS(!) 
N 1 0 0 2 

Fetal Inc idence 
% 0.6 0. 0 0,0 1.2 

li t ter Incidence N 1 . 0 0 2 Y. 5. 3 0.0 0.0 . ll 
UNOS SIFlyO PUB!S(ES) 

N 0 0 1 
Feta l nc1dence 2 

X 1.2 0.0 0.0 0;6 
Litter Jnc ldence N I 0 0 l r. 5.3 0.0 0.0 5.3 

TOTAL FETAL SKELETAL VARIATIONS 
Fetal Incidence N 114 104 107 129 r. 67 77 78 75 
Li t t er Incidence N 18 18 16 19 % 95 100 100 100 

·---··------------------------------------------------------------------------------·------------------------------------------------N = Number 
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Table 118 
Summary of Fetal Skeletal Malformations 

Rabbit Developmental To.xicity Study . 
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TABLE 118 
RA681T DEVELOPMENTAL TOXICI TY STUDY 

SUMMARY OF FETAL SKELETAL MALFORMATIONS 

Orphan Hed1 ca 1 

----------- ---------------------------------~---------- - ---------------------~------------------------------------------------------DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 · GROUP 4 
0 MG /KG/OAY 300 MG/KG/OAY 600 MG/KG/OAY 1200 MG/KG/OAY 

-- ---------------------.-------~--------------------------------- - - --------------~---------------------------------------------------Litters Evaluated " 19 18 16 19 
Fetuses Evaluated N 170 135 138 171 

Live tl 170 135 138 17Q 
Dead N 0 0 0 1 

VERTEBRAL ANOMALY WITH/WITHOUT ASSOCIATED RIB ANOMALY 
0 1 Fetal Incidence · N . 2 2 

1. 1.2 1.5 0.0 0.6 

Litter Incidence · N 1 2 0. 1 
:t. 5.3 11 _0.0 5.3 

MAJOR FUSION OF STERNEBRA~ 
Fetal Incidence N 2 0 0 1 

:t. 1.2 0 . 1) 0.0 0.6 

Li tter Incidence N 2 0 0 1 
1. 11 0.0 0.0 5.3 

FORKED{FUSEO R!B(S) 
0 0 0 1 Feta Incidence N 

)( 0.0 0.0 0 .. 0 0.6 

Litter Inci dence N . 0 0 0 1 
!4 0.0 0. 0 0.0 . 5.3 

TOTAL FETAL SKELETAL MALFORMATIONS 
F:etal Incidence N 4 2 0 3 

X 2.4 1. 5 0.0 1.8 

Li t ter Incidence N 3 2 0 3 
Y. 16 11 0.0 16 . . . 

-·------------------------------------------------------------------------------------------------------------------------·---------N • Number . . 

• • .··~~ · .· . 
#~· • 
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Post dose t 1 rnepoints: 0.25 hour 

Day 7 mean 24.83 
S.D. 17.12 
n 3 

Day 20 mean 34.91 
S.D. 34 .05 
n 3 

Day 7 mean 85.97 
S.D. 29 .65 
n 3 

Oay 2 0 mean 140.6 
S.D. 64.49 
n 3 

Orphan Medical Project No. 

Text Table 1 
Hean Plasma Data 

0 . 5 hour 1 hour 

300 mg/kg/day 

55. 67 115.43 
l7 .10 30.51 
3 · 3 

132.7 212 . 0 
60.12 46.87 
3 3 

1200 mg/kg/da y · 

171.0 317.3 
85. 14 54 . 05 . 
3 3 

256. 7 454.3 
121. GO 136.5 
3 3 

... ....~ .... 

(b)(41 
2729-105 
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PRE- AND POSTNATAL DEVELOPMENT STUDY IN RATS 

A) Dosage 

25 Fat 0, 150, 3?0, or 1000 mg/kg/day, by gavage~ from day 6-.ofgestation through day 21 PP . 

. Pregnant females were allowed to deliver and raise their young to day 21 PP. · F1 evalu.ations 
· . performed are indicated under "Results," beiow. · 

Strain: Sprague - Dawley Crl :·CD BR 

r-----------,(b)(41 

Laboratory: 

Drug 'tot #: 9501 

B) Results · 

1) Observed signs inFo dams 

a}"Hypoactivity" seen at HD, sp~orad-ically during gestation (N=7; 6 of these on 1 
day only) and more consistently during lactation (N=21, on 1-7 days each). 

b}f.taxia seen in 5 HD (on l day each) during lactation 

: .. .. . 

2) Bodyweights inFo dams 

Weight gain was decreased at HD during the fir~t few days of treatment; weights 
remained slightly below contro~s (~3-4%) for the rest of the study. (Weights-at MD 
were similar to those at HD during most of the study, although there was no period 
when weight gain was statistically significantly decreased at MD. Also, pre-treatment 
weights at MD were slightly below those at HD). 

3) Food consumption inFo dams 

Slightly decreased at HD, primarily during the first week of treatment (92-95% of 
control); overall consumption during days 6-20 of gestation was 96%. of control. These 
decreases were generally not s tatistically significant. Slight decreases during gestation 
were seen at MD but pre-treatment values were below controls to a similar degree. 
Food consumption was not measured during the lactation period~ 



4) F1- Preweaning assessment 

Parameters measured and results obtained shown in attached table. 

The number of stillborn pups was increased at HD (11/381 vs 1/367 in controls) 
but this was not statistically significant. Pup survival through day 4 PP was very 
slightly decreased at HD (94% vs 99% in controls) but this was not statistically 
significant ( and mainly due to effects in a single litter). 

Pup weights were below controls (~5-8%) at HD beginning day 4 PP. Pup weights at 
MD were sporadically very slightly below controls but never statistically significantly. 

There were no drug effects on gross organ exam of pups which were culled or which 
died. (Not shown in attached table). 

5) F1 - Postweaning assessment 

No effects on overall weight gain. (Weights at HD were slightly below controls, 
although the relationship to drug is not clear since this was also seen at LD [but not 
MD]). 

No effects on time of sexual maturation (cleavage ofbalanopreputial gland and vaginal 
opening), development of pupillary reflex, open field locomotor activity (day 22 and 
week 5 PP), learning/memory (water "M" maze, weeks 6-7 PP), or reproductive 
performance (fertility, duration of gestation, pup weight at birth, pup survival through 
day 1 PP). 
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Table 6 
Natural Delivery Data and Litter Data 

Study of Effect s of Pre- and Postnatal Development , Including Maternal Functio.n, in the Rat 
F0 Generation 

Note: Gestation Index (Parturition Index) 
number of females 

= delivering l ive purrs x 100 number of pregnancies 

..... . 
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STUDY FOR EFFECTS OF PRE AN6A~Bh~ATAL OEVELOPHENT-, INCLUDING 
MA1ERNAL FUNCT!OH, IN THE RA1 

NATURAL DEliVERY DATA AND LITT-ER DATA - - SUHHARY 
--~--- - --------- - ---- ------- ------ --- --- -------- --- ------~----- ---------- ----- ---- - ----- - ----- --- -------------------------- --- -- -- --DOSE LEVEL GROUP 1 GROUP 2 GROUP 3 GROUP 4 

. 0 HG/KG/OAY !SO .HG/KG/OAY 350 HG/KG/OAY 1000 HG/KG/OAY 
---- ... --- ... ---------- ... -- ... ---.. --- ... ------ .. -- .. ------ .. -------------- ---------.----.----.. --... -- .. -- ... --- .... -.. ---.. ------------... -... ------ .. ----.. -.----

Fema les; Mated N 25 . 25 25 25 
Pregnant N 24 2-3 24 25 

Y. 96 92 96 100 
Oe li veri ng 

Durat ion of ·Gestation: 
RT 

Females ~i th liveborn Pups 
Gestat Ion Index 
With Stillborn Pups 

N . 24 23 24 25 
X 96 92 . 96 100 

MEAN 22 .0 22. 0 22;0 22 . 2 
S.D. 0.2 0.2 0.4 0. 4 

N 24 23 . 24 25 
N 24 23 24 25 
X 100 100 100 100 
N 1 l 2 6 
Y. 4.2 4.3 8 .3 24 

F ema 1 es w\ t h no L\ veborn Pups· N 0 0 0 0 
Y. ·o .o o.o o.o o.o 

Feme 1 es with no Pups De 1 i vered N 0 0 0 0 
it. 0.0 0.0 0.0 0. 0 

Pups Delivered 

Liveborn 
SU I I born 
Uncertain 

Implantation Sites 

. TOTAL 367 347 352 381 
MEAN 15.29 15.09 14 .67 15.24 
s.o. 2 . 20 2. 09 2 .55 1.79 

N 24 23 24 25 
TOTAL· 365 346 350 367 
TOTAL 1 I 2 11 
TOJ AL l 0 · 0 3 
TOTAL 389 37 1 388 408 
HEAN 16 .21 16 . 13 !6 .17 16.32 
S. D. 2. 13 2 . 10 2.18. 1.65 

N 24 23 24 25 
-----~- - ---- - ---~-- ---- - - - ----~-- - - -- -----~------ - - ------- ----- - - -------------- ----- - --- ---- ---- - ~- - -----~----- ------- -- -- ---- --- ---

SIGNIFICANTLY OI FHREHT FROM COIITROL: * " P~O.OS ; *"*" P~O.Ol. 
N o Humber of Femal es or L! t tets. 
TOTAL c . Number of Pups or Implants . 

RT - Rank transformatfon used In test for significance on data. 

:.. 

... . (II , '· 

: .:.:·:::~ .. ..:,...., . '4 
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TABLE 6 
STUDY FOR EFFECTS OF PRE AND POSTNATAL DEVELOPMENT, INCLUDING 

MATERNAL FUNCTION, IN THE RAT 
NATURAL DELIVERY DATA AND LITTER DATA -- SUMMARY 

-- - -- ------------------- -- -- ---------- - ------------------------- -------- -- ------------ -------- -- ---- --- -- ------- ------ --~ -- -- - - - ----DOSE LEVEL GR OUP I . GROUP 2 GROUP 3 GROUP 4 
0 HG/KG/OAY 150 MG/KG/OAY 350 HG/KG/OAY 1000 HG/KG /OAY 

---- --- ---- --- ---------------- ------------------- ------------------------------------- :---------- ------------ ------------~----------Pup Survival Indices 
Livebirth Index MEANY. 99 100 99 96 

(Number born al ive/number born) 
Viability Index HEANX 99 99 97 94 

(Number alive Day 4 precull/ 
number liveborn) 

\Jean i ng Index HEAN% I 00 99 98 99 
(Number alive at weaning/ 
number alive at Day 4 postcul l ) 

Pup Disposi t ion 
Culled day 4 
Kil l ed 
Died 
Cannibalized 
Hissin9 

Pups Surv1ving at 21 days 

TOTAL 
TOTAL 

- TOTAL 
TO TAL 
TOTAL 
TOTAl 

!69 
0 
4 
0 
1 

192 
Pups Dying, Ki lled , Hissing, an'd/or.Cannlballzed 

days 0-4 TO'rAL 4 
days 5-2 1 TOTAL 0 

Entire l itter Died, Killed , Missing, and/or Cannibalized 
days 0-4 H 0 
days 5-2 ! N 0 

!59 149 147 0 0 0 3 9 13 0 0 0 1 3 11 •183' 189 196 

3 9 22 1 3 2 

0 0 0 0 0 0 
Total Number and Hean Mal es Percent by Litter 

day 0 TOTAL 175 172 164 167 
. HEAN% ' 48 50 47 46 

day 4 precull TOTAL 172 171 161 155 
HEANX 47 50 47 45 

. da,y 21 TOTAL 95 91 92 98 
. HEAN% . 49 50 . 49 5.0 

------------ --------------------------- ------ -- ------ --------------- - ------------~------------------------- -------- ------------- ----SIGNIFICANTLY DIFFERENT FROM CONTROL: * = P~O.OS; •• = P~O.O!. 
N = Number of Litters. 
TOTAL s Nurr.ber of Pups or Implants. 
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. DOSE LEVEL 

Orphan Medi cal 

. TABLE 6 
STUDY FOR EFfECTS OF PRE AND POSTNATAL DEVELOPMENT , .INCLUD ING 

MATERNA.L FUNCTION, IN THE RAT · 
NATURAL DELIVERY DATA. AND LITTER DATA -- SUMMARY 

GROUP 1 
0 MG/KG/OAY 

GROUP 2 
· 150 MG/KG/OAY 

GROUP 3 
350 MG/KG/OAY 

GROUP 4 
1000 MG/KG/DAY. 

--- -- - - ------ --------- - - --- -- - --- --------- ------------- ----~- - ---------- -- ·------- -- ------- --- - -------------- -- ------- - - - ------ -- - - -Li ve Pups/Litter with Live Pups 
day 0 . . MEAN 15 .21 15.04 14.58 14.68 

1.84 
25 

S.D. 2.26 
N 24 

day 4 - Precul l MEAN 15.04 
s·.o. 2.27 

N 24 

dah 4 - Postcull MEAN 8.00 
S.D. 0.00 

N 24 

dah 7 M£AN 8.00 
s .. 0. 0.00 

If 24 

day 14 MEAN 8 .00 
S.O , 0.00 

N 24 

day 21 MEAN 8.00 
s . 0 . 0.00 

N 24 . 

2.10 
23 

14. 91 
2.02 

23 

8. 00 
0.00 

23 
7. 96 . 
0.21 

ZJ 

7. 96 
0. 21 

23 

7. 96 
0. 21 

23 

2. 55 
24 

14.21 
2 . 64 

~4 

8.00 
0.00 

24 

7.96 
0.20 

24 

7.88 
0. 61 

24 

7.88 
0.61 

24 

13.80 
2. 47 

25 
7,92 
0. 40 

25 

7.84 
0.80 

25 

7.84 
0.80 

25 

7,84 
0.80 

25 

Pup Weight/Litter (grams ) 
day 0 MAL ES 6.32 6.41 

0.32 0. 48 
MEAN 6.36 6 .32 
S.D . 0 .. 42 0.61 

23 24 N 24 25 
6.32 6 . 37 Covari ate Adjusted MEAN 6.39 6.34 

day 0 FEMALES MEAN 5.96 6.03 5.95 5 .. 99 s.o. 0.42 0. 26 0. 51 0.52 
N 24 23 24 25 

· Covar iate Adjusted HEAN. 5.98 6.03 5.91 6.01 

day 4 HALES - Precull MEAN 10.45 10 .30 10.21 9 .. 84 s.o. 1.07 0. 76 1. 15 1.42 
N 24 23 24 2 5 

Covariate Ad jus ted HEAN lO.SS 10 .38 10 .16 ~.7 1• 

--siGNiFicAHrCr-oiFFERENr-FRoH-coNrRoL~ - -;-:-P;o~os:·: ; ·:·P~o~oi~ ------- - ----- - - - - -- - -- - ---- -------- - --- ----- ------ --------- --- --- - -
. N • Number of Lit t ers. · · . ~ · -

RT - Rank transformation used i n test fo r signi f icance on data. U1 
:' d\ 

,f: 

·:, 
~··:Iii:; · . 
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TABLE 6 

(b)(4) 
~627- 115 

Orphan Med ical Project No. (b)( GHB· OlQ 

STUDY FOR EFFECTS OF P.RE AND POSTNATAL DEVELOPMENT, INCLUD ING 
MATERNAL FUNCT IOI! , !N THE RAT 

NATURAL DELIVERY DATA AND LITTER DATA -· SUMMARY 
----------- ------ - - ----- ----- ~------- - --- -- --- --- -------- - ---- - - - ~ -- ---------- ------ - -- - - ------ ------- ------- - - - - ------ ---- --- ----- -DOSE LEVEL GROUP I GROUP 2 GROUP 3 GROUP 4 

0 HG/KG/OAY 150 MG/KG/OAY 350 MG/KG/DAY 1000 MG/KG/DAY 
-- -- -- -------- - ---------·----- ----- ~-- -- ~ -----------------~--- - - ----- --- ------------- ---------- ----- -- - ---- -- - ---- - ------------------day 4 f'EHALES • P recu 11 MEAN 9.84 9.9! 9 . 44 9.31 

S.D. 1. 04 0.66 I. 21 1. 45 
N 24 . 23 24 25 

Covaria te Adjusted MEAN 9.93 9.99 9.39 9 . 19"' 

day 4 MALES · Postcull . MEAN 10. 44 10.27 10.26 9.89 
S. D. I . 12 0.84 1.00 1.42 

N 24 23 24 25 
Covar iate Adju sted MEAN 10.54 10.35 10.21 9. 76 

day 4 FEMALES · Postcu l l MEAN 9.96 9. 92 . 9. 47 9:33 s .0 . I. 01 0.69 1.20 1.47 
N' 24 23 24 25 

Cova ria te Adjusted MEAN 10.06 10.00 9.42 9. 20* 

day 7 MALES MEAN 17. o·z 16.81 16.52 15.81 
S.D. 1.70 1.35 1.73 2.30 

'N 24 23 24 25 
Covariate Adjusted HEAN 16.91 16.78 16.49 15.99 

day 7 FEMALES MEAN 16.12 16 .. 08 15.34 14.99 
S:O. !.58 1.15 1. 99 2.23 

N 2'4 23 24 '25 
Covariate Adjusted MEAN 16.0l 16.05 15.31 15.18 

day 14 HALES HEAN 34.31 34.36 34.01 31.74 
s .0 . 3.34 2. 73 2. 44 3.48 

H 24 23 24 25 
Covariate Adjusted MEAN 34.15 34.28 34.09 31. 90"' 

day 1~ FEMALES MEAN 3.2 .99 33 .'10 32. 18 30.42 
S.D. 2.85 2. 17 2. 54 3,46 

N 24 23 . 24 25 
·Covariate Adjusted MEAN 32.83 33.02 32 .. 26 30.56* 

day 21 MALES MEAN 56.28 55.39 56.15 53,23 . 
s.o. 5.39 5.06 3.99 5.95 

N 24 23 24 25 
Covariate Adjusted MEAN .· 56.10 55 . 30 56.24 53 . 4l 

. . 
-- - - - --·--- -----~-------- - - - ------- - -- ----------- ----- -----------~---------------- -~- ------ - ------ - -------------- -- ---- - --------- --~ SIGNIF ICANTLY DIFFERENT FROM CONTROL : • : P~0.05; •• • P~O.Ol . 

N ~ Numbe r of lit ters. 01 
.....:!· 
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TABLE 6 
STUO'l' FOR EFFECTS OF PRE AND POS TNATAL DEVELOPMENT, .INCLUD!tiG 

MATERNAL FUNCT.ION, IN THE RAT . · . 
NATURAL DELIVERY DATA AND LI TTER DATA -- SUMMARY. 

-- - - ------ - ------------------------------- -------- --------~------ ------------~------ --------------------------- ------------·------- - -DOSE LEVEL GROUP l GROUP 2. GROUP 3 GROUP 4 
. 0 HG/KG/DAY . ISO HG/KG/OAY 350 HG/KG/DAY 1000 HG/KG/DAY 

- - -------- ------- --- - - ------- ------ --- --- ------- ------ - - -------------- ---- ------- ----- - - --- ~-------- - --------- ------ --------- - - - --- -day 21 FEHALES ME AN 53.67 53.64 . 52.60 50.81 
S. 0 . 4 . 59 4 . 29 4 . 21 5 . 60 

N 24 23 24 25 
CoVariate Adjusted HEM 53 .53 53.57 52.67 50. 95 

. . . . 
----------------------------------------------------------------------·---------------------------------------------·--------------·-. . 

SIGNIFICANTLY OIFF.ERENT FROM CONTROL:· .• = P~O.OS ; ** ~ P~O.Ol. 

H • Number of L1tters. 

\ 

· .. . - :: 
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(. 
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GENOTOXICITY 

A) Ames Test 

Performed by (b)(
41 "Lot "# 3-7, GHB Lot No. 019183" 

----------------------------~ 

Tester strains: Salmonella typhimurium TA 98,. TA 100, TA 1535, and TA 1537, and E. coli 
WP2 uvr A. With and without liver m1crosomes derived from Aroclor . treated .rats. Plate · 
incorporation method. 

Na-GHB was negative up to the highest concentration tested (5000 ug/plate, which caused no 
cytotoxicity). ·· 

B. Chromosomal Aberrations in CHO Cells In Vitro 
'• . 

Performed by (b)(
41 Drug Jot # 9501 . 

------------------------~ 

Assays were conducted with · a 20 hour harvest time in the initial trial and 20 and 44 hour 
harvest .times in a confirmatory trial. (Drug treatment ·times for the 20 hour harv_est assays were · 
17.8 and 3 hours in the absence and presence, resp:, of S9. b~g treatment times for the 44 ·hour · 
harvest assays were 41.8 and 3 hours in the absence and presence, resp., of S9). 

Na-GHB was negative up to the highest concentration tested (5000 ug/ml). (Cytotoxicity 
[reduced mitotic index] was seen across the dosage range tested [1250-5000 ug/ml]; however this · 
was not always seen and was usuaJly not dose-·related; value$ [% reduction in mitotic index] 
ranged up to 67% but were generally much lower). · · 

C. In Vivo Rat Micronucleus Assay 

Performed by (bH
4> "Lot # 3-7 GHB, Lot. No. 019183." 

----------------~------------

Dos.es were based on a rangefinding study in which doses of 1400-2000 mglkg (byg avage) 
caused " hypoactivity". The hypoactivity was of greater severity in females; however only males 
were used in the main study. Doses in the main study were 500, 1000, and 2000 mg/kg, by gavage. 
Animals were sacrificed at 24 hours post-dose; additional groups given HD and vehicle controls 
were sacrificed at 48 hours post-dose. · 

Toxic signs in the main study consisted of ''hypoactivity" in 7 of the 12 HD (also seen in 1/6 LD); 
this was descJ:ibed as "slight'' in all but 1 animal. There was no drug .. related bone marrow toxicity 
(PCE:NCE ratio) or microriuCJeated·PCEs. (5 rats/group/time point were evaluated; at ·least 2000 
PCEs per animal were evaluated). . · · 



SUMMARY AND EVALUATION 

A) Pbarmacodynamics/ADME 

No animal studies in these areas were performed by the sponsor (aside from plasma GHB 
measurements done in conjunction with some toxicity and reproduc.tion studies; results are shown 
in the sections on the individua1 studies in this review); literature articles were submitted. · 

GHB is a normai constituent ofliuman brain (and other organs). It isformed by reduction of 
succinic semialdehyde (which in tum is formed from GABA by GABA transaminase). It has been · 
hypothesized that GHB may be a neurotransmitter, based on its brain distribution and 
demonstration of specific binding sites, · active uptake system, depolarization - induced release, and 
post-synaptic responses in brain; however to date no neuronal pathways using GHB as a 
transmitter have been demonstrated. In pham1acologic doses GHB is a CNS depressant in animals 
and man. It has been used since the early 1960s (primarily abroad) as an anesthetic adjunct.(at i.v. 
doses of 4-6 ·grams). In addition to sleep induction, pharmacological effects seen in animals 
include anticonvulsant (although a proconvulsant effect, possibly analo_gous to myoclonus or petit 
mal seizures, has also been seen), analgesic, hypothermic, and anti-ischemia/hypoxia. Several of 
its effects are antagonized by naloxone. Potentiations be~een GHB and other CNS depressants 
have be~n reported. · 

The mechanism of action of GHB is unknown. Jt decreases cerebral glucose utili"zation and 
causes a shift in interm~~iary metabolism toward the pentose shunt. It produces a decrease. in 
dopaminergic firing rate and an .increase in dopamine levels in brain. GHB may be converted to 
GABA in vivo, although this' pathway has not been clearly shown to be involved in the 
pharmacological effects of GHB; on the other hand some effects of .GHB may be produced by 
interaction w·ith GABA receptors. 

Metabolic pathways of GHB include tninformation to succinic semiaJdehyde (with further 
metabolism through the Krebs cycle) and beta-oxidation. · 

B) Chronic Toxicity 

A 6 month rat study and a 12 montp dog study were performed 

· In the rat study, daily doses were 150,350, and 1000 mg/kg, by -gavage. Th~ only drug-related. 
observed sign was "hypoactivity" (not further described) which occurred very sporadically during 

. the first 2-3 months. Bodyweight gain and food consumptio.n were decreased at HD (final weights 
~ 90 % of control). There were no · drug effects on ophthalmoscopic exams·. There were no · 
pronounced effects on Jab tests; slight effects included decreased total WBC, lymphocytes, and 
segmented neutrophils at HD, decreased RBC, Hb, and Hct in all M .groups (not D-R), decreased 
total protein, albumin, an<) K in HD M (slightly decreased protein and albumin also seen· in a 3 
month rat study at the SfUlle dose), and increased urine. pH in aJJ M. groups and HD F. There were 
no drug effects on gross or microscopic organ exams. (In a 3 month study, at the same doses, some 
animals were formalin perfused and brain was examined [with B. & E] at 4 levels; no drug effects 
were said to have been found, although no specific results were given). 



In ·the dog study, daily doses were 1 SO, 350, and 600 --)- 900 mg/kg, by oral intubation. The 
dosage increase at HD began at week 32. All HD F had sporadic "hypoactivity" and ataxia mainly 
near .the beginning of the study an.~ after the dosage increase. One HD F also h·ad prostration at· 
week 1; and another had slight convulsions week 33. One HD M had ataxia on 3 occasions near 
the beginning of treatment. The inCidence/frequency of diarrhea was increased in MD and HD M . . 
and HD F. The frequency of emesis was increased in 1 MD F and 1 HD F. Thin 
appearance/decreased appetite was seen in 1 MD M, 1 HD M, and 2 HD F near the beginning of 
the study. Bodyweight gain was decreased early in the study in MD and HD M and HD F ; final 
weights in MD M and HD M were 95 % and 9t' % of control, respectively; weights in HD F 
·returned to control level by week 14. Food consumption was decreased early in the study at HD. 
There were no drug effects on ophthalmoscopic· or EKG exams (no results shown for the latter) .. 
There were no pronounced drug effects on lab tests; slight effects included decreased · blood 
chloride in HD M, increased urine pH in MD and HD F and HD M (also sporadically at lower . 
doses), and · decreased urine SG in HD M. Absolute .and .relative liver weights were· slightly 
increased in HD M btlt there was no associated histopathology. ·Pale/dark raised area in lung was 
seeri in 1 MD M, 2 HD M, and 1 HD F; histology showed chronic ·active inflammation in these 
dogs, and two also had piginented macrophages. The text of the report stated that these lesions 
"could be related ~o the . irritation caused by the aspirated test article". Other drug-related 
histopathological effects included atrophy of submucosal gland of esophagus ("moderate" or 
"moderately severe") and atrophy of mandibular salivary ·gland (ranging from "minimal" to 
"moderately severe") in MD and HD. (The esopha.geal and salivary gland pathology were also 
seen in a 3 month dog stUdy at the HD of 600 mg/kg): 

C) .Carcinogenicity 

Carcinogenicity studies in rats and mice were perfonned by the National Toxicology Program 
(NTP) with the compound gamma-butyrolaetbne (GBL), which is extensively converted to GHB in 
vivo. The abstract and tumor incidence tables from these studies are attached. MTDs were 
reached in these studies based on toxic signs and/or bodyweight andl..o.uno.rt.ali.tY- effects occurring 
in the 2 year studies or at higher doses used in rangefinding studies. Percent survival in the 2 year 
studies was as follows: · · · 

RATS MICE 
Control M 48 ' 70 

LD M 54 ' 60 
HD M 64 . 24 

Control F 56 76 
LD F 54 68 
HD F 56 76 



Bodyweights over the 2"~ year of the two year studies were as follows 
(expressed as% of control): 

.RATS MICE 
LD M 100 89 
HD M 98 88 

LD F ~7 85 
HD F 85 88 . .. 

.> •• 

The. NTP report ·condudes that there was ·~no evidence of carcinogenic activity" in rat~ of either sex 
or in female mice, and th~t there was "equjvocal evidence of carcinogenic activity" in male mice. 
(Definitions of these criteria are shown in the attached abstract). The conclusion of equivocal 
evidence in male mice is based o-n the finding of "marginally increased· incidences of adrenal 
medulla pheochromocytomas and hyperplasia in the low dose group." Tl)e incidence values in male 
mice were as follows: 

Benign pheochromocytoma 
Malignant pheocluomocytoma 
Adrenal medulla hyperplasia 

c 
1/48 
1/48 
2/48 

LD 
5/50 

. 1/50 
9150 

HD 
1/50 . 
0/50 
4/50 

The increase in pheochromocytomas (benign, malignant, or • combined) was · 11ot .statistiCally 
significant (both by trend test and pairwise comparison, sur:vival-adjusted), but at LD the combined 
(malignant or benign) incidence (12%) was above the historical range (mean incidence 3%; rarlge o: '· 
6%). The increase in hyperplasia at LD adds biological plausibility to . a tumorigenic effect in this 
group. It was stated that the ·lack of.a dose. response relationship ·:111ay be related to the reduced 
survival" at HD. However, although overall survival was clearly reduced at ·HD (24%.) compared to 
control (70%), it appears to this reviewer that there were enoughHD male mice survi~ing long · 
enough to allow a tumorigenic effect to beCOJ11e manifest. . .T.he. benim pheocluomocytomas were 
detected late in the study: the one tumor in controls was detec;ted .at week 83, all 5 tumors at LD 
were dekcted at termination (week 1 04), and the .1 tumor at HD was detected weeJC 91. . The 
approximate (estimated from survival curves) numbers of animals alive at week 83 (the time of the 
first detection of this tumor type) were 44, 36, and 25 in controls, LD, and HD, respectively. The 
numbers surviving until termination were 34, 30, and 12, respectively. 

The NTP report also notes lower body'weights in HD M mice as a possible reason for a lack of an 
increase in pheochromocytomas in this group; this is a possibility although it is noted that weigh~ 
gain in LD M was reduced to a similar extent. 

Although the rat carcinogenicity study with GBL w·a~ said to be negative, the following results are 
noted, particularly in view of the. above, The incidence of malignant pheochromocytomas in males 
was 0/48 in controls and 5/49 at HD. (LD not routinely examined). · The incidence of benign 
pheochromocytomas was not different between control M ( 1 5/48) and 1-ID M (14/49). In F, no 
malignant pheocluomocytomas were seen in controls or HD. . The incidence of benign 
pheochromocytoma was 1/50 in control F and 4/49 in HD F. (LD not routinely · examined; 1 
malignant and 0 benign pheochromocytomas·were seen among the 25 LD examined). These results 

.. . 
·' 



' ·were not mentioned in the text of the report. Historical control values were not given. Historical 
control values (for gavage com oil studies) on the current NTP WEB page showed, for malignant 
pheochromocytoma in male rats, a mean of 2% and a range of 0-6%; thus the incidence of 5/49 in 
HD M in the present study is slightly above this range. (Benign pheochromocytoma is a very 
conunon tumor in male Fisher rats; the historical control values are similar to the values seen in the 

. present study). The incidence of benign pheochromocytoma in HD F in the present study (4/49) was 
near the upper end of the historical range (mean 4.5%, range 0-10%). 

In sum, there is a slight/equivocal signal for an effect on pheochromocytoma incidence in the studies 
conducted with GBL; the currently ongoing carcinogefticity study of GHB being performed in rats 
by the spon~or should help determine the relevance of these results for GBB. . . .:.t-<.f/.t_tt) ~ 

(The text of the NTP report discusses a few tumor types whose incidences w_p~creased in the rat . 
GBL study but it was concluded that these were not dnig.:reJ~t<id beca2'rfiey were not statistically · 
significant and/or within the historical range and/or not dose-related. These tumor types included 
keratoacanthomas, basal cell adenoma/carcinomas, ·and mesotheliomas [see p. 33 of the NTP report 
(NDA volume 1.18, p. 261) for details]. · The results of the ongoing rat carcinogenicity study of 
GHB should help .clarify the relevance of these results for GHB). . . 

Since there is evidence that GBL is rapidly and exteniively conv~rted to GHB in vi:vo, the sponsor 
had suggested that the NTP carcinogenicity stu9ies of GBL adequately assessed the car~inogenic 
potenti al of GHB, and requested a waiver of e-arciRogenicity .studies of.G~B ·per se. As amply 
documented in the 1ND file, we agreed to this provided it could be shown that exposure .to GHB.in · 
the GBL studies was adequate 'as defined by either of the following criteria: (1) plasma levels (AU C) 
of GHB reached at the ~igh dose of GBL were at least a's high as those reached with administration 
of an MTD of GHB,, pt. (2) plasma ·Jevels (AUC) of GHB reached at the high dose of GBL were 
sufficiently greater (at· least Zi.x1 in accordance with·ICH guidelines) than those reac,hed jn humans 
receiving the maximum recorrimended dose. ·The sponsor pefforl1led bridging studies to determine if 
either of the above critetia we~e met. My IND review of 9/13/99, attached, discusses the nature ahd 
results. of these studies. 'BrieD)';·i(\Yas 't'Otic1uded.1hat the first criterion was met for mice but not for. 
the rats. (The second criterion w.as. no.t m~t for either species)' Therefore, it was concluded that a 
mouse carcinogenicity study. w~tl) GHB. qid not have -to be performed. A rat study is underway, and 
it was agreed that this ~ould be submitted post-,approval. · 

20 pages(s) n.ave oeen withlield for NTP TR 406 aostract. Please refer to littp://ntp.nielis.nili.gov/ntpllitdocs/ 
lt_ rpts/tr406. pdf#search=butyrolactone 
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The following summarizes the issue of whether the rat and mouse carcinogenicity studies 
which have been performed (by NTP) with GBL (gamma-butyrolactone ), a compound which is 
converted to GHB in vivo, CfUl serve as an adequate evaluation of the carcinogenicity of GHB. 
Briefly, we suggested tQat the GBL studies would · be . atceptab.le if the sponsor could 
demonstrate, by appropriate "bridging" studies, that expos~re to GHB in the GBL studies was 
adequate (as defined below). We have worked extensively with the sponsor in the design of such 
bridging studies, as documented in several previous reviews and meeting/telecon minutes. The 
submission of 3/15/99 contains the results of the bridging studies; the other submissions noted 
above contain clarifications and answers to questions concerning these studies which we had · 
previously transmitted to the sponsor. . 

There is a belief, based o~ some rather old (and .not always satisfying) literature studies, 
that GBL is rapidly and extensively converted to GHB, which is primarily responsible for its 
phannacological effects. If it were true, for example, that the in vivo conversion of GBL to GHB 
were virtually instantaneous ·and total, carcinogenicity studies of GBL wouJd be near perfect 
surrogates for those of GHB, possibly. only failing to evaluate potential effects of GHB . on the 
G .I. tract if the conversion occurred post-absorption. A less than instantaneous and total 
conversion raises questions of possible differences in the plasma level profile of GHB. when 

·given as GHB vs. when formed from GBL, possible failure to reach adequate plasma levels of 
GHB after·GBL administration (e.g., if the highest testable dose ofGBL were limited by toxicity 
of the GBL molecule), possible differences in tissue distribution of GHB, and possible pro- or 
anticarcinogenic effects of the OBL molecule. At any rate, it the interest of avoiding 
UJmecessary duplication of effort and use of animals, we proposed that the GBL carcinogenicity 
studies would acceptable if the sponsor could demonstrate that the exposure to GHB achieved in 

- ® 
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these studies was adequate as .defined by either of the following .two criteria; (1) plasma levels . 
(AUC) of GHB reached a~ the high ·dose of GBL were at least as high as those reach~d with 
administration of an MID of GHB, or (2) plasma levels (AUC) of GHB reached at the high dose 
of GBL are sufficiently greater (e.g., 25x according to ICH guidelines) than tl1ose reac~ed in 
humans receiving the maximum recommend daily dose. (The latter criterion .was not met, as 

· discussed later; thus the following discussion focuses on the former) . . ' 

In order to estimate exposure to GHB achieved in the · GBL carCinogenicity studies, 
bridging studies were performed in which mice and rats (same strain as in GBL carcinogenicity 
studies) received GBL, at ilie sam~ high dose arid in the same vehicle as in the GBL 
carcinogenicity studies, for 14 days. (Doses of GBL were 525 mg/kg in male and female mice, 
225 mglkg is male rats, and 450 mg/kg in female rats). The resultant plasma levels of GHB were 
compared with those achieved after a . dose of 1 000 mg/kg GHB, . a dose estimated to be that 
which would have been used as an MTD in carcinogenicity studies of GHB in both mice .and 
rats. Levels of GBL after dosing with GBL were also to be measured, in part to assess exposure 
to GBL, but more importantly because of the nature of the GHB assay, i.e . . GHB is first 
converted to GBL prior to GC-MS measurement, and thus any GBL present prior to this 
conversion must be known arid subtracted from the total. · 

The results (GHB levels) of the 14-day bridging studies are shown on the attached pages 
taken fron1 the · submission. (Times of measurements indicated in the two "Table 1 "s; 

· N=4/sex/time poiht). The following summarizes the results expressed as the % of the GHB 
A UC seen after dosing with 1000 mglkg GHB (i.e., the estimated MTD of GHB) that was 
achieved after dosing with GBL given at the HD which was used in the .GBL carcinogenicity · 

' ' 

studies: 

M 
F 

47% 
72% 

8%• 
35% 

However, these values need to be modified since levels of GBL were only m'easured at a 
single time point (0.5 hr. post-dose); at other time points the GBL level is unknown and thus its 
contribution to the measured "GHB" (which, as noted above, must be converted to GBL before 
measurement) is also unknown .. Since levels of GBL at 0.5 hr. were negligible (as were levels at 
1 hr. determined in a separate · single dose study), it was assumed that levels beyond this time 
were zero. We requested that the sponsor re-calculate t~e GHB AUCs (after dosing with OBL) 
with the assumption that all of the measured "GHB" before 0~ 5 hr. was really GBL; this 
represented a "worst case" scenario. The re:-calculation was submitted (although for mice only) 
7/30/99; r~sults are attached. (Calculations were also made assuming that 50% of the "GHB" 
before 0 .5 hours was GBL, to represent an inte1mediate situation). This "worst case" r e
calculation lowered the above percentages from 47% to 36% in male mice, and from 72% to 
53% in female mice; the true values probably lie within these ranges. · 

• 
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Note that the validity of the above approach depends on the correctness ofthe assumption 
that the I 000 mg/kg dose of GHB used would be an adequate HD in a carcinogellicity study of 
GHB. This dose was deterniined in mice in a I 0-day rangefinding study (briefly described in 
submission of 7/30/99). The dose range was 1000-4000 mg/kg/day. Dose-related CNS 
depression (prostration, lack of righting reflex, labored breathing, decreased activity) were seen 
for 2-5 hr. post-dose on each day of the study, with "no evidence of tolerance." There was no 
drug effect on bodyweight. It was concluded that 1 000 mglkg "may be considered the MTD of 
sodium GHB administered ora11y in the mouse that could reasonably be expected to be utilized in 
a chronic dosing regimen". In the 14-day bridging study in mice, animals receiving both GHB 
and GBL were said to have had sternal recumbency and hypoactivity on each day. The situation 
in rats is Jess dear. The I 000 mglkg dose of GHB was based on previously conducted subacute 
and chronic toxicity studies, in which this dose caused signs of CNS depression and decreased 
weight gain. (The CAC [meeting 4/27/99] concurred with the use of this dose in an ongoing rat 
carcinogenicity study of GHB, although, due to the possible development of tolerance to the 
decreased weight gain, a possible increase in dose after one year was considered). However, the 
rat strain used in these toxicity studies (SD) was different from that used in the GBL 
carcinogenicity study and in the bridging study (F334). No toxic signs or decreased weight gain 
was seen in the rat bridging study with either GHB or GBL. 

Another caveat in the interpretation of the bridging studies is the possible conversion of 
GBL to GHB in plasma between the time of sampling and the time of assay (up to Yz hour). (We 
had previously asked that the sponsor investigate this, but this was not done). The sponsor stated 
(meeting of 5/21 /99) that although such conversion occurs rapidly in plasma at room 
temperature, it was unlikely to occur at the so C at which the samples were kept. This seems 
plausible in view of the fact that the conversion of GBL to GHB takes place enzymatically (Roth 
and Giannan, Biochem. Pharmacol._li: 177-8, 1965). 

Another area of possible concern is whether steady state plasma levels were reached at 14 
days. The answer to this appears to be yes, since plasma levels of GHB in single dose studies 
(submission of 3/15/99) were similar to (rats) or slightly greater than (mice) these in the 14 day 
studies (both after GHB or GBL administration), and no GHB was present at pre-dosing on days 
12-14 of the 14 day study. These results are expected based on the shortT 1/2.0-3 hr.) of GHB. 

(As noted earlier, the possibility existed that the acceptability of the GBL carcinogenicity 
studies as surrogates for those of GHB could be based on an adequate GHB exposure margin, 
e.g. 25x, compared to humans. However, using a value of 500 ug. hr/ml [submission of 8/9/99, 
p. 66] for a 9 g/day dose in humans [the currently proposed maximum daily dose), this criterion 
was not met; in fact the AUC values for GHB after GBL administration were less than those in 
humans [60-80% of human for mice and female rats; 15% for male rats]) . 
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BEST AVAILABLE COPY 

(sodium oxybate) oral soluti on 
49,641 I S-054 

e 14-DaY 

Sel ected GHB , Pharmacokinetic Parame t~rs Fo ilowing the 

Repeated Oral Administra t ;ion of Either 1000 mg/kg of 

Sodfum GHB o r 525 mg/kg GBL to Male a nd Female Mice 

Dail~ for 14 Days 

Parameter Sodium GHB GBL 

Male · Female Male Female 

' 
(100 0 (1000 (525 mg/kg) ( 52S mg/kg) 

mg/k g} mg/kg) 

T ... x (hr) 0.75 0.33 0 .17 0.17 

c ... (Jlg/mL ) 387.25 306.00 306 .45 274 . 25 

AUCo . t.ast 804.01 ' 423.92 378.87 303 . 98 
' 

( hr-~tg/mL) 

AUC0 _., 809.60 431 .. 67 383.45 30$.57 

( hr -· 119/mL) 

Tin (h r ) 1.17 1.51 1.11 1.88 

Table 3 :_ Ratio of Selected GHB Pharmacokinetic Parameters · 

Fo llowing the Repeated- Oral Administration of Either 

1000· mg/kg of Sodium GHB or 525'_mg/kg GBL to Male and 

Female -Mice Daily for 14 Days 

Ratio (as %) Male Female 

C~. GBL/GHB 79 . 13 89 . 62 

GBL/GHB - 47 . 1 2 71 . 71 

47.36 . AUC0 _., GBL/GHB 

·r·: '\ghb · 
. : posc i nd\ i49641-54\mouserpt.doc Page 11 of ~;:> 
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F ig~re 1 
Plasma Concentrations of GHB Following the Daily .Administration of Either 1000 mg/kg 

NaGHB or 525 mg/kgGBL to Male and Female Mice for14 Days · 
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BEST AVAILABLE 
COPY 

.{sodium cixybate) oral s ·olution 
49 I 641 . I S-054 

e 14-i>ay ·~· 7 

Table 1: Plasma Concentr~tions : of . GHB F<;>llowing the Repeated 

Oral Administration of Either 1 000 mg/kg Sodium GHB or 

525 mg/kg GBL to Male and Femal e Mice Daily for 14 

Da y s 

Time 
(Hours) Sodium GHB GBL 

Male Female Male Female 
(1000 (1000 (525 mg/kg) (525 mg/kg) 

( mg/kg) . mg/kg) 

oa 0 · o 0 0 .. 
Qb 0 0 0 0 

0"" 0 0 0 0 

0 . 17 257.25 190.75 306 .4 5 274.25 

0 . 33 371.50 306 . 00 254.50 200.60 

0.5 357 .7 5 294 . 25 233.50 1 63.75 

0 .75 387 ,25 . 273.00. 282.00 260.50 

1 285.00 168 .00 120.18 140.23 

l.S 218 . 25 96.55 91 . 65 56 .85 

2 109 .43 42.91 41.3 9 17.24 

3 101. 13 7 .54 .. 11 . 88 7 .56 
. . 

4 !;)6.88 22 .53· 7'.80 3. 39 

6 20. 26 11.78 9.21 6 . 93 

8 3, . 31 3. 57 2. 85 2. 55 

10 0 0 0 0 

12 ' 0 0 .0 ' . 0 . 59 

a Pre-Dose , Day 12 
b Pre-Dose, Day 1 3 

· .. (. 

'fl ~ e'f {' -n 0\.Q ,0~ t\.t-c Pr e -Dose, Day 14 N-:. 

r:\ghb\postind\i4964l ·S4\mouser~t.doc Page 10 of l ? 
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xyremn~ (sodium .oxybate) o·ral solution 
IND # 49,641 1 s~os4 

. . · .. : 

Rat 14-Day SUmmary 

Table 2.: 

Parameter 

T.,ax (hr} 

c ... X· (J.lg/mL} 

AUCO· L•st 
(hr -J..Lg/mL) 

AUC0 . ~ 

(hr- J.lg/rnL) 

.T1n (hr) 

· Table 3: 

Selected GHB Pharmacokinetic Parameters Following ·the 

Repeated Oral Administration of Either 1000 mg/kg of 

Sodium .GHB to Male and Female Rats or 225 mg/kg of GBL 

to Male Rats or 450 mg/kg of GBL to Female Rats, Daily 

for 14 Days 

Sodium GHB GBL 

Male Female Male Female 
(1000 (1000 (225 mg/kg) (450 ,mg/kg) 

mg/kg) mg/kg) 
' 

0.75 1 0:33 . 0 .. 5 

351.50 431.75 89.73 304.25 

841.07 869.66 64;34 303.95 

841.80 882 . 77 1s··. 87 3 2 1. 96 

l. 01 1.12 3.30 2 . 72 

. . - . 
Ratio of Selected GHB Pharmacokinetic Parameters 

Following the Repeated Oral Admlnistra.tion Daily for 

14 Days of Either 1000 mg/kg of Sodium GHB to Male arid 

Female Rats or 225 mg/kg of GBL to Male Rats or 450 

mg/kg of GBL to Female Rats 

Ratio (as %) Male Femal e 

C max GBL/.GHB 25.53 70.47 

AUCO· L~st GBL/GHB 7.65 34.95 

AUC0 • ., GBL/GHB 9 . 01 36.47 

3/l S/ 99 Page 11 of 1 2 
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xyremrv (a 
I ND , 49, 64~ I S-054 
Rae 1 4 - Day summary 

. :· 

Figure 1 
Mean Plasma GHB Concentrations Following the Daily Administration of Either Sodium 
Gammq·-hyqroxybutyrate or Gamma-butyrolactone to Male and Female Rats for 14 Days 
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(sodium oxybate ) ora l -solution 
49,641 I s-os4 

14-Day Summary 

Tab l e 1 : Plas ma Con centrat i ons of GHB Fol l owing the Re p ea t e d 

Ora l Adminis tration of· 1000 mg/kg. Sodium GHB t o Male 

a nd F ema l e Ra t s or 225 mg/kg GBL ~o Male Rat s an.d 450 

mg/kg GBL t o Fema l e Rat s, Daily f o r 14 Days 

Time Sodium 
(Ho u rs) 

Ma le 
(1000 

mg /kg) 

oa 0 

ob 0 

0" 0 

0.1 7 79.45 

0:33 202.33 

0.5 262 . 50 

0 . 75 351 . 50 

1 348.75 

l.S 232.00 

2 305.50 

3 . 59.75 

4 53·. 70 

6 12 . 65 

8 4 : 78 

10 0.51 

12 0 

Pre-Dose, Day 12 

Pre-Dose, Day 1 3 

" Pre-Dose, Day 14 

r : \ g hb\pos tind\ i 4 964 1 - 5 4\ r at rpr.t: . doc 

GHB GBL 

Femal e Male Femal e 
(100 0 (22 5 mg/ kg ) (450 mg/k g ) 

mg/kg) 

0 0 0 

0 0 - o· 
0 0 o· 

120.50 71.80 304.25 

258 . 75 89.73 238~45 

426.25 44.85 263 . 00 

369 . 25 9 . 25 139.25 

431.75 6.76 79.23 

299 . 25 2.40 20 .. 98 

258 .00 2.07 16 . 03 

50.03 ., 0 . 93 9.76 

30.28 2.43 5.76 

8.32 . 1.24 3 . 40 

8 . 15 2 . 27 1 2 . 70 

0 3 . 34 8 . 50 
l 

0 2.42 4.59 

"J/lS/99 Page 10 o f 12 
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( CONP'XDENT:IAL 
orphan Medi c al . Xnc . 
xy rem ~ ( sodium o xybate) oral solut i on-IND 4 9 ,641/S-66 

comparison o f AUC 0 . .. Values Following Administr~tion o f 1000 mg/kg 

NaGHB to Mice under 3 Differen t Assumpti ons: as Measured , if 5 0% 

r esponse due t o GBL, if 1 00% r esponse due t o GB.L 

Data Be l ow Repr esen ts As Me a s ured Respo n se 
Dose Test Gende·r Actual AUC SO% 100% Ratio 

Article Value GBL GBL (%) 
1000 NaGHB Female 431.67 

MPK 

1000 NaGHB Ma l e 809.60 

MPK 

525 GBL Female 305 .57 70. 7 9 

MPK 

525 GBL Male 383.4 5 47.36 

MPK 

Data Below Represents 50% · Response Du e to GBL 

in the F i r st 30 Minutes Post-dose 

5 25 GBL Female 266.39 61.71 

MPK 

525 GBL Male 337.54 41.69 

MPK 

Data Below Represents 1 0 0% Response Due t o GBL 

in t he First 30 Minutes Post- dose .. 
525 GBL Female 227.22 52.64 

MPK 

5 25 GBL Male 291.14 35 .96 

MPK 

The assumptions chosen here are extremely exaggerated~ since it 

assumes the half - life of GBL convers i on to GHB in vivo at 37°C 

is much slower than in vitro at 20-25°C . The half-life of GBL 

in plasma at room temperature was 7 minutes and the first 

sample wasn't drawn until 10 minutes, assuming the half-life in 

v ivo was the same as t hat a t room temperature (it is more 

likely to be faster at the higher in vivo temperature); you 

R:\GHB\POSTINO\ghb66.doc , . 

'\ 
\ 



CONCLUSIONS: 

It is concluded that the carcinogenicity study of GBL in mice can serve as an adequate 
evaluation of the carcinogenicity of GHB in this species. The exposure to GHB in the GBL 
study was 36-47% (males) and 53-72%. (females) of the estimated exposure that would have 
occurred at an MTD of GHB. On the other hand, the exposure in the rat study was lower, 
especially in males. (8% and 35% of target in males and females, resp.; the actual values are 
probably lower due to GBL interference as discussed above, although the rat A UCs have as yet 
not been re-calculated to correct for this). In addition, as discussed above it is not clear that the 
dose of GHB used ( 1000 mg/kg) in the bridging study is an MTD in F334 rats; use of a higher 
dose of GHB would lower the above percentages further. The sponsor ha~ already begtm a 2 
year rat carcinogenici ty study wiih GHB. J 

CC: TNQ_4-9., 641, submissions of 3/15/99 and 7/30/99, and division fi le 
(Rosfoff,.:F_itzgerald, Homonnay ·-··-· __ , f91 9)%/CJt 

Barry N. Rosloff, Ph.D. 



)) Reproduction 

i . . 
rhe ... vllowing animal reproduction studies were performed {daily gavage doses in. mglkg in 
)arentheses ): 

1) Segment I rat (1 SO, 350, 1 000) (both sexes treated) 

2) Segment II rat ( 150, 350, 1000) 

3) Segment II rabbit (300, 600, 1200) 

4) Pre- and post-natal rat (150, 350, 1 000) (treatment from day 6 of gestation - day 2 1 PP). 

In the segment I study parental effects were minimal: observed signs consisted of only very 
isolated occurrences of "hypoactivity" in a few HD of both sexes, and a slight decrease in 
bodyweight gain and food consumption was seen in HD M. There were no drug effects on the' usual 
reproductive parameters. 

In the segment II study in rats, which used the same doses as above, 
effects on the dams were also minimal, consisting of only very sporadic occurrences of 
"hypoactivity" in a few HD; 2 of these also had ataxia on 1 day each, and an additional 
HD was prostrate on a single day. Food consumption was equivocally slightly decreased 

. HD during the first week of treatment; there were no drug effects on maternal 
bodyweight. There were no clear drug effects on reproductive parameters or fetal exams 
with the possible exception of a slight increase in "wavy/bent rib(s)" at MD and HD. 

In the segment II study in rabbits, there was an increased incidence of few or no feces among HD 
does. Food consumption was decreased at HD, although there was no clear drug effect on doe 
bodyweight. (All groups, includirig controls, lost bodyweight during · 
the first 2 days of treatment. This loss was slightly greater at HD compared to the other 
groups; however the amount of loss was very small in relation to bodyweights). There 
were no clear: drug effects on reproductive parameters or fetal exams. 

In the pre- and post-natal study in rats, which used the same doses as in the 
segment I and li rat stUdies, maternal effects were, as above, minimal, with observed signs 
consisting ofhypoactivity (sporadic during gestation, more consistent during lactation) and 
sporadic ataxia at HD. Dam food consumption (measured during gestation period only) 
was slightly decreased at HD, mainly during the first week of treatment. Dam bodyweight 
gain was slightly decreased at HD during the first few days of treatment; weights remained 
slightly below controls (3-4%) for the rest of the study. The number of stillborn pups was 
higher at HD (11 /381) than in controls (1/367) but this was not statistically significant. Pup 
survival through day 4 PP was slightly less at HD (94%) than in controls (99%) but this . 
was not statistically significant and was mainly due to effects in a single litter. Pup weights 
were below controls (5-8%) at HD beginning day 4 PP. There were no drug effects on F1 
weight gain, developmental parameters, or reproductive performance. 



In view of the minimal parental effects noted in these reproduction studies, the question of dosage 
· 1dequacy arises. No specific rangefinding studies were apparently performed in rats. However, 
1000 mglkg (the HD in rat reproduction studies) appeared to be an MTD with longer term 
treatment; in the 6 month rat study bodyweights at this dose were below controls from weeks 3-4 
onward; weights near the end of the study were- 90% of control. (In addition, incre~ed mortality 
in males at 1000 mglkg in an ongoing rat carcinogenicity study was reported [submission of 8/8/00 
to IND 49,641], although the relation of this to drug is unclear at this time). Plasma drug levels 
were not measured in the rat reproduction studies; AUC values measured at various times (day 1, 

. weeks 13 and 26) in rat toxicity studies at 1000 mglkg were about 2x that in humans receiving the 
currently proposed maximum recommended dose. (Human AUC was 518 ug.hr/mL after two 4.5 
gram doses given 4 hours apart, as indicated jn volume 1.1, p. 17 5) 

In rabbits, a rangefinding study was done (in pregnant animals) which used an HD of 1800 mg!kg; 
although a concurrent control group was not used, it appeared that this dose had effects similar to 
those seen at 1200 mglkg (the HD) in the main rabbit study, and thus it is not clear that 1800 
mg/kg or higher could not have been used In the main study. Plasma drug levels were measured in 
the main rabbit study; however this was done only in 3 LD and 3 HD on gestation days 7 and 20, 
and levels were only measured at 15, 30, and 60 minutes post dose. Since levels were highest at 
the latter time point ; neither Cmax or AUC can be calculated; however it may be noted that the 
mean levels seen at 60 minutes in HD rabbits (data shown earlier in this review) were 2-3x the 
mean human Cmax of 142 ug/mL (obtained after the second of two 4.5 gram doses given 4 hours 
apart, as shown in vol. 1.1, p. 175). · 

)verall, although it is likely that higher doses could have been used in these reproduction studies, 
it is concluded that these studies were adequate. 

E) Genotoxicitv 

GHB was negative in an Ames test, an in vitro .chromosomal aberration study in CHO cells, and 
a rat micronucleus assay. (The doses used in the latter could probably have been higher; only slight 
"hypoactivity'' [not further described] was seen at the highest dose of 2000 mglkg p.o. On the other 
hand, as noted earlier, a dose of I 000 mglkg was shown to be an MTD with chronic treatment in rats 
and resulted in plasma AUCs about 2x those seen in humans at the currently recommended 
maximum dose. In view of the fact that GHB was negative in the in vitro genotoxicity assays and the 
fact that GBL does not appear to be carcinogenic (and assuming that the ongoing rat study with 
GHB also shows a lack of carcinogenicity], further genotoxicity testing does not appear to be 
warranted at this time). 



LABELING 

A) Clinical Pharmacology/Mechanism of Action section 

This section as proposed by the sponsor is too long, and contains information of little or no 
practical use to the prescriber. The first paragraph should read: 

r-------------------------------------.(b)(4l 

1._ 

The fo1Jowing paragraph, discussing effects of oxybate on sleep architecture, could remain 
p ending determination by the clinical reviewer of its accuracy and relevance to clinical outcome. 

B) Carcinogenicity, Mutagenicity, Impairment of Fertility section 

The ~rst paragraph should be re-written as fo11ows: 

Oral carcinogenicity studies have been conducted in rats and mice with gamma
butyrolactone, a compound which is metabolized to oxybate in vivo, with no clear evidence 
of carcinogenic potential. Plasma levels (AUC) of oxybate .achieved in these studies were 

. estimated to be approximately 1/2 (mice and female rats) and 1/lO·(male rats) those seen in 
humans receivin the maximum recommended daily dose of oxybate. <6><

41 
(b)(4J . . 

The second paragraph should be re-written as folJows: 

Oxybate was negative in the Ames microbial mutagen test, an in vitro chromosomal 
aberration assay in CHO cells, alid an in vivo rat micronucleus assay. 

The third paragraph should be re-written as follows: 

Oxybate did not impair fertility in rats at doses up to 1000 mg/kg (approximately 
equal to the maximum recommended human daily dose on a mg/m2 basis) • 

. C) Pregnancy section 

This section should be re-written as follows: 

Pregnancy Category B: Reproduction studies conducted in pregnant rats at doses up to 
1000 niglkg (approximately equal to the maximum recommended human daily dose on a 
mg/m2 basis) and in pregnant rabbits at doses up to 1200 mglkg (approximately 3 times the 
maximum recommended human daily dose on a mg/m2 basis) revealed no evidence of 
teratogenicity. In a study in which rats were given oxybate from day 6 of gestation through 
day 21 post-partum, slight decreases in pup and maternal weight gains were seen at 1000 



{ 

mg/kg; there were no drug effects on other developmental parameters. There are, however, 
... (No changes to remainder of paragraph). 

APPEARS THIS WAY ON ORIGINAL 

·' 



RECOMMENDATIONS 

This NDA is approvable. 

As noted above, a rat carcinogenicity study is currently underway and should be submitted post
marketing. 

Barry N. Rosloff, Ph.D. 
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