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A 4-week Repeated Dose Toxicity Study of Glycine in Rats by 
Gavage Administration
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Abstract: In order to examine the toxicity profile of glycine, an authorized food additive, a solution of glycine in water for injection 
was administered orally (via gavage) to male SD rats (Crl:CD(SD)) once daily for 4 weeks at doses of 500, 1000 and 2000 mg/kg/day 
in a volume of 10 mL/kg. Control animals received vehicle only. No animals died, and no glycine-related changes were observed in 
body weight, food consumption, water consumption, hematology, organ weight, gross pathological examination or histopathological 
examination. In urinalysis, daily urinary volume and urinary Cl excretion were significantly higher in the 2000 mg/kg/day dose group, 
and urine pH and urinary protein showed lower trends in the glycine-treated groups. However, these changes were considered to be 
of little toxicological significance, because there were no histopathological changes in the kidneys or urinary bladder and no changes 
in other urinary parameters. As regards blood chemistry, phospholipids were significantly higher in the 2000 mg/kg/day dose group. 
However, the increase was small and was not considered to be toxicologically significant. In conclusion, none of the animals in any of 
the glycine-treated groups showed changes that were considered toxicologically significant. Therefore, the no-observed-adverse-effect 
level of glycine was estimated to be at least 2000 mg/kg/day under the conditions of this study. (DOI: 10.1293/tox.2013-0026; J Toxicol 
Pathol 2013; 26: 405–412)
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Introduction

Glycine, the only amino acid having no asymmetric 
carbon, is the smallest of the 20 amino acids commonly 
found in proteins, and is not an essential amino acid, as it is 
biosynthesized in the body from serine. Pharmacologically, 
glycine acts as an inhibitory neurotransmitter in the central 
nervous system, especially in the spinal cord, brainstem, 
and retina. Due to its flavor-enhancing, antimicrobial, che-
lating and buffering actions, glycine is widely used as a food 
additive in Japan. In recent years, glycine has also come to 
be used as a supplement, such as a sleep aid.

There have been a relatively small number of toxicity 
studies of glycine, possibly because glycine is thought to be 
a highly safe substance1. The oral LD50 in rats is high (7930 
mg/kg)2 and results of genotoxicity studies are negative3. In 
contrast, necrotic and neoplastic changes in renal papillae 
were reported in a carcinogenicity study in rats4. However, 
its toxicity profile has not yet been comprehensively estab-

lished, and no reports were found regarding oral (via gavage) 
repeated-dose general toxicity studies of glycine. Therefore, 
the aim of the present study was to further examine the tox-
icity of glycine by means of a 4-week, repeated-dose gavage 
administration study in rats.

Materials and Methods

Animals and animal husbandry
Five-week-old male Sprague-Dawley rats (Crl: CD 

(SD)) were purchased from Charles River Laboratories Ja-
pan Inc. (Kanagawa, Japan) and allowed ad libitum access 
to tap water and a gamma-ray sterilized powder diet (CRF-
1; Oriental Yeast Co., Ltd., Tokyo, Japan). All animals were 
housed individually in metallic bracket cages in a breeding 
room kept at temperature of 20 to 26°C and a relative hu-
midity of 30 to 70%, with an air ventilation cycle of 10 to 
15 times/hour (all-fresh air ventilation) and a 12-hour light/
dark cycle (light on from 7 a.m. to 7 p.m.). They were al-
lowed to acclimate for 6 days prior to experimentation and 
then were randomly allocated to four groups. Body weight 
at the start of experiments was in the range of 193.9 to 215.1 
g. All animals were treated humanely according to institu-
tional guidelines, and the experimental procedure was ap-
proved by the institutional ethics committee.

Received: 14 May 2013, Accepted: 23 August 2013
*Corresponding authors: Y Shibui (e-mail: yusuke_shibui@ajino-
moto.com) and T Miwa
©2013 The Japanese Society of Toxicologic Pathology
This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial No Derivatives (by-nc-
nd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.

http://creativecommons.org/licenses/by-nc-nd/3.0/


Four-Week Toxicity of Glycine in Rats406

Test article and dosage preparation
Glycine (lot M5G2082; purity 100.0%) was purchased 

from Nacalai Tesque, Inc. (Kyoto, Japan), and stored in an 
airtight container at room temperature. Water for injec-
tion (D.W., lot 5A88; Otsuka Pharmaceutical Factory Inc., 
Tokushima, Japan) was used as the vehicle and negative 
control. Glycine solution in D.W. was prepared once a day 
at the time of use.

Treatment
Three groups of 6 male rats were treated with glycine 

solution once daily by oral gavage at doses of 500, 1000, or 
2000 mg/kg/day in a volume of 10 mL/kg for 28 consecu-
tive days. The high-dose level was set at 2000 mg/kg/day, 
which is the maximum dose concentration in oral gavage 
recommended in the guideline 5. The middle- and low-dose 
levels were set at 1000 and 500 mg/kg/day at a common ra-
tio of 2. Animals in the control group were given the vehicle 
only. The duration of administration was set at four weeks 
in order to obtain information on the possible health hazards 
likely to arise from repeated exposure over a relatively lim-
ited period of time.

Clinical evaluations
All animals were examined twice daily (pre-dose and 

post-dose) for clinical signs. Individual body weights were 
recorded for all animals on days 1, 3, 8, 15, 22 and 28 and 
on the day of necropsy. Food consumption and water con-
sumption on days 2–3, 7–8, 14–15, 21–22 and 27–28 was 
measured individually for all animals.

Clinical laboratory evaluations
Urinalysis, hematology and blood chemistry parame-

ters were evaluated on the day of scheduled necropsy. Urine 
samples were collected for approximately 18 hours from in-
dividual animals placed in metabolism cages. Urine volume 
(U. Vol), specific gravity (S.G., digital urine gravity refrac-
tometer), pH, glucose, protein, occult blood, ketone, biliru-
bin and urobilinogen were measured using an automated 
urine analyzer (CliniTek 500, Bayer Medical), and total 
amounts of sodium, potassium and chloride ions excreted 
were measured using a fully automatic electrolyte analyzer 
(A&D, EA06T). Blood samples were collected from the cau-
dal vena cava under ether anesthesia prior to necropsy for 
hematology and blood chemistry. Blood samples containing 
EDTA-2K as an anticoagulant were analyzed for red blood 
cell count (RBC), hemoglobin (HGB), hematocrit (HCT), 
mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration 
(MCHC), platelet count and white blood cell count (WBC) 
using a multi blood testing device (THMS H1E, Bayer 
Sankyo). Blood smears were prepared using an automatic 
centrifugal concentrator (806-0400, Hitachi) and stained 
with May-Grunwald Giemsa using an automatic stainer 
(806-0100, Hitachi) for differential white blood cell counts, 
including neutrophil count and percentage (NEUT), lym-
phocyte count (sum of the lymphocyte count and large un-

stained cell count) and percentage (LYM), monocyte count 
and percentage (MONO), eosinophil cell count and percent-
age (EOS) and basophil count and percentage (BASO). Re-
ticulocytes were counted using an automated reticulocyte 
analyzer (R-3500, Sysmex). Blood samples anticoagulated 
with trisodium citrate were used for measurement of pro-
thrombin time (PT), activated partial thromboplastin time 
(APTT) and fibrinogen (Fbg) with a fully automated blood 
coagulation analyzer (CA-5000, Sysmex). Blood plasma 
samples obtained from heparinized blood were evaluated 
for lactic dehydrogenase (LDH), creatine phosphokinase 
(CPK), glutamate and oxaloacetate transaminase (GPT), 
alkaline phosphatase (ALP), total bilirubin (T-BIL), creati-
nine (CRE), urea nitrogen (BUN), triglyceride (TG), total 
cholesterol (T-CHO), phospholipid (PL), glucose (GLU), so-
dium ion (Na), potassium ion (K), chloride ion (Cl), calcium 
(Ca), inorganic phosphorus (IP) and total protein (TP) using 
an automatic analyzer for clinical chemistry (TBA-120FR, 
Toshiba). Serum protein was examined with a Rapid Elec-
troPhoresis system (Helena Laboratories, Beaumont, TX, 
USA) to determine the albumin/globulin ratio (A/G), albu-
min (ALB), α1 globulin ratio (ALPHA1), α2 globulin ratio 
(ALPHA2), beta globulin ratio (BETA) and gamma globulin 
ratio (GAMMA).

Postmortem evaluations
On the day after the last treatment, all animals were 

euthanized by exsanguination from the abdominal aorta un-
der ether anesthesia and were subjected to a complete gross 
pathological examination, including external appearance 
and the peritoneal, pleural and cranial cavities. Although 
the use of ether as an anesthetic in research animals is now 
strongly discouraged, the experiment in this report was per-
formed in 2005, when ether was a more general anesthetic 
than today. The following organs were excised and weighed: 
brain, pituitary, thymus, submaxillary glands (Submax.G., 
submandibular glands and sublingual glands), heart, spleen, 
liver, kidneys, adrenal glands, and testes. The tissues and 
organ samples were the treated as follows. Neutral buffered 
10% formalin solution was used for fixation and preservation 
except for the testes, which were processed in Bouin’s fixa-
tive. Tissues were prepared for histopathological examina-
tion by embedding in paraffin wax, sectioning and staining 
with hematoxylin and eosin. Tissues and organs examined 
were skin, mammary gland, cerebrum, cerebellum, adrenal 
glands, spinal cord, lungs, thymus, sublingual gland, sub-
mandibular gland, tongue, exorbital lacrimal gland, man-
dibular lymph node, liver, heart, spleen, kidneys, stomach 
(forestomach and glandular stomach), duodenum, pancreas, 
jejunum, ileum, cecum, colon, mesenteric lymph node, thy-
roid glands, parathyroid glands, trachea, esophagus, pitu-
itary, aorta, skeletal muscle, sciatic nerve, eyes, Harderian 
glands, urinary bladder, prostate, seminal vesicles, coagu-
lating gland, testes, epididymides, bone marrow (sternum) 
and auricle on the side of an ear tag.
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Data analysis
Body weight, food consumption, water consumption, 

urinalysis, hematology, blood chemistry, and organ weight 
data were recorded using a MiTOX RDT system. Numerical 
data obtained during the study were used to calculate group 
mean values and standard deviations. Group variances for 
the appropriate parameters were compared using Bartlett’s 
method. When the differences between group variances 
were not significant, Dunnett’s multiple comparison method 
was applied to determine the significance of differences be-
tween the control group and each glycine-treated group. If 
the Bartlett’s test indicated significant differences between 
group variances for a given parameter, that parameter was 
compared among groups using the Steel’s multiple compari-
son method for mean ranking. The criterion of significance 
was an alpha level of 0.05 or 0.01.

Results

There were no deaths during the administration period 
in any of the study groups. No clinical signs were observed 

during the 4-week administration period. There were no 
significant differences in body weight (Table 1), food con-
sumption (Table 2) and water consumption (Table 3) be-
tween the glycine-treated groups and the control group.

Daily urine volume and total amount of Cl excretion 
were significantly higher (p<0.05) in the 2000 mg/kg dose 
group, and urine pH and urinary protein showed lower 
trends in the glycine-treated groups. There were no changes 
in other urinary parameters (Table 4). There were no sig-
nificant differences in hematology parameters between the 
glycine-treated groups and control group (Table 5). The 
phospholipids level was significantly higher (p<0.05) in the 
glycine 2000 mg/kg dose group than in the control group 
(Table 6). No other significant differences in blood chem-
istry between glycine-treated groups and the control group 
were found.

There were no significant differences in absolute or 
relative organ weights between the glycine-treated groups 
and control group (Tables 7 and 8). No treatment-related 
gross pathological findings were observed at the end of the 
administration period (Table 9). There were no treatment-

Table 1.	 Body Weight (Unit: g)

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

Day 1 205.12 ± 6.86 203.28 ± 3.76 203.35 ± 7.18 205.15 ± 6.47
Day 3 222.47 ± 9.91 219.57 ± 5.03 218.60 ± 7.67 221.05 ± 7.53
Day 8 265.83 ± 16.62 263.32 ± 6.34 262.87 ± 14.35 266.18 ± 9.41
Day 15 314.68 ± 20.14 309.90 ± 8.75 313.65 ± 21.58 315.00 ± 15.61
Day 22 353.75 ± 24.20 344.38 ± 12.62 356.92 ± 29.48 356.15 ± 19.72
Day 28 381.43 ± 23.96 372.78 ± 15.83 390.75 ± 36.03 387.75 ± 25.98

Values are means ± S.D.

Table 2.	 Food Consumption (Unit: g)

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

Day 3 23.27 ± 2.96 23.67 ± 1.34 23.25 ± 1.96 22.37 ± 2.51
Day 8 24.28 ± 3.43 27.02 ± 4.49 25.07 ± 2.64 25.55 ± 4.08
Day 15 26.62 ± 3.88 26.32 ± 3.56 25.08 ± 2.34 25.80 ± 4.26
Day 22 26.50 ± 5.36 23.62 ± 2.52 24.65 ± 2.49 24.48 ± 2.29
Day 28 24.55 ± 2.57 22.75 ± 2.46 25.38 ± 3.17 25.18 ± 2.48

Values are means ± S.D.

Table 3.	 Water Consumption (Unit: g)

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

Day 3 30.47 ± 4.16 31.43 ± 3.63 31.15 ± 4.56 32.75 ± 4.99
Day 8 30.37 ± 5.24 31.43 ± 2.51 32.42 ± 5.08 37.10 ± 5.23
Day 15 33.78 ± 5.87 31.58 ± 4.61 32.80 ± 5.26 35.03 ± 4.41
Day 22 32.53 ± 4.36 29.57 ± 3.72 32.33 ± 6.41 37.52 ± 4.58
Day 28 35.32 ± 8.90 29.53 ± 3.89 30.07 ± 4.88 37.12 ± 5.80

Values are means ± S.D.
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related histopathological findings in any of the tissues and 
organs examined (Table 10). Microscopic findings noted 
in treated animals were considered incidental changes, as 
they also occurred in controls, were of low incidence, had 
no dose-dependency of incidence or severity and/or were 
common background findings with regard to the species of 

same strain, sex and age.

Discussion

In the present study on oral toxicity of glycine in rats, 
no deaths or treatment-related effects on clinical signs were 

Table 4.	 Urinalysis

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

U. Vol. (mL/day) 10.9 ± 5.2 
6

16.0 ± 6.7 
6

14.5 ± 10.5 
6

25.7 ± 10.9* 
6

S.G. 1.035 ± 0.019 
6

1.021 ± 0.012 
6

1.032 ± 0.018 
6

1.018 ± 0.007 
6

Na (mEq/day) 0.27 ± 0.08 
5

0.41 ± 0.27 
6

0.35 ± 0.45 
6

0.34 ± 0.10 
5

K (mEq/day) 1.14 ± 0.52 
6

1.86 ± 1.35 
6

1.38 ± 1.03 
6

1.25 ± 0.39 
6

Cl (mEq/day) 0.28 ± 0.05 
5

0.55 ± 0.44 
5

0.38 ± 0.31 
5

0.52 ± 0.18* 
5

pH 5.0 0 0 0 0
5.5 0 0 0 0
6.0 0 1 1 3
6.5 3 3 4 3
7.0 3 2 1 0
7.5 0 0 0 0
8.0 0 0 0 0
8.5 0 0 0 0
9.0 0 0 0 0

Glucose - 6 6 6 6
+/- 0 0 0 0
+ 0 0 0 0
2+ 0 0 0 0
3+ 0 0 0 0

Protein - 0 0 0 0
+/- 1 4 2 6
+ 2 2 3 0
2+ 3 0 1 0
3+ 0 0 0 0

Occult-b - 6 6 6 6
+/- 0 0 0 0
+ 0 0 0 0
2+ 0 0 0 0
3+ 0 0 0 0

Ketone - 0 0 1 0
+/- 4 4 3 5
+ 2 2 2 1
2+ 0 0 0 0
3+ 0 0 0 0

Bilirubin - 6 6 5 6
+ 0 0 1 0
2+ 0 0 0 0
3+ 0 0 0 0

Urobilinogen +/- 3 6 5 6
+ 3 0 1 0
2+ 0 0 0 0
3+ 0 0 0 0
4+ 0 0 0 0

Values are means ± S.D. Values below mean ± SD values are the numbers of animals examined. Significantly different from the control: 
* P ≤ 0.05. Values for pH, Glucose, Protein, Occult-b, Ketone, Bilirubin and Urobilinogen are numbers of animals.
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seen during the 4-week administration period, and there 
were no significant changes in body weight, food consump-
tion, water consumption or hematology that were attributed 

to the administration of glycine. Statistically significant in-
creases in daily urinary volume and total amount of urinary 
Cl, and declining trends in urine pH and urinary protein 

Table 5.	 Hematology

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6
RBC (106/mm3) 7.86 ± 0.22 7.97 ± 0.25 7.76 ± 0.43 7.67 ± 0.27
HGB (g/dL) 15.6 ± 0.5 15.5 ± 0.2 15.5 ± 0.6 15.3 ± 0.5
HCT (%) 46.0 ± 1.7 46.0 ± 0.8 45.2 ± 1.4 45.1 ± 1.3
MCV (fL) 58.6 ± 2.3 57.8 ± 1.8 58.3 ± 2.5 58.8 ± 1.6
MCH (pg) 19.8 ± 0.7 19.4 ± 0.8 20.0 ± 1.0 20.0 ± 0.6
MCHC (g/dL) 33.9 ± 0.4 33.6 ± 0.6 34.2 ± 0.6 34.0 ± 0.5
Reticulocytes (%) 2.38 ± 0.32 2.27 ± 0.14 2.67 ± 0.14 2.45 ± 0.28
Reticulocytes (104/µL) 19.09 ± 2.77 18.49 ± 1.34 21.23 ± 1.59 19.12 ± 1.87
PLT (103/mm3) 988 ± 125 965 ± 81 909 ± 75 987 ± 56
PT (sec) 26.5 ± 8.4 29.1 ± 4.5 25.5 ± 5.8 27.8 ± 7.4
APTT (sec) 30.4 ± 3.7 30.4 ± 1.8 28.1 ± 3.9 30.4 ± 4.4
Fbg (mg/dL) 209.7 ± 3.7 211.7 ± 16.6 203.4 ± 13.6 199.0 ± 16.2
WBC (103/mm3) 10.31 ± 1.38 9.71 ± 2.73 10.45 ± 1.89 9.89 ± 2.73
NEUT (%) 13.9 ± 4.6 15.9 ± 6.7 17.9 ± 5.1 16.1 ± 2.5
LYM (%) 82.1 ± 3.7 78.9 ± 5.8 77.2 ± 4.3 79.0 ± 2.8
MONO (%) 2.7 ± 1.1 3.6 ± 1.2 2.9 ± 0.8 3.1 ± 1.0
EOS (%) 0.9 ± 0.3 1.2 ± 0.5 1.5 ± 0.5 1.2 ± 0.2
BASO (%) 0.5 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.5 ± 0.1
NEUT (103/mm3) 1.44 ± 0.51 1.57 ± 0.82 1.91 ± 0.78 1.61 ± 0.57
LYM (103/mm3) 8.45 ± 1.15 7.64 ± 2.14 8.04 ± 1.31 7.78 ± 2.02
MONO (103/mm3) 0.27 ± 0.12 0.33 ± 0.13 0.29 ± 0.06 0.33 ± 0.17
EOS (103/mm3) 0.09 ± 0.04 0.11 ± 0.07 0.15 ± 0.07 0.12 ± 0.03
BASO (103/mm3) 0.05 ± 0.01 0.06 ± 0.02 0.06 ± 0.02 0.05 ± 0.02

Values are means ± S.D. 

Table 6.	 Blood Chemistry

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6
LDH (IU/L) 190 ± 37 194 ± 38 190 ± 56 204 ± 50
CPK (IU/L) 181 ± 28 174 ± 29 185 ± 28 188 ± 29
GOT (IU/L) 75 ± 7 72 ± 12 69 ± 3 76 ± 10
GPT (IU/L) 29 ± 4 27 ± 3 24 ± 3 29 ± 6
ALP (IU/L) 650 ± 117 666 ± 125 588 ± 127 483 ± 143
T-BIL (mg/dL) 0.07 ± 0.01 0.08 ± 0.01 0.08 ± 0.01 0.08 ± 0.01
CRE(mg/dL) 0.20 ± 0.04 0.21 ± 0.03 0.21 ± 0.03 0.21 ± 0.02
BUN (mg/dL) 11.5 ± 1.9 11.2 ± 1.1 11.4 ± 1.4 11.4 ± 1.5
TG (mg/dL) 35 ± 9 55 ± 20 50 ± 21 60 ± 17
T-CHO (mg/dL) 53 ± 9 56 ± 7 58 ± 11 61 ± 10
PL (mg/dL) 86 ± 12 94 ± 13 96 ± 12 104 ± 12*
GLU (mg/dL) 125 ± 11 122 ± 15 120 ± 7 121 ± 8
Na (mmol/L) 144.0 ± 1.5 143.7 ± 1.6 143.5 ± 1.2 143.5 ± 1.3
K (mmol/L) 3.63 ± 0.20 3.59 ± 0.15 3.63 ± 0.11 3.57 ± 0.17
Cl (mmol/L) 104.2 ± 1.4 104.4 ± 1.1 103.6 ± 1.9 104.0 ± 1.5
Ca (mg/dL) 10.2 ± 0.1 10.0 ± 0.2 10.3 ± 0.3 9.9 ± 0.2
IP (mg/dL) 7.9 ± 0.6 8.0 ± 0.9 8.1 ± 0.8 8.0 ± 0.6
TP (g/dL) 5.94 ± 0.21 5.92 ± 0.12 5.92 ± 0.20 5.79 ± 0.29
A/G 0.83 ± 0.05 0.83 ± 0.05 0.85 ± 0.08 0.87 ± 0.05
ALB (g/dL) 2.70 ± 0.07 2.70 ± 0.06 2.76 ± 0.11 2.70 ± 0.11
ALPHA1 (g/dL) 1.37 ± 0.04 1.32 ± 0.09 1.32 ± 0.18 1.33 ± 0.10
ALPHA2 (g/dL) 0.50 ± 0.02 0.50 ± 0.02 0.48 ± 0.02 0.49 ± 0.04
BETA (g/dL) 1.28 ± 0.11 1.30 ± 0.05 1.26 ± 0.10 1.20 ± 0.07
GAMMA (g/dL) 0.09 ± 0.03 0.10 ± 0.03 0.09 ± 0.03 0.07 ± 0.02

Values are means ± S.D. Significantly different from the control: * P ≤ 0.05.
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in the glycine 2000 mg/kg dose group were considered to 
be of little toxicological significance, because there were 

no histopathological correlates in the kidneys and urinary 
bladder and no changes in kidney weight or other urinary 
parameters. The small, but statistically significant, increase 
in phospholipids in blood chemistry in the 2000 mg/kg dose 
group was not considered to be toxicologically significant. 
There were no treatment-related changes in organ weights, 
gross pathological or histopathological findings at any dose 
examined.

In a previous 2-year carcinogenicity study of glycine 
in rats by drinking-water administration4, decreased CPK, 
necrosis in the renal papillae, papillomas in the renal pelvis 
and several other changes were reported. However, in the 
present study, we did not observe decreased CPK or glycine-
related histopathological changes in the kidney. In contrast, 
we observed an increased volume of urine and total amount 
of urinary Cl and decreased trends of urine pH and urinary 
protein in the glycine-treated groups in our study, though 
these changes were not reported in the 2-year carcinoge-

Table 7.	 Organ Weight

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

Body Weight (g) 356.6 ± 23.3 346.4 ± 14.4 364.8± 32.3 363.5 ± 25.0
Brain (g) 2.024 ± 0.053 2.003 ± 0.093 1.967 ± 0.051 1.951 ± 0.135
Pituitary (mg) 13.0 ± 1.8 12.0 ± 2.0 13.3 ± 1.0 12.8 ± 1.2
Submax.g (g) 0.709 ± 0.088 0.671 ± 0.044 0.695 ± 0.043 0.710 ± 0.084
Thymus (g) 0.448 ± 0.102 0.492 ± 0.128 0.524 ± 0.096 0.474 ± 0.100
Heart (g) 1.342 ± 0.122 1.302 ± 0.057 1.375 ± 0.157 1.347 ± 0.112
Liver (g) 10.56 ± 1.18 10.05 ± 0.45 10.57 ± 1.39 10.88 ± 1.26
Spleen (g) 0.691 ± 0.088 0.668 ± 0.090 0.694 ± 0.067 0.643 ± 0.157
Kidney-R (g) 1.447 ± 0.106 1.314 ± 0.100 1.427 ± 0.145 1.478 ± 0.131
Kidney-L (g) 1.441 ± 0.074 1.325 ± 0.133 1.422 ± 0.164 1.405 ± 0.130
Adrenal-R (mg) 31.0 ± 5.2 29.2 ± 3.4 32.0 ± 6.3 30.7 ± 3.9
Adrenal-L (mg) 31.5 ± 3.7 30.3 ± 3.2 33.5 ± 7.7 34.0 ± 4.6
Testis-R (g) 1.619 ± 0.113 1.563 ± 0.097 1.568 ± 0.123 1.651 ± 0.127
Testis-L (g) 1.605 ± 0.119 1.518 ± 0.126 1.594 ± 0.121 1.659 ± 0.114

Values are means ± S.D. 

Table 8.	 Relative Organ Weight

Test article D.W. Glycine Glycine Glycine
Dose 0 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg
Number of animals 6 6 6 6

Body Weight (g) 356.6 ± 23.3 346.4 ± 14.4 364.8 ± 32.3 363.5 ± 25.0
Brain (g/100 g) 0.570 ± 0.036 0.579 ± 0.018 0.542 ± 0.043 0.538 ± 0.042
Pituitary (mg/100 g) 3.639 ± 0.389 3.469 ± 0.580 3.667 ± 0.280 3.541 ± 0.359
Submax.G (mg/100 g) 198.6 ± 17.2 193.7 ± 11.1 192.1 ± 25.6 195.2 ± 18.7
Thymus (mg/100 g) 126.4 ± 31.5 141.9 ± 35.7 143.5 ± 22.6 130.0 ± 24.0
Heart (mg/100 g) 376.3 ± 24.4 376.4 ± 20.2 376.4 ± 14.8 370.6 ± 19.4
Liver (g/100 g 2.956 ± 0.159 2.904 ± 0.118 2.888 ± 0.178 2.987 ± 0.156
Spleen (mg/100 g) 193.7 ± 20.6 192.6 ± 20.6 191.8 ± 26.9 176.5 ± 39.6
Kidney-R (mg/100 g) 406.8 ± 33.6 379.1 ± 16.8 391.0 ± 12.0 406.2 ± 15.4
Kidney-L (mg/100 g) 405.1 ± 26.9 382.0 ± 25.9 389.2 ± 22.9 386.3 ± 20.5
Adrenal-R (mg/100 g) 8.65 ± 0.89 8.44 ± 1.13 8.80 ± 1.73 8.47 ± 1.26
Adrenal-L (mg/100 g) 8.82 ± 0.71 8.79 ± 1.20 9.21 ± 2.16 9.38 ± 1.30
Testis-R (mg/100 g) 456.3 ± 50.7 452.2 ± 36.7 431.8 ± 41.9 456.6 ± 55.5
Testis-L (mg/100 g) 452.7 ± 56.5 439.4 ± 45.8 439.9 ± 54.3 459.2 ± 56.7

Values are means ± S.D. 

Table 9.	 Gross Pathological Findings

Sex Male

Test article Vehicle 
(D.W.) Glycine

Dose (mg/kg) - 500 1000 2000
Number of animals 6 6 6 6
Number examined 
No abnormalities detected

6 
4

6 
5

6 
5

6 
6

Organs & findings
Epididymis 

White area 0 1 0 0
Kidney 

Depressed area/s 
(unilateral) 2 0 1 0
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Table 10.	 Histopathological Findings

Sex Male

Test article Vehicle 
(D.W.) Glycine

Dose (mg/kg) - 500 1000 2000
Number of animals 6 6 6 6

Organs & Findings
Adrenal gland

Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Aorta
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Brain
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Cecum
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Coagulating gland
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Colon
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Duodenum
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Epididymis
Number examined 6 6 6 6
No abnormalities detected 6 5 6 6
Sperm granuloma 0 1 0 0

Esophagus
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Extraorbital lacrimal gland
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Eye
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Harderian gland
Number examined 6 6 6 6
No abnormalities detected 6 4 6 6
Focal dilatation of glands 0 1 0 0
Focal mononuclear cell Infil-

tration 0 1 0 0

Heart
Number examined 6 6 6 6
No abnormalities detected 3 4 5 5
Focal mononuclear cell infil-

tration 3 2 1 1

Ileum
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Jejunum
Number examined 6 6 6 6
No abnormalities detected 2 3 4 4
Mineralization in Peyer’s patch 4 3 2 2

Kidney
Number examined 6 6 6 6
No abnormalities detected 3 2 4 4
Basophilic tubules (minimal) 0 2 1 1
Focal mononuclear cell infil-

tration 2 2 2 1

Hyaline cast 1 1 0 0

Liver
Number examined 6 6 6 6
No abnormalities detected 2 2 0 0
Diffuse erythrophagocytosis 0 0 0 1
Focal neutrophil infiltration 

(minimal) 0 0 0 1

Focal necrosis 0 0 0 1
Microgranuloma (minimal) 4 3 5 5
Perilobular fatty change 

(minimal) 0 1 2 2

Lung
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Lymph nodes – cervical
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Lymph nodes – mecenteric
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Mammary gland
Number examined 3 5 6 6
No abnormalities detected 3 5 6 6

Pancreas
Number examined 6 6 6 6
No abnormalities detected 6 3 5 5
Focal acinar cell atrophy with 
cellular infiltration 0 1 0 0

Increased single cell necrosis 
(minimal) 0 2 1 0

Vacuolation of acinar cells 
(minimal) 0 0 0 1

Parathyroid gland
Number examined 6 6 5 6
No abnormalities detected 6 6 5 6

Pituitary gland
Number examined 6 6 6 6
No abnormalities detected 5 6 6 5
Cysts in pars distalis 0 0 0 1
Cysts in pars intermedia 1 0 0 0

Prostate
Number examined 6 6 6 6
No abnormalities detected 4 5 5 6
Fresh hemorrhage 0 0 1 0
Mononuclear cell infiltration 

(minimal) 2 1 1 0

Sciatic nerve
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Seminal vesicle
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Skeletal muscle
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Table 10. 	Continued
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nicity study. The differences in these results are probably 
mainly attributable to differences in the experimental de-
sign, including the duration and/or the administration meth-
od. Still, we would like to point out that there is a possibility 
that some changes related to these alterations in urine prop-
erties may have led to the necrosis in the renal papillae and/
or papillomas in the renal pelvis. However, the relationships 
between these changes remain to be determined.

In conclusion, once-daily oral administration of gly-
cine at 500, 1000, or 2000 mg/kg/day in a volume of 10 mL/
kg for 4 weeks to male SD rats (Crl: CD (SD)) caused no 
toxicologically significant change in the animals. The no-
observed-adverse-effect level of glycine is at least 2000 mg/
kg under the conditions of this study.

Conflict of Interest: We certify that there is no actual 
or potential conflict of interest in relation to this article.
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Skin
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Spinal cord
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Spleen
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Sternum (Bone marrow)
Number examined 6 6 6 6
No abnormalities detected 6 6 6 5
Increased fat cells (minimal) 0 0 0 1

Stomach
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Sublingual gland
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Submandibular gland
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Testis
Whole

Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Stages I-VI
Number examined 6 6 6 6
No abnormalities detected 2 1 3 3
Degeneration/necrosis of sper-

matocyte (minimal) 4 5 3 3

Multinucleated giant cell 
(minimal) 0 1 0 0

Stages VII-VIII
Number examined 6 6 6 6
No abnormalities detected 4 6 6 6
Degeneration/necrosis of sper-

matocyte (minimal) 2 0 0 0

Stages IX-XI
Number examined 6 6 6 6
No abnormalities detected 5 4 5 4
Degeneration/necrosis of sper-
matocyte (minimal) 1 2 1 2

Stages XII -XIV
Number examined 6 6 6 6
No abnormalities detected 0 0 0 2
Degeneration/necrosis of sper-

matocyte (minimal) 6 6 6 4

Thymus
Number examined 6 6 6 6
No abnormalities detected 6 5 6 4
Fresh hemorrhage (minimal) 0 1 0 2

Thyroid gland
Number examined 6 6 6 6
No abnormalities detected 5 3 5 5
Ultimobranchial body 1 3 1 1

Tongue
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Trachea
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Urinary bladder
Number examined 6 6 6 6
No abnormalities detected 6 6 6 6

Table 10.	 C ontinued
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