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Abstract: We determined the serum uric acid-lowering effects of combined daily supplementation of
glycine and tryptophan in patients with mild hyperuricemia using a randomized, double-blind,
placebo-controlled, crossover clinical trial design. Japanese healthy adult males and females
with mild hyperuricemia (fasting serum uric acid of 6.6–7.9 mg/dL) ingested a powder mixture
containing 3.0 g of glycine and 0.2 g of tryptophan or a placebo powder once daily at bedtime for
6 weeks. Combined supplementation with glycine and tryptophan significantly decreased serum
uric acid levels (from 7.1 mg/dL to 6.7 mg/dL, p = 0.004) before and after the trial. Serum uric acid
concentrations significantly decreased in the subjects supplemented with the amino acid mixture
compared with those in placebo-treated subjects (p = 0.028). In addition, the combination treatment
with glycine and tryptophan decreased serum triglyceride levels (from 119 mg/dL to 86 mg/dL,
p = 0.002). Increased solubility of uric acid caused by urinary pH were likely contributors to the
serum uric acid-lowering effects of the amino acid mixture.
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1. Introduction

Hyperuricemia is an abnormal condition characterized by increased serum concentrations of
uric acid, and it is the cause of gout [1]. It is defined as a condition in which the serum uric acid
level exceeds 7.0 mg/dL, independently of sex and age [2]. Gout is a progressive metabolic disease
characterized by symptomatic hyperuricemia and deposition of monosodium urate crystals in joints
and soft tissues. The prevalence of gout has increased globally [3–6], and its progression indicates an
imbalance of uric acid synthesis and excretion [7]. It has been suggested that hyperuricemia is in large
part caused by decreased kidney excretion of uric acid [8], reflecting the relative contribution of renal
uric acid excretion to the maintenance of serum uric acid levels.

It is generally accepted that high protein diets increase the excretion of endogenous uric acid [9].
In previous studies, the non-essential amino acid glycine increased urinary excretion of uric acid in
rats and in several healthy human males [10,11]. Similarly, following oral administration of glycine
in 12 gout patients for three days, decreased plasma uric acid levels were observed in eight cases
and increased urinary uric acid excretion was observed in nine cases [12]. These preliminary results
suggest that continual ingestion of glycine effectively manages serum uric acid levels in hyperuricemic
patients. Because little is known of the effects of other amino acids on uric acid excretion, we aimed to
identify the amino acids that synergistically improve the effects of glycine on serum uric acid levels.
In preliminary human studies, we observed transient declines in serum uric acid levels following
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oral administration of glycine with the essential amino acid tryptophan and found that the effect
was optimal with comparatively smaller quantities of tryptophan (unpublished data). The present
randomized, double-blind, placebo-controlled, crossover clinical trial was designed to confirm the
serum uric acid-lowering effects of continual combined supplementation with glycine and tryptophan
under conditions of mild hyperuricemia (serum uric acid levels of 6.6–7.9 mg/dL).

2. Materials and Methods

2.1. Participants

This intervention study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committees of Nihonbashi Egawa Clinic (approval number:
RAB16-004). Participants were recruited through the Internet in Japan. Written informed consent was
obtained from all participating volunteers. Inclusion criteria for the study were as follows: Japanese
healthy males and females aged 20–64 years with fasting serum uric acid levels of 6.6–7.9 mg/dL were
recruited for the study and provided written informed consent prior to participating. Volunteers with
a history of liver, renal, heart, or severe disease, diabetes, mental disorder, drug or alcohol dependence,
drug or food allergy, or routine use of drug or dietary supplements for hyperuricemia, and those
pregnant or lactating, were excluded from the study. A power calculation before the start of the
study indicated that thirty subjects would have to be recruited to achieve a study power of 0.8 at
a significance level of 0.05. Thirty-two of 178 subjects who received screening tests were enrolled
according to the above criteria.

2.2. Test Compounds

Commercially available glycine, L-tryptophan, and dextrin were purchased from Yuki Gosei
Kogyo Co. Ltd. (Tokyo, Japan), Ajinomoto Healthy Supply, Inc. (Tokyo, Japan) and Matsutani
Chemical Industry Co., Ltd. (Tokyo, Japan), respectively. Dextrin was used as a placebo. All subjects
ingested powdered test foods (active or placebo), which were made from the components listed in
Table 1. Dextrin was added to the active powder to increase the fluidity. Active and placebo powders
were supplemented with small amounts of lemon flavor and citric acid so that they could not be
distinguished from each other.

Table 1. Components of the test foods

Components Active (g) Placebo (g)

Glycine 3.0 -
L-Tryptophan 0.2 -

Dextrin 2.0 5.2

2.3. Study Design

The randomized, double-blind, placebo-controlled, crossover study design was registered with
the University Hospital Medical Information Network (UMIN-CTR; registered ID: UMIN000033359,
registration date: 30 July 2018) as shown in Figure 1. Thirty-two subjects were randomly allocated
to Groups 1 or 2 using a block random sequence. Group 1 received placebo during period 1 and the
active amino acid mixture during period 2 (placebo then active) and Group 2 received the reverse
regimen (active then placebo). During the study period of 16 weeks (Periods 1 and Period 2 and the
wash out period), all subjects were instructed to maintain daily eating and drinking habits and normal
levels of daily physical activity. Subjects ingested mixed powders containing 3.0 g of glycine and 0.2 g
of tryptophan or placebo powder once daily at bedtime for 6 weeks. Peripheral blood was collected
from the cubital vein in the morning under overnight fasting conditions at the beginning and end of
periods 1 and 2. Urine specimens were collected for 60 min after complete urine excretion following
ingestion of 500 mL of water, and urine volumes were then recorded.
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Figure 1. Experimental schedule showing the randomized, double-blind, placebo-controlled, crossover 
study design. The study was performed over a 16-week period. 

2.4. Blood and Urine Analyses 

Serum uric acid, total protein, albumin, aspartic aminotransferase (AST), alanine 
aminotransferase (ALT), lactate dehydrogenase (LDH), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), total bilirubin, creatinine, blood urea nitrogen (BUN), HDL-cholesterol (HDL-C), 
LDL-cholesterol (LDL-C), triglyceride (TG), blood glucose, and Hemoglobin A1c (HBA1c) levels, and 
white blood cell counts, red blood cell counts, hemoglobin, hematocrit, and platelet counts, urinary 
uric acid, creatinine, and potential of hydrogen (pH) were measured by a local clinical laboratory (LSI 
Medience Corporation, Tokyo, Japan). Urate and creatinine clearances were calculated using the 
following formula according to Du Bois et al. [13]: Urate or creatinine clearance (mL/min) = urinary 
urate or creatinine excretion (mg/min) / serum urate or creatinine concentration (mg/mL) × 1.73 (m3) 
/ body surface area (m3). The normal range of urate clearance in healthy Japanese subjects is 6.2–12.6 
mL/min [14]. Serum glycine and tryptophan concentrations were analyzed using an automated 
precolumn derivatization amino acid analytical method based on HPLC/electrospray ionization mass 
spectrometry (UF-Amino Station system; Shimadzu, Japan), as previously described [15].  

2.5. Statistical Analysis 

All statistical analyses were performed using BellCurve 2.15 software (SSRI, Tokyo, Japan). 
Serum uric acid levels were calculated as the primary outcome variable and were analyzed for 
carryover and period effects [16]. Temporal changes (before ingestion vs. 6 weeks later) in each 
variable were analyzed using paired t-tests and are presented as means ± standard deviations. 
Differences in the changes from before ingestion in serum uric acid and triglyceride concentrations 
between active vs. placebo-treated subjects were analyzed using a sign test, Wilcoxson signed-rank 
test, or Mann–Whitney U test, and the data are presented as medians with interquartile ranges. 
Differences were considered significant when the probability of no difference was less than 5%. 

Figure 1. Experimental schedule showing the randomized, double-blind, placebo-controlled, crossover
study design. The study was performed over a 16-week period.

2.4. Blood and Urine Analyses

Serum uric acid, total protein, albumin, aspartic aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP),
total bilirubin, creatinine, blood urea nitrogen (BUN), HDL-cholesterol (HDL-C), LDL-cholesterol
(LDL-C), triglyceride (TG), blood glucose, and Hemoglobin A1c (HBA1c) levels, and white blood cell
counts, red blood cell counts, hemoglobin, hematocrit, and platelet counts, urinary uric acid, creatinine,
and potential of hydrogen (pH) were measured by a local clinical laboratory (LSI Medience Corporation,
Tokyo, Japan). Urate and creatinine clearances were calculated using the following formula according
to Du Bois et al. [13]: Urate or creatinine clearance (mL/min) = urinary urate or creatinine excretion
(mg/min) / serum urate or creatinine concentration (mg/mL) × 1.73 (m3) / body surface area (m3).
The normal range of urate clearance in healthy Japanese subjects is 6.2–12.6 mL/min [14]. Serum
glycine and tryptophan concentrations were analyzed using an automated precolumn derivatization
amino acid analytical method based on HPLC/electrospray ionization mass spectrometry (UF-Amino
Station system; Shimadzu, Japan), as previously described [15].

2.5. Statistical Analysis

All statistical analyses were performed using BellCurve 2.15 software (SSRI, Tokyo, Japan).
Serum uric acid levels were calculated as the primary outcome variable and were analyzed for
carryover and period effects [16]. Temporal changes (before ingestion vs. 6 weeks later) in each variable
were analyzed using paired t-tests and are presented as means ± standard deviations. Differences in
the changes from before ingestion in serum uric acid and triglyceride concentrations between active vs.
placebo-treated subjects were analyzed using a sign test, Wilcoxson signed-rank test, or Mann–Whitney
U test, and the data are presented as medians with interquartile ranges. Differences were considered
significant when the probability of no difference was less than 5%.
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3. Results

From 178 recruited subjects, only 32 healthy subjects aged 21–62 years (47.9 ± 9.2) with mild
hyperuricemia were randomly assigned to groups 1 or 2. One subject (No.28) was assigned to Group
2 and dropped out during period 1 in the crossover study due to concerns about chronic prostatitis.
Therefore, final analyses were performed using data from 31 subjects (male, 30; female, 1). Rates of
medication compliance, which was managed through the daily records of each subject, were 99.5% in
period 1 and 99.7% in period 2. The characteristics of the subjects were shown in Table 2.

Table 2. Characteristics of the subjects.

Group 1
(Active then Placebo)

Group 2
(Placebo then Active) Total Subjects Complete Subjects

for Analyses

n = 16 n = 16 n = 32 n = 31
Age 47.9 (9.2) 47.8 (9.4) 47.9 (9.2) 47.9 (9.3)
Sex

Male 16 15 31 30
Female 0 1 1 1

BMI 24.2 (2.4) 23.9 (3.9) 24.1 (3.2) 24.1 (3.2)

Data are presented as means (standard deviations).

Changes in serum uric acid concentrations were the main outcome variable during the trial,
and these are summarized in Table 3. Individual data of the subjects was shown in Table S1 as
Supplementary Material. In the present crossover trial, neither the carryover effect (p = 0.911) nor
the period effect (p = 0.748) were significant for serum uric acid levels. Serum uric acid levels
after 6-week treatments (6.7 mg/dL) were significantly lower than at baseline (7.1 mg/dL) in the
active treatment group, and no changes in uric acid levels were observed in the placebo group
(7.0 mg/dL before vs. 6.9 mg/dL after ingestion). These changes differed significantly between
active (−0.4 mg/dL) and placebo-treated subjects (−0.1 mg/dL). Additionally, stratified analyses were
conducted using the definition of hyperuricemia [2], and similar results were obtained in both cases
(> 7.0 and ≤ 7.0 mg/dL). Serum uric acid levels 6 weeks after ingestion were significantly lower than
that before ingestion in the active treatment group, and no changes in serum uric acid levels were
observed in the placebo group. Moreover, these changes indicated a significant difference between the
active and the placebo-treated groups in both cases.

One hour urinary uric acid excretion, urate and creatinine clearances, urinary pH, and serum
glycine and tryptophan concentrations are presented in Table 4. No changes in urinary uric acid
contents or urate and creatinine clearance were observed before and after ingestion in either active
or placebo-treated subjects. After excluding one subject who exceeded the normal range at week 0,
urate clearance in the active (n = 30) group was significantly increased (p = 0.027). No changes in
urate clearance rates were observed in the placebo group. Similarly, urinary pH increased significantly
after ingestion of amino acids, whereas no significant changes were observed in the placebo group.
Serum glycine concentrations were increased after administration of amino acids and no such changes
were seen in the placebo group. Both active and placebo groups had stable serum tryptophan levels
before ingestion and after 6 weeks.
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Table 3. Summary of serum uric acids concentrations (mg/dL) in the crossover trial.

Period 1 Period 2 Change in Period 1 Change in Period 2

0w 6w 10w 16w (6w–0w) (16w–10w)

Group 1 (Active then Placebo), n = 16 7.1 (0.7) 6.7 (0.5) 6.9 (0.6) 6.9 (0.5) 0.4 (0.7) −0.1 (0.5)
Group 2 (Placebo then Active), n = 15 7.0 (0.6) 6.9 (0.6) 7.1 (0.7) 6.6 (0.7) −0.1 (0.7) −0.4 (0.8)

Before Ingestion 6 Weeks Later p Value a Change from
Before Ingestion p Value b

Active, n = 31 7.1 (0.7) 6.7 (0.6) 0.004 −0.4 (1.1)
0.028Placebo, n = 31 7.0 (0.6) 6.9 (0.5) 0.526 −0.1 (0.8)

Stratified analyses: the serum uric acid levels of 7.0 mg/dL at the screening before the trial more than 7.0 mg/dL
Active, n = 17 7.3 (0.8) 6.8 (0.6) 0.042 −0.5 (1.1)

0.015Placebo, n = 17 7.3 (0.6) 7.0 (0.5) 0.051 −0.3 (0.7)
7.0 mg/dL or less

Active, n = 14 6.8 (0.4) 6.5 (0.5) 0.042 −0.4 (0.9)
0.003Placebo, n = 14 6.6 (0.4) 6.8 (0.6) 0.183 0.2 (0.7)

Data are presented as means (standard deviations); a paired t-test between before ingestion and 6 weeks later; b sign test (n = 31) or the Wilcoxson signed-rank test (stratified analyses) of
changes from before ingestion in active and placebo groups. These nonparametric data are expressed as median (interquartile ranges). Differences were considered significant when
p < 0.05. Stratified analyses were performed in subjects using the definition of hyperuricemia (serum uric acid levels: 7.0 mg/dL) at baseline.
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Table 4. Changes in urine parameters and serum amino acid levels in active and placebo groups.

Parameters Groups Before Ingestion 6 Weeks Later p Value a

Urinary uric acid (mg/kg/h) Active, n = 31 0.434 (0.178) 0.432 (0.157) 0.928
Placebo, n = 31 0.414 (0.122) 0.437 (0.178) 0.373

Urate clearance (mL/min)
Active, n = 31 6.8 (2.7) 7.3 (3.0) 0.125

Placebo, n = 31 6.6 (1.9) 7.1 (3.2) 0.232
Exclusion of the one subject *

Active, n = 30 6.6 (2.5) 7.3 (3.0) 0.027
Placebo, n = 30 6.6 (1.9) 7.1 (3.2) 0.302

Creatinine clearance (mL/min)
Active, n = 31 131 (36) 133 (37) 0.683

Placebo, n = 31 129 (26) 138 (68) 0.341

Urinary pH Active, n = 31 5.7 (0.6) 6.0 (0.6) 0.005
Placebo, n = 31 5.7 (0.5) 5.9 (0.8) 0.196

Glycine (nmol/mL) Active, n = 31 124 (29) 141 (33) 0.014
Placebo, n = 31 126 (23) 128 (28) 0.661

L-Tryptophan (nmol/mL) Active, n = 31 52 (10) 53 (8) 0.748
Placebo, n = 31 50 (8) 52 (7) 0.185

Data are presented as means (standard deviations); a paired t-test comparing levels before ingestion with those
recorded 6 weeks later. Differences were considered significant when p < 0.05. Urinary uric acid contents and urate
and creatinine clearance rates were analyzed and calculated in urine specimens that were collected for 60 min after
complete urine excretion following ingestion of 500 mL of water; * Urate clearance in subject No.18 at 0 weeks
exceeded the maximum limit of the normal range (6.2–12.6). Abbreviation: potential of hydrogen (pH).

Multiple additional analyses were conducted to explore unknown physiological effects, and to
confirm the safety of continuous ingestion of glycine and tryptophan mixtures for 6 weeks (Tables 5
and 6). These analyses showed that platelet counts, serum creatinine and HDL-C levels changed
significantly in the active treatment group. In addition, serum albumin and HDL-C levels changed
significantly after ingestion of placebo. Serum triglyceride levels were also decreased significantly
after ingestion of the active powder. In the present crossover trial, the carryover effect (p = 0.021) was
significant for serum triglyceride levels. Thus, detailed analyses were performed using the data during
the Period 1 (0–6 weeks) as shown in Table 6. Serum triglyceride levels 6 weeks later were significantly
lower than before ingestion in Group 1 (active treatment group). The changes from baseline were
significantly lower in Group 1 than in Group 2 (placebo group). Moreover, stratified analyses were
performed using the diagnostic criteria of hypertriglyceridemia [17]. We performed further analyses
of serum triglyceride levels in subjects with levels of under 150 mg/dL and not less than 150 mg/dL
before the trial. In these analyses, ingestion of the active mixture in Group 1 significantly decreased
serum triglyceride levels compared with those in Group 2 in under 150 mg/dL. Statistical analysis
was not performed for the subjects with hypertriglyceridemia (not less than 150 mg/dL) because the
small sample size (n = 3).
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Table 5. Changes in clinical serum parameters in active and placebo groups.

Parameters Groups Before
Ingestion

6 Weeks
Later p Value a Parameters Groups Before

Ingestion
6 Weeks

Later p Value a

Body weight
(kg)

Active, n = 31 69.4 (9.4) 69.7 (9.0) 0.209 AST Active, n = 31 20 (6) 21 (5) 0.645
Placebo, n = 31 69.4 (9.4) 69.5 (9.6) 0.388 (U/L) Placebo, n = 31 20 (5) 21 (6) 0.179

Body mass index
(kg/m2)

Active, n = 31 24.1 (3.3) 24.2 (3.2) 0.202 ALT Active, n = 31 21 (13) 21 (11) 0.845
Placebo, n = 31 24.1 (3.2) 24.2 (3.4) 0.231 (U/L) Placebo, n = 31 22 (12) 21 (9) 0.593

Systolic blood pressure
(mmHg)

Active, n = 31 121 (9) 123 (8) 0.241 LDH Active, n = 31 185 (59) 182 (28) 0.696
Placebo, n = 31 123 (10) 124 (9) 0.739 (U/L) Placebo, n = 31 178 (35) 179 (31) 0.810

Diastolic blood pressure
(mmHg)

Active, n = 31 74 (6) 76 (6) 0.338 GGT Active, n = 31 36 (23) 36 (22) 0.891
Placebo, n = 31 75 (7) 76 (7) 0.333 (U/L) Placebo, n = 31 35 (22) 37 (25) 0.136

White blood cell counts
(/µL)

Active, n = 31 5626 (1181) 5858 (1495) 0.339 ALP Active, n = 31 185 (45) 184 (47) 0.634
Placebo, n = 31 5845 (1198) 5706 (1327) 0.387 (U/L) Placebo, n = 31 197 (60) 188 (44) 0.331

Red blood cell counts
(104/µL)

Active, n = 31 494 (34) 489 (36) 0.133 Total bilirubin Active, n = 31 0.9 (0.4) 0.8 (0.3) 0.752
Placebo, n = 31 491 (35) 494 (36) 0.306 (mg/dL) Placebo, n = 31 0.8 (0.3) 0.8 (0.3) 0.193

Hemoglobin
(g/dL)

Active, n = 31 15.1 (1.1) 14.9 (1.1) 0.095 Creatinine Active, n = 31 0.85 (0.14) 0.83 (0.12) 0.039
Placebo, n = 31 15.0 (1.0) 15.0 (1.1) 0.526 (mg/dL) Placebo, n = 31 0.85 (0.12) 0.85 (0.12) 0.465

Hematocrit
(%)

Active, n = 31 45.4 (2.6) 45.2 (2.9) 0.605 BUN Active, n = 31 13.6 (4.3) 13.5 (3.7) 0.756
Placebo, n = 31 45.2 (2.8) 45.6 (3.0) 0.066 (mg/dL) Placebo, n = 31 13.3 (3.1) 13.4 (5.0) 0.828

Platelet counts
(104/µL)

Active, n = 31 26.0 (4.7) 25.2 (4.8) 0.021 HBA1c Active, n = 31 5.4 (0.3) 5.4 (0.3) 0.647
Placebo, n = 31 26.6 (5.3) 25.4 (4.9) 0.059 (%) Placebo, n = 31 5.4 (0.3) 5.3 (0.3) 0.608

Total protein
(g/dL)

Active, n = 31 7.2 (0.5) 7.2 (0.5) 0.659 HDL-C Active, n = 31 60 (12) 62 (13) 0.049
Placebo, n = 31 7.1(0.5) 7.2 (0.5) 0.077 (mg/dL) Placebo, n = 31 58 (13) 61 (14) 0.012

Albumin
(g/dL)

Active, n = 31 4.4 (0.3) 4.3 (0.3) 0.276 LDL-C Active, n = 31 120 (30) 118 (33) 0.619
Placebo, n = 31 4.3 (0.3) 4.4 (0.3) 0.007 (mg/dL) Placebo, n = 31 114 (27) 119 (34) 0.190

Glucose
(mg/dL)

Active, n = 31 88 (6) 90 (8) 0.321 Triglyceride Active, n = 31 113 (49) 97 (52) 0.031
Placebo, n = 31 88 (6) 88 (7) 0.494 (mg/dL) Placebo, n = 31 109 (60) 113 (68) 0.692

Data are presented as means ± standard deviations; a paired t-tests were used to compare values between before ingestion and 6 weeks later. Differences were considered significant when
p < 0.05. Abbreviations: aspartic aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP),
blood urea nitrogen (BUN), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), and hemoglobin A1c (HBA1c).
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Table 6. Comparison of serum triglyceride concentrations (mg/dL) in active and placebo groups.

Period 1
p Value a Change from

Before Ingestion p Value b
0w 6w

Group 1 (Active), n = 16 119 (48) 86 (34) 0.002 −34 (44)
0.004Group 2 (Placebo), n = 15 109 (72) 129 (89) 0.310 6 (39)

Stratified analyses: the serum triglyceride levels of 150 mg/dL at the screening before the trial
<150 mg/dL

Group 1 (Active), n = 13 106 (36) 78 (22) 0.001 −31 (30)
0.003Group 2 (Placebo), n = 12 86 (36) 113 (91) 0.219 5 (26)

not less than 150 mg/dL
Group 1 (Active), n = 3 174 (64) 120 (61) - −60 (70) -

Group 2 (Placebo), n = 3 200 (118) 194 (43) - 33 (89)

Data are presented as means (standard deviations); a paired t-tests were used to compare triglyceride levels before
ingestion and 6 weeks later; b Mann–Whitney U tests were performed for the comparison of changes from before
ingestion in active and placebo groups. Data are expressed as medians (interquartile ranges) as nonparametric data.
A p value of < 0.05 was considered to be statistically significant. Stratified analyses were performed in subjects
with levels of under 150 mg/dL or not less than 150 mg/dL at baseline. Statistical analysis was not performed for
subjects with hypertriglyceridemia (not less than 150 mg/dL) because of the small sample size (n = 3).

4. Discussion

Before planning this clinical trial, an animal study was conducted to identify amino acids that
synergize with glycine to produce effective future functional foods for human consumption. In this
study, combined doses of 2.0 g/kg glycine and 0.133 g/kg tryptophan significantly increased urinary
urate excretion from Wistar rats after 7 h. In these experiments, cumulative uric acid excretion was
0.97, 1.07, 0.88, and 1.22 mg at 7 h after treatment with water, 2.0 g/kg glycine, 0.133 g/kg tryptophan,
and 2.0 g/kg glycine with 0.133 g/kg tryptophan, respectively (unpublished data). Later, we confirmed
that single combination doses of 3–6 g glycine with small quantities (0.1–0.4 g) of tryptophan transiently
lowered serum uric acid more effectively than doses of glycine alone in a preliminary clinical study.
The daily combined dosage was settled as an appropriate amount in continual supplementation.

Herein, we demonstrated that daily ingestion of 3.0 g of glycine with 0.2 g of tryptophan for
6 weeks decreases serum uric acid concentrations in subjects with mild hyperuricemia (serum uric
acid, 6.6–7.9 mg/dL). Glycine is likely to increase urinary excretion of uric acid in rats and in healthy
male humans [10,11]. Yet little is known about uric acid-lowering effects of tryptophan. It is clear from
the present data that the mixture of glycine and tryptophan enhanced urate clearance in the cases,
except for one wherein the subject had abnormally high urate clearance. Maximum serum levels of
glycine or tryptophan would be achieved within an hour of ingestion, and would be followed by rapid
decreases as the amino acids are metabolized. When we measured urinary uric acid levels, no changes
followed ingestion of the active amino acid mixture, likely because our fasting measurements of urine
parameters were taken after the changed serum and urine metabolite concentrations had returned
to normal levels. The solubility of uric acid increases with an increase in pH [18]. Alternatively,
glycine has a buffering effect and is often used as an anti-acid agent. Potentially, increases pH due
to daily ingestion of glycine and tryptophan for 6 weeks enhanced the solubility of urinary uric
acid, and thus elevated urate clearance. Other mechanisms are also conceivable, and pyrazinamide,
which is used to treat tuberculosis, reportedly disabled glycine-induced uricosuria [19]. These effects of
pyrazinamide may reflect enhanced urate reabsorption following exchange of its active metabolite [20].
The urate transporter 1 (URAT1) is the primary re-absorptive urate transporter that is targeted by
pyrazinamide [21]. Thus, our results may reflect inhibition of the re-absorptive action of uric acid by
URAT1. In this regard, it is inferred that tryptophan promote direct action of glycine against URAT1
because behavior of tryptophan to URAT1 is structurally difficult. Nonetheless, we suggest that,
under the present conditions, increased uric acid excretion is primarily due to synergistic effects of
glycine and tryptophan. Further studies are required to clarify the uric acid-lowering mechanisms of
glycine and tryptophan.
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In further experiments, the combined treatments with glycine and tryptophan decreased serum
triglyceride levels, and this lowering effect was also observed in subjects with triglyceride level
under 150 mg/dL. The supplementation of the amino acid mixture was likely to decrease serum
triglyceride level in hypertriglyceridemia although the effect was uncertain due to few subjects. Both
moderate and severe hypertriglyceridemia commonly reduces HDL levels and increases levels of
atherogenic small dense LDL, and are associated with substantially increased long term total mortality
and cardiovascular risk [22]. To our knowledge, no previous reports show positive effects of glycine on
serum triglyceride levels. In another study, however, supplementation with 15 g of glycine per day for
three months did not affect serum triglyceride concentrations in patients with metabolic syndrome [23].
In contrast, treatment with 1.0 g of L-tryptophan or 0.01 g of melatonin, a metabolite of tryptophan,
for 6 weeks or 14 months reportedly decreased serum triglyceride levels and reduced concentrations of
pro-inflammatory cytokines such as interleukin-1, -6, and tumor necrosis factor-alpha in patients with
steatohepatitis or nonalcoholic fatty liver disease [24,25]. Hence, perhaps the triglyceride-lowering
effects of mixtures of glycine and tryptophan are mediated by melatonin, which is a metabolite
of tryptophan.

The safety of glycine and tryptophan treatments can be assumed because these amino acids are
present in proteins and dietary supplements that are ingested in normal daily lives. Moreover, up to
90 g of glycine per day was administered over several weeks without serious adverse effects in clinical
trials [26]. Similarly, oral administration of up to 5.0 g of L-tryptophan per day did not cause any
adverse effects in young adult females [27]. During this clinical trial, no adverse effects were attributed
to mixed glycine and tryptophan supplements. However, platelet counts and serum creatinine levels
were significantly decreased by the present amino acid treatments, although these changes did not
exceed normal values in any of our subjects. Collectively, this and other studies confirm the safety of
oral treatments with the mixture of 3.0 g of glycine and 0.2 g of tryptophan.

With regard to the limitations of this study, the administration period of crossover regimens
was only 6 weeks. Hence, longer trials may show greater benefits of these amino acids in subjects
with mild hyperuricemia, and such studies would be best performed as parallel-group comparisons.
Furthermore, male to female ratio indicated a disproportionate number. Further research might be
needed, although our preliminary study had suggested that there was no effective difference between
males and females by the amino acids supplementation.

5. Conclusions

Combined daily supplementation with 3.0 g of glycine and 0.2 g of tryptophan for 6 weeks
significantly decreased serum uric acid concentrations in 31 subjects (male, 30; female, 1) with mild
hyperuricemia. The associated increases in solubility of uric acid caused by the elevation of urinary
pH are likely related to lowered serum uric acid levels. In addition, combined amino acid treatments
significantly decreased serum triglyceride concentrations in all subjects and in those with under
150 mg/dL. In future studies, the therapeutic and preventive effects of this mixture of amino acids
may be described in more detail.
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Author Contributions: Study design, statistical analysis, result interpretation, and manuscript writing, S.O.;
contributed to serum amino acids analysis, S.S.; supervision, Y.N.; final manuscript approval, S.O., S.S., and Y.N.

Funding: This research was funded by Asahi Group Holdings, Ltd.

Acknowledgments: We would like to thank to Huma R&D Co., Ltd. (Tokyo, Japan) for conducting the study.
We also thank Enago (www.enago.jp) for the English language review.

Conflicts of Interest: All of authors are employed by Asahi Group Holdings, Ltd.

http://www.mdpi.com/2072-6643/11/3/564/s1
www.enago.jp


Nutrients 2019, 11, 564 10 of 11

References

1. Benn, C.L.; Dua, P.; Gurrell, R.; Loudon, P.; Pike, A.; Storer, R.I.; Vangjeli, C. Physiology of hyperuricemia
and urate-lowering treatments. Front. Med. 2018, 5, 160. [CrossRef] [PubMed]

2. Yamanaka, H. Japanese guideline for the management of hyperuricemia and gout: Second edition.
Nucleos. Nucleot. Nucl. 2011, 30, 1018–1029. [CrossRef] [PubMed]

3. Kuo, C.F.; Grainge, M.J.; Mallen, C.; Zhang, W.; Doherty, M. Rising burden of gout in the UK but continuing
suboptimal management: A nationwide population study. Ann. Rheum. Dis. 2015, 74, 661–667. [CrossRef]
[PubMed]

4. Rai, S.K.; Aviña-Zubieta, J.A.; McCormick, N.; De Vera, M.A.; Shojania, K.; Sayre, E.C.; Choi, H.K. The rising
prevalence and incidence of gout in British Columbia, Canada: Population-based trends from 2000 to 2012.
Semin. Arthritis Rheum. 2017, 46, 451–456. [CrossRef] [PubMed]

5. Zhu, Y.; Pandya, B.J.; Choi, H.K. Prevalence of gout and hyperuricemia in the US general population:
The National Health and Nutrition Examination Survey 2007–2008. Arthritis Rheum. 2011, 63, 3136–3141.
[CrossRef] [PubMed]

6. Winnard, D.; Wright, C.; Taylor, W.J.; Jackson, G.; Te Karu, L.; Gow, P.J.; Arroll, B.; Thornley, S.; Gribben, B.;
Dalbeth, N. National prevalence of gout derived from administrative health data in Aotearoa New Zealand.
Rheumatology 2012, 51, 901–909. [CrossRef] [PubMed]

7. Brook, R.A.; Forsythe, A.; Smeeding, J.E.; Lawrence, E.N. Chronic gout: Epidemiology, disease progression,
treatment and disease burden. Curr. Med. Res. Opin. 2010, 26, 2813–2821. [CrossRef] [PubMed]

8. Anzai, N.; Endou, H. Drug discovery for hyperuricemia. Expert Opin. Drug Discov. 2007, 2, 1251–1261.
[CrossRef] [PubMed]

9. Lewis, H.B.; Dunn, M.S.; Doisy, E.A. Studies in uric acid metabolism. II. Proteins and amino-acids as factors
in the stimulation of endogenous uric acid metabolism. J. Biol. Chem. 1918, 36, 9–26.

10. Christman, A.A.; Mosier, E.C. Purine metabolism. II. The effect of the ingestion of glycine on the excretion of
endogenous uric acid. J. Biol. Chem. 1929, 83, 11–19.

11. Friedman, M. The effect of glycine on the production and excretion of uric acid. J. Clin. Invest. 1947, 26,
815–819. [CrossRef] [PubMed]

12. Kersley, G.D.; Mandel, L.; Bene, E. Gout: Observations on the effects of drugs on plasma uric acid and
urinary uric acid. Ann. Rheum. Dis. 1951, 10, 353–358. [CrossRef] [PubMed]

13. Du Bois, D.; Du Bois, E.F. Clinical calorimetry: Tenth paper a formula to estimate the approximate surface
area if height and weight be known. Arch. Intern. Med. 1916, 17, 863–871. [CrossRef]

14. Takahashi, S.; Yamamoto, T.; Tsutsumi, Z.; Moriwaki, Y.; Yamakita, J.; Higashino, K. Close correlation
between visceral fat accumulation and uric acid metabolism in healthy men. Metabolism 1997, 46, 1162–1165.
[CrossRef]

15. Yoshida, H.; Kondo, K.; Yamamoto, H.; Kageyama, N.; Ozawa, S.; Shimbo, K.; Muramatsu, T.; Imaizumi, A.;
Mizukoshi, T.; Masuda, J.; et al. Validation of an analytical method for human plasma free amino acids
by high-performance liquid chromatography ionization mass spectrometry using automated precolumn
derivatization. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2015, 15, 998–999. [CrossRef] [PubMed]

16. Hills, M.; Armitage, P. The two-period cross-over clinical trial. Br. J. Clin. Pharmac. 1979, 8, 7–20. [CrossRef]
17. Teramoto, T.; Sasaki, J.; Ishibashi, S.; Birou, S.; Daida, H.; Dohi, S.; Egusa, G.; Hiro, T.; Hirobe, K.; Iida, M.; et al.

Executive summary of the Japan Atherosclerosis Society (JAS) guidelines for the diagnosis and prevention
of atherosclerotic cardiovascular diseases in Japan—2012 version. J. Atheroscler. Thromb. 2013, 20, 517–523.
[CrossRef] [PubMed]

18. Wilcox, W.R.; Khalaf, A.; Weinberger, A.; Kippen, I.; Klinenberg, J.R. Solubility of uric acid and monosodium
urate. Med. Biol. Eng. 1972, 10, 522–531. [CrossRef] [PubMed]

19. Kaung, C.; Gutman, A.B. Effect of glycine loading on plasma and urinary uric acid and amino acids in
normal and gouty subjects. Am. J. Med. 1970, 49, 352–359. [CrossRef]

20. Roch-Ramel, F.; Guisan, B.; Schild, L. Indirect coupling of urate and p-aminohippurate transport to sodium
in human brush-border membrane vesicles. Am. J. Physiol. 1996, 270, F61–F68. [CrossRef] [PubMed]

21. Ichida, K.; Hosoyamada, M.; Hisatome, I.; Enomoto, A.; Hikita, M.; Endou, H.; Hosoya, T. Clinical and
molecular analysis of patients with renal hypouricemia in Japan-influence of URAT1 gene on urinary urate
excretion. J. Am. Soc. Nephrol. 2004, 15, 164–173. [CrossRef] [PubMed]

http://dx.doi.org/10.3389/fmed.2018.00160
http://www.ncbi.nlm.nih.gov/pubmed/29904633
http://dx.doi.org/10.1080/15257770.2011.596496
http://www.ncbi.nlm.nih.gov/pubmed/22132951
http://dx.doi.org/10.1136/annrheumdis-2013-204463
http://www.ncbi.nlm.nih.gov/pubmed/24431399
http://dx.doi.org/10.1016/j.semarthrit.2016.08.006
http://www.ncbi.nlm.nih.gov/pubmed/28040245
http://dx.doi.org/10.1002/art.30520
http://www.ncbi.nlm.nih.gov/pubmed/21800283
http://dx.doi.org/10.1093/rheumatology/ker361
http://www.ncbi.nlm.nih.gov/pubmed/22253023
http://dx.doi.org/10.1185/03007995.2010.533647
http://www.ncbi.nlm.nih.gov/pubmed/21050059
http://dx.doi.org/10.1517/17460441.2.9.1251
http://www.ncbi.nlm.nih.gov/pubmed/23496132
http://dx.doi.org/10.1172/JCI101864
http://www.ncbi.nlm.nih.gov/pubmed/16695473
http://dx.doi.org/10.1136/ard.10.3.353
http://www.ncbi.nlm.nih.gov/pubmed/14878356
http://dx.doi.org/10.1001/archinte.1916.00080130010002
http://dx.doi.org/10.1016/S0026-0495(97)90210-9
http://dx.doi.org/10.1016/j.jchromb.2015.05.029
http://www.ncbi.nlm.nih.gov/pubmed/26186723
http://dx.doi.org/10.1111/j.1365-2125.1979.tb05903.x
http://dx.doi.org/10.5551/jat.15792
http://www.ncbi.nlm.nih.gov/pubmed/23665881
http://dx.doi.org/10.1007/BF02474201
http://www.ncbi.nlm.nih.gov/pubmed/5074854
http://dx.doi.org/10.1016/S0002-9343(70)80027-4
http://dx.doi.org/10.1152/ajprenal.1996.270.1.F61
http://www.ncbi.nlm.nih.gov/pubmed/8769823
http://dx.doi.org/10.1097/01.ASN.0000105320.04395.D0
http://www.ncbi.nlm.nih.gov/pubmed/14694169


Nutrients 2019, 11, 564 11 of 11

22. Tenenbaum, A.; Klempfner, R.; Fisman, E.Z. Hypertriglyceridemia: A too long unfairly neglected major
cardiovascular risk factor. Cardiovasc. Diabetol. 2014, 13, 159. [CrossRef] [PubMed]

23. Díaz-Flores, M.; Cruz, M.; Duran-Reyes, G.; Munguia-Miranda, C.; Loza-Rodríguez, H.; Pulido-Casas, E.;
Torres-Ramírez, N.; Gaja-Rodriguez, O.; Kumate, J.; Baiza-Gutman, L.A.; et al. Oral supplementation with
glycine reduces oxidative stress in patients with metabolic syndrome, improving their systolic blood pressure.
Can. J. physiol. Pharmacol. 2013, 91, 855–860. [CrossRef] [PubMed]

24. Cichoz-Lach, H.; Celinski, K.; Konturek, P.C.; Konturek, S.J.; Slomka, M. The effects of L-tryptophan and
melatonin on selected biochemical parameters in patients with steatohepatitis. J. Physiol. Pharmacol. 2010, 61,
577–580. [PubMed]

25. Celinski, K.; Konturek, P.C.; Slomka, M.; Cichoz-Lach, H.; Brzozowski, T.; Konturek, S.J.; Korolczuk, A.
Effects of treatment with melatonin and tryptophan on liver enzymes, parameters of fat metabolism
and plasma levels of cytokines in patients with non-alcoholic fatty liver disease–14 months follow up.
J. Physiol. Pharmacol. 2014, 65, 75–82. [PubMed]

26. Pérez-Torres, I.; María Zuniga-Munoz, A.; Guarner-Lans, V. Beneficial effects of the amino acid glycine.
Mini-Rev. Med. Chem. 2017, 17, 15–32. [CrossRef] [PubMed]

27. Hiratsuka, C.; Fukuwatari, T.; Sano, M.; Saito, K.; Sasaki, S.; Shibata, K. Supplementing healthy women with
up to 5.0 g/d of L-tryptophan has no adverse effects. J. Nutr. 2013, 143, 859–866. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12933-014-0159-y
http://www.ncbi.nlm.nih.gov/pubmed/25471221
http://dx.doi.org/10.1139/cjpp-2012-0341
http://www.ncbi.nlm.nih.gov/pubmed/24144057
http://www.ncbi.nlm.nih.gov/pubmed/21081801
http://www.ncbi.nlm.nih.gov/pubmed/24622832
http://dx.doi.org/10.2174/1389557516666160609081602
http://www.ncbi.nlm.nih.gov/pubmed/27292783
http://dx.doi.org/10.3945/jn.112.173823
http://www.ncbi.nlm.nih.gov/pubmed/23616514
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Test Compounds 
	Study Design 
	Blood and Urine Analyses 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

