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α-Methyl-L-tryptophan (α-MLT) is currently in use as a tracer in its 11C-labeled form to
monitor the health of serotonergic neurons in humans. In the present study, we found
this compound to function as an effective weight-loss agent at pharmacological doses in
multiple models of obesity in mice. The drug was able to reduce the body weight when
given orally in drinking water (1 mg/ml) in three different models of obesity: normal mice
on high-fat diet, Slc6a14-null mice on high-fat diet, and ob/ob mice on normal diet. Only
the L-enantiomer (α-MLT) was active while the D-enantiomer (α-MDT) had negligible activ-
ity. The weight-loss effect was freely reversible, with the weight gain resuming soon after
the withdrawal of the drug. All three models of obesity were associated with hypergly-
cemia, insulin resistance, and hepatic steatosis; α-MLT reversed these features. There
was a decrease in food intake in the treatment group. Mice on a high-fat diet showed
decreased cholesterol and protein in the serum when treated with α-MLT; there was
however no evidence of liver and kidney dysfunction. Plasma amino acid profile indicated
a significant decrease in the levels of specific amino acids, including tryptophan; but the
levels of arginine were increased. We conclude that α-MLT is an effective, reversible, and
orally active drug for the treatment of obesity and metabolic syndrome.

Introduction
Obesity, i.e. a body mass index ≥30 kg/m2, is a complex disorder arising from an imbalance between
caloric intake and energy expenditure. Simply put, obesity is a ‘disease of the mouth’; i.e. when people
eat more calories than they expend or ‘burn’, they gain weight. What causes people to eat more and/or
burn less calories might however vary from patient to patient. Whatever the cause, obesity has become a
major health concern. The issue is not just the undesirable body mass index; obesity is the underlying
cause for other health issues, including diabetes, metabolic syndrome, hypertension, myocardial infarc-
tion, stroke, and cancer. As such, we are in a dire need for effective treatment strategies to address this
major health issue. Lifestyle changes such as eating fewer calories and/or expending more calories via
exercise represent the most logical way to tackle this problem. But it has proven to be not that easy to
practice this strategy. Pharmacotherapy seems the only option; what can’t be achieved through willpower
to reduce food intake and/or burn more calories should be possible with a drug.
Currently available FDA-approved anti-obesity drugs include a combination of phentermine and topir-

amate, a combination of naltrexone and bupropion, Liraglutide, and orlistat (https://www.niddk.nih.gov/
health-information/weight-management/prescription-medications-treat-overweight-obesity) [1–3].
Amongst these, the first three are active in the brain; the first two are taken orally and Liraglutide by
injection. Alli, a lipase inhibitor, acts in the intestine by inhibiting the digestion of dietary fat. Liraglutide,
a GLP1 receptor agonist, shows robust efficacy for weight loss; but as an injectable drug, it is less than
desirable for most patients. Furthermore, it is used for weight loss at a higher dose than for treatment of
diabetes, thus increasing the risk for cholelithiasis, pancreatitis, and pancreatic cancer [4,5]. Several other
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drug candidates are at various stages of development. This intense interest in the development of anti-obesity
drugs highlights the dire need for safe and effective pharmacotherapy to fight the obesity epidemic.
α-Methyl-L-tryptophan (α-MLT) is used in humans as a probe for serotonergic neurons by positron emis-

sion tomography [6,7]. Toxicology and pharmacokinetic studies have been done with α-MLT in rodents and
non-human primates [8,9]. In mice and rats, there were no adverse effects with oral administration of the
DL-enantiomeric mixture of α-methyltryptophan (150 mg/kg). Interestingly, it was observed 60 years ago that
the enantiomeric mixture had a weight-loss effect in rats [10], but this outcome was not pursued further. Here
we investigated the weight-reducing effect of α-methyltryptophan using multiple models of obesity in mice.
The results of the study show that the L-enantiomer, not the D-enantiomer, is pharmacologically active in redu-
cing body weight and obesity-associated metabolic syndrome and that the effect is freely reversible.

Materials and methods
Animals
C57BL/6 mice and ob/ob (leptin-deficient) mice were from Jackson Laboratories (Bar Harbor, ME).
Slc6a14-null mice (Slc6a14y/− males and Slc6a14−/− females) on C57BL/6 background were generated in our lab
and have been used to assess the role of this transporter in breast cancer [11] and colon cancer [12]. Mice had
free access to water and diet ad libitum. Age- and gender-matched mice were used in control groups (no treat-
ment). Mice were fed a normal diet (ND) (50 IF/6F 5V5R, Labdiet, St. Louis, MO) or a high-fat diet (HFD;
55% calorie from fat) (TD93075; Teklad diets, Madison, WI). The protocol was approved by the Institutional
Animal Care and Use Committee of the Texas Tech University Health Sciences Center, Lubbock, TX, U.S.A.
(IACUC approval number: 15002 for breeding protocol and 18005 for experimental protocol). All the experi-
ments described in this study, including the animal experiments, were conducted at this institution. At the ter-
mination of the study, mice were sacrificed by cervical dislocation under CO2 anesthesia in accordance with the
guidelines from the American Veterinary Medical Association.

Intraperitoneal glucose tolerance test (GTT)
Intraperitoneal GTT was done in mice fasted for 4 h. Blood glucose was determined using the TRUE track
blood glucose monitor (Trividia Health Inc, Fort Lauderdale, FL) at 0, 15, 30, 60, 90 and 120 min after i.p.
injection of glucose (2 g/kg body weight) as described previously [13,14].

Serum metabolic panel analysis
At the end of the experiment, mice were fasted for 4 h, blood was collected via orbital sinus using local anes-
thesia proparacaine. Serum was prepared by centrifugation of the clotted blood, and used for metabolic panel.
This was done at our Laboratory Animal Resources Center.

Histology and assessment of steatosis in liver
Liver tissue was excised and weighed immediately, snap-frozen in liquid nitrogen, and stored at −80°C. For
Oil-red-O (ORO) staining, tissues were OCT embedded, frozen at −20°C, and cut, followed by staining. Slides
made from formalin-fixed, paraffin-embedded liver blocks were stained with hematoxylin and eosin (H & E).

Leptin assay
Animals were fasted for 4 h and blood was collected as described above. Blood samples were centrifuged at
1500×g for 20 min and the serum samples were collected and kept at −80°C until analyzed. Leptin was mea-
sured using the mouse/rat Quantikine ELISA kit (MOB00B, R & D Systems, MN).

Amino acid analysis
Plasma samples were used for the determination of amino acids at the Molecular Structural Facility (Genome
Center, University of California, Davis, CA) with Hitachi-8900 ion-exchange chromatography amino acid
analyzer.

Statistical analyses
Statistical analysis was performed with a two-tailed, paired Student’s t-test for single comparison and a P value
<0.05 was considered statistically significant. Data are given as means ± SEM.

© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY-NC-ND).1348

Biochemical Journal (2021) 478 1347–1358
https://doi.org/10.1042/BCJ20210100

https://creativecommons.org/licenses/by-nc-nd/4.0/


Results
Weight-reducing effect of α-methyltryptophan
A while ago, we discovered that α-methyltryptophan is a blocker of the amino acid transporter SLC6A14 [15].
At that time, we were using the DL-enantiomeric mixture of the compound. We established the efficacy of
blocking SLC6A14 with the DL-enantiomeric mixture in reducing the growth of cancers that exhibit overexpres-
sion of the transporter: estrogen receptor-positive breast cancer [15,16], pancreatic cancer [17], and colon
cancer [12]. SNPs in SLC6A14 gene are associated with obesity [18–21]; however, the mechanism underlying
this association was not known. Because of the connection between SLC6A14 and obesity in humans, we moni-
tored the body weight in wild type and Slc6a14-null mice. We found that Slc6a14-null male mice became
obese, but only when fed a HFD; there was a little, but not significant, change in body weight when fed a ND
[22] (Figure 1A). As we were working on α-methyltryptophan as a blocker of this transporter, we thought that
administration of this compound to wild type mice on a HFD would make the mice gain more weight as we
found in Slc6a14-null male mice. The results turned out to be quite the opposite. When exposed to the drug
for 1 week (2 mg/ml in drinking water; DL-enantiomeric mixture, α-MT), untreated wild type male mice on a
HFD gained weight whereas mice exposed to the drug lost weight (Figure 1B). Since the deletion of Slc6a14
increased the weight gain whereas administration of α-MT to wild type mice decreased the weight gain, the
effect of the drug on the body weight has little to do with its ability to block the transporter.

Identification of the L-isomer (α-methyl-L-tryptophan, α-MLT) as the active
form for the weight-reducing effect
Upon review of the literature, we discovered that the weight-reducing effect of α-methyltryptophan has been
reported ∼60 years ago; these studies were done in rats [10]. Surprisingly, this finding had not been pursued.
But, similar to our current study, the earlier report on the weight-reducing effect of α-methyltryptophan was
noticed with the DL-enantiomeric mixture. Therefore, we wanted to know which isomer in the enantiomeric
mixture elicited the weight-reducing effect. For this, we used the Slc6a14-null male mice on a HFD as a model
of obesity [22]. We selected this mouse model of obesity for initial experiments because the weight-reducing
effect of α-MT is independent of what the drug does to the transport function of Slc6a14. We administered the
D- and L-isomers separately to these mice on a HFD at a dose of 1 mg/ml in drinking water for 1 week. Only
the L-isomer (α-MLT) was active as a weight-reducing agent (Figure 1C); the D-isomer (α-MDT) had negligible
effect. This is the first time that the weight-reducing effect of α-methyltryptophan is being assigned specifically
to the L-isomer.

Figure 1. Effect of α-methyltryptophan (the DL-enantiomeric mixture and the individual D- and L-isomers) on body weight

in wild type and Slc6a14-null male mice.

(A) Body weight gain in wild type (WT) male and Slc6a14y/− male mice on a normal diet (ND) and a high-fat diet (HFD) for 3

months. (B) Body weight gain measured in wild type male mice on HFD without treatment (Control) or exposed to

α-methyl-DL-tryptophan (α-MT, 2 mg/ml in drinking water) ad libitum for a week. (C) HFD-fed male Slc6a14y/− mice were

exposed either to drinking water (Control) or α-methyl-D-tryptophan (α-MDT; 1 mg/ml) or α-methyl-L-tryptophan (α-MLT; 1 mg/

ml) ad libitum for a week. At the end of the experiment, gain/loss in body weight was monitored. Data are means ± S. E. M (N =

5 mice/group). ** P < 0.01; *** P < 0.001.
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Effect of α-MLT on body weight in other models of obesity in mice
We examined the effect of α-MLT on the body weight in WT C57BL/6 male mice on a ND or a HFD (55% cal-
ories from fat). The drug was given in drinking water (1 mg/ml). Both with the ND and the HFD, mice gained
weight when not treated with α-MLT (Figure 2A,B). In contrast, the mice treated with α-MLT showed a
decrease in body weight (Figure 2A,B). This weight-reducing effect was evident with both diets. We were also
able to show that the effect of the drug is reversible. When the drug was withdrawn, mice began to gain weight
(Figure 2B). At 4-weeks of drug exposure, circulating levels of glucose and leptin were measured. Blood glucose
was higher in control (i.e. untreated) mice on the HFD than in those on the ND (Figure 2C,D). The same was
true with leptin levels, which correspond to fat content (Figure 2C,D). In mice treated with α-MLT, there was a
significant decrease in circulating levels of glucose and leptin (Figure 2C,D). These changes were seen in
response to the drug independent of the diet. We then performed glucose-tolerance test in control and
α-MLT-treated (2-week treatment; 1 mg/ml in drinking water) mice which were fed the HFD for 12 weeks. The
mice on α-MLT showed better glucose tolerance, indicative of improved insulin sensitivity (Figure 3A,B). At
the end of the experiment, mice were sacrificed, and liver and abdominal fat pad were excised and weighed.
Treatment with α-MLT reduced the weight of the liver and the abdominal fat (Figure 3C,D).

Prevention of hepatic steatosis by α-MLT in wild type mice on a HFD
Wild type mice developed fatty liver when fed a HFD for 14 weeks as evident from Oil-red-O staining of the
liver sections for neutral lipids (Figure 3E). The hepatic steatosis was almost completely prevented by α-MLT
treatment during the last 2 weeks of this 14-week period (Figure 3E). In this experiment, mice were fed the
HFD for 12-weeks, after which the mice were divided into two groups, one with no α-MLT exposure and the
other with α-MLT administration. The drug treatment was continued for two additional weeks, and all through
the experiment, both groups were continuously fed the same HFD.

Effect of α-MLT on body weight in female mice on a ND
The experiments described above were done with male mice. To see if α-MLT elicits a similar weight-loss effect
in female mice, wild type female mice were exposed to α-MLT (1 mg/ml in drinking water) at 3 months of age.

Figure 2. Weight-loss effect of α-MLT in wild type mice fed a normal diet or a high-fat diet and the consequences of the

treatment on blood glucose and serum leptin levels.

Wild type mice (males) fed with ND (A,C) or HFD (B,D) were subjected to drinking water alone or to α-MLT (1 mg/ml) in drinking

water. The body weight was measured twice a week (A,B). At end of the 4-week period, blood was collected after 4 h fasting to

measure blood glucose and leptin levels (C,D). Data are means ± S. E. M (N = 5 mice/group). ** P < 0.01; *** P < 0.001; a, P <

0.001 compared with body weight in untreated control; b, P < 0.001 compared with body weight at the time of drug withdrawal.
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The untreated mice gained weight and α-MLT-exposed mice lost weight (Figure 4A). At end of 2 weeks treat-
ment, mice were sacrificed and mammary fat pad and liver were excised and weighed. The weights of both
tissues decreased in the treated mice (Figure 4B,C). Blood glucose levels and serum leptin levels were also
decreased in the treated mice (Figure 4D,E). These data confirm the weight-reducing effect of α-MLT in both
males and females.

Effect of α-MLT in ob/ob mice on a ND
ob/ob mice are deficient in leptin and therefore obese even on a ND. These mice exhibit increased food intake,
insulin resistance, and elevated blood glucose. ob/ob mice on ND are widely used as a model for diabetes and
obesity. We used 12-week-old male ob/ob mice to evaluate the weight-reducing effect of α-MLT (1 mg/ml in
drinking water). There was a gradual weight gain on a ND in control mice without the drug (Figure 5A). In
contrast, mice exposed to α-MLT lost weight. At the end of 3-week drug exposure, the reversibility of α-MLT
effect was evaluated by withdrawing the drug. The animals started gaining weight upon the drug withdrawal.
At the end of the three-week treatment with α-MLT, mice were sacrificed and the weights of the liver and
abdominal fat pad were determined. The treatment with the drug significantly reduced the liver weight
(Figure 5B) and abdominal fat (Figure 5C). We also monitored food intake, blood glucose, and glucose toler-
ance in control mice and α-MLT-treated mice. We found that: (i) body weight increased in mice without

Figure 3. Impact of α-MLT on glucose tolerance test, liver and abdominal fat weight, and hepatic steatosis in wild type

mice on a high-fat diet.

Wild type male mice were fed with HFD for 12 weeks and then the mice were divided into two groups. One group of mice

received α-MLT (1 mg/ml in drinking water) ad libitum for 3 weeks and the other group received drinking water alone ad libitum.

At the end of 2 weeks, blood glucose was measured following 4 h fasting and then the intraperitoneal glucose tolerance test

was performed (A,B). The diet and α-MLT administration continued another week; then the mice were sacrificed, and the

weights of liver and abdominal fat pad were determined (C,D). Liver tissue was fixed and stained with Oil-O-red for neutral

lipids (63×) (E). Data means ± S. E. M (N = 5 mice/group). * P < 0.05; *** P < 0.001.
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α-MLT whereas body weight decreased in mice exposed to the drug (Figure 6A); (ii) α-MLT decreased food
intake (Figure 6B); (iii) blood glucose was lower in mice exposed to α-MLT (Figure 6C); and (iv) α-MLT
improved insulin sensitivity as seen with glucose tolerance test (Figure 6D,E).

Serum biochemical profile in response to α-MLT treatment in wild type mice
on a HFD
We evaluated the serum profile for metabolites and enzymes to assess the impact of α-MLT (4 weeks treatment;
1 mg/ml in drinking water) in normal mice which were on the HFD for three months prior to initiation of the
drug treatment. These tests were designed to assess the function of the kidneys and liver. Plasma lipid profile
indicated no significant change in triglycerides, but a significant decrease in cholesterol levels (Table 1). HFD
caused a marked increase in liver weight, and the treatment with α-MLT reversed this effect; accordingly, there
was a small, but significant, decrease in plasma albumin levels. There was however no compromise in liver
function as evident from normal levels of bilirubin and the enzyme aspartate transaminase
(glutamate-oxaloacetate transaminase) (AST). The same was true with the kidney function. There was no evi-
dence of compromise in kidney function as seen with the data on blood urea nitrogen and blood creatinine.

Plasma amino acid profile in response to α-MLT treatment
For the determination of plasma amino acids, we had two mouse models of obesity: wild type mice fed the
HFD for 12 weeks and 12-week-old ob/ob mice fed with the ND. In both models, the treatment with α-MLT

Figure 4. Effect of α-MLT on body weight and other biological parameters in wild type female mice fed with HFD.

Wild type female mice were maintained on the HFD for 2 months prior to use in the experiment. Mice were then divided into

two groups: control and treatment (α-MLT; 1 mg/ml in drinking water). Gain/loss in body weight was monitored for this 2-week

period (A). At the end of experiment, blood was collected and mice were sacrificed. Mammary gland and liver weights were

measured (B,C). Blood glucose levels (D) and serum leptin levels (E) were measured. Data means ± S. E. M (N = 5 mice/group).

* P < 0.05; ** P < 0.01; *** P < 0.001.
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was for 2 weeks. At the end of this period, mice were sacrificed and blood collected. Plasma levels of amino
acids were then determined in all four groups: wild type mice with no α-MLT, wild type mice with α-MLT;
ob/ob mice with no α-MLT; ob/ob mice with α-MLT. The data are given in Table 2. In wild type mice on the
HFD, treatment with α-MLT reduced the plasma levels of serine, glutamine, glycine, tryptophan, and ornithine.
The levels of other amino acids were not altered. In ob/ob mice with the ND, treatment with α-MLT caused a
significant decrease in a broader spectrum of amino acids: taurine, aspartate, serine, asparagine, glutamine,
glycine, alanine, phenylalanine, tryptophan, proline, and ornithine. This list includes all six amino acids whose
levels were altered in wild type mice. The most robust decrease occurred with tryptophan in both models.
Interestingly, the plasma levels of arginine increased in both models.

Discussion
The present study has identified the tryptophan derivative α-methyl-L-tryptophan (α-MLT) as an effective and
reversible weight-loss agent. The compound is orally active and efficacious in different mouse models of
obesity, both dietary and genetic. α-MLT is already in use in humans as a tracer to evaluate the health of sero-
tonergic neurons in the brain. The rationale for this use is that α-MLT crosses the blood-brain barrier, gets
taken up into serotonergic neurons, and is converted into α-methylserotonin via the tryptophan hydroxylase
pathway that is selective for serotonergic neurons in the brain. When used in the form of 11C-labeled α-MLT
(a positron emitter) as the tracer, serotonergic neurons selectively light up in positron emission tomography.
The present findings that α-MLT has additional pharmacological functions are not entirely new because studies

Figure 5. Effect of α-MLT on body weight and its reversibility in ob/ob mice on a normal diet.

ob/ob male mice (3-month-old) were exposed to drinking water alone or to α-MLT (1 mg/ml) in drinking water. Body weight

was measured throughout the experiment (A). After three weeks of treatment, mice were sacrificed, and the weights of the liver

(B) and abdominal fat pad (C) were determined. Data are means ± S. E. M (N = 5 mice/group). * P < 0.05; *** P < 0.001. To

assess the reversibility of α-MLT effect, the drug was withdrawn in the treatment group after 3-week treatment period, and the

monitoring of the body weight continued for an additional 3 weeks (A). a, P < 0.001 compared with the control group; b, P <

0.01 and c, P < 0.001 compared with the body weight on the day of the drug withdrawal.
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Figure 6. Effects of α-MLT on body weight and other biological parameters in ob/ob mice on a normal diet.

Twelve-week-old ob/ob male mice were administered either drinking water alone or α-MLT (1 mg/ml) in drinking water. Body

weight (A) and food intake (B) were measured daily. After three weeks of this treatment regimen, blood glucose (C) was

measured and the intraperitoneal glucose tolerance test (D,E) was performed. Data are means ± S. E. M (N = 5 mice/group).

* P < 0.05; *** P < 0.001.

Table 1 Effect of α-MLT treatment (1 mg/ml in drinking water for
4 weeks) on serum lipid profile, kidney function and liver function
in wild type mice on the high-fat diet

Control Treated P value

Lipid profile

Cholesterol (mg/dl) 145 ± 4 106 ± 3 0.0001

Triglycerides (mg/dl) 73 ± 5 97 ± 17 0.1

Kidney function

BUN (mg/dl) 28.6 ± 2.9 34.2 ± 2.6 0.1

Creatinine (mg/dl) 0.25 ± 0.03 0.30 ± 0.04 0.2

Liver function

Total protein (g/dl) 4.78 ± 0.09 4.25 ± 0.06 0.001

Albumin (g/dl) 2.25 ± 0.05 1.90 ± 0.04 0.001

Globulin (g/dl) 2.53 ± 0.05 2.35 ± 0.09 0.06

AST (U/I) 70.5 ± 7.0 79.5 ± 16.3 0.32

Total bilirubin (mg/dl) 0.5 ± 0.1 0.6 ± 0.1 0.56

Values are means ± S.E.M (N = 5 mice/group).
At the end of the treatment period, blood was collected from control (i.e.
untreated) and treated mice to prepare serum, which was used for analysis.
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performed almost six decades ago have shown that the DL-enantiomeric mixture of α-methyltryptophan
reduced body weight in rats [10]. The weight-reducing effect of the drug was observed in that study in rats fed
the ND, and most of the experiments were done at a drug dose of 1 mmol/kg body weight (i.e. 0.2 mg/g body
weight) given once either intraperitoneally or intragastrically. In our study, the drug was given orally in drink-
ing water and thus the animals were exposed to the drug continuously. With an estimate that mice drink
∼4 ml water per day, the drug dose used in the present study (1 mg/ml of the L-isomer) translates to ∼0.13 mg/
day/g body weight). In our study as well as in the previous study, the weight-reducing effect of the drug was
observed within a day of the drug administration. What is new in the present study is the observation that only
the L-isomer is pharmacologically active and that the efficacy of the compound as a weight-loss agent is evident
in multiple models of obesity in mice. Furthermore, the effect of α-MLT on body weight is reversible; mice
resume weight gain immediately upon withdrawal of the drug. It is orally active and the effect is seen at a dose
of 1 mg/ml in drinking water. The weight-loss effect is associated with decreased food intake as was observed
in the previous study [10]. The actual molecular mechanism by which α-MLT reduces food intake and body
weight is not known. It most likely involves the effect mediated by α-methylserotonin as a satiety signal in the
brain. It is well known that α-MLT crosses the blood-brain barrier and gets converted into α-methylserotonin
[23] as evident from its use in clinics as a probe to monitor the health of serotonergic neurons. It is also
known that α-methylserotonin serves as an agonist for serotonin receptors, particularly for the 5HT2 receptor
subtype [24] and that activation of 5HT2 receptor controls appetite [25]. Nonetheless, elucidation of the exact
molecular mechanism underlying the weight-loss effect of α-MLT requires further investigation.
The changes in the plasma amino acid profile in response to α-MLT treatment are interesting. The primary

change is a decrease in the concentrations of certain specific amino acids. This could be explained to a major

Table 2 Plasma concentration of amino acids in high-fat diet (HFD)-fed C57BL/6 mice and normal diet (ND)-fed ob/ob
mice with and without α-MLT treatment

Amino acids WT-HFD WT-HFD-α-MLT P value ob/ob-ND ob/ob-ND-α-MLT P value

Taurine 519.08 ± 32 506.98 ± 22 0.280 878.32 ± 118 610.13 ± 40 0.010

Aspartic acid 15.78 ± 2 15.06 ± 2 0.294 19.88 ± 4 8.13 ± 1 0.004

Threonine 302.73 ± 70 284.15 ± 10 0.309 185.88 ± 30 196.92 ± 11 0.292

Serine 182.91 ± 25 150.56 ± 8 0.025 186.45 ± 46 123.75 ± 6 0.041

Asparagine 68.54 ± 13 48.18 ± 9 0.214 87.02 ± 37 39.78 ± 4 0.018

Glutamine 767.74 ± 50 712.05 ± 32 0.063 853.17 ± 179 669.6 ± 32 0.013

Glycine 210.49 ± 35 144.63 ± 14 0.006 206.88 ± 54 140.7 ± 8 0.050

Alanine 502.99 ± 55 468.31 ± 67 0.227 721.18 ± 194 466.4 ± 15 0.043

Citrulline 60.63 ± 12 56.4 ± 6 0.272 73.37 ± 10 82.73 ± 9 0.151

Valine 318.23 ± 50 304.66 ± 27 0.323 249.57 ± 45 216.97 ± 28 0.174

Methionine 102.63 ± 30 98.7 ± 27 0.426 85.18 ± 10 87.06 ± 26 0.456

Isoleucine 115.98 ± 13 104.25 ± 8 0.092 104.38 ± 23 78.42 ± 13 0.085

Leucine 168.20 ± 23 163.15 ± 15 0.364 278.42 ± 45 224.92 ± 34 0.088

Tyrosine 103.3 ± 22 120.39 ± 17 0.132 121.65 ± 9 94.68 ± 25 0.074

Phenylalanine 88.35 ± 3 89.86 ± 15 0.426 132.85 ± 9 108.9 ± 15 0.041

Ornithine 115.44 ± 25 48.9 ± 2 0.001 172.83 ± 23 97.75 ± 22 0.007

Lysine 446.44 ± 66 402.98 ± 29 0.135 289.35 ± 62 306.73 ± 52 0.364

1-Methylhistidine 4.65 ± 0.5 4.23 ± 0.5 0.099 6.77 ± 1.6 8.71 ± 1.4 0.096

Histidine 87.23 ± 4 88.04 ± 4 0.394 97.55 ± 10 90.4 ± 10 0.209

Tryptophan 112.60 ± 12 6.06 ± 12 0.000 121.72 ± 15 24.53 ± 29 0.003

Arginine 71.64 ± 38 124.36 ± 12 0.018 46.73 ± 7 94.42 ± 20 0.008

Proline 180.41 ± 57 173.99 ± 17 0.419 194.62 ± 33 137.93 ± 19 0.031

Values are given as nmoles/ml (μM) in plasma (means ± S.D; 3 mice/group).
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extent because α-MLT is a blocker of the broad-specific amino acid transporter SLC6A14 [15], which is expressed
highly in the ileum and colon [26]. The substrates for SLC6A14 include all of the neutral amino acids as well as
the cationic amino acids [27]. It is possible that the transport function of SLC6A14 contributes to absorption of
these amino acids, derived from either diet or colonic bacteria. Therefore, chronic exposure to α-MLT in drinking
water is expected to interfere with this absorption process, thus leading to a decrease in the plasma levels of spe-
cific amino acids. It is important to note however that the decrease in tryptophan levels is much more marked
than the decrease in other amino acids, suggesting additional mechanisms, at least for this particular amino acid.
In the same 60-year-old study in which the DL-enantiomeric mixture of α-methyltryptophan was shown to elicit
a weight-reducing effect, the drug treatment also induced the expression of the tryptophan-degrading enzyme
tryptophan pyrrolase (also known as tryptophan-2,3-dioxygenase or TDO) in the liver [10]. Therefore, it is pos-
sible that chronic exposure to α-MLT activates tryptophan metabolism in the liver, thus contributing to the
decrease in the circulating levels of this amino acid. The changes in the plasma levels of two other amino acids
also need attention. In contrast with most amino acids, arginine levels increase in α-MLT-treated mice. This
could be due to changes in adipose tissue content and the associated changes in inflammation. Obesity is asso-
ciated with inflammation, and inflammation is associated with increased metabolism of arginine via arginase iso-
forms in activated macrophages [28]. Since α-MLT decreases body weight and reduces adipose tissue, these
changes are most likely accompanied with reduced inflammation and consequently decreased metabolism of
arginine in immune cells, thus explaining the increase in the circulating levels of this amino acid in
α-MLT-treated animals. This idea is strongly supported by the marked decrease in the levels of ornithine, a
product of arginases. Taurine is not a substrate for SLC6A14 [29], but its levels are decreased in plasma as a
result of α-MLT treatment. This change is most likely due to obesity-associated changes in the expression of the
taurine transporter (TauT or SLC6A6) in various tissues. Obesity is known to decrease the expression of this
transporter in the intestinal tract [30] and placenta [31]. Taurine supplementation is also known to have an anti-
obesity effect [32]. Taurine promotes the conversion of white adipose tissue into brown adipose tissue, thus
enhancing energy expenditure [32]. Furthermore, ob/ob mice show increased expression of the taurine transporter
in adipose tissue [33] and mice lacking the taurine transporter have reduced body weight [34]. The circulating
levels of taurine are differentially affected by the taurine transporter in the intestinal tract versus the taurine trans-
porter in other tissues. The intestinal transporter increases the absorption of exogenous taurine, thus increasing
the plasma levels. In contrast, the transporter in other tissues mediate the clearance of taurine from blood by pro-
moting cellular uptake. Thus, the relationship between plasma levels of taurine and obesity is complex, which
needs to be investigated further to get a better understanding of this relationship.
α-MLT has been shown to be effective for the treatment of cancers that are associated with up-regulation of

the amino acid transporter SLC6A14 [11,12,16,17]. But the weight-loss effect of the compound is independent
of its ability to block this transporter as evident from its efficacy to reduce body weight even in Slc6a14-null
mice. This suggests that α-MLT is ideal for treatment of obesity-associated cancers. This is particularly so in
the case of the estrogen receptor-positive breast cancer, which is promoted by obesity and is also characterized
by up-regulation of SLC6A14, thus providing two molecular targets for α-MLT (obesity and SLC6A14) to elicit
a synergistic therapeutic effect. α-MLT would also be useful in the treatment of other obesity-related health
problems such as diabetes, hypertension, cardiovascular diseases, and fatty liver.
Based on these pharmacologic features of α-MLT, there is potential for this compound as an anti-obesity

drug in humans. In preclinical animal models, α-MLT given orally at a dose of 150 mg/kg per day showed no
noticeable adverse effects in rats [8]. Our studies have shown that at a daily dose of 1 mg/ml in drinking water,
which translates approximately to 115 mg/kg (the average daily water intake in male C57BL/6 mice, 4 ml/30 g
body weight), there was no evidence of significant changes in liver function and kidney function. The dose of
115 mg/kg in mice approximates to 1 g of the drug in humans with body weight of 70 kg [35], a practically
feasible dose for use in humans. As such, the findings of the present study provide a strong rationale and scien-
tific basis for a more detailed evaluation of α-MLT as an anti-obesity drug in preclinical animal models and for
subsequent clinical trials in humans.
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