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The gut microbiota is closely associated with the pathogenesis of 
psychiatric disorders, including depression. Intervention with the gut 
microbiota of depressed patients by probiotics and prebiotics may 
improve depressive symptoms. However, our randomized, double-blind, 
placebo-controlled trial of 4G-β-D-galactosylsucrose (LS) at 3.2 g/day 
for 24 weeks showed no efficacy in improving depression versus place-
bo1). Double-blind, placebo-controlled trials of depression are difficult 
to detect actual drug effects because of the relatively large placebo 
effect2). In fact, in our study, about half of the patients treated with LS 
showed improvement in depressive symptoms, although not significant-
ly different from placebo. Since we did not change psychiatric medica-
tions during the study period, we believe that LS may be effective for 
some depressed patients. Therefore, we divided LS-treated patients into 
two groups: the depression-improved group with a decreased MADRS 
(Montgomery-Asberg Depression Rating Scale) score and the non-im-
proved group with a flat or increased MADRS score after 24 weeks, and 
compared 16S rRNA analysis of fecal microflora in the two groups. All 
participants gave their written consent. The depression-improved group 
consisted of five patients, all female, with a mean age of 48.8 years, and 
the average improvement in MADRS scores went from 16.6 to 7.6. The 
non-improved group consisted of four patients, three female and one 
male, with a mean age of 57.0 years, and their MADRS scores wors-
ened from 17.3 to 25.8. Since MADRS scores before LS administration 
did not differ between the two groups, psychiatric symptoms before LS 
intervention were judged to be equivalent in both groups. Similar to our 
previous report on LS administration to psychiatric patients3), 
Bifidobacterium were increased with LS in both groups, but Prevotella 
was the only significant difference in the fecal flora of the two groups 
both before and after LS administration. In other words, the Prevotella-
to-Bacteroides ratio (P/B ratio) was clearly different between the two 
groups. In the depression-improved group, the P/B ratio was high 
(33.54%) even before LS administration, and it was further increased 
(+6.05%) after LS ingestion. In contrast, the non-improved group origi-
nally had a very small P/B ratio (0.19%), and LS intake resulted in a 
slight increase in the P/B ratio (+ 2.91%) (Figure 1). Patients with high-
er levels of Prevotella prior to treatment and further increase with LS 
tended to have more improvement in their depressive symptoms.

LS is selectively assimilated by Bifidobacterium as a prebiotic and 
increases beneficial bacteria, but the mechanism by which depression is 
improved is unknown. Patients whose depressive symptoms improved 
with LS had a higher P/B ratio, which was further increased with LS, 

suggesting that Prevotella interacts with LS. Prevotella, along with 
Bacteroides, is classified in the phylum Bacteroidetes. Members of the 
phylum Bacteroidetes are known to be efficient degraders of dietary 
fiber. The main action of Prevotella and Bacteroides is to ferment 
dietary fiber to produce short-chain fatty acids (SCFAs) such as acetic, 
propionic, and butyric acids from dietary fiber, which are the main 
source of energy for the intestinal epithelium4). However, in vitro the 
Prevotella-driven and Bacteriodes-driven microbiota have been shown 
to produce different amounts and profiles of SCFAs from the same car-
bohydrate substrates. Higher P/B ratios are more favorable for degrada-
tion of oligosaccharides and more efficient production of SCFAs5). 
Although the relationship between psychiatric disorders and SCFAs is 
still being elucidated, efficient production of SCFAs may be effective in 
improving psychiatric symptoms, since impaired intestinal epithelial 
barrier function has been postulated in psychiatric disorders6). 

In conclusion, patients who respond to LS have characteristics of 
their gut microbiota, one of which may be the P/B ratio. The time may 
come when treatment strategies will be based on each pattern of gut 

Figure 1: Prevotella-to-Bacteroides ratio (P/B ratio) before and 
after 4G-beta-D-Galactosylsucrose (LS) administration 
in the depression-improved and non-improved groups, 
respectively.
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microbiota, so research in this area needs to be pursued.
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