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Processing of crude drugs - The mechanism of the appearance of immunostimulatory
activity by heating with honey
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This study aimed to obtain the scientific evidence on the processing process
of roasting crude drugs with honey (honey-roasting). Various honey market products and various
sugars contained in honey were used as experimental materials, which were heated under various
conditions. Murine gastrointestinal epithelial cells (MCE301 cells) were cultured with these
samples, and the concentration of G-CSF (granulocyte-colony stimulating factor) released into the
medium was measured by the ELISA. Inducible activity of G-CSF production was appeared in various
honey samples by heat processing. From the correlation between the content of sugars and the
activity, it was discovered that isomaltose contributes to this activity, and the maximum conditions
were 180° C for 1 hour and 200 ° C for 15 to 30 minutes. Isomaltose contributed to the induction
of G-CSF production in heated honey, and it is suggested that honey with a high isomaltose content
is suitable for honey roasting.
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Figure 1. Differences in the inducible effect of honey and
its related products, purchased in China and Japan, on G-
CSF secretion in MCE301 cells. (A) Each sample was
either heated to 180 °C for 30 min or unheated, then
dissolved in a medium at 250 pg/ml. Cells were incubated
for 24 h and the G-CSF levels in the medium were
measured by ELISA. Data are shown as the ratio of the
heated sample absorbance and that of the unheated sample.
The letters shown on X-axis indicates the sample codes
shown in Table 1. *p < 0.05, **p < 0.01, ***p < 0.001
between the unheated honey group and the heated honey
group shown with the same letters for Student’s 7-test. Data
are represented as the mean = S.E. (n = 3). (B, C) The
structures of turanose and isomaltose, respectively. (D, E)
Scatter plot between the inducible effects on the G-CSF
secretion in MCE301 cells and the amounts of turanose and
isomaltose in the honey samples. The correlation
coefficient was calculated using the Pearson correlation
analysis and regression analyses. The Y-axis shows the
increased activity (a). 0.4 < r < 0.7 indicates a positive
correlation between the two groups of data.
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Figure 2. Inducible effect of each sugar or heated artificial
honey (AH) heated on the G-CSF secretion in MCE301
cells. (A) Each sugar or the mixture of glucose and fructose
(1:1), (B) AH with or without isomaltose, or (C) isomaltose
was heated at 180 °C for 1 h. (B) AH with or without
isomaltose was prepared according to the ratio of sugar
contents in honey sample N and the contents of sugars in
AH with or without isomaltose shown in Supplementary
Table 1. After being heated, the samples were dissolved in
the medium, and the cells were incubated for 24 h. The G-
CSF levels in the medium were measured by ELISA and
the data are shown as the absorbance. (A, C) ***p < 0.001
against the control group by Dunnet’s multiple #-test. (B)
The different letters over the columns indicate significant
treatment differences as determined by Dunn's multiple #-
test (p < 0.05). Data are represented as the mean + S.E. (n
= 6). Fr: fructose; Gl: glucose; Su: sucrose; Tu: sucrose;
Ma: maltose; Tr: trehalose; Iso: isomaltose; Me:
melezitose; PWM: pokeweed mitogen.
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significant  treatment  differences  as
determined by Dunn's multiple #test (p <
0.05). Data are represented as the mean + S.E.
(n = 3 for (A-C); n = 5 for (D)). PWM:
pokeweed mitogen.
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Figure 4. Prediction of the chemical structure of heated
isomaltose. (A) Isomaltose was heated at 180°C for 1 h,
then partitioned by a dialysis membrane with a molecular
weight cutoff value of 12,000-14,000. The samples were
dissolved in the medium at an equivalent concentration to
the heated isomaltose (100 pg/ml) and the cells were
incubated in it for 24 h. The G-CSF levels in the medium
were measured by ELISA and the data were shown as the
absorbance. The different letters over the columns
indicate significant treatment differences as determined
by Dunn's multiple #-test (p < 0.05). Data are represented
as the mean = S.E. (n = 6). (B) HPLC chromatogram of
isomaltose, heated isomaltose, and its high molecular
weight fraction using size exclusion liquid
chromatography. HPLC conditions: column, Inertsil
WP300 Diol column (250 mm x 4.6 mm i.d., 5 um, GL
sciences, Tokyo, Japan); mobile phase, water, 0.3 ml/min;
column temperature, 40°C; injected volume, 10 pl;
detector, refractive index detector RID-20A (Shimadzu).
PWM: pokeweed mitogen.
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Figure 5. Counteractive effects of sparstolonin B or resatorvid
(TAK-242) on the inducible effects of heated isomaltose (180°C
for 1 h) on the G-CSF secretion in MCE301 cells. Cells were pre-
treated with sparstolonin B or TAK-242 for 2 h, then co-incubated
with heated isomaltose or PWM for 1 h. The G-CSF levels in the
medium were measured by ELISA and the data were shown as
the absorbance. The different letters over the columns indicate
significant treatment differences as determined by Dunn's
multiple 7-test (p < 0.05). Data are represented as the mean + S.E.
(n=15). PWM: pokeweed mitogen.
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