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Abstract: In this study, RAW264.7 cells were employed to investigate the effects of honey-processed
Astragalus on their energy metabolism and polarization, and explore the scientific connotation of the enhanced
efficacy of honey-processed Astragalus on invigorating spleen-stomach and replenishing Qi. The medicated sera
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were prepared by intragastric administration of rats with water extracts of crude and honey-processed Astragalus,
and the composition changes of medicated sera of crude and honey-processed Astragalus were analyzed by using
LC-MS technology. The cell survival rates were detected and the concentrations of medicated sera were screened
through CCK-8 assay. The differences of cell phagocytic rates, ATP energy metabolism, and NO secretion between
crude and honey-processed Astragalus were evaluated by using neutral red phagocytosis assay, ATP detection kit,
and NO detection kit. The effects of crude and honey-processed Astragalus on TNF-a secretion of RAW264.7 cells
were detected by employing ELISA kit. The effects of crude and honey-processed Astragalus on polarization of
RAW264.7 cells were evaluated by utilizing flow cytometry. The differential metabolites related to glycolysis in
cell lysates and culture media were screened by using LC-MS technology. The experiment was approved by the
experimental animal ethics committee from Shanxi University of Chinese Medicine (No. AWE202407352). The
results showed that the contents of betaine, amino acids, and ononin in the prepared medicated sera of rats treated
by intragastric administration with water extracts of honey-processed Astragalus increased compared to those in
crude one. The results of CCK-8 experiment showed that there were no cytotoxic effects on RAW?264.7 cells in the
medicated sera of crude and honey-processd Astragalus at different concentration. The phagocytic index and ATP
yield both increased to varying degrees after administration of the medicated sera to cells. The secretion of NO in
normal and inflammatory cells increased and decreased respectively, and the effect of honey-processed Astragalus
was better than that of crude one. The results of ELISA kit showed that the medicated sera of both crude and honey-
processed Astragalus could promote the secretion of TNF-a in a concentration-dependent manner, and the
promoting effect of honey-processed Astragalus was stronger than that of crude one. The results of flow cytometry
showed that the medicated sera of both crude and honey-processed Astragalus could promote M1-type polarization
and inhibit M2-type polarization of RAW264.7 cells, and the effect of honey-processed Astragalus was better than
that of crude one. Compared to crude Astragalus, the metabolites related to glycolysis in the cell lysates and culture
media of the medicated sera of honey-processed Astragalus were generally on the rise, indicating that the effect on
promoting glycolysis of honey-processed Astragalus was better than that of crude one. In summary, honey-
processed Astragalus can promote the polarization and energy metabolism of RAW264.7 cells, and participate in
positive immune regulation, which is correlated with its enhanced effect of invigorating spleen-stomach and
replenishing Qi.
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Differential components in medicated sera of crude and honey-processed Astragalus

mlz

No. Name t/min Formula Adduct Expected Observed Error/10° Fragment ion (m/z) Change
1 Lysine" 0.79 CH/N,0, [M+H]' 147.1128 147.112 8 0 84.081 5, 130.086 4, 56.050 6 Up
2 Tyrosine!” 131  CH NO,  [M+H] 182.0812 182.0811  -0.55 165.054 7, 136.075 8 Up
3 Proline!” 0.90  CH,NO, [M+H]" 116.070 6 116.070 8 1.72 70.066 0 Up
4 Leucine!™ 154 CH,NO, [M+H] 132.1019 132.1017  -1.51 132.076 9 Up
5 Tryptophan"” 3.05  C,H,N,0, [M+H] 205.0972 205.0970  -0.98 203.0817,142.0649,116.0490  Up
6  Betaine™ 0.87 CH/NO,  [M+H] 118.086 3 118.086 4 0.85 58.066 1 Up
7 Calycosin-7-glucoside™  2.07  C,H,0,, [M+H] 447.128 6 447.1284  -045 229.162 9 Up
8  Formononetin™ 6.82  C,H,0, [M-H] 267.0662 267.066 3 0.37 252.042 4,223.039 7 Down
9  Calycosin™*! 431  CH,0;, [M-H] 283.0612 283.061 4 0.71 283.264 2,239.200 9 Up
10 Ononin™* 532 C,H,0, [M+COOH]™ 475.1246 475.1245  -0.21 269.045 5,241.050 8 Up
11 Fucose 1.63  CH,0, [M+H]" 165.0758 1650756  -1.21 123.044 3,119.049 5,95.0497  Up
12 Astragaloside 538 C,H,O, [M+COOH] 829.4591 829.4605 1.69 - Up
13 Glucose 0.85 CH,,0, [M-H] 179.056 1 179.0554  -3.91 - Up
14 Arginine 0.80 CH.NO, [M+H]' 175.1190 1751186 -2.28 - Down
‘E 25¢10°7 gy Crude Astragalus ‘E 6x1077 g Crude Astragalus
% E= Honey-processed Astragalus % 5107 B3 Honey-processed Astragalus
E‘ 1.5x10°+ i @
=] =]
et " 2 2x107H
= % =
g 410 5 6x100
% 2x108 :; 3x106
g 3
E 0 E 0-
'ﬁ & & J & J e & ':xv > & A > <>
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& <3 ¥ < V &(S& Q> Q$Q%°Q°% &,,,% 2 v &
Figure 1 Peak areas of differential components in medicated sera of crude and honey-processed Astragalus (n = 5, x £ 5). "P < 0.05 vs

crude Astragalus group
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Effects on activity and phagocytosis of RAW264.7 cells in medicated sera of crude and honey-processed Astragalus. A:

Differences of cell activity between medicated sera of crude and honey-processed Astragalus (n = 3, x % s); B: Differences of cell phagocy-

tosis between medicated sera of crude and honey-processed Astragalus (n = 3, x £ s). a—e: Absence of same letter between any two groups

indicates significance, P < 0.05. H represents crude 4Astragalus and M represents honey-processed Astragalus
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Figure 3 Effects on NO secretion of normal and inflammatory RAW264.7 cells in medicated sera of crude and honey-processed Astragalus.

A: NO secretion of normal cells after intragastric administration (n = 3, x % 5); B: NO secretion of inflammatory cells after intragastric

administration (1 = 3, x + 5). a—f: Absence of same letter between any two groups indicates significance, P < 0.05
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Figure 4 Effects on TNF-a secretion and energy metabolism of RAW264.7 cells in medicated sera of crude and honey-processed Astragalus.

A: Difference of TNF-a secretion between medicated sera of crude and honey-processed Astragalus (n = 3, x + s); B: Difference of ATP

yield between medicated sera of crude and honey-processed Astragalus (n = 3, x + ). a—f: Absence of same letter between any two groups

indicates significance, P < 0.05
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Figure 5 Effects on expression of M1 and M2 marker factors (CD86 and CD206) of RAW264.7 cells in medicated sera of crude and
honey-processed Astragalus. A: Effects on CD86 expression of RAW264.7 cells in medicated sera of crude and honey-processed Astragalus
(n =3, x £ 5); B: Effect on CD206 expression of RAW264.7 cells in medicated sera of crude and honey-processed Astragalus (n =3, x + s).

a—f: Absence of same letter between any two groups indicates significance, P < 0.05
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Figure 6 Effects on glycolysis of RAW264.7 cells in medicated sera of crude and honey-processed Astragalus. A: Peak areas of glycolytic
metabolites in cell lysate (n = 6, x = 5); B: Peak areas of glycolytic metabolites in cell culture medium (1 = 6, x £ 5). a—e: Absence of same

letter between any two groups indicates significance, P < 0.05
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Table 2 Differential metabolites associated with glycolysis in cell lysate (A) and cell culture medium (B)

. m/z Error/ .
No. Name t,/min Formula Adduct P Fragment ion (m/z)
Expected  Observed 10
1 Glucose-1-phosphat (A) 093 CH,0P [M-H]" 259.0224 259.022 6 0.77  259.022 6, 223.831 2,221.834 3, 96.968 1
Glucose-1-phosphat (B) 6.95 CH, 0P [M-H]" 259.0224 259.0225 0.39 223.1079,221.842 3, 128.033 9, 130.085 9
2 Glucose™ (A) 0.87  CH,0, [M-H]" 179.0561 179.056 4 1.67 179.055 1, 161.044 4,101.022 9
Glucose (B) 0.88 CH,,0, [M-H]" 179.0561 179.0563 1.12 101.022 8
3 Pyruvic acid (A) 145 C,H,0, [M-H]"  87.008 8 87.0087 -1.15 87.0072
Pyruvic acid (B) 1.37  CH,0, [M-H]"  87.008 8 87.008 9 1.15  87.007 1
4 Glyceraldehyde 3-phosphate (A) 1.48 CH,OP [M+H]" 171.0053 171.005 6 1.75  148.977 2, 130.966 5, 89.071 6
Glyceraldehyde 3-phosphate (B) 1.36 C,H,OP [M+H]" 171.0053 171.005 4 0.58 148.977 1, 130.966 5, 89.071 5
5 Lactic acid®” (A) 136 CHO, [M-H]" 89.0244  89.0245 1.12  71.0122,89.022 8
Lactic acid (B) 1.33  CH.O, [M-H]"  89.024 4 89.024 5 1.12 89.022 8
6 1,3-Diphosphoglycerate (A) 8.65 CHO P, [M-H]" 2649520 264.9527 2.64 -
1,3-Diphosphoglycerate (B) 8.65 C,HO,P, [M-H] 2649520 264.9527 2.64 -
7 Fructose 1,6-diphosphate (A) 827 CH,O,P, [M-H]" 3389888 338.9894 1.77 -
Fructose 1,6-diphosphate (B) 827 CH,O.,P, [M-H]" 3389888 338.9895 2.06 -
8 3-Phosphoglyceric acid (A) 17.39  C,H,O,P [M-H]" 1849857 184.986 6 487 -
3-Phosphoglyceric acid (B) 17.39  C,H,O,P [M-H]" 1849857 184.986 4 387 -
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