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Effect of graphene quantum dots on intestinal imaging and mesenteric microcirculation in mice
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[Abstract] Objective To study the effect of graphene quantum dots (GQDs) on intestinal image formation and mesenteric
microcirculation in mice. Methods The effect of GQDs on intestinal image formation was observed using FX-in vivo imaging
system in C57BL/6N mice by comparing with X-ray barium meal examination. Pure water was used as negative control and
CdTe QDs was used as positive control. The effects of GQDs on the mesenteric arterioles, venules, and capillaries were
observed by the mesenteric microcirculation microscope. Results The mouse intestine took on a bright green image under
ultraviolet stimulation 1 h after receiving gavage with GQDs, with clear edge and mucosal structure; meanwhile, mesenteric
vessels were in clear light green in the mice. High-density images of the small intestine were observed by X-ray in barium meal
examination, but the intestinal mucosal structure was not clear, and the mesenteric vessels were not displayed. The diameter of
small arteries in GQDs group was greater and that in the barium meal group was smaller than that before gavage. GQDs, CdTe
QDs and barium meal had no notable impact on mouse mesenteric venules. The velocities of blood flow in mesenteric arterioles,
venules and capillaries were increased after the administration of barium meal or CdTe QDs, and there were no significant
changes in GQDs group. Conclusion GQDs is superior to barium meal in image formation of mouse intestinal wall, and it has

less influence on mouse mesenteric microcirculation.
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Fig 1 Image formation of GQDs in intestine after gavage by FX-in vivo image formation system

A Pure water; B: GQDs; C: CdTe QDs; D: Barium meal. A, B and C were excited by ultraviolet (Ex: 465 nm, Em: 535

nm); D was observed by X-ray irradiation. GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots; Ex: Excitation;

Em: Emission. Red arrow: Intestinal wall; White arrow: Mesenteric vessel
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Tab 1

Effect of GQDs on diameter of arteriole in mouse mesentery

n=>5, rts, d/pm

After gavage

Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 15.6+1.3 14.8£2.3 16.4+1.5 15.4+2.3 14.2+0.8
GQDs 15.0£1.5 16.2+1.7 19.6+1.5" 17.6+1.5" 17.2+1. 1"
CdTe QDs 16.2+0.8 17.4+£0.5 16.8£0.8 15.8£2.1 16.2+0.4
Barium meal 14.4+2.8 13.6+2.5 12.6+£2.4 14.8+0.4 15.0+£1.2

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<C0. 05 vs before gavage

R 2 GQDs X/ R H7 7 BE 3 3h ik I 35 52K FEE Y 2 i

Tab 2 Effect of GQDs on velocity of blood flow of arterioles in mouse mesentery

n=5, rds, v/(pgm=+s b

After gavage

Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 42.6040. 89 43.4043.03 43.4042. 28 42.2041.41 42.2041.41
GQDs 43.404+1.79 42.20%£0.00 43.00%+1.10 41.4041. 10 41.80+£1. 67
CdTe QDs 44,20+1.41 49.40+1.10" 50.2040. 00" 49.4041.10" 50.6040.89"
Barium meal 44,2043.46 45.70+2. 60 49.20+1.00" 47.2042. 24" 47.0641.76

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<0. 05 vs before gavage
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Tab 3 Effect of GQDs on diameter of venules in mouse mesentery
n=5, rts ’ d,/‘u.m

After gavage

Group Before gavage 10 min 20 min 30 min 60 min
Pure water 22.6+0.9 23.0+2.1 24.14+0.8 23.0+0.7 22.8+1.3
GQDs 24.4+1.7 23.6+0.9 24.8+1.6 24.2+0.8 24.2+0.8
CdTe QDs 24.2+1.1 23.6%2.6 24.4+2.1 24.2+0.8 23.8%+1.3
Barium meal 21.6+0.9 21.0£1.0 22.0+2.1 23.0+0.7 22.0+£2.7

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots
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Tab 4 Effect of GQDs on velocity of blood flow of venules in mouse mesentery

n=>5, rks, v/(pm=+ s~

After gavage

Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 21.40+1.10 21.40+1.10 21.40+1.10 21.4042.28 21.80+1.67
GQDs 19.40+1.10 20.20+1.41 20.60+2.19 21.4042.28 21.40+1.79
CdTe QDs 23.8040.89 25.8041.67* 25.40+1.10" 26.6040.89" 27.404+2.28"
Barium meal 22.60+2.19 25.80+2.61" 27.8042.19" 27.804+2.19* 27.004+1.10"

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<C0. 05 vs before gavage

x5 GQDs/IRBREEANENOEZHZN
Tab 5 Effect of GQDs on inflow diameter of capillaries in mouse mesentery

n=5, ks, d/pm

After gavage

Group Before gavage

10 min 20 min 30 min 60 min
Pure water 8.8+1.0 8.84+0.4 9.2+1.5 8.8+1.3 8.8+0.8
GQDs 9.240.8 9.040.7 9.240.8 9.24+0.8 9.240.8
CdTe QDs 9.2+0.8 9.5+1.1 10.0+£0.7 9.240.4 9.7+0.8
Barium meal 9.3+1.3 8.540.9 9.5+1.1 8.540.5 10.040.6

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots

F6 GQDs W/MNREAREEHAMEHOERHZM

Tab 6 Effect of GQDs on outflow diameter of capillaries in mouse mesentery

n=5, ks, d/pm
After gavage
Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 8.440.9 7.64+0.5 7.6+0.5 8.0+1.4 7.440.5
GQDs 8.24+0.8 8.84+0.4 8.4+1.1 8.440.5 8.440.9
CdTe QDs 8.04+1.2 9.440.5* 9.6+1.3" 8.84+1.1 8.44+0.9
Barium meal 8.04+1.0 7.041.2 8.8+1.9 8.04+1.2 8.0+£0.7

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<C0. 05 vs before gavage

x 7 GQDs ¥t/ iR 7 % BE E 40 1 & I 37 5 B Y 220
Tab 7 Effect of GQDs on velocity of blood flow in capillaries in mouse mesentery

n=>5, s, v/(pm=+ s~

After gavage

Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 25.4042.28 23.4041.79 25.4043.63 25.4041.10 25.4044.15
GQDs 23.0041.79 23.40+2.28 22.2042.00 22.6040. 89 23.4041.10
CdTe QDs 24.2042. 45 25.8041.67 28.6041.67" 27.8041.68 26.6040. 90
Barium meal 23.4041.10 23.4041.09 25.4043. 37 25.8041. 67 25.004+1.10"

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<C0. 05 vs before gavage
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Tab 8 Effect of GQDs on number of circulating capillaries in mouse mesentery

n=5, r*s, mm ?

After gavage

Group Before gavage - - - -
10 min 20 min 30 min 60 min
Pure water 5.2040. 84 5.60740.55 5.6040. 55 5.60+0. 54 5.60+0.55
GQDs 5.40+1.79 5.60+1. 14 5.20+1.10 5.60+0.55 5.2040. 45
CdTe QDs 5.60+0.55 5.0040. 00 4.6040.55" 4.8040. 84 5.2040. 45
Barium meal 5.6040.55 4.8041.09 4,2041.10 3.80+0.84" 5.60=+0. 55

GQDs: Graphene quantum dots; CdTe QDs: CdTe quantum dots. * P<C0. 05 vs before gavage
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