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[Abstract] Objective To explore the preventive effect of nicotinamide (NAM) on cleft palate induced by all-trans
retinoic acid (RA), to provide research evidence for the prevention of cleft palate. Methods The mouse cleft palate
model was induced by intragastric administration of 70 mg/kg all-trans retinoic acid at embryonic day 10.5 (E10.5) in
the control group. The mouse cleft palate model was treated by caudal vein injection of 20 mg/kg NAM at E8.5 to E13.5
in the experimental group (1). The cleft palate model was treated by caudal vein injection of 40 mg/kg NAM at E8.5-
E13.5 in the experimental group (2). The cleft palate of fetal rats was observed by laparotomy on E16.5 and statistically

analyzed. Annexin V-FITC/PI double staining was used to detect the apoptosis of mouse embryonic palatal mesenchyme
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(MEPM) cells treated with RA 1 pwmol/L (RA 1 group), NAM 200 pwmol/L. (NAM 200 group), and both NAM 200 pmol/L
and RA 1 pmol/L. (NAM 200+RA 1 group) for 24 hours by flow cytometry and the apoptosis rate in groups were com-
pared. Culture without RA or NAM was used as a control. Results The cleft palate rate in the control group was 98%.
The cleft palate rate in experimental group (1) was 87%. There was no significant difference between groups (P > 0.05).
The cleft palate rate in the experimental group (2) was 63%, compared with the control group, there was a significant dif-
ference (P <0.01). The cell apoptosis rate was 16.53%+2.89% in the CONTROL group. The cell apoptosis rate was
22.9%+1.85% in the RA 1 group, which was a significant increase compared with the CONTROL group (P < 0.01). The
apoptotic rate of the NAM 200 group was 9.23%=+1.39%), which was a significant decrease compared with NA 1 group
(P < 0.01). The apoptosis rate of the NAM 200+RA 1 group was 14.9%=+7.67%, which was a significant decrease com-
pared with the RA 1 group (P < 0.01). Conclusion NAM can prevent cleft palate. 40 mg/kg nicotinamide during preg-

nancy is an effective concentration for the prevention of RA-induced cleft palate. The mechanism by which NAM pre-

vents cleft palate may be that NAM inhibits RA-induced apoptosis of MEPM cells.
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Fetal mice were removed by lapa-
rotomy in E16.5. The cleft palate
of fetal mice was observed and di-
vided into normal phenotype and
cleft palate phenotype. a-c: normal
(non - cleft palate phenotype). d - f:
" cleft palate phenotype. d, e and f
were from control group, experi-
mental group 1 and experimental
group 2, respectively

Figure 1  Phenotype of nor-
mal palate and cleft palate
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Conditions of fetal rats and incidence of cleft palate in mice induced by all-trans retinoic acid with the

prevention of nicotinamide

RA(E10.5) NAM (E8.5-E13.5) Pregnant mouses Fetal mouses Cleft palate Death Rate of cleft palate (%)  x° P

Group

Control group 70 mg/kg - 5
Experimental group 1 70 mg/kg 20 mg/kg 5
Experimental group 2 70 mg/kg 40 mg/kg 5

62 61 0 98 -
47 41 0 87 3.83 0.50
43 27 0 63 21.16 <0.01

RA: all-trans retinoic acid. NAM: nicotinamide. E8.5: embryonic 8.5 d. E10.5: embryonic 10.5 d. E13.5: embryonic 13.5 d
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a: the early apoptosis rate (lower right quadrant) and the late apoptotic rate (upper right quadrant) was 6.8% and 5.7% in the CONTROL

group. Total apoptosis rate was 12.5%. b: the early apoptosis rate and the late apoptotic rate was 5.7% and 19.3% in the RA 1 group. Total

apoplosis rate was 25%. c: the early apoptosis rate and the late apoptotic rate was 5.0% and 4.1% in the NAM 200 group, respectively. Total

apoptosis rate was 9.1%. d: the early apoptosis rate and the late apoptotic rate was 4.5% and 12.4% in the NAM 200+RA 1 group. The total
apoptosis rate was 16.9%. CONTROL: MEPM cells cultured with DMEM without FBS for 24 h. NAM 200: MEPM cells cultured with 200
pmol/L of NAM in DMEM for 24 h. RA 1: MEPM cells cultured with 1 wmol/L of RA in DMEM for 24 h. NAM 200+RA 1: MEPM cells cul-
tured with 200 pmol/L of NAM and 1 pwmol/L of RA in DMEM for 24 h. MEPM: mouse embryonic palatal mesenchyme. RA: all-trans retino-

ic acid. NAM: nicotinamide. DMEM: dulbecco’s modified eagle medium. FBS: fetal bovine serum

Figure 2 Apoptosis of MEPM cells detected by flow cytometry
B2 A MEPM 2 i 0

F2 T MR MEPM 40 i 0A 1501 3%
Table 2 Statistical table of MEPM cell apoptosis detected by
flow cytometry

Group Apoplosis rate (%) F P
CONTROL 16.53 + 2.89

RA 1 2290 + 1.85 144.71 <0.01
NAM 200 9.23 £ 1.39

NAM 200+RA 1 14.90 + 7.67

CONTROL: MEPM cells cultured with DMEM without FBS for 24 h.
RA 1: MEPM cells cultured with 1 pwmol/L. of RA in DMEM for 24 h.
NAM 200: MEPM cells cultured with 200 pmol/L. of NAM in DMEM
for 24 h. NAM 200+RA 1: MEPM cells cultured with 200 pmol/L of
NAM and 1 pmol/L of RA in DMEM for 24 h. MEPM: mouse embryon-
ic palatal mesenchyme. RA: all-trans retinoic acid. NAM: nicotinamide.

DMEM: dulbecco’s modified eagle medium. FBS: fetal bovine serum
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