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Oral Long oil for prevention and treatment of radiation enteritis
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Abstract: Radiation enteritis (RE) is a common syndrome in the radiotherapy of abdominal and pelvic
malignant tumors, heavy influencing living quality, but no specific clinical regimens are available. Long oil (LO) is
composed of the fat components from cuttlebone, safflower, walnut oil and rapeseed oil and has been clinically
used for wound healing. In this study, oral LO was applied for the prevention and treatment of RE and the
mechanisms were explored. Animal experiments were approved by the Ethics Committee of the Beijing Institute of
Radiation Medicine, Academy of Military Medical Sciences, and the experiments were conducted in accordance
with relevant guidelines and regulations. An RE mouse model was established after single whole abdominal y-ray
radiation of 13 Gy. LO (8 mL-kg") was intragastrically administered to the mice 1 h pre-radiation. Compared to the
models, the mice of the LO group had more regenerated intestinal crypts and longer villus on day 3.5, and
remarkable increase in the abundance of gut microbiota on day 7, especially the amounts of probiotics including
Eubacterium and Lactobacillus. Moreover, the mice of the LO group showed longer total movement distance,
shorter immobility time, and higher speed than the model mice on day 7. On day 14, the mice of the LO group
showed the high descending of proinflammatory factors including tumor necrosis factor-a and interleukin-6, close

to the normal levels. Therefore, oral LO can alleviate the inflamed syndromes of RE and improve the repair of
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damaged intestinal tissues. Moreover, the mice of the LO group had highly low permeability of intestinal mucosa

according to the fluorescence labeling experiment, which was close to the normal level. Oral LO can protect

intestine mucosa and prevent RE by modification of the intestinal microenvironment, alleviation of the

inflammatory response, and promotion of tissue repair.

Key words: Long oil; gut microbiota; radiation enteritis; proinflammatory factor; ionizing radiation

JRUT & IR Wi PR VA T 0 R T B, SR H B 5
HEL ST e 9 2H 23 i (1 3 g 4 M 0 To AN IR AR . H RS ER
SR a By X0 TR A, SHUAIER S
A B RR R T A S I R R A R . SRR
A R E i B 1 T O IR R AR B o U T ¢
(radiation enteritis, RE) A& & i \ i 6% J5 B34k Jias 58 o7 Jih
IR BT 5 LI R REN . 20 RO 1 & T 2% R I R
iR B B AT AE TR T 46 J5 BN I B LR N H B, (HOR
ZHUEEAE 2 RS R &I H] 30~40 Gy I 4 2
HIEIR . 2 B PR TSU 1t 45 B R B KA T ROT
TS 6~24 N H, LEEEERTFHERHHFEZ)E
A tH B IR

RE AR IR 32 222 5 40 /) W Bl &5 B W B 49 f5
PRI B T8 O, B4 O IR IR IRTE S . K
043 T s TROTT BB A R BB i, S E
FRRDUELZE, LI [R5 1) B8 25 1 A R 3T A, 340 2
FIC TR R RO YR B N g, [ %
JIEESZ A T, IE IR B RS ast b, T Sl IS RO R A
AT 5] K g b R A I P R A AR T, i B
KA RNV M IR FE A YE Ak, T8 b R BE R B
WP, RE IR W RN B 25 H R IETS ERE
i, A7 E— 2 R J B i g FLAEY . REVRIT A, IT
FES (A, BTV 456 = AT 1k H .

HAl REWA L TIPIE 2% . REWGIT 244 AE
SR HT R 2 R OR B R BB R A R A, H K
A AR SRR PLR MR R AYA R RN .
4 CR AP 7 VT AT T 0T R IR R A A B AR,
RS TT R VES 25, A A% 25 25t (R BRI, JF AR
SRR S, BRI T Fm R AR MY . RE #5438 A7 32 22
i T 80 S - R 2HL 2R, B 0k i R B ) PR3 AT e 2 ek R
TAFERE . A B HIE B 1738 B R AT L B A S A
AEEVIR R, 85 B ARSI v fexf RESUG A
—ERPVEM .

Jeih (Long oil, LO) 5& — Fh il AR 1R 54, Hi i i
LENEAR AN 20 1INy i I A1 2 N A 1) Z N A el
B RN ARSI 5% LO il % gk FL 0, TN
Ji T 98 i 22 B 3 B ) S I A AT . R DR LO g
el g M, Bt LACHE 78 R H s AR AL E B LO AT 1

16 REWEIT, % 2L B 37 R AR AL -

MR57EE

w5 F e 3520190917, & AE 4L T
VR R AR, AR KOt R - R
(FITC-dextran, Sigma i jfll 2 7]); — &AL (diamine
oxidase, DAO) i PE A M 71 &« /) BB IR FE IR -
(tumor necrosis factor-a, TNF-a) £ 71 & « /N B 140
Ji1 4 %-6 (interleukin-6, IL-6) & a8 71 &5 K2 /)N i IL-22
R & (iR A RN B IR A R, KA
FE K, AR %

XE&  “Co yfE il 2 B (% F LR 5 W 70 b i =
SR TR, 1R B O WA (BDS200-FL, B K SRR
AN A F R 51 /& & #\); EnSpire £ I 68 B 5 X
(SN23000371, 3£ E #1435 R BRA PR 7)), s 4 2300
BEAX (BT KI- T, sQ AE RH A TR A 7); iR
Y 23 M A (U5 : DF52 Vet, TR T % 8 AV AR A
BR A #]); 4 KAX (%45 : Heal Force Super NW, b ifi J
BAERARA A, U555 F & (DBOLS, b8 £ %
VIR R BT A T, shiT R0 HT R4 F
P4 (DigBehv, FifF & ®AARHEA ).

E14  CSTBL/6T /N R, SPF 2, M, 1k i &
(22 +£2) g, M T AL 4@ R L SLIS S B AR A IR A ],
YEAE 5 SCXK (51) 2021-0006. 256 W8] 5 H145 F
IKFIEY . B SEI0 24 2 SR 5 B 22 3 R 500 7L i 4
SR 20 AT AT AR BE S A S bt HLSRIR A G 4R B
5 D0 AR E HEAT o

TR NIERIBSI RAH /R /DR
MU N34 IEHA A LOH, 12 K. 4
JIG 0 R SR T 3 AN 2 RO AT 1 b, RN R
0.2 mL A # K, LOH /MR H 0.2 mL LO J5 K},
10 min Ji /) 5RBR I [ 52 Ji5 =) 0 B i dE A7 IS 4 1, oK
FH°Co y 5 & JIE 38 5 o HRAH, & 13 Gy, IR %A
60.12 ¢cGy-min’', 7. RE s #1558, I T W5 %43 H
EH . IEW AR AT A

Mzt ADNREREE0.1.7.14 H 4 7l
B # ik B 20 pl, 5 0.48 mL 4H % B VR 40, FH i
S 43 BT AU 52 10 400 P 1 200 B e i /N B



.+ 2496 - 242 %4} Acta Pharmaceutica Sinica 2023, 58(8): 2494-2502

BARIRZEMIE DREREE 14 H, #Earst
12 h, # H 0.2 mL FITC-dextran (60 mg-100 g"), 4 h
JE MR EREX M, 1 000 r-min™ B5.0» 15 min BUAF I3 . HX
100 uL M35, 7680k B+ 490 nm AR 5t 4 520 nm
T FH B AR AN R L7 H 0 S B

DAO EMRM 75/ RIS 528 14 H, 5§ IR 2k
B, 1 000 romin B0 15 min BU/3 3%, H DAO it 7
& Y

NAREBRE oul T/ RERE1.3.5.7H
JBR T Ak B /N B, HRORE B BB T i 5 om Ak 1 /) B 4 21
BN 4% % 5% P IS WP B GE 24 h, J5 R RS - R AL
(hematoxylin and eosin, H&E) 4%t J5 75 i M 8~ WL %2
HAREEE

ArIASLIe fE/NRARIG S 7 HITRY 5.
W FE 4K K/ 9 50 em x 50 em % 50 em, MRS
BB T 37O, A% k0 /N R 5 min A A S
BN . S S S IS E W HEE ), Y R A
FEAA RS, A5 URTH 2% 5 FE AT T — 4L SR, k5 bk B
SRR JE SRR

IL-22.TNF-o, IL-6 @ 2 E £/ K4 )5 5
14 H, BUHE B3 R i S cm A /N AL, N 4 °C 1
9 i o B AR B 2R K, FH R 4 AT BRSO S, AT B A
10 000 xg 4 °C7ay ik 250 15 min, B b3 IR 750 & 40 5
I 5E IL-22 \TNF-a A1 IL-6.

PEmEEN fEAREREETH, HKEE
(19 1.5 mL B0 88 32 B/ BRUB 8 2S00, W8RG 37 R
AR, FEWAE T80 °CREM 1T o BAT L THIE A ml AT
PRI 16s tDNA 7, R FH R 1B 5 55 8O0 k47 £ i
T

FHIF S R SPSS 16.0 Bl i i K &£y
2553 TR BE AT Gt 52 o s LIS B + AR
% (xxs) Fom; AN ESR, P< 005K EARE
HES.

HR
1 FmxERDREFRMERENTN

/N L B 40 P4 BE RE D 5, /0T AR TR S B
P T PR &, (E R R R BRI, S 1™
H, BEEAEEE, BRI . 413 Gy “Coy
Sk AR R R S, AR A /N B A T R TR R B, R R
Ja 55 14 H R BER E 2 4] 46 4K & ; 17 LO 41/ 4
W, FETT AR I B 28 3~4 HARUE R B, (HE5 5 HIT
g ETF, 5 14 KRR ZIEHE KT (B1A). KFIERE
B SHE BT, AR A T F 2 PRl 25 BT 4P RCR Y
HEE . RMEREE 3 H, B4R

25, M LOAAAET: 1 W AL /N BT 5 4.5 H R H
WAL TS, M LO 4/ BRI A7 %, M 4L A7 2 70 il
66.67% F191.66% (& 1B). K1k, /N 57L& I8 T 5
Jil LO BT 52 25 38 im0y B4R 5T 5 R0 AR A7 R, A B
PrAm S E

A 26+
o0
= 24
=
o0
D
z
=3
S 22
= - Model
-+ LO
0T T T T T
0 2 4 6 8 10 12 14
Time / day post 13 Gy radiation
B
100 9—o—o ]
- I 1/12
* 80
=
8 L "
g 60 4/12
= -~ Healthy
2 40
g - Model
=
< 204 aLO
0 I I T T 1

1 1
0 2 4 6 8 10 12 14
Time / day post 13 Gy radiation

Figure 1 Body weight (A) and survival profiles (B) of the mice
after radiation. n = 5, x + 5. "P < 0.05, P < 0.01, ""P < 0.001 vs
the model group. LO: Long oil
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Figure 2 White blood cells (A), red blood cells (B), and platelet (C) of different groups. WBC: White blood cell; RBC: Red blood cell;

PLT: Platelet. n=3,x+s. "P<0.05,""P<0.001
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Figure 3 Hematoxylin and eosin (H&E) sections of small intestine tissues of mice on days 1, 3.5, 7 (A), the villus length (B) and the
regenerated crypts (C) on day 3.5. n=3,x£s. P<0.01, " "P<0.001. Scale bar: 200 um
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Figure 4 Fluorescein isothiocyanate (FITC)-dextran (A), diamine
oxidase (DAO, B) in the blood of mice. n = 3, x £ 5. "P < 0.05,

"P<0.001
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Figure 5 Interleukin (IL)-22 (A), tumor necrosis factor-a (TNF-a, B), and IL-6 (C) levels of small intestine tissues. n =3, x £s. P < 0.05,
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Figure 7 A: Community histogram showed the microbial compositional profiling at the family level; B: Heatmap exhibited the relative

abundance of microbial compositional profiling, and the relative abundance of the gut microbiota of mice, significant altering at the genus

level; C: Muribaculaceae; D: Lactobacillus; E: [Eubacterium]_coprostanoligenes. n=4,x+s. P <0.05, "P < 0.01
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