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Exploration of nutritional intervention measures during the long-distance
transportation stress period for tree shrews

FENG Yiwei'”, XIA Wei', JT Ketong, LAT Yongjing, FENG Qingyuan, CHEN Honglin, HUANG Zongjian,
YI Xiang”™ , TANG Anzhou”
(First Affiliated Hospital of Guangxi Medical University, Nanning 530000, China)

[ Abstract]  Objective To investigate appropriate nutritional intervention measures to reduce the adverse effects on
experimental tree shrews caused by stress responses after long-distance transport. Methods First, based on their diet in
the wild, we fed healthy adult tree shrews fresh fruits and vegetables in our center, recorded their weight change, active
state, and the amounts of residual food, to find the optimal combination of nutritional options that meet their energy
expenditure demands and food preference. Next, tree shrews which were after long-distance transportation stress were
randomly divided into three groups, and put on nutrition programs, containing conventional feed and adequate amounts of
fruit and vegetables, to evaluate whether the nutritional intervention method is effective. To this end, we analyzed their

survival rate, mental state and weight change. Results Tree shrews prefer fruits with higher sugar content such as apples
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and pears. Mealworm had a significant effect on the weight gain of tree shrews (P =0.019). An adult male tree shrew

consumes about 60 g of Fuji apples + 10 g of dry breadworm + 15 g of standard feed a day. The mortality of tree shrews can

be effectively reduced by nutritional intervention (P=0.02). Conclusions The nutritional intervention program reduces

the mortality of tree shrews during stress responses after long-distance transportation, and helps the recovery of their mental

state.

[ Keywords]

B i) ( Tupaia belanger ,tree shrew ) J&—FTEAIL
B/ NI FL B, SR LA R E Y, MR R
KRR T 55, B R 7 388 1 e e | A BB BE AR
AR ST -5 N AR, A S NP5 sl iy i
HA RAFRHT S ORI R 7E g OB R |
YPEPI AL 0E i | O BN I35 BIF 5 450 AR T
TERHERE Y E R R T A
M TV T ARAERGH R L IX . A PRAH K
SRS A DC B 51 LERTI SE e rh 3R AT R
B AR A RN 2 40, FE 220 2 10 h KGR VR S
sk i R A A A e R PREY VL R
AL Ry T ORAT B AN WIS By, 22 R 1 SR BN L
VR T R A P R B R, Rt R
RIBHR LR B NS, IS ST e R G, TE
MR TH AL B R FR e 5 | R M SN, B B TH AE
S, R R R R B ) A R T O P
A MERE H RLUORE TR, W 5 5 1S 5 i 1 AR ORI 5
B, Bt B /D B AR PR N AR T A e ik
40% , 5L S Y B IR A LR S AT G . ELW
Sl 0 AR 2 N 0 A A g T RE AT B Rk
ZhU ORIE TR LS WL S i B PR, e
AT AR B SR T T, (R R <2 4 T AR 0
NN T 2 e AR )

FURO T RN BLAE # WL S i sh A il =%
(3 bR AR RIS ) (EL AR R i T ] 2%
AObRiE . WRIJE 22 B /N BRI R
PPRAEDT AR — R, FRATT R T ORL A
i SR AT AR S R R R Y, AR
BRE o3 g P 5T A R 1 A BB R T BT Rk
TEIZ D5 V5 S 15 A FAE AR 128 a7 J8500T A48F ) F) 522 o 19 1
PR3, LA/ 1Nz i o7 00 R Rt P 5200
1 ##F7E
L1 XY

S e 20 4% Wt G S A I [ Rk B B W Bl

PITFE AT, SR R AL T A SRR AR —
43, N H AR DR ZH 7] 3% B )RR 2k 6 > A 383 4%

tree shrew; long-distance transportation stress; nutritional intervention

R R R 40 HOBUARE HEVERT R, -3 4EEY 1 %+ 3
A AR E (104, 748, 3) g[ SCXK (E) K2017-
0014 | , BRAAL A MW FH vh BB B B 3 9 iiF 55 BT £
HEREE B A P AR R AR AR RS A
MRS B BH 2l 4 0T 52 i W S A 38 G s A PR AR
{30 54 1 2+ 34 PR (97, 4+
11.7) g[ SCXK ({E) K2019-0005] . A #f iy
FTT HERR =L RS .0 SYXK (H:) 2014
-0003 ], 1] FR L BE (24 £1)C, HXT IR & 40% ~
50% , JEHE A 12 ho12 h, A8 B TR R o) 5 8
(K98 =390 20 35 em 25 em 30 em ) HLER S,
GEERA & & LK, RN E — ARG EER
WIREAR (K %6 =090 15 em 12 em (12 e¢m) , R
EMHEA —EA 10 em JFOAERERDE RS, ASE
SR S Y R AR T TV E R R e
PHEE A 5 01 25 (AL, 45 201812030, 5
WP E R R R SC R S Y Y 3R R0 45 3 N iE

SRR I R AR B SRR (/100 ¢ &
BB ) K e R 5% K] o3 R E B (> 10 ¢/100 g B
w6, W SER FAL) PAE AR (5 ~ 10 /100 g
HR, QA k) IS Ef (< 5 27100 ¢ B,
MR M BN) =A%, R Y M ik
FHACHE 1) 451 238 5 B K — K, BF )24 8:00 ~ 1000,
T F Ha Kb o ) A 45 MR A £ 6, i SR i Vv 2
K, VI 2t a2 g asioRat,
1.2 FERXFSUEH

4% 2H 23 41 9 & 52 W (L5 . 20181120) , HE %
R & (it 5. 20181102) I H 2K FRHE A R
ONTEL, PRI E AR AR IR AL [ AT B A
Olympus 1F & 2% W fi5E BXS3F I H H A,
1.3 EEHE
1.3.1  RREE IR T 0 ERS

R T RGO W e B 1 7 R T IO s SRR A A
— BB R B B o K 40 RS AR R AR R R
A B, TESE—Br B, 45T A 2 = RO [R] 50 o
PR ARG & LR RN+ KPR &



op [ H R BE 2R 2 A 2019 4F 9 45 29 %5 9 Chin J Comp Med, September 2019, Vol. 29, No. 9 63

100 g/d, 47 B HERL+Bk+ 8 N4 100 ¢/d., [RIAT,
BT 20 g/d T T+50 o/ d bRiEERME Rl
B, ERHERZ AT, e T B IR BT H Rz
SERE YA IRR R IF 0 SR, Rl SR AR RS IR
AHER IR R0 5 2 B R A PR /M e A5
BRE” BRMIEFEMWERES, &3 d X
ARIRFRE 1, PREEET A i BT O g 4e rh ik
FIFREE i OR e 48T [ 2 W Wt Sk F8 K D e, o 10
B, DU S S AR R [ 2 e ) R
iU e o 1 D S L R T SN O T S
REREN 0. 1 g0 Ao HELE 15 d, A5G gt &
Fofr i e /K R B L RV GRDRE Y H ST R
AR E LS,

TS B AT A B ALNAE R IR 2 n =F
BB 100 g/d, [FIAF A 243 R4 TR+
20 g/d +ARHERERE 50 o/d FE MR, B 4114 T hn
HERE 70 o/d, AR AT — & 20 10 sk & Fh B2 W) TH AR
i I RRRAS AT R, B 3 d FREATE 1R,
AR FELE 15 d, SRR ST ARl e K R T
B FIARAETARL ) H SF-3507 #E  , DA K W 2 A 1A
AL,

1.3.2 K i Doy i i 35 55 T 105 A8 B 1

TR SE 1 30 B AR B AR R A R B L
WIS s i il &, G SE i s is i is 1%, a4k
AL S5 s e I S BIVRR AR R I A B
W IEREHL N EF .G =4, E 448 JAUA T
B U FH A B SR 100 g/d, F 4145 T H T —if
Gy SEERAR IR E IR T IO, G A FALS T he i
WRLRRE 100 g/d, ICREA A FIEYIRY HIEFER,
FHEXTHRPR S AT HE A, 4 3 d FRE ik E 1R, %
AL EFESE 30 d, S5 ARG TR A A A AE R (s) F
REARA I AT e, Su i B A R A
ROFET, S X He A7 5, WA 2 5 A 15 i
SR S A B ARG B0, IR0 BB A, B S U0 R
Wi B &8N R RIS H SR E T 4% A2
20 B 1 Y, X [ G L A AT A R Y R
IR HE e i8St 2000 i AT e £, ik
BT WA AT RN MR
1.4 FitEHRZE

K HI SPSS 25. 0 it 84 i 47 £ ot , IF %5
BAGRIEATG TG, 25 OB DL Y8 bR ifE 22 ( %
x5 ) e s M ¢« K90 RN 22 23 Aot IR 4L P9 R ) 52

W PR 2% R AT ARG 0 5 P 96 PR 3R o A U 6 Ty 22 4 B ke
W] 22 5 AT HO A, JF A LSD ik S-N-K ik
Bonferroni AT IE ; i R 7KL 56 1 Fisher 4 A
ROL 301 B o) A () 20 % i) A7 16 R AT LB, DA P<
0.05 AZEFATIHFE L,

2 #HR

2.1 REANBNHERRET, #REMEETH

Bl EoR T A B PR RH &R S H Y&
e, AHFHE RREE NS LR (39.9+
3.1) g/d JEMA(9.421.6) o/d KM (3.9+
0.7) g/d AL H T (9.6+1.2) g/d. by i 1 K}
(13.8x1.5) g/d, BRI EE R (53.2+5.5) ¢/
d, B 4 AEE HH AL (27.7+2.8) g/d,
BE(20.5+2.6) ¢/d . #HJK(3.6+0.4) g/d MHiflH
T(9.3£1.5) g/d FnifEMEL(13.9+1.2) g/d, i
R BN (51.8+5. 1) o/d. A BRI HIR S
RAF WG sh A, R IR, B RWRE, B PE,
T EHE,

J5 253 HT b s W) B BN ) T S R A
M A5 K R W v ) B K R T A A [ T
VERE SRR A SRR o 73 Ah, A Wy o T £, 1
TR RERm (BRI 8% 1), S —H
B A R R E A R RIREEE AR S (R 1),
PR R 5 25 50 T R, AB T 4 AR i SF- 3
EREEREEZER LG IT2ERE X (P=0.098) , 1
o) % B X TR 2L A B Y 22 K B 3 in A R ) A 08
i [R] 9 el P S48 4 5 A [ 20 591 ) 5 sf K 22 () A7 7
LEH LN,

HRAEFT— B B iy 45 58, 78 SE 50 1 55 — B Be s 7
A B HE LR HRABEA 100 g, [FIEF4GT A 4
£ H 20 g/d AL H T +50 g/d bR EME 4R, B
WA RANG T 70 o/d bRiEEME AR, 4558 58
N, A AR H R S R (27, 422.2) o/
d.FFL(18.8+1.8) o/d Mk(10.1£0.9) g/d . TH £
B (12.8x1.1) g/d FRdEREE(15.1£0.7) g/d,
PEEK R B (56.3+3.3) g/d, B 40345 H R
R s 30 (31,042, 4) g/d FHEL(23.1£2.4)
g/d ME(11.7+1.4) o/d FrdEfEH(14.221.5) o/
d, FEKFE R R (65.8+5.3) ¢/d, iAWY
R RAF WG EAE, R R, AW, HPE,
TR E,



64 o H A R 24 2019 4 9 45 29 %45 9 ] Chin J Comp Med, September 2019, Vol. 29,No. 9

- FLER —a— B SV NSE Y

% 50 Fujiapple  Wenzhou mandarin  Chinese cabbage leaves
B
X 5
28 30
mlmﬂf:g
Es 20
b 1
o =
@\:: 10
2 —— - ; A
A D S S St AN S e |
% 1 2 3 4 5 7 8 9 10 11 12 13 14 15
R RE(d)
Days

F-HrRAAHHERFELEE
The amount of fresh fruit and vegetable consumed
at the first stage in the group A
-5 g e

40 Snow pear Peach Cucumber

5
2
s

_ 8

X =

g &

H =

«l

juny
g

L@E JEE S o W S S o e o o e
o OI 1 1 1 1 1 1 1 1 1 1 1 1 ]
% 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
= KH(d)

Days

F—HEARBANEHREHFE
The amount of fresh fruit and vegetable consumed
at the first stage in the group B

B 1

S ELER S FER otk
Fujiapple Snow pear  Peach

E
2
=
g
X =
I =
&g
m T ___*
lﬁ’g — 47,,*,,,a,,,7*/ -
E e
g 2 3 4 5 6 7 8 9 10 11 12 13 14 15
~ KH(d)
Days

B HBRAEFHRELGR
The amount of fruit and vegetable consumed
at the second stage in the group A

7 B ELER - FR o
E ar Fujiapple Snow pear  Peach
3
E[;f: 30
i = 20 [
fmg : 3 = ~——
B= _ =—E_ —
oS & FrT e a
® 3
2
g 0 P S R S R S S MR
e
= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o] 5
R¥ud)
Days

B oM BRBENERELRE
The amount of fresh fruit and vegetable consumed
at the second stage in the group B

F—BrBe A B AR R A B R AR SR A

Figure 1 The amount of fresh fruit and vegetalde consumed each day by tree shrews in the groups A and B at the first stage
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Table 1  Average body weight of the two groups of tree shrews in the first and second stages

EAIPN EKPN EHPN EIPN F12K ESRPN
Day 0 Day 3 Day 6 Day 9 Day 12 Day 15
AH
102.9+8.7 108.5+6.0 112.6+7.2 117.7+6.8 124.3+5.9 133.0+7.6
H—BirB Group A
Stage one B4
106. 5+7. 8 109. 1+6. 4 115.2+7.6 121. 6£8. 1 124.9+7.5 132.3+7.2
Group B
AH
. 133.1+7.6 137.6+7.7 142. 1+8.5 141.5+8.0 144.7+6.8 146.2+7.7
SR E Group A
Stage two B4
132.3+7.2 135.8+6.9 137.2+7.4 136.9+8.3 138.3+7.7 140. 1+8.5
Group B
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Table 2 The number of deaths and survival rates of the tree shrews in each group after long-distance transportation stress

1A 2 55 3 A FeT R AT [ERLES
Week 1 Week 2 Week 3 Total number of deaths Survival rate
E # Group E 2 1 0 3 70%
F 2 Group F 0 0 1 1 90%
G 4 Group G 5 1 1 7 30% "

H.C 415 FAMFAERME, * P<0.05,

Note. Comparison of survival rates between groups F and G, * P<0. 05.

K3 EF.GAMRTES —BmAE((x 5, n=30,g)

Table 3 The average weight of tree shrews in the groups E, F and G in the second stage

FOKXK  H3IXK LA DN L DN

Day 0 Day 3 Day 6 Day 9 Day 12

FI2RK O HISK O HEI8K H21KXK H24KR  H22TKR
Day 15

5530 K

Day 18  Day2l  Day24  Day27 Day 30

E4

97.3+7.6 96.5+7.7 98.7+6.9 103.9+6.5 105.4+7.7 110.7+6.3 111.6+6.8 113.5+5.7 112. 1£6.2 114.6+7.0 115.2+5.7

Group E
F4

99.7+8.8 102.0+6.7 108. 6+6.4 113.7+7.5 119.4+6.9 122. 6+6.8 125.3+6.4 123.6+7.2 128.9+6.5 130. 6+7.1 127.7+5.4

Group F

GH
Group G

95.2+7.0 81.7+6.5 78.2+5.7 82.3+5.1 81.9+5.3 83.5+4.3 82.6+5.1 86.6+4.9 88.2+5.6 90.1+6.1

93.5+5.2
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Note. A, Normal control. B, C, and D, Gas in the gastrointestinal

tract (pointed by the arrows).

Figure 3 Gross anatomical view of gas accumulation in the

gastrointestinal tract of the tree shrews
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Figure 4 Comparison of HE staining of the stomach, small intestine, large intestine and appendix of the tree shrews
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