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Abstract: Morphological measurements, hematoxylin-eosin staining and Masson staining were employed to
determine the age-dependent variations in body size and heart position of the farmed king ratsnakes, Elaphe

carinata, under two years old, and in the thickness of epicardial, myocardial, and endocardial layers, and
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collagen fiber content in those under fifty days old. All statistical analyses were performed using SPSS
software packages (SPSS 19.0 for windows). One-way ANOVA and multiple comparisons were used to
compare the differences of body mass (BM), total body length (TBL), ratio of BM to TBL, fatness,
heart-to-head distance, and heart position relative to total body length, as well as the thickness of epicardial,
myocardial, and endocardial layers, and collagen fiber content among different age groups. Results were
presented as means + standard error, and P < 0.05 was considered to be statistically significant. BM, TBL and
the ratio of BM to TBL all showed the highest value in the 2-year old group, secondarily in the 1-year old
group, and then dropped significantly in the other age groups (Table 1, P < 0.05). However, fatness in the
3-day or 7-10-day old group was significantly higher than that of 1-year or 2-year old group (Table 1, P <
0.05). Heart-to-head distance in the 1-year or 2-year old group was significantly higher than that of any other
age group (Table 1, P < 0.05), but heart position relative to total body length showed no significant difference
among groups (Table 1, P > 0.05). Within 50 days of postembryonic period, the thickness of myocardial layer
was significantly higher in the 50-day old group than that of 3-, 20- or 30-day old group (Table 2, P < 0.05),
but no significant differences were found for the thickness of both epicardial and endocardial layers (Table 2,
P > 0.05); Collagen fiber content of myocardial layer and heart wall layer in the 50-day old group was greatly
higher than that of 3- or 20-day old group (Table 3, P < 0.05). The relative position of the heart did not change
significantly, but the thickness of myocardial layer was greatly increased and more collagen fiber content was

observed with the developmental process, suggesting that the heart function of Elaphe carinata is gradually

enhanced after the first slough and active feeding.
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Tablel Age-dependent changesin body size, heart-to-head distance, and heart position

relativeto total body length in Elaphe carinata

Yl

s S 4K IR E MR A K Jilkbr 74 Heartto-head DR
Day age group B?]SK/[ mga)ss TOt?th];(;flﬁZ;lgth B(l\;C]E)L (Fg::l/t;l;s}; distance HH X({’/?);)/TBL
? ’ (HH, cm)

3 Hi# Day 3 21.59 +0.85° 4136 +0.81° 0.52 +0.02¢ 0.31£0.01° 7.08+0.57° 17.21 + 1.49°
7~10 Hi# Day7-10  19.51 +£0.69° 42.85+1.05° 0.46 +0.01° 0.25 +0.01% 7.26 +0.35° 17.12 + 1.23%
20 Hi% Day 20 19.55+ 1.16° 45.89 +1.61° 0.42 +0.02° 0.21 +0.02% 7.60 +0.27° 16.61 + 0.45°
30 H# Day 30 18.58 + 1.27° 4465+ 1.15° 0.42 +0.03° 0.21 +0.01% 731+0.17° 16.42 £0.41°
40 H# Day 40 19.36 £ 0.95° 44.85+1.57° 0.43 +0.02° 0.22 +0.03% 7.29+0.25° 16.38 +0.76"
50 H# Day 50 2235+1.13° 48.16 + 1.38° 0.46 + 0.02° 0.20 +0.01% 7.73£027° 16.07 + 0.44*
1# 1 year 630.0 £26.2° 1563 +2.5° 4.01+0.13° 0.16 = 0.00° 283+ 1.6° 18.06 + 0.89°
2 % 2 year 17743 £3205° 24134279 7.26+0.76° 0.13 +0.02° 30.7+3.1° 12.78 £0.21°
F A P {4 Fr.55=127.058  F;53=287.438  F;55=291.385  F;s3=10.824 F7 s5=78.929 Frs8=1.529
F and P values P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P> 0.05

FSEAR AR NS FREORER B3, P<0.05, METFHERAZERARE, P>0.05,

In the same column, values with different superscript letters mean significant differences (P < 0.05), with the same letters mean no

significant differences (P> 0.05).
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Fig. 1 Age-dependent changes of histological structures and collagen fiber

contentsin the heart of Elaphe carinata

a. 50 HRAHOHAKEAFA G, JROAME, ONUZFLOPNIE; b, 3 HEAOHARE- PO, RmOIMNEROIUZ: ¢ 3 HEBLLOFFAKRS-
A Yett, RO d. 7~ 10 HEZC Masson B, RONUZRIRE4E; e 7~ 10 HESZH0 Masson G4y, U AR iR 414 70 11

JABR A4 £ 7 ~ 10 HES 40 Masson Jet, 730 AR SR 41 4

a. Cardiac hematoxylin-eosin staining in the 50-day old group with epicardial, myocardial and endocardial layers; b. Cardiac hematoxylin-eosin

staining in the 3-day old group with epicardial and myocardial layers; c. Cardiac hematoxylin-eosin staining in the 3-day old group with

endocardial layer; d. Cardiac Masson staining in the 7 - 10-day old group with collagen fiber in the myocardial layer; e. Cardiac Masson staining

in the 7 - 10-day old group with collagen fiber in the epicardial layer and around the blood vessel; f. Cardiac Masson staining in the 7 - 10-day

old group with collagen fiber in the endocardial layer.

BV. Ifi%; CF. IKJE4F4E; End. O WE; Ep. (O4ME; My, OLZ; Rbe. 20400
BV. Blood vessel; CF. Collagen fiber; End. Endocardium; Ep. Epicardium; My. Myocardium; Rbc. Red blood cell
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PR SR IR IR D RS £ 5 ) B e A ek =
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B 50 Hid A, FhAIER R ik (Ptyas
mucosus) Y E KL 2 RFEEIG &S, 3 & 20

Hs K 2218, 2 jmdadn, 50 HisH s
(FRETREE 2019), XA[RESE RiE LS T
o & OIS A 0% KNI AR EE AR
it (Sinonatrix annularis) B E K EL 3 F1 7 ~ 10
Hs4 53w T 30 & 50 Hidd, Xnlfe5k
B AR e O A A 1A AR 1 T 1 N ] MR A DK
fAENTE ORI K GRS 2020).
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# 2 50 HEE A ERILHRES RGN
Table2 Changesof histological parameterswithin 50 days of postembryonic period in the heart of Elaphe carinata

H i VAR ORI A PR IR
Day age Epicardial thickness (um) Myocardial thickness (um) Endocardial thickness (pm)
3 18.1£2.1° 921.3+118.3° 5.8+ 0.4
7~10 21.5+3.1° 1945.3 +283.8° 6.6+0.6°
20 14.7+£2.5" 1260.1 +181.2" 6.0+ 0.4°
30 124+1.9° 1255.8+23.8" 58+04°
40 14.0 £ 1.6° 1576.8 + 142.7% 6.0+0.2°
50 144 +0.6° 2210.7 + 192.7° 7.1+0.6"

F {5#1 P {4 F and P values Fs »3=2.504, P>0.05

F5723 =17.717,P<0.05 F5723 =1.276,P>0.05

FSEAR AR NS FREORER B3, P<0.05, HEFHERAZERARE, P>0.05,

In the same column, values with different superscript letters mean significant differences (P < 0.05), with the same letters mean no

significant differences (P> 0.05).

# 3 50 Hkem EfMd O RIS %S BIBRA L
Table3 Changes of collagen fiber contents
within 50 days of postembryonic period
in the heart of Elaphe carinata

i DAVZEIREA %S E OBRFAESE
Da ; . Myocardial collagen Heart wall collagen

Y ag fiber content (%) fiber content (%)
3 5.82+0.34° 6.70 £ 0.28°
7~10 7.47£026™ 8.18 +£0.25%
20 5.92+0.15° 6.94 £ 0.53"
30 7.51 +0.69%° 7.82 £0.57%
40 6.44 £ 0.25% 7.65 +0.15%
50 7.98+0.15° 8.70 +0.18"
F{EM P1E

F and P values Fs,23=16.608, P<0.01 Fs,3=4.215,P<0.05

FZVEE B A RN FRER R 2 7 B3, P<0.05,
FRFRERAEE, P>0.05.

In the same column, values with different superscript letters
mean significant differences (P < 0.05), with the same letters mean

no significant differences (P > 0.05).
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