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The Harderian Gland of the Gansu Zokor (Myospalax cansus):
A Structural and Antioxidant Study
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Abstract: To the present study investigated the structure of Harderian gland and its antioxidases during low
oxygen stress in Gansu Zokor (Myospalax cansus). The overall gross anatomic structure of Harderian gland
was described and its microstructure was observed by paraffin H.E staining. The activities of antioxidases in
Harderian gland including superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) and
content of malondialdehyde (MDA) in normoxia and hypoxia were measured by a spectrophotometer. The

data were analyzed by the single factor analysis of variance using SPSS13.0. The results were as follows:
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Harderian gland of Gansu Zokor was large (Table 1), surrounding around the eye and lying in the temporal
fossa under the jugal bridge (Fig. 1b). It was a tube vesicular gland and composed of columnar cells (Fig. 2a).
According to the active state, the cells could be divided into thick and thin cells (Fig. 2c). In normoxic
condition, the activities of catalase (CAT), superoxide dismutase (SOD) were significantly higher than those
in Rat (Rattus norvegicus), and the activity of glutathione reductase (GR) was significantly lower than that of
SD Rat. The activities of catalase (CAT), superoxide dismutase (SOD) increased rapidly and significantly,
higher than those in SD Rat at low oxygen after 4 hours. The activity of glutathione reductase (GR) showed
no significant change at low oxygen after 2 - 4 hours, and significantly lower than that of SD Rat. The
activity of glutathione reductase (GR) was significantly higher after 2 - 6 hours (Table 1). Significantly lower
malondialdehyde (MDA) content was observed in Gansu Zokor than in SD Rat (Table 2). The activities of
catalase (CAT), superoxide dismutase (SOD) in Gansu Zokor increased rapidly and significantly, higher than
those in SD Rat at low oxygen after 4 hours. The same result was observed in activity of glutathione
reductase (GR) after 8 hours. Significantly lower malondialdehyde (MDA) content was found than in SD Rat
(Table 2). The results show that Gansu Zokor can maintain normal activity through increasing the activity of
antioxidase, removing excessive free radicals induced by low oxygen condition and adapt to the environment.
Glutathione reductase (GR) dose not paly a major role in antioxidant function. Underground Rodents
antioxidant model was obviously different from that of the ground Rats.

Key words: Gansu Zokor, Myospalax cansus; Hypoxia; Harderian Gland; Antioxidase; Malondialdehyde
(MDA)
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FE S BEAE PR A L AN FTT ), (e R, &b
- TE A AR AR B R AT IE 6.1%, dR/ AR
T 7.2%; 28, Yo A R
H 0.43%, & EEIL 18.9% (Kennerly 1964,
Maclean 1981, Kuhnen 1986, Shams et al.
2005) . KIAATE TAREI ST (3 B, A2
HRAEAL S oK B TE R T — R A
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etal. 1999, 4= HH] 2007).
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SEIN % f RT-PCR HARBI TR I, 1A A S
A H kL 4 AL P -1 (glutathione peroxidase,
GSH-Px) . % bt H Ik # B -Pil  (glutathione
S-transferase, GST-Pil). Ifil £ Z N4 fF-1 Cheme
oxygenase-1, HO-1). % 1k 4k 1k i -1
(superoxide dismutase-1, SOD-1) FI#% ALY
ARG 7 BT AR A B2 R K mRNA ZKT- BL S A%
T E2 M K B F 2 Cnuclear factor
erythroid-2-related factor 2, Nrf2) f&LAta 34
TR LS R L (Spalax judaei) AT > i
B (S. golani) M P24 B3 T K
f. (Rattus norvegicus). Nrf2 7 —MNEIEMR K
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W) (Shanas et al. 1998). I FGARANMY L
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[T (- YL e oy i 1 S 17T R
1 -GN 1A =4 = 8759 S EA R i DA 28: LN
MR LLAT M A% 5 RE o 3 i (4= ) 2007, 55
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ST AL ¥ 7 BACRHE R T I Ae A
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S BTSN IR TR T, S ER IR RIS (R, 2%
BRHR, 50 e BC R A0 B 7 I PR, A%
(Olympus SXZ12) M EEHARTEAIFH I

122 WRBHRBUSHME K KIRY)
BRIy, BT 4%% R HETE e,
WA, V)R E 6 um, Harris JRAKS-
P (HE) Bt vt in s KB it v, NIKON
WM A% (Nikon ECLIPSE 80i) WLELIF41 I,
1.2.3 BREAWRE RENEUS, SRR,
RIZIEOS B, EVKE AR, BT Hs
(1) 0.01 mol/L PBS Higiik, #rif, #ihautsE,
WA 5 min J5, T - 80°CUKFHH &,

Yo FE I A 2B, 4% B LN 9 A5 1A 1 A=
PEER KA EE 5 min, % 10%2H 21405,
RIRA A B DML (FEE SIGMAD 3 000 r/min 2
L5 min, H B, WEidE Al (CAT).,
BMEH IR R B (GR) 35 /1 AIA % (MDA)
(G, TFREN 1%HZA 0, Wil 2 A
WYEALRG (SOD) W 7). #kia (Rt
BCAER) TREE LT Ui S8 e e vk bk
MR35 UV2300) 43 7l il e 8 48 1 4 05 A T
(SOD). 4 AbA Il (CAT). B EH KL i
(GR) M (MDA) %,

1.3 G50

SPSS13.0 # Ao #T, G FRLLFIE £ bRk
7% (Mean = SD) &R, HHZEITZ0HT R
Ml zE5t, 001 < P<0.05 hEREE, P<
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TERT 7 G RIS, X =M ILAAhr . [H]
SEMG R (B 1b).

G TG IR R, 4y 0.31 g, £y Rk
Tz —2iAy, MEPERG FCMEnS B T 1, 1
TRFEZES (P > 005 #£1). HEKRSNE
WHE—JZHE, ISR EEAN, Bk
— ARG, 5 EEALR Y, A
MRAL BT o BT s [ICHE 2 gt 5, O
B, K25 (8.90 £0.10) mm, T4y (6.95 +
0.45) mm, J£%j (3.15+0.15) mm, n =42,
Rk A (B 10), Rk (K 1d), H
Khns 5 A M2 Hr A
2.2 HNERRKEZMEH

WG IO R I — W2 Z A AP E, B
FH DR i A1 e R~ LT i f e (I 2a),
Al A e R N E L E2S i NS P
SR EIR AL JTT . P ECIIR A B DRI, 52 2 i
ARy ANF Gy R R 25 2 A S IE . R Gt
TR TE 3 WA E TS, T I T4 5, i A
AR Bz an iR i (B 2b), 40 4 it it e
HERERYE, WERERKDAERIG NG, 1
HE Zetatlfrh, SN R 2 IR IR A i
{40 M SR, B k. MEBOR, HER
o WO MK TR SIPIRA 2 A AR, 7
DURENEERIN, 40 M sy 5w Ak, S v B 1
S, ARRRRAN, FRZ A RN s DhREANE
BRI, SRFIR, ARUR, R BEAREEA “
A7 ACRG TGRS, “JS4nie” Hostl “u
M 2 (B 2c), “H4ii” XD, |
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Fig. 1 The position and overall morphology of Harderian gland in Gansu Zokor
a. HNBBIMAME: b, HOFIG [CRIOALE, HiSomma i o IEIRIRIETIE (750 d. MBI (750,

a. The appearance of Gansu Zokor; b. The position of the eye and Harderian gland, the arrow indicates the Harderian gland; c. Harderian gland’s

anterior view (7 >); d. Harderian gland’s dorsal view (7 X).

D. Bl E. M H. S IGHRCSLE: M. UL P Wgs Te. #ilLs Ta MR TGHRE.

D. Dermal muscle; E. Eye; H. Head of Harderian gland; M. Masseter muscle; P. Proboscis; Te. Temporal muscle; Ta. Tail of Harderian gland.

K1 HABMRBRREEAHEGHEZL CPE £ ez
Table1 The weight of Harderian gland and its ratio with body weight in Gansu Zokor (Mean +SD)

e Female (n=21) HEPE Male (n=21) P
4 K IR T & Harderian gland weight (@) 0.31 +0.04 0.29 +0.08 >0.05
I3 1S
BT S PRE L 0.001 +0.0002 0.001 £0.0002 >0.05

The ratio of Harderian and body weight

FERRARSKEE, RIS IR A (M 5y, e K=
ERaiby, “HE4i RN £ (K
2b) . FEBAAT IR WA 5T, Rk AR i (&
2b), AR /DRAZR, PORTEHIRIE L4,
RSN T WL g anal 2l (& 2d).

23 BEAYENEE (SOD). TEMNEE
(CAT) MAPHEHKEREE (GR) HH:EK

HA R UG AL S A R, B IR
IRERAE G, A YIEALRE (SOD) W& PEZ
Wik o, MEMER S EL IR 2 h e,
SAAYEALHE (SOD) kTR, (HA W A4
HILEEAT VRS, R 4~ 16 h, @ELY
Bttt (SOD) i PB4 W T (0.01 <
P <0.05). 7EH MRS 2 h, MELER]E A
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B2 HE RS KR M
Fig. 2 The microstructure of Harderian gland in Gansu Zokor
a HREBUSICIRYIY (1050; b, HREDY BUA MK, MEZRR R “Maii”, SFor “JFani” (2050; c. Hftw s G
MR GG, A SR AR, SEEHTSoR “CJSAIET (30 >0; d. HUNED UM [GHRIEETH (40 ).

a. A cross-section of the Gansu Zokor whole Harderian gland (10 =); b. The head of the Harderian gland, the solid arrow represents the thick cell,

and the virtual arrow represents the thin cell (20 ); c. Tubular and vesicular structures of Harderian gland in Gansu Zokor, the solid arrow

represents the thick cell, and the virtual arrow represents the thin cell (30 >); d. Tubular and vesicular structures of Harderian gland in Gansu

Zokor (40 ).

A R Co PUIRIRIRET4E;, M. JEJ5: S, P LET4E. A. Acinus; C. Collagenous reticular fibres; M. Matrix; S. Smooth muscle fibres.

B ALEE (SOD) WML E =S, 4 h
Jiis MEMEEBE LS (SOD) E TR E &
FHEPE (0.01<P<0.05). SD KK 2 h i
AN ALEE (SOD) 3t 5 W 4L B
ZE5t, Ah JEBEAYEALEE (SOD) JEME W%
Ft (0.01 <P <0.05), 8hJ5sET:, SD K
WA ) G 3 1 22 . HO B BRI SD KRR
b, TR R AR ACRAS,  Hi R RUB A
WS ALEE (SOD) JEMEIRA R #E T SD K
il (0.01<P<0.05) (£2),

K% 2 h 5, HRN RS AR (CAT)
PR, (0S5 W A A e BT,
iK% 4 h 5, H%EERE (CAT) Wbk R Tt
# (0.01 <P <0.05), ZjEkaTRase; Mk
AL FEAA—B EFAARERI 2 h HR
ST S AL Sl (CAT) 3% P ) oG (2 35 M 2
Sty AR 4 h i, HEES LA (CAT) 3
PR S THEME (0.01 < P < 0.05). K% 2 h
i), SD KR LAl (CAT) 3 PER w4l
T B EVEARAL, R4 4 h )5, AL A (CAT)
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WS TS (0.00<P<0.05), 8hJE4ET:,
SD K FUMERERITE B M2 . HON B BRI SD
KA, TCie e 5 AR AR N, Hl i
BT SE LS (CAT) R R #E T SD
KEL (0.01<P<0.05), Mtk JLFE SD KEL
5%, HEMERTIAR] 10 5 (R 2).

HN D A B H IS5 . (GR) i P il
B EaHR— . EHFANEE 2. 4. 6 h i,
B EH IR IR (GR) S PEAR b AT 8 3 1k %=
st, flRE 8h G, BMHIGERE (GR) W&k

WEMTE (0.01 < P <0.05), MR EZ
PEZESE. SD KRB HIGEERE (GRY &1k
TR RRA 20 4. 6 h JFE BT,
K5 8 h JEAET:, MEMERJC W 2R AFH
A N HREY LA SD ORI AIEL, B¢
HILEREE (GR) JEPELAZ WK T SD KR
(0.01<P<0.05) (¥(2) .
24 H_E (MDA) &EZH
Hl ey BN B (MDA) 5 B AEH S A
2. 4. 6. Sh B E LW &2, KA 10h

£2 HABRE SD KRBEAYELE. SELERE. BN TREREESE
(U/mg, “PIME +brdE%, n=3)

Table 2 Activities of superoxide dismutase, catalase and glutathione reductase
in Gansu Zokor and SD Rat (U/mg, Mean £SD, n = 3)

(R4 1 (h) SD KHl SD Rat e B Gansu Zokor
Hypoxia time HEdE Male WEYE Female HEPE Male EVE Female
0 50.796 £13.106°  60.832 £6.7960° 89.285 +18.681° 107.85 +17.534°
2 66.350 +£8.175° 60.832 £6.796° 134.371 +15.636° 143.34 +£10.742°
4 90.031 +9.073" 73.348 £11.296" 148.744 £27.478"  300.623 £32.724°
Super ﬁiﬁfﬁ izf?som 6 95.738 +£15.415°  93.654 +18.860° 171.483 £23.250°  308.814 +28.984°
8 - - 198.163 £20.130"  269.561 +£32.765°
10 — — 223208 +12.296°  285.878 +25.675°
16 - - 231.793 £20.951°  320.592 +34.402°
0 29.403 +5,043° 20.763 +2.590° 235.243 £33.819°  182.678 £23.936°
2 23.020 +£13.964°  18.826 +4.339% 191.553 +16.606°  166.144 +25.126°
N 4 41593 +8.269" 37.666 +7.853" 526.409 +48.008"  231.256 +£23.053°
Caji“ﬁ?ﬁ?r) 6 44.801 +£18.305"  48.805 +8.620" 514.029 +59.521¢  231.105 +37.529°
8 - - 440.130 £35502°  269.891 +36.791°
10 - - 468.072 +23.756°  300.485 +20.593°
16 - - 548.272 £74.240°  280.633 +£32.207°
0 38.954 +4.067° 23.864 +8.837° 12.658 %2.293" 12.557 +1.493"
2 44078 £16.327*  41.619 +9.484° 13.968 +4.360" 12.484 £3.927°
\ 4 31.618 £5.6461*° 45791 +12.489° 14.100 +8.357° 13.723 +£5.974°
Glutaﬁjfﬁffﬁiﬁﬁmm 6 41.660 +4.125° 36.341 +10.108 12.890 +1.024° 11.823 +4.190°
8 - - 16.151 +2.390° 15.823 +5.633°
10 - - 18.009 +4.857° 15.261 +4.223°
16 - - 23.713 £4.707° 21.056 +3.315°

AT BAFHVEHE FAR T BRI, RORB0 ) 22 AN B35 P = 0.05, EARAREAR R REHE ) 2 5 3% (0.01 <P <0.05), K« —"

FoREIALT, oA

In each row, data sharing the same letter are not significantly different, P = 0.05, and data sharing the different letters are significantly

different, 0.01 < P < 0.05. The “—” shows the animal death, absence of data.
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Ja, W (MDA) FE RN (0.01<P<
0.05), MR R i 35 25 57t o Bl RSN FELE K
SD KA (MDA) &S ETHas, 1%
. 4h 5 BENERN (0.01 <P <0.05), MR
TR, KA 8h JEsET. HINE R SD
KERAHLG, Joie & Sl 2 IRECIRE, SD KR
N (MDA) &t e s T HEY R, I H.,
BEA AR FEE K, SD KR MDA & & T
KEZEPT SD KR (0.01<P<0.05), HEH
HIRE R 2 5% (£ 3).
3 Wik
3.1 HNED B IR 22 1

H R R AL RIRE AT, BRI ET
P\ 7 S 1 R = o b DV =y = S B R B
Rt b BE, X IR 5 e AR R e A R
JE L6 R RE K (e B R , 75— RS BT DLZE
M, RPERES (Heth et al. 1987, 2544045
2001), ERERL (S. ehrenbergi) My IGHR EME —
B, IR HEEZ AR, HE RS R AL,
WP PG /N TR, A T Y
BHEPE I FC R Bl lEE (Shanas et al. 1996) .
ARSEG A AR, H R R B PG IR T A

%A WE 2 e, MEVE R RGN THENE, S
RIRERANREN T2 —L4. SHEIER
SERARTR, TTRES SERG R R OC, ASEIGAE
2013 4E14) 3 ~ 4 ], X H i By Bk N 0
W, WA R EOMERE A B . (AR
W R G 2 B A = R AR 7
R THE— D AL

WL SR, TR R R R H
IE I8 R G, IR P AT 2 h IR & 5 T A%
JIVEL ph B EATOIR B R AN P R R VR A5,
Shanas %5 (1996) X 15 s Uy PG IR S Ao &5 4 11
DTSR St N = 2 7 N 4411 UD| 2 N G
SRR N 07% 7 e o =TI 11 ) R N 2b = ]
BREER, BRREEMAIE, FRZ ok R4 s f
(P20 N 2 5 1/, A AR RS /N AR,
SIRARIR, MRREAREE, Ok 4N o TENR
AR I, IX P40 BB AP A . AR AR Sk
TN Bz, X ATREL M FCIRE B4 A )
VLA AL W LR R LSRRG, X SE LA A
AUy R JU A 38 A R ] 5 PO P TR I A
R0 EC MR b A R o Tt P 1 23 4
HAELEA R R, 1T 23 380 A ) B 4 L5
AFLAR LI, XD TR A E

#3 SD RRAMHMBBAZEAKYE (Umg, FIME + 8%, n=3)
Table 3 The comparison of malondialdehyde between Gansu Zokor and SD Rat (U/mg, Mean £SD, n = 3)

ISR Ch) SD KH. SD Rat

T B B Gansu Zokor

Hypoxia time TP Male e Female T Male i Female
0 20.433 £2.747° 18.620 2,258 11.175 +5.427° 12.461 %2.600°
2 25.108 +2.616° 26.620 +6.247° 12.885 +3.186° 13.452 +2.604°
4 30.980 +7.242° 34.916 +7.458" 11.464 +£3.776° 15.306 +4.566°
6 48.098 +2.118" 43,602 +3.048" 13.079 +3.475° 16.107 +2.778°
8 - 12.343 +2.981° 16.354 +3.911°
10 — — 18.289 +4.730" 16.649 +2.740"
16 — — 20.229 +4.988" 16.5514 +3.760"

AT RAFVEER LRS- B, FORBER 2R A B3 P = 0.05, EARREARIZOREERE W 25 5% (0.01 <P <0.05), &h“—"

FoREIALT, oA

In each row, data sharing the same letter are not significantly different, P = 0.05, and data sharing the different letters are significantly

different, 0.01 < P < 0.05. The “—”shows the animal death, ansence of data
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WA R Ty, N WA T — AN
(Payne 1994). JZREMSALINNG [CIRE M, fH
IL R A MR A, X T RH B 1
TR AT S DL RO A 04 J b I A [ PR
451k (Strumetal. 1982, Pevet et al. 1984),
WG EC IR A T /IS YL 20 5P 2 A A L, ] 43K
S BRRNRRIX,  JEHTARA 5T 8- Ak Lt N R w
Z5MRN . Fhh, W MR A AR R E T LA
R AE B AN, WD 8- LN IR I
Fik, LIEmPUELLEE ) (Pevetetal. 1984),
ERPAAE, [ IR T 2R BB ik oA DAL m s b g2 >
PR A %L (Hardeland et al. 1995), {2 3Ei
FLENW A Dk H IR I4 )5 ( Barlow-Walden et al.
1995) 4%, FJ T T Bl AR IR .
3.2 HiNE B SD X BARE MG e KR
MY EALEE (SOD). FEALERE (CAT)
AP HMKEREEE (GR) BT

IERAEBAMT, HUANTETES (reactive
oxygen species, ROS) {1/ Mk B Ak T2
ST, AP KT RRE, 2 riE RS
AL, BRI (4505 1994, Hi I 9%
& 2007). WEMEEA AT AL DNA, &)
ey FIIRE. A, B IR R R
T A LA (RESNSE 20000 JiE PR
SR EARAE R, AN RN T 1 R e A R Ak B
AL, AR IO A, JERR AR O
(MDA), JTLAN - (MDA) 2 g ik
4k Clipid peroxide, LPO) /K45 26 H5
e A R A A I AR R —
(Z=504%% 1994, Soria-Valles et al. 20100, fig
T BRIE PR AUSE B B R I RERR A DAL, AL
RNAFEDURMNEE RS, F R AR
Ll (SOD). %M AR (CAT). Mt
MGE I (GRD, Hohy =3 EhiE b Rgh
IAAREMENE GEEFS 2009),

ARSEEG R, H R BRE 6.5%50 M B N mT
1% 16 h AL, 1M SD KEAEAGE 8 h il Rerpt
T, BB H N B B A AR IR N I RE )
HR G RAEMGE 10 h 9, W= (MDA) /K

PR E AR, MEMEMR IR G ZE S, Ul BLAAR RE
BN PURSA T = A i 2 () A g, A 2okt el
FULEAL, gEFEUATRE . X S PP LR
ALY ARG (SOD). A MLE R (CAT)
RIS B H RIS 5B (GR) ZEMRAENI R % Ml
I, S R AT 7= A i A
Ko HlEY RUBSAAL YL EE (SOD). ik4ifk
Al (CAT) Mt ke )RR (GR) g
AT 5 J5 R — AN RUE AT, BB MLA
W KO- TR E . EMRA 10 h IS 8
(MDA) &2 EEMHE (0.01<P<0.05),
A g2 I T i Pk 4k ) (LPOD IR &
g, REBTER, R8T 5
SD KEUAHLL, Hofe A (MDA) & &
TREAETARACT, U H R R SR FC IR AE A
WEEAER T, B sz SRR -

HA R B I A ) B i (SOD)
A A Sl (CAT) JHTELEIRS 4 h 5B
PEmr, Ul H R BURE 4 h JEiE M i
A, MU RN A ) B AR (SOD)
Rt S AL S (CAT) 352 K B3 n il 3%
S AT LTS PR BN TR R BURG
R A A B4k i (SOD) B ik 4 1k &L
(CAT) VHPEAEMRA 4 h JEMEMEN) 22 57 5 2%, &
N R PR ALRE 7. 3% 5 B R FR A A
8L, BETE RUE A B (SOD). 4
filf (CAT) IEVEAFAEAa MEME 2 5, E RURE 4 fk
YAk (SOD) ik IH v T R, o R
LA (CAT) WM RARTHER, MRS
T BRI B (MDA 7K -6t % 22 5% (Schiiike
et al. 2012), X[ AELE T BAT AADE, MR
PRZPEAT, MERS AT SEAL, AT FR A RGO,
A R I MR AR, KRR, TRk
FE A% (Caballero et al. 2006), A<Szi6
Hm Y B FOIR A e H GOE S (GRD & 1
BT SD KR (0.01<P<0.05), Bt H
T N A RV I e o BV
(CAT) iikx, #PEHIGEREE (GR) HIfEH
AbF-UCEHAT, S HTH SD KR AN o
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B, ARFFUA L], H R R B G
& HH AT P4 WA TH RS IR b 1 40 200 1 e 7 i
Mo ARSI, W BRI ke S AL B AL I
(SOD) A% LA (CAT) WA Rt ik
PR AR AL, B AR AR, A
HIGE 5 (GR) fEH Pt h AN F2/EH
H R R B TSR I BT AL S T SD oK
ZNGE
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