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ABSTRACT

In this study morphological changes of the testes of golden hamsters treated with 6-aminonicotinamide (6-AN, 10 mg/
kg body weight) in every two days were investigated using light and transmission electron microscopes.

After the 7th injection of 6-AN, body weights of hamsters were significantly reduced, and the weight of testes were
markedly reduced in the group of hamsters after 5th injections.

Degeneration of seminiferous epithelium appeared first in the group receiving 5Sth injections, which were followed by
severe degenerations after the 9th injection. In the degenerated seminiferous epithelium, deep vacuolization, and destruc-
tion of spermatogenic cells and Sertoli cells were also oberved. Multinuclear giant cells were also observed in the lumen
of destructed seminiferous epithelium. But there were no edematous changes in the interstitial tissue, and the Leydig cells
were found to be relatively intact. Therefore, these results show that 6-AN trigger severe morphological alteration of the

spermatogenic cells and Sertoli cells, however Leydig cells are unaltered by 6-AN.
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oupd o 7 EE9 A &M I (seminiferous tubule) I
Abe) A 2] (interstitial tissue) &8 o] Fo]A glom, AAHH
o] A9 AARAYAE 9 o]F AAHNFE A Z(Ser-
toli's cel) & o] o)A gleh Abel Azl e 34 A 222
ol glaErdEd Bulsls AbolAAE (Leydig cel)7) &

A7 2000dE QAT AT A SedTHlo) o) o] FolHE

Ak 3oraY, BEEE, pel Be XA 24 F
g 29lSo] AMTellA dojii= AzpAYe] |2
& w2k ol 21 B8] AALAAZ] B3
Aoz geld qlew, ol ¥lal AAMEE ulm
7+e. gl WelAle] 738t Aoz ozl A Qo
Pyridine nucleotide 548l 6-aminonicotinamide (6-AN)
+ wjglgl B B&A9] dZ<l nicotinamides} FRHoR
$-AFsked nicotinamide®] 7423 A= 283t (John-
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son & McColl, 1955), NADL} NADP$t ZAgHs}e] 6-amino-
NAD 3-2 6-amino-NADPZ 3] A} 3k} (Kohler et al., 1970).
u}2}r] 6-AN-2 ATP (Mayanil et al., 1984) 3 RNA &HA4]
(Sarkander et al., 1978), Z}& &A9] 3HA] (Yang et al., 2000)
52 dAlzle Aoz dEA vk ARz &
g7 sl 6-ANS| FFAAA | vlAE el FsM=
s

A4

477} AAFo] 6-ANE Sojahnl | 3 4o 3]
o e T} A ARg A4 2T A

Ze] v =gz @A U (Aikawa & Suzuki,
1986; Yang et al., 1997).

2 QTAEE Y2HE YA CANS Hool AT
3¢ A7 2TY 5 91w (Yang, 1997), o] o Hze]
M= FejAel W3yl f=EH0S-S FEnH e Fal
= U =T 6-AN T F PAE AielM 584
o] A & B3 Hl= gl (Yang
et al., 2000). 181} 6-ANQ] Aol u)xE o3kl dlsjA
£ 477} e vRe Ages ¥ Q7AL) L ogd
* a5 AFZe Rase] e (Wolf & Cowen, 1959;
Bolin & Carton, 1996). wle}x] - FAHE-2 6-AN9] s AFH
Qo] w)AE Yl e ohir] sk 6-AN
& AUz Folste] A2 AP Hae) 3% P AAL]
A% Wge BAH2A £ 78 AR

ME H Uy

AZEEEE 100~120g A xS A&
hamster (Mesocricetus auratus)Z A48l A8 S Al
L 2L o = FH8le o ] 33],53],73],93]
2 113] Fogoz ARy, 24 3 SeleldE A3t
gt Ad 2= 0.9%2] NaClel] £3]A]7] 6-aminonicoti-
namide (Sigma A0630, USA; 10 mg/kg body weight)&, iz
Foll= AT 23] 0.9% NaCl $Hg AYyz 2=
o sgon, e B 245 AU olF 4 £
€ oA S 2442 F HYNA Al gl
2+ 25 ether2 v AA] £ ALE FHsln 4°CY 2%
paraformaldehyde-2.5% glutaraldehyde &}l TAIs}¢] .0

8t %Al golden

o, B4R ¢l whyel| we} paraffin @ epon EHol 7zt
¥uf s}t Paraffinel] Zojg AAE Tum F72] Ao
2 Aol HE 94¢ 9T F JAA0| AL ol 43t
223 Bpon EGle] 2L AoE lum A9 4
Ho g A A5t toluidine blue ¢4 F F3tan|Ag oz o
Ho] ol 95 EHalsty olojr] zubHAE Alz}sled
uranyl acetate 9 lead citrate® o]3 g3 & JEM 1200
EX I B34 Al5n]7 o 2 aslgln.

I

T $4 Y2Eel 6-ANE Adz FqF 23} 53
A2 7Re AT H3bt A9 vepda] et 73
FoAZRE fo% H4E Bolx o= el (Table
D. 2HE FYAA HEE 2T Tl H29 $FL
ZA3te o] A AFH v w3ty eY 6-AN 53] Fof
7 HE AA AF o 1% 8 AAsHe Aoz el
o} (Table 1).

Fegn)d BAAH d2F Y 6-AN 33| T FelX=
Hefxel WEe #EY 4 Ak dFEe] A B
AR A5 olfte AALAME 9§ AANE 2F A
2ot (Fig. 1A, B). 53] o5 P29
£l vehtr] AEekgen, gaks e A RAE A
3 T2t BAsH e, AR 2 47} Fhast
Ack (Fig 10). 73] FofFoll M= 6-ANe|| 2Jgt &Afe] ol &
AgFe] FAIY FE7b SV Ay ARAEE &
g 4 sdslen, ofd AM Al AR 2 471
B as9lee & 4 AN Fig. 1D). 98] 9 113 ¥
AZAME AR-29) FAFe] £4E ot AARAL I
2 A9A dden, ddANA zst #2= ] oA (Fig. 1E,
F), 53] 113] Foi28] Y2E] AselA] AMZ‘ ziz‘oﬂ 2
Edhe IF Azl FE7} SR = Slsi=
(Fig. 1F).

AA) 7 #2743 6-AN 33 A7 dEEe]
AR A E7d A2 1vt (Fig 2). W7EeA
el Zel| AAlE E3ste vl AgE He 2 3l

A

it
o

A 273

Table 1. Effects of 6-aminonicotinamide on changes in average body and testes weight(g) of hamsters

Groups of injection time Initial body weight (IBW) Final body weight (FBW) Final testes weight (FTW) FTW/FBW (%)
Control 117.25+12.76 3.6340.15 3.1
3 times 104.60+2.19 105.20£2.39 2.60+0.20 25
5 times 103.20£2.95 103.00+7.78 1.54%0.50 L5
7 times 121.40£9.53 108.60 £ 11.28* 1.20£0.39 1.1
9times 108.40+7.50 91.40t14.54 1.20+0.20 1.3
11times 112.00£9.95 76.20+ 11.34%% 1.14+0.22 1.5

All values are expressed in terms of means +S.D. (*P<0.05, **¥P<0.01)
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Wej A 50 AR Zell= A& A9 v A] Az
T Fef| me UK (Fig. 2A), vhZel| A A4} s]
Z1A o] wlmAH FAIA FEE e, 2 el AA
Ml ZFo] 6-ANel| o3 A3 &A] o log vept
v} (Fig. 2B, C). AAM 2L vl-¢ B33 3 Y Fig &
245 73 A3 (Fig. 2B), 71A el Zelole ARAM=Z
ol Y de] wjmA AxU s} wA bt (Fig
20). Ate]d A= AAPL R} ol HAH o2 oFA
Holx Ate|dMzel ¥A e ExAMzrl PEE
%} (Fig. 2D).

6-ANol| 23] J3FS e 53] FeolZ o] FHEIE A4
HATle] Tl ddEigon, 48 AEE Agsly W3R
o MZzEL FI=o] it (Fig. 3). dd st FEFH
dolole MEA7 S 233l Mzde nlx F25 F
AT e AANE FAHNAG (Fig. 3A). 13} AR E=
MzA] F=7]7} BhFgt FE:Eo] sl Qg F &
o2 o|Fojal dutito]7} HAF PAH YFepzre
HEAE oA, o] ME Abe]E dAs e AEAdex &
A 4= 3} (Fig. 3B). AA A T 2] 7] - 2tef] go} Q=
AR AxAEE vwd A3 Az A= slgo
o (Fig. 3C), XA M 28] MxAo e MEAV|T B3] H=E
AAee) ez7) BojEe] UL AEA FEI}t HEH
7] = 3}9ict(Fig. 3D). 49 Abo|A Ao Bxsl= EX
A = AV A 7} o) R AR R o velgon,
AxA-e] FEE EAj3lo]ort, oo I Abo] A
Ze vy ks o W Zloz ey (Fig. 3E). A
Asn|g oz #EE AN R 4] o] X
33 qldlon, o8 A9 S8 7A L Yep e 48 4
7} oh -9 ks o} $Isie(Fig. 3F).

o o

il &

o AHEAel 6-ANL el B 5A¢ 9%<l nico-
tinic acidv} nicotinamide®} FZA o7 FA}sl} 6-ANS
MEY 9% zEAA NADY NADPY ZAgsle 6-
amino-NAD (6-ANAD) =+ 6-amino-NADP (6-ANADP)E
AL AR AAE ALY & gASk] ATP
AL 87k 3 NAD &= NADPE oz 3l:
A9 At 249 BAE JAIE . ol9d=
6-AN2 d9FE F7HA719, purine®}t pyridine?] ¥A4-&
A3 RNA ZA& 371 Aoz 48 9l 6-
ANE HY5E] Fo3bd ==l 6-phosphogluconate
9] &eo] Zr}a}A ¥4 (Kauffman & Johnson, 1974), 6-
AN-Z 6-ANADY} 6-ANADPZ A 3tE o] Ao A
a1, o]3= pentose phosphate pathwaye]] E 23} 6-phospho-

gluconate dehydrogenase®] #4-& A3l s AER R
28317 (Desphande et al., 1978), 6-phosphogluconate2] A
Ty &24E& fx3} (Griffiths et al., 1981).

o]E & 6-ANZ FFAAAFE vR8 oy A7l &
A& e EAE FFAUBACNA 53] A7 obad 2o
2H43te] FefH <l WIS op7|Al7]H, olelgt el Al W
e Az FE3} Y3l o] FoiAul, 53] AIA9
53, A3 ez} ANEAAGER PR od Fx9
HHoz fEIvh= AP o8 AFAEe] &8 Bay
93} (Horita et al., 1980; Aikawa & Suzuki, 1986; Politis,
1989; Yang, 1997; Yang et al., 1997). 6-ANE- A& -5l
Folstd AFe| At AlAul7E dojrps Aoz B
3159l e™ (Johnson & McColl, 1955; Aikawa & Suzuki,
1986; Yang et al., 1997), o|21&t 8k ©hd Foi3fo] njs)
a2 6-ANE W Fosle e A gax] goa 4
7 )t} (Herken et al., 1976). 2 Ao A= 6-ANS =gt
Y2He Ao Aasgiont 38 U 53 Tz A
HI7 AL 73] FAERE Fadhs S By 6-
ANS| %o Zlpr) eSS A Fo] TA A Hoz
Vel A4 kel sk 6-AN9] 3kg Felsr] 9
YA e Fo Ao A4 ekt A AF H4o T
£ vl ol g 2y 27] RedA] A4 FHE Ha
& 4 gonz 7 AYPLY YA A4 FHFE Fald)
o] § A HFolM HAT} A3 v &L Gl
BTt 6-ANE Fodla] ob FollA Fad) L XA
AFe 3% Ax=glom, 35 FofolMye o 25% H =g
AAEL Aok, YA £ (5~ 113 FodF)l M oF
1~15% AEE A2 9= Aoz Jelytowz 53
ol o]F AA Fgel m|X= 6-ANS] o] HA AF
of P]A Gt ZIks9 & ol

53] BoiRE HeHel WstE Bel: AHMRATE
Foi5l4rl 201845 A DAARA LY 37t A
vrebsom, sgatyn| Al A Agk FxEe] o7 B3
e AR AN Az &7 HES T &
AMEA Fx3 9 234 A9 YFoz T Hx
F9 £2 59 Aol A%t Aoz HelHYen, o F
FA7NA 6-ANel| 23t A7 otmA x| EPwstel A4t
g Aoz B} (Yang, 1997). Bolin & Carlton (1996)2 6-
ANe] AAFH<l NAD$ NADPY| #A4& Wty ol&
dobh A4 B4 AA B oA THE A%
o Haeld FHOoT 4T Aow GO, Kiinke
& Classen (1998) A R ieAe EHPW3= 22174
Mo} FARE f]le] &8 o] Feixivta Byl we}
AN FaE AieA AARYT e Haise daE A4
oM Al7dotmM o] Wstel fARE A 2o 93] AYHE
Roz Agdnh A INEE o]FE AE F AME
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A Bl Azol 8 FAIFHE Aoz AlREHE vl o]
B ARt Aa 2A6A S84 YA gge =4t
g A} 2ol B3] A Fo] 30% o] AT 113 o)A}
FojZollA £8A4 whAoe] At B9} dA|3)
= 702 (Yang et al, 2000) A A|H| 2] EpH 3l o}
o] Mzol|A] Bl whijlepel Zhaw AP7ZhE EgW
32 Bol= AMTM GEAYMZE BEE £ e
9], methyl chloride & F3JA171 339 &AM Fe]} DA-125
£ A9 FA1sE 3179 AM T AR LY Zd o]
Bu¥ v} g)ew (Working et al., 1985; Kim et al., 1999), ¢|
L AR ezt A dobe SHee 4gsy
et £ Aol vehd G AYA e A7) T
g} glgion, AEAoA doFsiA el $83AE
el & 4 9y vl AHARAZE 6-ANe| 93] E3P3)
= AR 2E 24 Hsle Aoz Alsdq

6-ANe]| &Jsl] ZA| o] AsA EAFE B2 Flol| vls) A}
olZAM EE wlwA o3E WA L sloz repytor
113] FAZM = Ato)AA 28] EAE AT 4+ sl
ARG AN = Ale| AN 2 v]mq F BEF 3]
= 7Zlo 2 velde} Ethane dimethanesulfonatet= A}e]ZlA)

2 MelA oz wbx)dl} (Bakalska et al., 2001) o] & %
315l e A gF el wis) P2 AtolAMEs} F TaE
ook ¥ 7t 9low (Gray et al., 1994), Formiglin et al.
(1986)-2 wjedeln} A Fol ZFHe Sl thallium
sulfate - T3 3F oA HA I Au)e Faks Wghovt
HAEAHE FEE WA Yot Aol A2 ofakg wt
A L Aoz Bugh vl givh =3 AHASE HoA F
AAel 9oE glon} £ dFoM dzFe ¥ HAE
AHE ek 2250 pg/mLgom, 6-AN 113 FolF2
1,536 pg/mL, 278 A =AY HARAHE FHFL
7,864 pglg, 113] FoJ 22 6,146 pg/g2. YJER} 6-ANo|| 2]
g HARENEEFS o3 WA g2 Aoz A7t
2 6-ANZ YAE Ao AlojAMze] Heje B 7
Soll= gke v)A|x) Z3pe Aoz Algdn

I 7 g
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6-aminonicotinamide (6-AN)2] F2E A4l n])A&= o3
galar] A3l Lol AF kg 7 10mge] 6-ANE, 2+
e 5% AHAELE AR 57} T3 F A4 w3}
g 35 o BERHAEn A S o438l FaAslt) Hx 6-AN
Fof G A S vlE] 73] FAFHE] {5 AFo] i
stglom, A4 S Fhae 53] RojA] FA FiEle] o]F
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93] Fo]TREIE -5 Mo AsA £4& B Fle
2 el S48 e AM el A B o) A}
AAE 9 AN E ZF A3 FE3}e] 2 Az saE

tissues of golden hamsters. [IBCB 32 : 549-556, 2000. =5 A2 4 9lgon, G AN T 285l Al

AzAe) Hee BAY 5 Yo, Al AZ ) wwA
2RHA nEDo] AT dehA 6-ANE W2H Had A
AR E AXAZ Gl o v Abel 9 Zol i o
B 74 e Rew Adadd.

FIGURE LEGENDS

Fig. 1. Light photomicrographs of testes of 6-AN treated hamsters. A. control group. S: Sertoli cell; B. 3rd injected group. thick black arrow:
Leydig cell, white arrow: red blood corpuscle in capillary; C. 5th injected group: Well developed vacuoles are observed in the seminiferous epi-
thelium; D. 7th injected group. MC: multinucleated giant cell; E. 9th injected group; F. 11th injected group. thin black arrow: macrophage in
interstitial tissue.

Fig. 2. Electron micrographs of the testes of 3rd 6-AN injected hamster. A. Two spermatids (ST) are observed with acrosome (Ac). Scale bar=2
um; B. Sertoli cell (SC) has irregular shaped nucleus (N) and prominent nucleoli (No). Primary spermatocyte (P) is located near the Sertoli cell.
Basal lamina (BL) of the seminiferous epithelium is well observed. Scale bar=2 um; C. Spermatogonia (Sg) is attached to the basal lamina (BL).
Intercellular junction (arrows) between two adjacent Sertoli cell (1, 2) is well observed. MyC: myoid cell, G: Golgi complex. Scale bar=1 um; D.
Ledig cell (LC) and macrophage (M) is observed in the interstitial tissue; G: Golgi complex. Scale bar=1 um.

Fig. 3. Electron micrographs of 6-AN affected hamster testes. A. Well developed vacuoles are observed in the seminiferous epithelium. Scale
bar=500 nm; B. Two primary spermatocytes (P) connected by cytoplasmic bridge (arrow). Perinuclear cisterna (PS) and vacuoles (V) are
observed. Scale bar=2 um; C. Sg: spermatogonia, MyC: myoid cell, BL:basal lamina. Scale bar=1pm; D. Enlarged cisterna of endoplasmic reti-
culum (ER) is well developed in the Sertoli cell (SC). Scale bar=1 um; E. Degenerating macrophage (M) and relatively intact Leydig cell (L.C) is
observed in interstitial tissue. G: Golgi complex, L: lipid droplet. Scale bar=2 pm; F. A multinucleated giant cell (MC). Several nuclei (N) and
varoius formed lysosomes (Ly) are well observed. Scale bar=2 um.
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