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Do Paneth Cells Regulate the Zinc Body Burden?
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ABSTRACT

Paneth cells have been suggested to contribute to the elimination of excess metals into the intestinal lumen.
The purpose of this study was to investigate the changes of the zinc pools in rats subjected to functional load-
ing with zinc salt by mean of both light and electron microscopical autometallography (AMG). Wistar rats
were administrated with zinc chloride (20 mg/kg body weight) intraperitoneally dissolved in 1 ml distilled
water. The control group received 1 ml saline IP. After further one hour the animals were transcardially
perfused with 0.4% sodium sulphide dissolved in 0.1 M PB foliowed by 3% glutaraldehyde solution for 10
minutes. Pieces of ileum were frozen with solid CO; and sectioned on a cryostat. The sections (20 um) were
autometallographically developed. Sections selected for EM were reembedded on top of a blank Epon block,
from which ultrathin sections (100 nm) were cut. The ultrathin sections were double stained with uranyl acetate
(30 min) and lead citrate (5 min), then examined under electron microscope. Studies of comparable sections
from control and zinc loaded animals with the AMG selenium method gave quite different results. The control
animals demonstrated a weakly positive staining in the cytoplasm of the Paneth cells. In the electron micro-
scope the AMG silver grains were found to be located in the cytoplasm, while the electron dense secretary
granules and other cell organelles were void of staining. Few AMG grains were located at the apical surface of
the Paneth cells.

In sections from zinc loaded rats, the AMG grains were seen in abundance in the lumen of the Lieberkufm
crypts at light microscopic levels. At EM levels the zinc revealing silver grains were located in the cytoplasm
as in the controls, but much more AMG grains were shifted into the secretary granules. Furthermore, profound
AMG grains were found in the lumen of the crypts and surrounding vessels. And a few grains were seen in the
endothelium. The AMG technique demonstrated a pattern of AMG grains in the Paneth cells that strongly

suggests a transport of zinc ions through these celis.
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Il 24 Z (Paneth cel) = AFHE 233 7o =&
EZ-F5E9 A2 (small intestinal crypt)2] 7] & o]
AAH e AFA oG N ZAFH 07 T~
MEE= FA2] 28] X (pancreatic exocrine cell)2}
72 & A AA Z (zymogenic cell)7} Z+i 9= B
vA 2] AL Beld aety Fh2aEE gut
Aoz 23753 B o8 T/ 4stELE
wuleka Qv 18] Al S a2 7)se=
£ ZA#H4- (phagocytosis) & & 4~ gled, 53] A
nAES 23 4 9l FHL #u]3e (Erlandsen
& Chase, 1972a, b; Peters & Vantrappen, 1975; Masty
& Stradley, 1991; Takehana et al., 1998). &, 7 5]
3ol 8u|AE =le}o] & (antimicrobial peptide)7}
Eo] glo] AA AT =te] vle] (mucosal host defen-
se)o} WA o] Qlr}(Selsted et al., 1992; Mal-
low et al., 1996). =3t A%3 S| AAM ZE growth
factor& Hu|sled], o] & AL F1 AlzAdel Hy)
A%l Sl welslel g ook B ohiz
T2 ZE SR G e 2H O (Bry et
al, 1994). 1 olell = WAt or AAle] wgaAy
(crypt-villus unit)ell A F23 Hdo] 9= Ao
wloj Ao} (Mathan, 1987; Bry, 1994). 3H8, shu| 24| 2
t 2738 W7 (umen) oz ol n]aFd A (trace
elements) W FF4F (heavy metals) S F53}Av}
Folo) Ao BulE Fozy AW ol EAe 3}
234 (homeostasis) =)ol Y3 Feld F3E AALE
= A2 9l (Sawada et al., 1994; Mullins &
Fuentealbla, 1998).

B S s BE % obd (ne, ZE
8t k3 ¢l.om (Mager et al., 1953; Elmes, 1976;
Sawada et al., 1991), o]& 3t AMAL 2] 71| 2R3}
8} (histochemistry), 3] A}7}H4}A}7] &4 (autoradio-
graphy) (Millar et al., 1961; Dencker & Tjalve, 1979;
Johnson & Evans, 1982), A 2A w]gkRA (X-ray mi-
croanalysis) (Jones & Elmes, 1981; Dinsdale D, 1984,
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= Fu] 79 (secretory granule)ol] )i Az} Alolx
Z (cytosol)oll Folx &3t Qet. o] &9 A+
S 2 97AER S A} 2AT AeHd
Hstel uhet S AN EE) 7o) Yebd A ol
shil2M 2 Zne) REelE ofw W3l 2 Aol
o e AAse 277 B9
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7} Z-Eo|| Pentobarbital (50 mg/kg, i.p)2. ZA w3
A7) F 22 Zine o] (Zn*")& AAAZ X0
2 5% Sulfide~3% Glutaraldehyde (GA) &3} (in 0.1
M PB, pH 74)& AFEE vlels 200 mlE 1030)
AA A4S B3 FRsdd dFnA F oA
(ileum)®] Yy-wizto g2 HE] S5cm $]&-F weuje]
3% GAol| A-2oA] 2A)7F B9t FE AL 3 o1&
A4 A 30% sucrosedl] @7t 7letokS o 7hA] 7)o
Hel 7ket 2 HA=2AE Dry lee 3-& CO; gas®
o] &-5}ed W] Y21, Freezing microtome $JollA] 20
um 57 2] 7}2 4 # (transverse section)S 2HAsled o

o9 el 84 =APRL gelatineo] W}zl
frejEeto) mell 23 F AZoA oF 1087 24
71w ) zABRYel 2019 W 7R —20°C B
Ao 2235 o1 D7 22 e el
A4E Bg olf M ET} AelA A e ¥
Adch 94 g 2 PE3P] offo|glth(Elmes,
1976).

4. Autometallography (AMG)

ARz Zn*tE 3] 9T Yoy
Danscher (1985)¢] ¥} 2 o] &3}t o714 AMG
e 7heds] eofsid, @R seheAe] dAT £
)82 ukEo]lX AMG developer7} FH|E ojof 3
o}t frelJare] 2AAH] HAF felgete| =g 7
A ¥3, $91% Developergd A&eA Beo] Xy
TPEA EE T} o)A Jarg 26°CR FAFH,
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ol Y 40°C %52 g A9 2ot 2 F 4=z
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et Y wb o sE R A Setel=
o} Jarg o] 4-3HA oI, frRl IRt A G o] o] F
o1k AAER A HAL ey Ys dukHd
AAEw 7 EZelzA S A, Ultramicrotomeo]| A 2
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Fig. 1. Light (A) and electron (B) microscopical demonstra-
tions of autometallographically detectable zinc in
Paneth cells (P) of the normal rats. Arrows and a rec-
tacle in A indicate AMG-stained Paneth cells and
selected area for electron micrograph in B, respectively.
Note that AMG grains (small arrows) are concentrated
in the apical regions of Paneth cells. Abbreviations; B:
basal cell, L: lumen of intestinal gland. Scale bars: 250
umin A, 10 um in B.
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Fig. 2. Electron micrograph showing AMG grains on Paneth cells (P) of the normal rats. Note that the more electron—dense
secretory granules (arrows) show higher concentration of the AMG compared to low ones. Some amount of AMG grains are

also found in their cytosol (arrowheads). Basal cells (B) are absolutely avoid of AMG grains. Scale bar indicates 1 um
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Fig. 3.

Photomicrographs showing autometallographic dectec-
table zinc ions in Paneth cells (P) of the treated rats with
ZnCly (20 mg/kg, i.p.). A is taken from 20 wm-thick
cryosection, while B is 2 um~thick plastic section. The
AMBG staining is not only within the base of Lieberkuhn
crypt (Lc), but also throughout the lamina propria (Lp,
arrows). Note the scattered AMG grains in the Lumen
(L) of Lc. Scale bars indicate 100 wm in A, 20 um in B.

2B =AM (silver stain)S wWelen, Fg 1
229 9% (apical part)ell A 743 I Aol B
A= ¢c} (Fig. 1A).
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Fig. 4. Electron micrographs taken from Paneth cell (P) of the

ZnCly-overloaded (20 mg/kg, i.p.) rats. A and B are
taken from the apical and basal part of the Paneth cell,
respectively. Note the difference in the concentration of
AMG grains on the secretory granules (G) located in the
apical and basal parts. Much higher concentration of the
AMG grains are found in the apical regions including
lumen (L) of the intestinal gland and intercellular space
(arrows) compared to those of the basal part including
capillary (C, arrowheads) in the lamina propria. A and B
are the same magnification. Scale bar indicates 2 pm.
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A=t Bk ot S M o) A WY
(lumen of the intestinal gland), A ZA}e]-Z7} (inter-
cellular space), 37-%-% (lamina propria) S| A = 8]
& AMG 4 o] 3= 9] o) (Figs. 3A, B).

2 W7o Sl 2AEoA FEH AMG
Moz Hoyzl 237 (silver grains)2 HU¥ =x
A olgom, 1 A= 23, 370, FZA7)2 o
oFstglch ) REe] AMG grains 2 i AA|z9] ¢
Zoll X8} L, FRH grains& T2 £9) 714
B (basal part), 4] EA}o] Z7k3} 2 Ul7}el) Bxstw
sJiv} (Fig. 1B). o8] 3t AMG grain 3| A4 2
Fgle] FEHE 1A Lz vdelA glsleh &,

CONTROL

SLRaAL T2 -

AR 2 dB1E2] grainsS HEAYW A7|os) AH
#AF o] QA A2 Abo|EZe EolAd s,
A= s ax 2] EujAEel AR, 33
o A% =717} 23, AAPL =7 =2 (electron dense)
oo AL ¥y =7} 2 Eujzgglnc
AR w& AMG grains-& 7ty 9l9)lo) (Fig. 2).
Hhdel| ZnCl, Bol 2] I 2= A2 =]
o} mofe] AN H2ZY Ade WS vE =
Folddw. &, 1 =77k Sohsta, P AWM
(RER) 3 Fu|#3] 5 MZA7|3He] <fe] ZVlHE+=
% AHubH o 2 Hypertrophy 478 B9t} 2l op]
g MEAPe|F T IHIY dFAME g2
graingo] A} (Figs. 4A, B). =72 74 v
2 W AMG grain®| ¥} X ofAtel Abdsl Aje]

Fig. 5. Electron micrographs comparing the general pattern of AMG staining between the control and ZnCl,~treated (20 mg/kg, i.p.)
groups. There are two different zinc pools in Paneth cell both of the normal and treated rats. One is on the secretory granules
(G) and the other is confined within the cytosol (arrowheads). Note some shift in the population of AMG grains from the
cytosol to the secretory granules in Paneth cell of the treated rats as compared with that of the normal rats. Arrows indicate
the intercellular space. A and B are the same magnification. Scale bar: 0.5 um.
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CONTROL

OVERLOAD

Fig. 6. Schematic drawings showing the difference of AMG staining pattern between the control and ZnCl,-overloaded rats. Note
the imaginary direction of excretory pathway of the excess zinc from the capillary to lumen of the intestinal gland in the
ZnCl,-overloaded rats. Abbreviations; N: nucleus, C: capillary.
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