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Female BALBc mice were administered HgCI 2 at a 
single dose of 4 mg/kg i.p. The acute intoxication 
with Hg(II) salts (2 hr) caused accumulation of 
Hg(II) ions in the adrenal gland in general, and in 
the medulla,  in particular. Based on data obtained 
with atomic absorption spectroscopy and quantitat- 
ive cytochemistry, we determined the amount of 
mercury (II) in the adrenal glands and found it to 
be 14.2 ng Hg(II) (3.5 mg/kg wet  weight  of the adre- 
nals). An uneven  distribution of Hg(I1) was found 
within the adrenal gland, not only  between the 
medulla and cortex, but also within the cortex. The 
applied autometallographic method revealed that 

the cortex was negative except the zona glomeru- 
losa, whereas the medulla showed a strong reaction 
localised to the chromaffin granules of the secreto- 
ry cells. Both adrenaline and noradrenaline produc- 
ing cells reacted. The comparison of the density of 
silver grains by scanning densitometry in the 
medulla and cortex revealed a significantly higher 
Hg(II) concentration in the medulla  compared to 
the cortex (10 mg/kg vs 2 mg/kg, respectively). The 
results presented here suggest that there may be a 
connect ion between the symptoms of acute Hg(lI) 
intoxication and its adrenal accumulation. (Patho-  
logy Onco logy  Research Vol 2, N o l - 2 ,  52-55, 1996) 
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Introduction 

Although 35 years ago Cheek el al. 2 described that inor- 
ganic mercury can markedly increase epinephrine levels iri 
rats, few observations have been published about the 
adrenal rnedulla of mercury intoxicated humans or experi- 
mental animals. In hunlan mercury poisoning, the basal 
plasma and urinary cathecolamine levels are increased, 
suggesting a release from the adrenals. 5 In autopsy 
samples of the adrenals from individuals without any 
known mercury exposure, thc concentralion of this metal 
ranged from 0. 1 ppm to 15.9 ppm)  We have not flmnd any 
publication describing similar measurements in mercury 
intoxicated humans or experimental animals. Rasmussen 
and Thoracius-Ussirlg I' demonstrated mercury deposition 
in the adrenocortical lysosomcs and medullary chromaffin 
granules by histochemical autometallography in rats. 
however, without any quantitative evaluation. 

Here, we studied exogeneously adtninistered HgCIs 
deposition in the adrenals of BAI~B/c mice. They were 
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chosen because thc difference in toxokinetics between 
humans and mice is relatively small, s The rcsuhs proved 
that with HgCl_+ intoxication, the main place of Hg(ll)- 
accumulation within the adrenal gland is the medulla. 

Material  and Methods 

Female BALBc mice weiglling 35-40 g and kept on a 
standard normal diet (LATI, G6d6116, Hungary) and water ad 
libitutn were given HgCI: dissolved in 0.5 rnl ().9<7/< NaCI at a 
single dose of 4 mg/kg i.p.. T~vo hotll'S later they were sacri- 
ficed and both of their adrenal glands were removed. The 
animals serving as controls only received 0.5 nil ofsolvent. 

Alo##tic o,b.~'o~7~liot~ .Sl)eCDo#nelry 

The adrenal glands of 4 mice (2 treated and 2 control) 
were used to measure the alnOt.llll, of mercury in the Ol.~ans 
by atomic absorption spectroscopy. ~ 

The rcagcnts used in tile determination were of p.a. 
grade. The water was bidisii l led. The reference material 
s()lution, Mercury 1000 rag/din ~ (FLUKA),  was tined to 
prepare calihration standards. 
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Samples 

Mouse adrenal glands weighing 3.5-5.1 nlg(wet weight) 
were introdticed int{) separate teflon vessels. Nitric acid 
659; p.a. 1.5 ml and H,{), 3{}q,~ p.a. (}.5 ml was added to 
each vessel. MWD (microwave digesliori) technology 
program N was applied for digestion. 

])tg)cgdllt~' 

Dissohition was carried {}tit with a MILESTONE {MLS 
1200 MEGA) microwave digestion rotor. Atomic absorp- 
tion spectrometry naeasurentcnls of Hg were pcrformed 
with a UNICAM SP1900 atomic absorption spectrometer 
cquipped with cold vapor Hg generator arid quartz win- 
dow cuvette. Signals were recorded with a SEFRAN (Scr- 
retrace, Paris) PED type recorder (Scrvotrace, Paris)modi- 
fied with the addition of a 10(}0 btF coiMensator in the 
integratcd circnit which pcrmiued registration of" very 
slnall amount of mercury. The role of the Colrdensalof was 
the collection of the short-lived signals and their integra- 
tion. Calibration sohttions anti samples were then trans- 
ferred separately to the Hg generator containing 30cA 
l]2SO 4 and 10% SnCI, soh.itions. The Hg formed was 
driven out with an air flow at I l/rain through Mg(CIO4) e 
into the quartz CCLVette. The Hg signal was measured at 
253.7 nm. Quadratic regression was calculated to define 
lhe calibration curve. 

Light micro.vt wpy 

For light microscopic visualization of Hg(ll) ions, the 
aulometallographic method of Danschcr arid Schr6dcr ~' 
was can'ied out. The adrenal glands were fixed in 10r 
neutral l~)rmalin and embedded in paraffin. Sections (4-6 
p.m thick) were phiced on slides, del'mratTinized and hlcu- 
bated with developer for 45 rain. The devcloper was 
always freshly prepared containing a saturated aquaeous 
solution of gunl arabic (60 ml). citrate b,lf(er (22.5 g citric 
acid. I i l ,O alid 23.5 g sodium citrate. 2H,O/100 ml bidis- 
tilled water) (10 ml), hydroquinonc (5.67 g/100 ml water) 
(30 nil), AgNO; sohition (8.5 El50 nil) (0.5 ml). 
Subsequently the slides werc rinsed ilt distilled water, 
dehydrated and mounted with Canada balsam. The amount 
of silver grains in the cortex and niectulla was estimated by 
;i densitometric cvahuttion of the microphotograt)h taken 
of the sections (LaborMIM densitometer, Hullgary), 

Delerminatioll q f  lhe w/al ive vo/ztm#,v q i lhe  adretlal 
r or lvx  ctnd medulla 

Twenty-five J, tln thick freeze-dryed serial cryostate sec 
tions were prepared that covered the whole extension of 
the adrenal gland. The volume of the cortex and medul]a 
was estiinatcd by making photo prints of each section and 

cutting {}tit separately the cortex and the medulla. After 
measuring the respective weight with an analytical balance 
and assuming the same thickness for :ill sections wc calcu- 
htted the medulla to cortex w)lume ratio. 

ls162 

The adrenal glands from untreated and llg(ll} treated 
animals were fixed by' immersion into phosphate buffered 
3cA glutaraldehyde at 4~ ovenaight. After rinsing the 
tissue in physiological saline. 40 ~m frozen sections were 
prepared. The unmounted sections were subjected to silver 
amplificatioll as described above, rinsed in distilled water, 
osmicated, alcohol dehydrated, contrasted with uranyl 
acetate  and e m b e d d e d  into Ara ld i lc  (FI,LIKA). 
Subsequcrifly, thin sections were made and investigated in 
a TESLA BSS00 clcctronmicroscope without any furthcr 
counterstaining. 

Results  

Atottli{" ahsoq~tio~t ,S'l~eCtromeH~v 

Hg (11) was re',ldily detectable in the adrcnal glands {}f 
the 2 hr intoxicated lnicc. Data points and the calibration 
curve are shown in Fi<~.l, In contrast, no mercury was 
found in the adrenals of the control animals, the corre- 
sponding values remaining as low as those lot the reagent 
controls (data not shown}. 

In the Hg(ll)-treated animals, the dctccted values - 
11.87 and 16.56 ng - with an average of  14.2 correspond 
to the Hg(lI) concentration of 3.4 and 3.6 mg/kg (in case 
of 3.5 arid 4.6 n]g adrenals) approaching the concentration 
givcrl (4 rng/kg}. 
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Figure 1, ktR(ll) cop#cnt {}1 mouse mtrcslal ,~lands dctcrmiswd 
by atomic clb,~orption sFectromctrll, 2 hr ~fter t/m admitUstra 
tion of H2CI, at a dose off 4 mX/k S, i. F. No deteclabh' am(rant {}fi 
HS(II) was fiomtd its the cm#rols. ExpPrim(ntal data (x) are itt 
u~. Calibralkm curPc: llg+_SD; n=5. 
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Fig,  re 2. Auh,metollo~r stai , ing fin" H?4(II) in the ah'emTl 
glmnis accordin~ to (.3). Lisq# microscot~ic pictm'e of H%CI e 
tl'C'*ltt'l[ (A) reed l t l l t rc t l tc 'd ,  co~Hrol (BY . l o u s e  tldl't 'lltt[ cglH 1 t (C." 
cortex, m: medulla). 77~e mcdnlln ond the :turn xlonzer,dosa 
show positive n'actiott (A) [ml no spot!fit reaclion proihtct is 
seen iH controls (BY. Scale bor: 100 Iml. 

Light micmsCOlLV 

The distribution of the incorporated Hg(ll) displayed a 
characteristic pattern: thc medulla contained much 
higher number of silver grains than the cortex H=ir 
In the cortex, the reaction was localized to the cells of 
the • glomerulosa with only background level seen in 
the zona fasciculata and reticularis (Kig.2a). Scanning 
densitometry of  sih, er grains ft.trthet + supportcd the sug- 
gestion that the HgClll concentration in the medulla and 
cortex was significantly dift'erent (Fig.3). The compari- 
son of the density of silver grains measured by the terri- 
tories under the densitometric curve in the medulla and 
cortex revealed a fivefold dilTerence in Hg(lI) concentra- 
lion in the respective parts of the gland (Fi~.3). The 
weigh{ nleastlrclnents of the oyrtcx and 111edLtlla photo- 
print cut-outs showed that the cortex/medulla volume 
ratio was 5:1. Thus the higher amount of Hg(I1) in the 
medulla is even more significant and indicates a specific 
accunlulation. 

Figure 3. Straining dcnsitmm'trv, of the antometalh)y, raphic 
sections o[ the adrenal xlami intoxicotcd with H,~(ll). Note the 
two peaks at th," mcdullo and z ~ a xlo* m" dos ~. 

ldectro ,  mium.vuopv 

Mercury-induced silver deposits wcrc mainly found in 
lhe chromaflil) granules o1 the medullary endocrine cells 
(1~'i~,.4o). Interestingly, the deposits appeared both in the 
adrenalin and noradrenalin producing cells, but only in 
some of Ihe sccretuly gi anulr The lllttlc.i-ity of tl~csc were 
lrec Iionl re:Aelion product (lq,,,.4a), even though Ihe llUnl- 
bcr and size of the silver deposits increascd with the incu 
barton time of the developer (l"iA,.4h). Some of the 
lysosomes of thc chromalTin cells also contained silver 
grains, similar to the cells in the cortex of the zone glome- 
rulosa (data not shown ). 

Discuss ion 

The importance of tile investigation of mercury intoxica- 
tion is underlined by the continuing htnllan exposure m a 
wide range of professions to metallic Hg as well as Ilg(ll) 
compounds, in the present study, we demonstrated that 
acute intoxication (2 hr) with Hg(ll) salts induces accumu- 
lation of Hg(ll) ions in the adrenal gland ill general, and in 
thc medulla, in particular. Based on data obtained with 
alomic absorption speclroscopy on the one hand, and in situ 
cytochemistry on the other hand, we calculated a 10 mg/kg 
concentration of Hg(ll) in the medulla, when the total single 
dose administered was 4 mg/kg, suggesting accumulation. 
As Ibr mercury-exposed human beings, no relevant data 
have been found lot making any comparison. We used 
autonletallography to investigatc the localization of lnercury 
in the adrenals. The application of this mclhod is especially 
useftfl for the detection of inorganic lllerculy. 7 /\ character- 
istic uneven distribution of Hg(ll) within the adrenal gland 
was found after the 2 hr treatment. Hg(ll) concentration 
evaluated by scanning dcnsitometry was significantly higher 
in the medulla than in the cortex. This observation is con- 
sistent with the report of Rasmussen and Thoracius Ussing I" 
detecting Hg(II) in some of the chromaffin granules of 
medullary cells as well as in the lysosomes of zone glomcru- 
lose after a one weck methyl-mercury treatn/ent. Danschcr 
et a[ 4 described Hg(ll) accumulation in the adrenal medulla 
of primates with amalgam dental fillings. /\lthough these 
authors observed the tig(ll) in the lysosomcs, file fact that 
mercury intoxication also elicits cathecolamine relcase" 
suggests thai chronmffin granules in mcdulktry cells may be 
aiTcclcd by ltg(ll), as shown in this study as well as in that 
of Rasmussen and Thoracius-Ussing."' lI is notewortlly that 
plmeochromocytoma is also characterized by elevated cath- 
ecolaminc levels, theretore this finding in the case of a 
subtle fornl of Hg(ll) intoxication may be misleading. 
Hg(ll) was also present in the zone glomerulosa after the 2 
hr intoxication hut was absent in lhe zona fasciculala and 
reticularis. In light of the results of Rasmussen and Thora- 
cius-Ussing it seems likely, that, with prolonged ltgC1, 
treatment, this metal may appear in these two layers of the 
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corlex, too. Ttae incorporai ion of  Hg( l l i  into lho I vsosomc~ 
o1 lho cells in tlae /ona f;lsciculala and reticuhui~ induced 
discernible vacuol i ,qi l ion and necrosis alter a lOilg-l.orin 
lllClllyl-lnolCtu-y l roatmcnl ;.1.~; ~ell a~ lt lncl ion;i l  ct~'<ingcsJ ~ 

ii~cludin B 21 -all)ha-iL'>,droxyla~e acl i \  hr. 
There tilC open qtieslions a~ io [he [nochani~ii~ o1 aclion 

uf H<_>(II I ioil~ iii ihc Ii~ in,, ccll~ ~pcci ficd ahove. A I Ihoueh 
the ino~t i ) ro imncnt candidulr for 117(11) h inding ~.ilC lhe 
i/lolecLilcs w i ih  SH ~rotip~, phoN)hale and carboxyl  glOLIpS 
also display al ' l in i ty to illCrCtlly [oils." Accord[Jig 1o ~lOWi1 
and Snlith. i f lg / l i )  binds to the lipid nlenlbianes, which 
111~i)' acCOtlili for at least pall  of  [he functioiml changes 
induced by 1-17(II) inloxical ion.  Neverthelcss, inorpl~olo~i- 
cal studies, i n c h l d i n g  ihc presented o1112, repeatedly i~iovcd 
Hg(il) loeal iza l ion in [he matr ix  o1 [he ly~osomo~ a~ \veil 
tit,; sccrclor), ~[anti lcs. 

I 
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Figure 4. Electron mirroscOlJli ot t lw tt2(11) iIs chrmtn~tt i lw 
<2r, lmh>s of  fin' ,~drcnal cd ls  ~fftcr m~hmwt,Uh%,mtdfic reaction. 
l sd ra~ rnmdm sim2h' ~ih,cr <qraiss an'  dsowu (A i, which become 
m~,n' /nomincHt  ns the rcmtion tnocn>ds (t~7. 5~;mc c'/t t 'Otlhl[/)ll  
, ; r i  d>s eonhf in m<~n' thmz one .wmtdl 41vcr ,U'a/,, ~Hfih' i~ 
olhcs~ t/w <<4r, ims mc lar<Icr, coah'scrd m~d c t temf  bcl./oitd fin > 
t im~l is  mcml;r,'im' of th~ > ,qrmmlcs (B). No corns/or st,7inh~ 2, 
bl-t?/t' t~tTl: ()..'~ I / i l l .  

T h e r e  Ill[iV he two  incchani~ni~ wherel~y mcrcury ( l l )  
appears in ly~osomex. I_;ithcr it binds direct ly  it) lyst)solnal 
CliZylllOS abll l lclall l  in St l  git)ups, or prolOillS loaded \~ilh 
i l lorc i l rv hoe(role in ier lml ized by microautophagy.  

The acCUil/Lllalion o1 Hg( I I )  i l l the chr{} l l la l f i i l  71anl.ilch 
o f  nK'dul lary cel ls  I'11{I}' i.l]",t) [)td attr ibuted Io lhe presence o1 
st l l fur -co l l la i i l i l lg  l l lolocl.i lcs l ike cilroin,,)granin alld s e ; -  

ertil neuropel~tides in lhesc reant[los. ' - ~  Further studies 
are [cquhcd to invest[Tale impai red cell lu i ic l ions caused 
by Hg( 11 ) clCCLIlllLIlation. 
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