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Effects of HgCl, on plasma DNA content and blood
biochemical values in rats
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Abstract : Changes of plasma DNA contents and serum biochemical values were measured in rats
administered with HgCl, to investigate the in vivo cytotoxic effects of mercury and examine the usefulness
of these changes as indicators of mercury exposure and diagnosis of mercury poisoning. Rats were given
once intraperitonealy HgClx(0.13, 0.32, 0.8 and 2 mg/kg b.w) and the changes of plasma DNA contents
and serum biochemical values were measured at the time of 2, 4, 8, 24, 48 and 72 hours after the
administration of HgCl,. Plasma DNA contents began to increase from 2 hours after the administration of
HgCl, in all the treatment groups significantly compared to control with dose-dependent pattern. The levels
of plasma DNA reached to peak at 48 hours as 2.77, 7.60, 15.46 and 16.51 times higher than control in
each treatment group of 0.13, 0.32, 0.8 and 2 mg/kgb.w, respectively and remained to be higher until 72
hours after the administration. The values of creatine kinase, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, blood urea nitrogen and glucose of serum were increased, however
the values of alkaline phosphatase, total protein and triglyceride were decreased. These changes of increase
and decrease showed dose-dependent pattern but the starting time, maintenance and magnitude of change
were various and characteristic according to serum biochemical indices. Among the changes of serum
biochemical values, those of aspartate aminotransferase, lactate dehydrogenase and blood urea nitrogen were
apparently and significantly increased compared to control from 2 to 72 hours by the administration of
2 mg/kg HgCl,. This study demonstrates that plasma DNA and serum biochemical values such as aspartate
aminotransferase, lactate dehydrogenase, blood urea nitrogen and etc. are valuable as biomarkers for mercury
exposure assessment and diagnosis of mercury poisoning.

Key words : HgCl,, plasma DNA, cytotoxicity, blood biochemical values, SD rats

SHER TEHY 3572 AlsHA, 714 SrEA 2
M =3 A=A A3 o] RS E AME-Eo| ghon /7]
TR aF5A% oA 2 FFA R AMEE o

H2 QR nFel AFTE] WA oPhF Atk ofF FLAFRES BT 7153 AgelA vl
W 2 BRelel £ B 2 AHE B vl g 5 35S 9o 4 dow we Azte 94

oANF T AFH B FoAAKRE LRI vt QU SHEREM AW A, 8 AREA § A9
FEIHLELS 57 9 29 FUEFRS Rl 71380 thal £248o] Frh 7] % 94 F22 A8

*Corresponding author: Sang-Hee Jeong

Toxicology Division, National Veterinary Research and Quarantine Service, Anyang 430-016, Korea
[Tel: 82-31-467-1836. Fax: 82-31-467-1845, E-mail: Jeongsh@nvrgs.go.kr]

641



A, S 9 Adsy 24 [20]@1 w A o)) &
& YEtlo] AEE 9 F4A], DNA FH4dA s}
lactate dehydrogenase(LDH) F3& %7} 5& dozivty
niEo} ok [7].

A2 Abgke WA AdejelA 2 Awrt thdaAl
dojupe, AF7HE thAlF o2 & efghs Ao 9
3“ 4 g X FEdA AFEo] gt}

JR
o i
S

etk AR e] AAFo] DNAT M EART] ThA
7} 5431, 3% DNA %é% AR M AP
A o 2 et 4 9= 7o) AAE ATt 2]. &,

AR A *ﬂi*} A HEEE RS e
A Rlstsl Foldo] e AE2 DNA Aol ol&
bsalA =9l 28w SR e MEEA T
438 #7}8}=u| alanine aminotransferase(ALT) [15, 19],
aspartate aminotransferase(AST) [15, 11], alkaline
phosphatase (ALP) [15, 10], creatine kinase(CK) [18],
LDH {20, 7, 15, 19, 11, 1, 14] 5¢] 2482} blood
urea nitrogen(BUN) {3, 16], glucose [16], triglyceride
(TG) [12] 591 FABTAE 243k Ro] HESA
& JYshe Yo ATY F Aol ByHo k.

e £ ee) MESHS BAA Bk A%
AE2A] o] MEolA e} DNAC) thet Fgat &
FA T 2 Foz}ekx] Sof nHE gk B A=
H]E_JH pal

R I T

Zo) DNA 3} Boalslxg 2Atstel 520 4
Woll 1 AIZEA w2 G o) Fe] Mt e
ool =EAE 9 F5F NHEA ) &89S 7t
32 skt

e W 2y

SAEE ¥ T2 O

o484 SPF A5 E ARSAA] Bk
7743 SD FAA=E FEAHALEE 23°C, 5%
40~60%, 37| 12717}, A 5.0~7.00 oA 252 &
SN & AT 2001400 R=E ZF o+ SRl
8ol AREsIA Tt =& (HeCl, Sigma)yZ 0.15M NaCl
o =a} AF kg 0, 0.13, 032, 08 F 2mgg &7
Wz 13] S8kt

HY MY, BF 2 ¥y £
oo 28 Fost & HAIE(2,4,8,24, 48 H 72
AWz Ao ERY AYstel 93 % 9L 2

BE DNA # 3 soysiatx| =3

g% 5 DNA:= Fournie er al. [8]°] EA3F Nick
Translation & 7} "*5]-‘34 Fig. 12] vplo g &234319o
), 8735 DNA &332 Fig. 29} 70| 23} polynominal
fitting 8 F=50 (B A9(r%): 098, p<0.0001)& ]85t
o] Qs th. 83 F creatine kinase(CK), aspartate
aminotransferase(AST), alanine aminotransferase(ALT),
lactate dehydrogenase(LDH), alkaline phosphatase(ALP),
albumin, total protein, blood urea nitrogen(BUN), glucose
2 wiglyceride(TG) 52 BHs}elx| 2782 258} )
247] (Express550, Ciba Corning, Albertville, MN)Z
A&t

EAIM2

7 Agsuitt YA E ¥
31 Statistica(version 5.5) FAIZZ 138 o83 one-
way ANOVAE HAIBHIL F-93 2Joj7t AA = E 7
= 22wt 77 8] Folw Ale|9 f-ol4iol o)
o p<0.05 % p<0.012] $F2 2 Duncan's post-hoc 7
A& AAE ATk

FLEZLAL BN

4 =

T2 50 ¥ ZASE Y T DNA &Y Hs
YPeof 52 AF kg F 0, 0.13, 032, 0.8 % 2mg
A EZAR 18] FA% 3 FAEQ2,4,8,24,48 L 72
AlIZhZ 83 % DNA 3 S5 43} 5o 24
IR BE FoodA tzgol vlsle] §3Fe)E
o0& Frtelr] AEste] Fo & AN H E
(thZE+2] 2.77 7.60, 1546 L 16.514])ol) &3+ T 484]
A o 2ol Blle EdTE 53] 0.32 mg -Eroq—?

oM o F 4AZH7EA], 0.8 mg Fol ol X e

T 24N 7] 223 2 mg BTl E B F 48
A 7R Tzl Blsted @A 3] E3kthp <0.01).

2o F ANl B2 e ol fel@ 3}

o]7} $IUTHFig. 3, 4).

T2 F0i ¥ HAIE Hoster st

Yol 28 AF kg G0, 0.13, 032, 08 2 2mg
A B 18] R & FAEQ2, 4,824, 48 72
AlZhE ¥% % creatine kinase(CK), aspartate amino-
transferase(AST), alanine aminotransferase(ALT), lactate
dehydrogenase(LDH), alkaline phosphatase(ALP), albumin,



P oM F=&o] B DNASH H ol 5ah|o]) v|X)& F&

[ Blood collection in 1/10 vol. of 10mM EDTA(pH 8) |

[ Plasma separation J
| centrifuge at 10,000g, 4T for 3 min

Extraction of plasma DNA

= Dilution of plasma
+ 4548 of 10mM EDTA(pH 8) + 15u4¢ of plasma
s Deproteinization of diluted plasma
+ Add 30u8 of phenol saturated with 0.1M Tris (pH 8)
+ Emulsification by vortexing for 3 min
+ Centrifuge at 10,000g, R.T. for 1 min
n DNA precipitation
. 40uf of supernatant + 10ut of 0.3% gelatin in 2.5mM Tris (pH 8)
« Add 100x¢ of cold absolute ethanol
+ Shake and stand in ice bath for 5 min
+ Centrifuge at 2,500g, 4 for 15 min and discard the supernatant
+ Add 20042 of 85% cold ethanol and shake smoothly
+ Centrifuge at 2,500g, 4C for 10 min and discard the supernatant
u DNA recovery
+ Evaporate the remaining ethanol completely using speed vacuum concentrator
+ Add 26¢f of 60T distilled water and mix
+ Incubate at 60C for 3 min and stand in ice bath

1

Labeling of DNA by nick translation

+ 26u¢ of DNA recovery solution
+ 4u8 of 10X reaction buffer
+ 5ut of 20 pmol/ut of d~NTP
+ 54l of 36 pmol/ut of [*H) d-CTP
+ 5ut of 5 pg/ut of DNase and vortex
+ 540 of 0.05 u/ut of DNA polymerase and vortex

Incubation at 37C for 2 hrs

Counting of the labeled DNA

+ Spot the labeled DNA solution on DES8! filter (¢=2.5c¢m) and dry for 5 min

« Wash the filter with the mixture of 0.3M ammonium formate and
10mM sodium pyrophosphate (pH 7.8) 4 times for 5 min each time

- Wash the filter with 95% ethanol 2 times and dehydrate with diethylether
- Put the filter in scintilation vial containing 4ml of cocktail solution
+ Count the labeled DNA with liquid scintilator

Fig. 1. Analysis of plasma DNA by nick translation method.
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Fig. 2. Standard calibration curve for quantitation of plasma
DNA. DNA(A phage) was labeled with [‘H]-deoxycytidine
triphosphate by nick translation and counted in cpm with
liquid scintillation counter. Nick translation was carried out
for 2 hrs at 37°C in the presence of 0.06% gelatin. Each
point represents the meantSD of 5 replica.
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Fig. 3. Changes of plasma DNA levels in male SD rats by
the administration of mercuric chloride (Hg). Plasma DNA
levels were measured at each time point after the single
intraperitoneal injection with each dose of Hg. The results
are expressed as mean of 5 separate determinations. * **:
Significantly different from control (0.15M NaCl) at
p<0.05 and p<0.01, respectively.
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Fig. 4. Comparison of the change ratio of plasma DNA level and serum biochemical values after single intraperitoneal
administration with each dose of mercuric chloride (HgCl,). AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; ALP, alkaline phosphatase; BUN, blood urea nitrogen. Values are mean+SE at each time point (n = 5).
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Table 1. Changes of serum biochemical values after the administration of mercuric chloride in male SD rats

Item Dose Times after the administration (hours)
{unit) (mgrkg) 2 4 8 24 48 72
0 267+ 12 288+ 28 301+ 3 260 100 205+ 22 187+ 32
0.13 294+ 32 287+ 20 282+ 15 219+ 27 191% 7 134+ 7
(Sl/(n 0.32 291£26 2554 45 371+ 13 218 197+ 33 223+ 12
038 343+ 31 408+ 91 432+ 59" 232+ 13 2124 34 171+ 13
2 6221 138" 650 75" 709+ 29™ 246+ 7 208+ 35 2281 12
0 88.31 7.0 86.64 4.7 769+ 2.4 75.8% 0.7 733143 75.6+ 3.3
0.13 998+ 57 955+ 4.4 874+ 11.3 7801 3.0 75.1+£2.7 73.8% 3.7
(”L‘JS/; 0.32 90.2+ 5.0 969+ 126  947%22 799+ 1.9 78.63 3.1 74.7+2.9
038 996189  1282+160 131.51200° 1325+ 147" 892+ 58 69.7+ 1.9
2 113.9+£6.0° 19231258 259.41+19.9" 464414617 2258+ 1357 04.3+54"
0 399+ 1.8 404+ 20 383+ 0.6 397433 384+ 1.8 393+ 1.0
0.13 451t 1.4 371+ 12 355+ 1.4 434%23 350+ 1.6 3841 0.1
(‘?j% 0.32 403+ 1.7 3841 0.5 376+ 1.0 412+34 386129 403109
0.8 368127 405122 546+ 1.8"  583+70 404+ 4.6 383+ 0.8
2 387+ 1.0 476+ 4.2 56.3+59"  793+86"  45.1107 38.0+2.7
0 191+20 19717 19519 197+ 7 200+ 11 194+ 58
0.13 197+ 17 207+ 25 233£5 205+ 49 198+ 33 199+ 22
(Ll?/% 0.32 211+ 7 228+ 25 380+ 62 251+9 198 + 46 183£5
0.8 321+ 38 290+ 35 608+ 60 362+ 38" 229+ 68 204+ 36
2 479 145 507+ 66" 660+ 70" 626+ 94 421+ 84" 308+ 3
0 602+ 44 558+ 12 575+ 41 589+ 28 582+ 15 566+ 36
0.13 694t 42 530£ 10 569+ 37 595+ 45 544+ 2 5641 36
(?bf) 0.32 608+ 53 427+ 16" 5581 52 566+ 107 5624 87 578+ 99
0.8 576+ 78 448+ 17" 526+ 43 521+ 19 520+ 43 527+ 70
2 537+ 37 432+ 32" 438+ 20° 357+ 14" 383+ 45 418+ 24

n #

Aot #7022 HE Felishe SHEEY o 3
ol o2 1 3l o3 B A} o}%] B
2 de 9A e Holk gidriHe 7)5g A
71 Aol 2 54 E9E HEY 4 e 58 2A 9
&3t} [6).

BE A4 2 484 J3lM B DNAY 7k
A E A s #A7E 9len 83 DNA 522 A
¥ Aot FAI7L AT 2] B E2Eo] DNAY
&G o] FAMEEAG S dodn S HESEY &
A Fo] 3 ¥ DNASH Fo3gztel] iAol gl

ol @A doh wiebd @3 DNA g3

Ao MEAPGEGT 24 S Basted 2 Wye
2 AAELL Lo o] whe] Wizkw= LD, o|3le] v
2 &3 UEldE HEF 5 Ut [2).

M Z7F LDHS}E 7H& cytosolic enzymesS BH-3 53
o] glrh= Z1& u17192 9] plasma membrane®] £4H-S-
W sl YnbH o g AFEAge] AFEA wolEea
o [13]. wWEbA A A EEAe Ay 9lst
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Table 2.
Item Dose Times after the administration (hours)
(unit) (mg/kg) 2 4 8 24 48 72
0 3.7%0.1 40%00 3.9%0.1 40101 40%0.1 4.0%0.1
_ 0.13 39100 40%0.1 42+00 3.9+0.1 41%0.1 45+0.0"
Aztg’;'(;“l)‘“ 0.32 38401 41%0.1 41%0.1 39+0.1 39+0.1 41%0.1
0.8 3.740.1 4.1%0.1 40%0.1 3.940.0 4010.1 41401
2 34100 38100 3.9%0.1 37100 3.9+0.0 3.9+0.1
0 62102 63101 6.210.1 6.2+02 6.7+0.2 6.6+0.2
' 0.13 6.1%£02 6.3 0.1 65%0.1 6.510.1 6.7%0.1 7.0+ 0.0
T"t‘zlg f’;g‘em 0.32 6.1£0.2 62402 6.2+02 6.3%0.1 6.6%0.1 6.8%0.3
0.8 6.010.1 62102 61103 6.3%0.0 6.5+0.2 6.7+ 0.1
2 53+0.1" 58+017 62103 60102 6.6 0.1 6.6+0.1
0 145+0.7 133+ 038 109%0.7 16.1+0.8 156 1.0 16.4%0.1
0.13 15.1£ 04 127102 118105 16.510.2 165+ 0.7 179405
(E;Z) 0.32 147403 13.8+09 11.4+08 166112 184106 186105
0.8 14.1£0.5 13.3+£0.7 109+ 0.8 46.1£22" 65611067 232%24
2 204+£03™ 1724067  17.11 1107 73.01 103" 144311227 1692141
0 146 2 145+ 4 14747 1413 149+ 5 154% 1
0.13 153+ 4 146 1 139+ 3 14113 153+3 1572
(Grif;;j; 032 150+ S 145+ 0 150+ 4 14242 15244 165+2
0.8 150+ 4 146+ 2 158+ 4 140+ 2 146+ 4 152+ 6
2 161£7 168 4™ 163+ 6 131+ 1" 1503 152+ 14
0 94+ 13 108+5 100+ 4 92+4 95+ 32 88 + 30
0.13 92+7 10847 96+ 4 86+ 13 98t 9 81+3
(mﬁm 0.32 90+ 11 93+ 14 94+ 22 82 + 30 86t 16 78+ 11
0.8 895 81£2" 76+6 68+ 20 69+ 26 74+ |
2 85+ I 65+ 3" 4t6" 37+£4 54+15 65+5

Rats were administered once intraperitoneally with each dose of mercuric chloride. Values are meant SE of 5 replica.
* *x Sianificantly different from control (0.15 M NaCl) at p<0.05 and p<0.01, respectively. CK, creatine kinase; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; BUN, blood urea

nitrogen; TG, triglyceride
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