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HAlA o] b GdEAel mA= dFE A 56}71 Astd APAEFR A s aMV XA
10, 15 2 20GyS FF 9 7+ g0l 747 2AGE 3 1,2, 4 2 85 7 HEA &4 AEE

o]¢ 51 9= ¥ % alkaline phosphatase 2 bilirubin® %S 274 HES A3 WA alkaline
phosphatase®] 42 A ZAMAZFT A 4TS Yo, 53] 20 Gy 85Tl A
AR s ‘%E}lﬁ ?\151, % bilirubin® FHFE A7 Aot #A 453 ES JeR)
Ao, 20 Gy 8577 F&A Fsstdnh

ool Ad AL of% 3 o AL 2ARZ QA% 7 FEAY Fae 2AME Ao
el 10 2 15 Gyl e 71zt A 34 A 35 e Ao 20 GywolAe

238 F7F @ AR Hol REZAAMT 20 Gyt SALNFUYS BIE F dden,
WAL X B Al 7he] IH7F ZALokol E¥E A AT Fde Fo7t dasital AzZbdEr

WAL AAE TAse 24T A3FES 4oy, 1 dUAE Ed FRIZA
B2AS FASE 22 2 AR de 2 918 oz Bty 2 ey £
ARstE Qg AR V] FAMME oI A ATt e A fddle 2 HFEe F4ol
AR HAG, AE APEH B Z BAT o] ZAME F99 238 B A7l AEE AR
ATELD AR 9] o] 288 o] Bl AF AAHFFES NET FAH o2 WA 2580l
APHUA 58 45 WA EZI79 MY BFe B8 Xarieyd Ad ddez
GAAEYG Ao d A sades G2 F7HEL Qo 2 A Le FdRA e X5 AT
B ooyt Az dsiAE FAFE FES YEREE o]d mE Fag A FAS
& e Aol

WA o] Ao nX e GEge daie 4 AridE ge Bayl ik e A
HA = WAL o t3te o] v A gk 14 5o $om, Hall# Whipple,” War-
ren® Whipple¥ 12| X Martin® Rogers® %< A% WALHXAE F 79 Zsirt 2 e
e A9 ok Bttt

2 2EEC AYAEFAS SR FAAARY77} AL ol SHEA BAT
2343 glo] BRd FEE ARATS AT F YA HBI A BR9 7 A F g X Ho
WAL S o] £3HA Ho, o2 g WARM ZHRE) =3 HA A B VE S LA
S At o) g Zo] AR 3t ke WSyt A AA HHEA FER A A A=
g AHSAY Tt dRTE Aok XEEHA FEE F 7|0 ol2FTh

ojof B AFoAE A FudA BARAX R g durFog o] 4ET Y AF
bR W) gk 1 AU A XA-& HH o] dRF 10, 15 E 20 GyE 27 13] ZASE
F1,2 4 % 850 22X 715 B4 parameter£9 3L A stF
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2HEE L Sprague-DawleyAl §4 FFE TAdxANA AM33td A% 330g WLl ¢
W A AR 70te), HA 2AE 2 7oy gqulelE 7R e, 91ntEl S
a
[}

WA A 2 ZAM Fedle YA 7)F 2 HAHNEC) ol A A 2He 4874322 NE-
LAC-1004 E WAL X1 S 41 84 computer?! THERAC 23002, 43184 A Aol & DuPontAH
o A} A #% Dimension clinical chemistry system 24z} o] &8}tk 1)1 Aol A4%
Ak DuPontAte] Dimension clinical chemistry system& kitE T+ AHE stgow, 7]e
BEE AYE 5FUA 19ES AHEEA

A7 A HAE 4 MV XHE 93} 1em Zold HjdEHoe) 425 nz =
AHE-Qlell 05cm FAQ] vaseline gauze bolusE AH&3le] T3} 0.5cm Qo] Aol Huj o)
ZA HEE &y

ZAEA F L source-tissue distance 80cm, A F& 2Gy/mino.2 HFHE ] X8}
8 4,2 2 15730l etherZ vt A A LA ol F& Felol A 958 FEH o} 25cm X 25cm
ZALOER 10, 15 % 20Gy H#FS 244 13 24184 3 AN ET AH S Nam®
2 Lee™& 9 Hio] Fat¢ch

2) S=°| HA|

WA G ZASA Ge HAE 2 AA 8 4,2 % 1570 7 2 WML A
dHE ged ANHA 4PTLL ANY 1AL B B c& 1 FHAZ el
HAUE AFUES Heisho] ABAIOl ethers PN, B3 HFHE we} ARG
o HRUEHo R Rel AYstgon, 4BY YL Aol 30E7 BH e $nA 7

The 2500 rpm2- 2 1587 94 E sl de 38 AP AHg3tart
3) MslEE Al
ALP
(a) p-NPP + AMP ——————>  P-NP + AMP +PO,
pH 10.35
(b) Solubilized bilirubin -+
Diazotized sulfanilic acid ——> ?ed chromo ore
absorbs at 40nm)
(c) Conjugated bilirubin +

Diazotized sulfanilic acid _— > ed chromo hore
absorbs at 40nm)

Fig. II —1. Principles of procedure
(a) Alkaline phosphatase, (b) Total bilirubin, (¢) Direct bilirubin.
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¥ # & o] &% alkaline phosphatase® 32 Bower "X McComb®¥'®& =43 RejH "o 2,
total bilirubin 2 direct bilirubin® #-& Doumas® ' 2 Z Dimension 254 8184 71 &
o] &3l Fig. I1—19) veld Az e =4z 2vzt FA319 2n, indirect biliru-
bin¥ %2 total bilirubin ¥ direct bilirubing Fell A ettt 122 57 A= alkaline
phosphatase2 4 & w/IZ, blirubin$ F-2 umol/IZ E A3 TH

3 A AR EA A )= minitab programS o 83t 2Tl o] g AR ZAMTE 4]
t-testS A A3 ok

m. & ot

¥ % alkaline phosphatase(u/1) 2] &4 2 bilirubin(umol/) &} &#&-& =43 H I+ tables
- 1~4° YepA nle} Zo] WALM & zAMeA ¥ 2ol 8% alkaline phospha-
tased] E44-& 11370 £ 15602 Ve 1o, total, indirect L8] I direct bilirubin< 2+t
220 + 0.14, 0.80 + 022 12|31 140 + 0202 YERA AT

FH WAL ZALSE Foll M= WA alkaline phosphatases WAIH L2 A4S
Efilon, 53] 20 GyRARE A= AMARAL & 159 7470 + 10.20 (P0.001) 2.2
T A2 E e o, A2 Baet A A& A58t 85l € 574.30 + 31.10 (P0.
Doz dAANF FrtE #FAE & U

Table 1l —1. Changes of serum alkaline phosphatase values{u/1) in various dose irradiated

rats
10 Gy 15 Gy 20 Gy
Control 113.70 £ 15.60 113.70 + 15.60 113.70 + 15.60
1 Week 129.70 + 17.70 140.10 + 22.50* 7470 + 10.20***
2 Weeks 12340 + 12.30 109.30 + 19.50 12670 + 12.00
4 Weeks 137.00 + 20.60* 15270 + 27.20** 136.70 + 18.10*
8 Weeks 136.00 + 19.20* 136.70 + 25.10 57430 + 31.10***

The assay procedure was described in the experimental methods.
Values are the mean + SD for 7 rats.
Significantly different from control group (%P < 0.05, **P < 0.01, ***P { 0.001).

Table I —2. Changes of serum total bilirubin values(umol/l) in various dose irradiated rats

10 Gy 15 Gy 20 Gy
Control © 220 £ 014 220 + 014 220 + 014
1 Week 194 + 0.28 194 + 0.10* 240 = 0.20
2 Weeks 234 + 048 243 + 044 237 + 034
4 Weeks 277 + 035** 276 + 0.38** 197 + 0.10*
8 Weeks 307 + 033** 306 + 057** 379 + 020"

The assay procedure was described in the experimental methods.
Values are the mean + SD for 7 rats.
Significantly different from control group (**P < 0.01, *%%P < 0.001).
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Table I —3. Changes of serum indirect bilirubin values(umol/1) in various dose irradiated

rats
10 Gy 15 Gy 20 Gy
Control 080 + 022 080 + 0.22 080 + 0.22
1 Week 0.77 £ 0.18 086 + 0.14 111 + 0.23*
2 Weeks 097 £ 0.30 1.19 + 046 114 £ 0.32*
4 Weeks 121 + 035* 1.30 + 0.36* 064 + 020
8 Weeks 144 + 0.24*** 1.39 + 049* 1.53 + 0.33***

The assay procedure was described in the experimental methods.
Values are the mean + SD for 7 rats.
Significantly different from control group (*P ¢ 0.05 **%P < 0.001).

Table ll—4. Changes of serum direct bilirubin values(umol/1) in various dose irradiated

rats
10 Gy 15 Gy 20 Gy
Control 140 + 020 140 + 0.20 140 £ 020
1 Week 117 £ 0.25 1.09 + 0.11* 1.29 + 0.18
2 Weeks 137 £ 0.22 124 + 0.05 123 + 0.08
4 Weeks 156 + 0.17 146 + 0.14 133 + 021
8 Weeks 1.63 + 0.26 167 + 0.13* 2.11 = 035"

The assay procedure was described in the experimental methods.
Values are the mean + SD for 7 rats.
Significantly different from control group (*P ¢ 0.05, **P { 0.01, ***P < 0.001).

Total bilirubin®} T FH% A ZANFN A AT 2 850l = 10,15 F 20 GyFZAH Al A

Z+7} 307 + 0.33 (P0.001), 3.06 + 0.57 (P<0.01) 18] 3.79 + 0.20 (P€0.001) & “ERA A

18] X indirect bilirubin® FFHEFE AL F A|7ho] Aol wt F5dte ¢S

et e, 8Fel+ 10, 15 2 20 Gyl M 242+ 144 + 024 (P < 0.00D), 1.39 + 049

(P<005 2 153+ 033 (PCO00DCE 99 sle $718 #2E 4 AUt T8yt 20
ko]

3 direct bilirubin® T H]&8 Aoz A 7to] Axgd whel oy, 20
Gy¥ 8F (211 + 035, P < 000D = #93A %7+ sttt

e oEAE £ QOIE WS e, T2 G AYPWE)E
Eol e ASEe B8 vlud PAHe) B Aol Bt
H,
[}

F o) 3 R GHYTE 5 A3 BR3Pl XU T “Co yH WAZAA
of ZApobol EFHE A%, WAH AR F W FEHE A9 AU,
=]
2w

FYol ARE A P ZARA N E



AR AHE 2 E, YA L5 ELY Fo, B8P MY 5 7S gae
HaAA AHAQd HgHE 97 A =o] g ;

Ingold 59 7HHAE E&dl= AERE wALY 22 AY3 G4 Hodgkin¥¥E 5
40589 EAF 1347 AR tgol EdsIeH, ©) F 35 Gy 1ol ALY 347}
WA the ApEEvha 9ok oju Wy WALY gL tEy, g9, Be g

7 2 al
= HREY Wl &8, AEYS
2 & 2+ alkaline phosphatase) 4% ©]
7 gt o, 1gsle AN AR 2A 77k ol o] AFAA VL Qo B e 3~4
F2boll 30~35 GyR =7k HHE SAG R ok

B GrolM e AR o3t 7t HEAle) &4 dolr ] st AEILEAA o o
4 MV X2 10, 15 2 20 GyE 7re] g5 247 13 2AMS 31, 2,4 2 859 @F alkaline
phosphatase® 4 R bilirubin®] THE S WA 1 B A3 & SFHA A
F7hHte Aoz 4#A 3= ¥% alkaline phosphatase®™ 9] 8438 ZAbA ghol| u] & 51
7t o, 5§39 20 Gyg R4S 8F ol Me A A4S vtz %o, Shapire®
2 Dalrymple$?’ 9] B 119} Chung® Yoo® 59 E7|9] 7ol 230 ZH 20 GyE ZASH
% alkaline phosphatase®] &/d0] A X 3] A4 stYrh= Hu ol FAS Ao 2 ALY ZA g
Aty Xt FRA ZAME AleA &4 wade AL FAET ok =2 3 FrAS
E3 vl d == bilirubin®] FEEP® 7} direct(conjugated form) 2 indirect (unconjugated
form) 25 F718h3 Qe Ao B Mol WAL AR Q18 A A E ) &40 2 bilirubin®]
Edrgol AAHAL vk o et G Ao 2 dojgol L& bilirubinT FE F71E
ROz AR E O o},

o3 HEANHER FPNY NUES T 2 2 YFo) ALY WAooz <l
1

g

—
()]
)
“

2
>
or
>
()
o
_E
2
ot
)
m
_);1_“
o
Je
i

wo ir rot

0%
Fol A2t 20 Gyl M e L3183 F7HE Ao 2 Hol REZA AT 20 Gy7t A A &)
) HA] 3he] AR} ZAbopel] EGEH A S FeoE I HEA
7 e F onE BREoko WAy A8 A RAlol Aol g Fojvt ¥
al

958 AY7HEAA A aMV XA 10, 15 2 20GyE BH 9 2 AR 7 zare
1,24 % 85l 3F FEA &9 NEE o]& ¥ 0= ¥F alkaline phosphatase 2

bilirubin®] F#FE FAde WARMe] 2t FEAo vAE AT HESS ol e
ABRE Ak
WA Alkaline phosphatase®] ¥4 A ZAbM oA 444EL Jehlgow, E3

[}
20 Gy 852 o)A BAW 45 YR, B3 bilirubin® FFE A7 ATk F) 4
+3 %% tehlglon, 20 Gy 872 FolaA Aty



74

of
>
>
(2
to

> 43 FEZALE 839 3 FEAE

REFERENCES

. Lim, C. S, A study on the effects of X-irradiation causing morphological changes of the rat

liver. Chonbuk national univ. Graduate school, Chonju{1985).

. Kim, Y. I, Radiation therapy. Sinkwang publishers, Seoul(1992)
. Hall, C. C. and Whipple, G. H., Roentgen ray intoxication . Disturbance in metabolism produced

by deep massiver dose of hard roentgen rays. Am. J. M. Sc., 195 : 453(1919).

. Warren, S. L. and Whipple, G. H., Roentgen ray intoxication : A study of sequence of clinical,

anatomical and histological changes following a unit dose of X rays. J. Esper. Med,, 35 : 203(1922).

. Martin, C. L. and Rogers, F. T., Intestinal reaction to erythema dose. Am. J. Roentgenol,, 10 ! 11

(1923).

. Chung, W. K. and Yoo, H. J., An experimental study on the effects of Roentgen irradiation

upon the liver of the rabbit. J. Korea univ.,, 12 @ 263—273(1975).

. Kang, I. W., Radiation hepatitis in rat. Seeoul national univ. Graduate school. Seoul(1980).

8. Ogata, K., Hizawa, K., Yoshida, M., Kitamuro, T., Akagi, G., Kagawa, K. and Fukuda, F., Hepatic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

injury following irradiation : a morphologic study. Tokushima J. Exp. Med., 9 : 240(1963).

. Ingold, J. A, Reed, G. B,, Kaplan, H. S. and Bagshaw, M. A, Radiation hepatitis. Am. J. Roentgenol,,

93 : 200(1965)

Reed, G. B. and Cox, A. J., The human liver after radiation injury. A form of venoocclusive
disease. Am. J. Pathol,, 48 : 597(1966).

Lewin, K. and Millis, R. R, Human radiatoin hepatitis. A morphologic study with emphasis on
the late changes. Arch. Pathol, 96 : 21(1973).

Wharton, J. T., Delclos, L., Gallager, S. and Smith, J. P., Radiation hepatitis induced by abdominal
irradiation with the cobalt 60 moving strip technique. Am. J. Roentgenol., 117 : 73(1973)
Kim, Y. H,, A study on the Utilization of high cost radiation therapy units in Korea. Seoul national
univ. Public health graduate school. Seoul(1989).

Nam, Y. S., A study on the immune regulatory effects of the liver factor liberated from experimen-
tally damaged hepatocytes. Hanyang univ. Graduated school. Seoul(1987).

Lee, K. J., An experimental study on the condition of irradiation and the skin reaction by 6
MV X-ray. Ewha womans univ. Graduate school. Seoul(1984).

Bower, G. N. and McComb, R. B., A continuous spectrophotometric method for measuring the
activity of serum alkaline phosphatase. Clin. Chem., 12 : 70(1966).

Rej, R., Effect of incubation with Mg on the measurement of alkaline phosphatase activity. Clin.
Chem.,, 23 : 1903—1911(1977).

Doumas, B. T., Perry, B. W., Sasse, E. A, et al,, Standardization in bilirubin assays : Evaluations
of selected methods and stability of bilirubin solution. Clin. Chem., 19 : 984—993(1973).
DuPont, Dimension clinical chemistry system procedure manuals(1992).

Harkness, R. D., Regeneration of liver. Brit. Med. Bull,, 13 : 87(1957).

Weinbren, K., Regeneration of the liver. Gastroent., 37 . 657(1959)

Park, S. H., Choi, K. S, Kim, B. K., Kwon, Y. J. and Lee, ]. B., Effect of Single or Fractionated
X-Irradiation on the NP-SH and NP-SS of Rabbit Liver and Lung Tissues. Kor. J. physio., 4 © 131—
137(1970).

Gutman, A. B,, Serum alkaline phosphatase activity in disease of the skeletal and hepatobiliary



24.
25.
26.
27.

28.

system. Am. M. Med., 27—875(1959).

Kaplan, M. M., Alkaline phosphatase. Gastroenterology., 62 : 452(1972).

Yi, K. N. and Kim, J. Q. Clinical chemistry. Euihak munwhasa Co. Seoul(1988).

Shapiro, B., Biochemical mechanisms in the action of radiation : The Biological Basis of Radiation
Therapy. J. B. Lippincott Co. Philadelphia(1966).

Dalrymple, G. V., Gaulden, M. E., Kollmorgen, G. M. and Vogel, H. H., Medical radiation biology(1
st Ed.). V. W. Saunder Co., Philladelphia(1973).

Lee, K. B, Clinical pathology handbook, Komunsa, Seoul(1991).



o%

>
-
rx
o

76 43 FEZAY HF9 T AL

Hepatic Injury of Single Irradiation on Partially to the Rat Liver
with 4MV X-Ray

Joon 1l Lee, Ph. D.
Dept. of Radiotechnology, Taegu Health Junior College

Abstract

In order to investigate radiation effects on the liver, functional changes of liver were analyzed
after irradiation. Doses of 10 Gy, 15 Gy and 20 Gy were exposed partially to the liver of
male rats(Sprague-Dawley) with X-ray(4MV linear accelerator) at room temperature. On 1,
2, 4 and 8 weeks after irradiation, sera of the animals were compared with those of unirradiated
animal by liver function tests.

Enzyme activities in sera such as alkaline phosphatase and concentrations of bilirubin in
liver function tests.

The content of the activities of many enzymes including alkaline phosphatase in sera were
increased slightly with increasing exposure dose in all experiments and the activities of these
enzymes increased markedly in 20 Gy irradiated groups.

The contents of serum bilirubins including direct and indirect bilirubins increased continuou-
sly along with the time lapse after irradiation. However, in 20 Gy irradiated group, the content
of serum bilirubin decreased slightly during 2 or 4 weeks after irradiation and increased
markedly there after.

From these above results, functional changes of the liver were induced in all irradiated
groups. Damaged liver was recovered along with time collapsed after irradiation to the doses
of 10 Gy and 15 Gy while no recovery was deteced within 8 weeks after irradiation to 20
Gy. These results suggest that careful attontion must be paid to liver not to be included
in exposure field in radiation therapy.



