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(=] HNY #F5E 5-2 3 2 B B2 (5-aminolevulinic acid, 5-ALA ) & {57 4% & 14 F IR 28 i3 211 i€ JC 3k 5E ( secondary
hyperparathyroidism , SHPT ) 2 R FH AR 55 B 2 205 12 0 ] A 71, 3 088 FLAQ 3 7™ ) JE i ik IX ( protoporphyrin IX, PpIX) 7 FFAR
FHRHLBERI S S, Jiik 16 H 6 ~8 ik RMErE SD KR, it 180 ~200 g, 73 T AL (5/6 B UIER + mibh
Tl ,n = 12) IR FARACEF BRI, n=4) ,28 d 5,2 HRRIEEES 500 mg/kg 5-ALA,405 nm @GR 2 20 K B85
S PR B X3, 7 FH AR G DI 1 ARG I PR AR L PR S5 R 2L 8L P Pp IXZEAS [RIBF I] PR 2 05 38 G, I RO A T 4 22 4r
o BR AEEGT 5-ALA J5,2 2R RS AR 2134 mT F PR BR RS, KFR 4 r T AR BRI . FR414E0.5 ~4 h 7]
TR S5 IR BB A AT BT ARAALE 1 ~3 h ] WA a5, FHrh 2 HHPOGIRBELE 2 h ik B im0, TR 24 054 2 5
FHRFARL(P<0.05) , FEHEA 5-ALA J5 2 h, FARAUAME TR L P9 FIR S5 MR 2198 a0 4 34 8 1 RO IR 414 10 %5, 4
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Fluorescence characteristics in parathyroid glands by S5-aminolevulinic acid in

secondary hyperparathyroidism rats
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University, Chongqing, 400038, China)

[ Abstract | Objective  To investigate the feasibility of the application of 5-aminolevulinic acid
(5-ALA) -induced fluorescence for the detection of parathyroid glands in secondary hyperparathyroidism rats and
to observe the dynamic changes of the accumulation of endogenous synthesized protoporphyrin IX (PpIX) after
administration of 5-ALA. Methods Twelve female Sprague-Dawley rats, weighing 180 =200 g, were divided
into 2 groups: an operation group (5/6 nephrectomy plus high phosphorus food) and a sham operation group
(normal phosphorus food). After 28 d, the two groups of rats were photosensitized by intraperitoneal injection
of ALA solution. After surgical exposure of thyroid gland and parathyroid gland, the operative sites were
observed under blue light (405nm) using a miniature fiber optic spectrometer to assess the fluorescence intensity
of thyroid and parathyroid tissues. Histological examination of the fluorescent tissues was performed. Results After
intraperitoneal injection of 5-ALA , parathyroid gland fluorescence was observed in two groups of rats. The red
fluorescence of parathyroid glands was located on the posterolateral thyroid glands and could be seen by naked
eyes. The red fluorescence of the parathyroid glands could be seen from 0.5 h to 4 h in the operation group and
from 1 h to 3 h in the sham operation group. The peak intensity at 2 h in the operation group was significantly
higher than that in the sham operation group (P <0.05) , and the fluorescence intensity was 10 times higher in
the parathyroid glands than in the thyroid gland in both of the two groups. The histology of the fluorescent
tissues confirmed the tissue with red fluorescence was the proliferated parathyroid gland under a light
microscope. Conclusion 5-ALA-induced high intensity fluorescence suggests an important support to identify
the hyperplastic parathyroid glands rather than normal glands and improve the success of parathyroidectomy. It

has potential clinical value in treatment of parathyroid diseases.
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Yk R 55 IR D) B TUEAE (secondary hyperpara-
thyroidism , SHPT ) J&1& VB DI REA 2105 WIT AhE , &
WA HUIR 22 B 38 2% ( parathyroid hormone , PTH ) 43 I 1
Z FSHECIERL, 1,25 (0H), D, gk = , th T
TEIT AN R RS A IR A DR 2R R R Sy X VR T
SHPT, 5 &5 47 B 98 055 45 Ak A5 R IR, ™ 52 5% ) 8
BT i, A R AT HR 55 AR VD BR ARG TT
HCLE AR 2 M R0 Aff 7 5 R 5% iR ( parathyroid gland,
PTG) 5 FARMYIR L LR 2. PTG (RN,
B R B R S, 5 R BT UL TR R (thy-
roid gland , TG) JRINTZH 2 bk LU 45 | BB S AL, N
MR XE LA, Bt S R e o S-Sk 2 WE A R
(5-aminolevulinic acid,5-ALA ) 24 PN-& B IM.£1 K AU
R IT , A B IF AR G BBGR, JH r (m] AR 387 4y S b b IX
(protoporphyrinIX , PpIX ) HA SR CHUEH , K5 4
PE ALA TEAAR NI, 38 i Pp X 7EHR7 A 2 N Y K i
FREE R E 1 (380 ~ 440 nm) &G T & 4
LI L AR I B 7 5-ALA 2O
fii SHPT KR PTG fyHA , JHUEHAR I 4 Pp X 7E
PTG B (1) 2l A48 4k, LU R R v e o7 388 26 F0 IE #
PTG 2SI K5 .
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(P = 8 55 = I 126 e S 30 sh 4 vp o0 B 43 ) 5 S-ALA
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B, TE R AT PRI A F R R 273, R)5 1 At
BEUIBR 2 T AR BB 5/6 VN, 4% & AT T LU T 51 7
B 40 x 10" Urkg, 55 2 W FAR G, T LR w6 55 1 F
AL (=4 ) 3 5 R0 5 U P 1 AR 255 L UM i 5 , 23 B
(B

1.2.2 BRI B i A e e A A il 28 d 5, M2 41
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1.2.3  5-ALA ZOGHRMK BRARZER 5 2 41K R IR
JiE 5T 500 mg/kg 5-ALA ¥ (CFf 5-ALA #3K % T 0. 9% &b
FHE IR T B R B R 3% 19 5-ALA % i, S AR IE 25 W) 1
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LS R T, S50 A DX B B s, 4 g K BB IL Y, R B A
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2L R R (BRI TR ARG i A BR A 7)) WA I 10 % (FH AL
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2.1 SHPT X SR # 5K

FARL 8 HKFAN AT T M AURY 1 HAR BT 1k
ARIFH 1 RICT, A5 e B0 22 0 5% 4% B 0 45 T 61 g 0 T R
M fib, 25 ARG B EE ;1 KRBT 2 WORHSET:, 5 B
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Cr Ca P iPTH
215
(pmol/L) (mmol/L) (mmol/L) (ng/L)
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TESHE 1 ~2 hy 5 H 5 1E 5 BAR 55 IR 4 4L 4798 T
JiE BhASAIHT , Y BN BAT I R 4 3h 2 e, T
34 1 2 215 TE W AR B 56 HE e i I ] BE
S-ALA FEHE 1 ~3 h, ZEBCBET ], R 9 o i
PR 1 DR 55 R DD AR e i 21 G 5 1 Y
HOR S5 IR SR T T B ARG . TR, 5206t iE 52
T HUR IR S 56 600 B B 358 T RS IR 41,
FETCTN . AN, T TR FR A X IR A 21 €0 5 S 2
UIEATL LU A, AT R A B0 DR 4T €5 5 4 41
ST N HUR S AR, A S50 6l P B0 5 G R H
RE B8 BT /MBI E IR R 405 nm P KAy LED 4T, ]
SRS X R , T T AT B, S T
I TR A

JUETAT 5-ALA 921658 {37 FUIR 55 B AR 56 SCik 4
i (EEIAR A FF W R, A /0 % i il s e
FIRT S-ALA 7EI5 PRI 22 4 | e AR 0 IR0 i A 2 16
B H B S SCHRIESE ™ L BT RL, B S-ALA 9¢
IR FE AL R 1) 358 A= w0E B FIR S IR 4 2, e 4R
5 HUR SRR BR T A R I %, 45 J AR ), 23RS
SR EAE AR TR

S-ALA BES S A FIE 3 FRSE IR SUR Rk IX
AR , HL I R B — A~ EL A I T 40 v A s 2 ot
Tt 5 B 5570 FROIR 35 B 4 014 70 58 DI B a5 O 9 3 484
H S IE R A RSS2 U0 T T ks, A B T
2 IR SE IRUT SR (4 B Sh 26, ELA TR AE B W B 92
VIRIENS

SE Lk

[1] Tominaga Y, Matsuoka S, Uno N. Surgical and medical treatment of
secondary hyperparathyroidism in patients on continuous dialysis[J].
World J Surg, 2009, 33(11) . 2335 -2342.

[2] Kennedy, Pottier R H. Endogenous protoporphyrin IX, a clinically
useful photosensitizer for photodynamic therapy[ J]. J Photochem Pho-
tobiol B, 1992, 14(4) . 275 -292.

[3] Reeves P G, Nielsen F H, Fahey G C Jr. AIN-93 purified diets for la-
boratory rodents: final report of the American Institute of Nutrition ad
hoc writing committee on the reformulation of the AIN-76A rodent diet
[J]. J Nutr, 1993, 123(11): 1939 —1951.

[4] E/E, Rz, AR AflE AR BE 55 E IR SR mE
WEFELI]. P E AL, 2003, 2(8) : 436 -438.

[5] Phitayakorn R, McHenry C R. Incidence and location of ectopic abnor-
mal parathyroid glands[J]. Am J Surg, 2006, 191(3) . 418 —423.

[6] Siperstein A, Berber E, Mackey R, et al. Prospective evaluation of
sestamibi scan, ultrasonography, and rapid PTH to predict the success
of limited exploration for sporadic primary hyperparathyroidism [ J].
Surgery, 2004, 136(4) . 872 —880.

[7] Arici C, Cheah W K, Ttuarte P H, et al. Can localization studies be
used to direct focused parathyroid operations? [ J]. Surgery, 2001,
129(6) . 720 -729.

[8] Piacquadio D J, Chen D M, Farber H F, et al. Photodynamic therapy
with aminolevulinic acid topical solution and visible blue light in the
treatment of multiple actinic keratoses of the face and scalp: investiga-
tor-blinded, phase 3, multicenter trials[ J]. Arch Dermatol, 2004,
140(1) : 41 —46.

[9] Gold M H, Goldman M P. 5-aminolevulinic acid photodynamic thera-
py: where we have been and where we are going[ J]. Dermatol Surg,
2004, 30(8): 1077 - 1084.

[10] Stummer W, Pichlmeier U, Meinel T, et al. Fluorescence-guided
surgery with 5-aminolevulinic acid for resection of malignant glioma: a
randomised controlled multicentre phase III trial[ J]. Lancet Oncol,
2006, 7(5) : 392 -401.

[11] Pech O, Gossner L, May A, et al. Long-term results of photodynamic
therapy with 5-aminolevulinic acid for superficial Barrett’ s cancer and
high-grade intraepithelial neoplasial J]. Gastrointest Endosc, 2005,
62(1) .24 -30.

[12] Riedl C R, Daniltchenko D, Koenig F, et al. Fluorescence endosco-
py with 5-aminolevulinic acid reduces early recurrence rate in superfi-
cial bladder cancer[J]. J Urol, 2001, 165(4): 1121 - 1123.

[13] Asher S A, Peters G E, Pehler S F, et al. Fluorescent detection of rat
parathyroid glands via 5-aminolevulinic acid [ J ].
2008, 118(6): 1014 - 1018.

[14] Gahlen J, Winkler S, Flechtenmacher C, et al. Intraoperative fluo-
rescence visualization of the parathyroid gland in rats[J]. Endocri-
nology, 2001, 142(11): 5031 —5034.

[15] Prosst R L, Schroeter L, Gahlen J. Kinetics of intraoperative fluores-

Laryngoscope,

cence diagnosis of parathyroid glands[ J]. Eur J Endocrinol, 2004,
150(5) : 743 -747.

[16] Akasu H, Igarashi T, Tanaka K, et al. Photodynamic identification of
human parathyroid glands with 5-aminolevulinic acid[ J]. J Nippon
Med Sch, 2006, 73(5) : 246 —247.

[17] Prosst R L, Gahlen J, Schnuelle P, et al. Fluorescence-guided minimally
invasive parathyroidectomy: a novel surgical therapy for secondary hyper-
parathyroidism[ J]. Am J Kidney Dis, 2006, 48(2) : 327 -331.

[18] Dalton J T, Yates C R, Yin D, et al. Clinical pharmacokinetics of 5-
aminolevulinic acid in healthy volunteers and patients at high risk for
recurrent bladder cancer[ J]. J Pharmacol Exp Ther, 2002, 301
(2): 507 - 512.

(g7 :2012-12-21 ;£ :2013-03-12)

(%8 &£ 35)



