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Changes in the fluorescence spectrum of protoporphyrin inside
the eggshell and dissolution of the tip of the mammillary layer
accompanied by chicken embryonic development

Toshio Okazakjm, Sayaka Miyai2>

Summary Protoporphyrin (Pp) was distributed in the microcrystals of the tip of the mammillary
layer inside the chicken eggshell. In this study, when the inside of the eggshell was irradiated with
ultraviolet A and the emission red fluorescence spectrum was analyzed, the ratio of the peak height
at 678 nm to the peak height at 635 nm decreased sharply in the latter half of embryonic
development. When the mammillary structural change accompanied by embryonic development
was observed using an optical microscope or a scanning electron microscope, the microcrystalline
granules on the tip of the mammillary layer had melted. Along with this, the Pp on the mammillary
surface had disappeared and the inner Pp was exposed. Hence, it was considered that the peak
height of the oxidized Pp at 678 nm had decreased.
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Cross-sectional structure and pigment analysis of eggshells.

A: Cross-sectional structure of white (a), cherry-colored (b), and brown (c) eggshells.

a : vertical crystal layer;

[ : palisade layer;

y : mammillary layer; 0 : eggshell

membrane. B: Absorption spectrum analysis of hydrochloric acid / methanol solution of

white (a), cherry-colored (b), and brown (c) eggshells. As a control, the absorption

spectrum of 35

umol / L of the hydrochloric acid / methanol solution of

protoporphyrin disodium salt was also measured simultaneously.
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Fig. 2
and inside of the eggshell.

B

Inside

Spectroscopic analysis of red fluorescence emitted by UVA irradiation from the outside

A: Color was observed when natural light was applied to the outside and inside of the

eggshell. Then, fluorescence was observed when UVA was irradiated in a dark room. B:

As a control, a photograph was obtained by absorbing a solution of protoporphyrin

disodium salt in hydrochloric acid / methanol into a silica gel plate and irradiating it
with UVA, shown on the left. Pp: Protoporphyrin; NL: Natural light irradiation; UV:

Ultraviolet A light irradiation.
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Fig. 3

Changes in red fluorescence under UVA irradiation from the inside of the eggshell
accompanied by embryonic development.

A: Embryonic developmental status and erythrocyte morphology at each stage. Arrows
indicate embryos. B: Red fluorescence photograph from the inside of eggshell at each
stage; C: Spectral analysis of red fluorescence from the inside of the eggshell at each
stage; D: Change in the ratio of the height of the fluorescence spectrum peaks at 678

nm and 635 nm accompanied by embryonic development.
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Observation of calcium carbonate microcrystals inside the eggshell.

A: Optical microscopy (OM) of the inside of the eggshell; B: Polarized microscopy
(PM) of residue scraped from the inside; C: OM and PM of calcium carbonate
microcrystals attached to the eggshell membrane. White arrows indicate Pp like
particles. D: Observation of the tip of the mammillary structure at each of the
embryonic developmental stages with optical microscopy (left) and scanning electron
microscopy (right). An optical micrograph of the mammillary structure at each
embryonic developmental stage by epi-illumination was added to the upper right corner.
Black arrows in the OM image and white arrows in the scanning electron microscopy
(SEM) image indicate the tip of the mammillary layer, comprising calcium carbonate
microcrystals.



HEWEREGHT Vol. 45, No 2 (2022)

FRAEMEE I L7 L A, FLEALIE O
Y1 (Fig. DA EIHD) 25, BEF - Tk
FINEL D, 1I9HHIZIEIEE A EHEL.
LT —TIVIRIZ R 5 Tz,

V. ZE

=7 MO RPpaEAEEN TV D S
EFHHENTWEY, AL, S50l B
IR D THRRE W Ot 35 0 45 A IRBE % T 5T
T COLF MBS 21T o722 2 A, 18t
PO OTEERE R OO DL, <5
EINDOFE A TIE D ) 3 BTV L DHE
a7z (Fig 1A). JEDOIEEE - x4 ) — )b
BIRHPOPPD Y — L —H QDY — 7 DF
S, IIRE OIS LT, Bl S o mil,
HEIIDIETH - 724 (Fig. 1B). £EOIID
IO BROSHIREE R CAD &, EERS
J&., MR, FLEERE & IR o NERICAT < 1o
THWA L, AHEBOOREEIIWDOTHAT, 13
EAEEDPRD SN ol T2, IRk
IZUVA%L G L CPpo R a o2 BlgE L 72 &
A, FAmIld S S @Il L mn b WIRYIZ
E AR EIGIRE ICE WD RO LN e h o/
(Fig. 2)o PpldiftEme R i L-HIWIER 2 6
L. M OIS~ OTEE IR % % BHE$ 5 ) & A%
HDHZEVRMOENT VLAY, BEFICHT
LEBIGEEIIHER SN TR VY, 260
b, IiRREAoaRORENL, BEFIC
FEERBRL 2V EEZ Nz E 2 THENE,
BB EATAEIN 2 F O CIRISE 1Bk ) YRR P
DOPpR FLIE LI O L AL IZ B 5 5 Bl 5E %
FEhti L7z AN oREaa b0z ity I =
THEEHCCAXY MG To7zE 2
A, 635nmE 678 nmiZ2D0 D ¥ — 7 H3FED S,
RZEHE D100 H LU, 678 nmd ¥ — 27 282812
T L7z (Fig. 3)o PpldUVARESTIZ X - T635
nm®DFHGx 3 L. SLERLIZ & 5 T670 nmf it
DY =7 FPHICHBT 22 EmMsTw
B, KEFZEIC BT, RIS E R 0 IR A
12678 nm® YL MPp7As % < fHAE$ 5 A
WEARHTH BA. SEMEHWTIREF IS
IR FLEERS OB AL Z R C AL & IREFH
WX FLBESE AR PpE & O R V2 Ay
NERIATRD S, IREE I THERT 2D

HEIEE N7 (Fig. 4D)o 2O 05, FLIH
SR O g H V> AR OB I & o
T ALBEANFHOPpASE WL L. JGERLAIPpS K
LLI-oTR B RrEEZ N, LAL, K
vy nk b B IER L7 GER L EIPpAS,
WHLANY T AT DL )12, IBIZEY
AFNTIREEOME L LTHH S NS DM
R TH 5, FLEAGU T O MU NER 21X A A
TARYF A =) VEEPEENT
BY., TNEHAREES VY A OB NERIZ
RLHERETEO T, RO A IV ZHD TAA
RLEBUCERN L TWABEZEZ SN TVRLHY,
Ppd E 72, REED VY T LD SRR NE
B AL L. IREETE O 720 ORI A 1
Bl L CTWwWah b LNk,

RSN BT 2 FEH (D) ORI % L

3wk

1) Kulshreshtha G, Rodriguez-Navarro A, Sanchez-Ro-
driguez E, and Diep T, Hincke T: Cuticle and pore
plug properties in the table egg. Poultry Science, 97:
1382-1390, 2018.

2) Ketta M and Timova: Relationship between eggshell
thickness and other eggshell measurements in eggs
from litter and cages. Italian J Animal Science, 17:
234-239, 2018.

3) Rl SR B OBE =T ETXT
IRt D> 70 bRV T 4 ) 2L YNV T Y5
SRR, 40: 168-175, 2017,

4)  Sparks NHC: Eggshell pigments — from formation to
deposition. Avian Biol Res, 4: 162-167.

5) Ishikawa S, Suzuki K, Fukuda E, Arihara K, Yama-
moto Y, Mukai T, and Itoh M: Photodymamic antimi-
crobiral activity of avian eggshell pigments. FEBS
Lett, 584: 770-774, 2010.

6) Ohsaki Y, Sasaki T, Endo S, Kitada M, Okumura S,
Hirai N, Kazebayashi Y, Toyoshima E, Yamamoto Y,
Takeyama K, Nakajima S, and Sakata I: Observation
of Zn-photoprotoporphyrin red autofluorescence in
human bronchial cancer using color-fluorescence en-
doscopy. BMC Cancer, 17: 289, 2017.

7)  Yoshioka E, Chelakkot VS, Licursi M, Rutihinda SG,
Som J, Derwish L, King J, Pongnopparat T, Mearow
K, Larijani M, Dorward A, and Hirasawa K: Enhance-
ment of cancer-specific protoporphyrin IX fluores-
cence by targeting oncogenic Ras/MEK pathway.
Theranostics, 8: 2134-2146, 2018.



8)

9)

10)

11)

12)

13)

14)

15)

S

Wang XT, Zhao CJ, Li JY, Xu GY, Lian LS, Wu CX,
and Deng XM: Comparison of the total amount of
eggshell pigments in Dongxiang brown-shelled eggs
and Dongxiang blue-shelled eggs. Poult Sci, 88:
1735-1739, 2009.

Zhao R, Xu G-Y, Liu Z-Z, Li J-Y, and Yang N: A
study on eggshell pigmentation: Biliverdin in blue-
shelled chickens. Poult Sci, 85: 546-549, 2006.
Johnston PM and Comar CL: Distribution and contri-
bution of calcium from the albumen, yolk and shell to
the developing chick embryo. Am J Physiol, 183:
365-370, 1955.

Simkiss K: Calcium metabolism and avian reproduc-
tion. Biol Rev Camb Philos Soc, 36: 312-367, 1961.
Crooks RJ and Simkiss K: Respiratory acidosis and
eggshell resorption by the chick embryo. J Exp Biol,
61:197-202, 1974.

Ishikawa S, Suzuki K, Fukuda E, Arihara K, Yama-
moto Y, Mukai T, Itoh M: Photodynamic antimicrobi-
ral activity of avian eggshell pigments. FEBS Lett,
584:770-774, 2010.

Fargallo JA, Lopez-Rull I, MikSik I, Eckhardt A, Per-
alta-Sdnchez JM: Eggshell pigmentation has no evi-
dent effects on offspring viability in common kestrels.
Evol Ecol, 28: 627-637, 2014.

Ma L, Bagdonas S, and Moan J: The photosensitizing
effect of the photoproduct of protoporphyrin IX. J
Photochem Photobiol B Biol, 60:108-113, 2001.

- 96

16)

17)

18)

19)

20)

21)

Koizumi N, Harada Y, Beika M, Minamikawa T, Ya-
maoka Y, Dai P, Murayama Y, Yanagisawa A, Otsuji
E, Tanaka H, and Takamatsu T: Highly sensitive fluo-
rescence detection of metastatic lymph nodes of gas-
tric cancer with photo-oxidation of protoporphyrin
IX. Eur J Surg Oncol, 42: 12361246, 2016.
Grigalavicius M, Mastrangelopoulou M, Berg K,
Arous D, Ménard M, Raabe-Henriksen T, Brondz E,
Siem S, Gorgen A, Edin NFJ, Malinen E, Theodos-
siou TA: Proton-dynamic therapy following photosen-
sitizer activation by accelerated protons demonstrated
through fluorescence and singlet oxygen production,
Nat Commun, 10: 3986, 2019.

Chien YC, Hincke MT, and McKee MD: Ultrastruc-
ture of avian eggshell during resorption following egg
fertilization. J Struct Biol, 168: 527-538, 2009.

Chien YC, Hincke MT, Vali H, and McKee MD: Ul-
trastructural matrix-mineral relationships in avian
eggshell, and effects of osteopontin on calcite growth
in vitro. J Struct Biol, 163: 84-99, 2008.

Nys Y, Gautron J, Garcia-Ruiz JM, and Hincke MT:
Avian eggshell mineralization: biochemical and func-
tional characterization of matrix proteins. C R Pa-
levol, 3: 549-562, 2004.

Ito T, Itokawa H, Miyaki T, Kamimura M, Hamano
M, Nakata M, Saikawa Y: Inositol tetrakisphosphate
from chicken eggshell. Tetrahedron, 76: 130853,
2019.



