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SUMMARY

Comparative studies on the parafollicular cells of the some mam-
malian species from five different orders were carried out; ie., man
from Primates, cattle, pig, and black goat from Artiodactyla, dog [rom
Carnivora, rabbit from Lagomorpha, rat, mousc, and sguirrel from
Rodentia.

For this study, various special techniques for the parafollicular cells,
including Grimelius’ silver impregnation method (Sawicki and Bajko,
1574, Singh’s argentaffin method (Singh, 1964), HCl-toluidine blue
stain (Sawicki, 1971), and HCl-lead hematoxylin stain (Solcia et a/.,
1569), werc applied.

Authors obtained the following results :

1. Number of parafollicular ceils in the same arca of thyvoid tissucs
are significantly different from species to species. Number of cells
were largest in dog and less cells were found in the following orders;
rat, squirrel, mouse, rabbit, cattle, pig, black geat and finally the
smallest numbear in man.

2. Distribution of parafollicular cells within thyroid gland zre signi-
ficantly different from portion to portion in case of cattle, rabbit,
squirrel and mouse, but it is not significant in doz, man, pig, black
goat and rat (see Tabhle 1-1 and 1-2).
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3. In dog, clustered parafollicular cells are located usually in the
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interfollicular space, and groups of parafollicular cells are located in
the para-and/or inter-follicular positions in rabbit. But in the other
animals parafollicular cells are found solitarily in the intra-and/or
para-follicular positions.

4. The shape of parafollicular cells shows oval to round contour in
dog, but it is polymorphic, for example, spindle, conical, oval, round
or elongated with cytoplasmic processes, in the other animals.

5. Size of parafollicular cells is larger in cattle, dog and pig, smal-
ler in rat, mouse and squirrel, and medium-size in rabbit, man and
black goat.

6. Parafollicular cells of pig, cattle, dog and squirrel are observed
to contain densely packed granules, whereas those of mouse, rat and
man contain relatively scanty granules.

7. Parafollicular cells of all the mammals show more or less posi--
tive reaction to Grimelius’ argyrophile silver impregnation method,
HCl-toluidine blue stain and HCl-lead hematoxylin stain, whereas they
show negative reaction to argentaffin method (see Table 2).

8. Considering the above finding, it is concluded that there are
species differences in the distribution, location and shape of parafolli-
cular cells, and infer that preferable staining method should be selected
for reliable detection of parafollicular cells, beacuse staining methods
applied on the cells in this study show variable reactions according to
species.

A =

Z-ZulAl 2 (Eesgiie, parafollicular cell, o]} PF cello] g} oF~] gl)= Baber (1876):
%]-¢© = parenchymatous cello|elw. ».7 g o, o] A | tfdle] v]mA =4
3143 Nonidez (1932)= o] -2 parafollicular celle]g}ir mmddtgl vl e v} o] A X

2o A wel oel sbA olfem eEl9] Ar]E glvh(Bensley, 1914:

Takagi, 1922; Seecof, 1927; Altman, 1940; Sandritter and Klein, 1954; Stux ez al.,
1961). #1=1 Pearse (1966), Bussolati and Pearse (1967)%= 3 #4] & o] 8-3Fo o] A X9

Atu] Fo) calcitoning ZlolelaL ke C-cellelefar ww gt np ol vl

ir
4
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2% ojulspxl A8 27, = hypercalcemia (Kameda, 1970; Murakami, 1970; Zabel,
1976), thyroidectomy (Young et /., 1968), hypophysectomy (Kameda, 1974) ¥ vitamin
D, = (Nanba and Fujita, 1969; Hakanson et af., 1973) 5o % 433 A3l 4 PF
cello] @5 45 =i A3k 7] & calcitoning vl dkeba shglvh. ey w3k 2
%o} PF celle- serotonin(5-hydroxytryptamine)=. 3-f-3F5 glvhz 3Fkel (Solcia and
Sampietro, 1968; Gershon and Nunez, 1970: Atack et o/, 1972; Ericson, 1972:
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Nunez and Gershon, 1972).

E-5E2 PF celld] ol gt &eldd of Foll = .24 (Nonidez, 1932; Kameda, 1968;
Grimelius, 1968; DeGrandi, 1970; Sawicki and Bajko, 1974), HCl-basic dyew! (Solcia
et. al., 1968; Sawicki, 1971) So} F 2 AL&=of Hi=v] SE9 o] wlz} 1 o A49
Zpol & melaL glow, m PF celle] Hxol gul® o) chokite] nusm ¢f vi(Solcia
and Sampietro, 1968; Kameda, 1971; Sawicki, 1971: Roediger, 1973; Sawicki and
Bajko, 1974; 4] 1978). 121} o]=] gk o u b
o]io] 1 & (H, order) e we sl FEzhe] v

olof] R AFHAAE EHEFEFT 55 95L& =l sl
A4 ST vl Az Ao 544 whe Al shglich

AL @ & 3

!

& Tl AR TEL TRHEE 5 9% A5 FF Suie] oz e givh
4% (E&A), Primates
A}ek (man), Homo sapiens Linné
A B (1BFF H), Artiodactyla
4 (cattle), Bos taurus var. domesticus Gmew
s} =] (pig), Sus scrofa doemesticus Brisson
Ed 4 (black goat), Capra hircus
485 (W H), Carnivora
A (dog), Canis familiaris var. japonicus Temminck
E7| 5 (3 H), Lagomorpha
71 7| (rabbit), Oryctolagus cuniculus var. domesticus Gmelin
A== (e 8), Rodentia
21| (rat), Rattus norvegicum var. arbinus Fitzinger
v}~ (mouse), Mus musculus albino
v}2b4 (squirrel), Tamias sibiricus asiaticus Gmelin
ol 48] FEEA¥ 2H44-¢ A3 sl glutaraldehyde-picric acid-acetic acidey (Solcia:

et al, 1968) i Bouinolel wAshsl 2l 4ol vma = A3, & % A AL T
FH, F, A, A 4, FFY F, TAY 8 e Jirges,
MmA 2, A, Fda, Yo, D4, vhwE 2w AL 4, Y s
v‘?-i vrel (Fig. 1) 143k 5 6 um paraffin A3 qbEgls, ol 24344 954

+= hematoxylin-eosin < 4%, PF cell & $]|5}¢]= Grimelius %jﬁ & -2ul(Sawicki’
and Bajko, 1974), +z]3} =.-2u] (Singh, 1964), HCl-lead hematox yviiny (Solcia er al.,
1969) 2 HCl-toluidin bluew] (Sawicki, 1971) S-2¢- 4] 8) 5} v}.

o Gl SEel =t2 PF cell zhglel 9442 Aol 2 wlmsly] ¢35t =
Aol ) Aol F F4sl AKE L, FHES gl AEE b+, o
WA ASE 4 PIUSE ATA E ASE 2 skl vmason, T
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M.S. | ALS. N
T 40~ 50mm +
1 25~ 36mm hil¢
o 11~ 15mm AL I
L 20~20ygm MM, L
LI /
cattle
: 12~ 18mm o
D4~ 6mm 1 25~35mm
P 2.5~ 4mm 250~ 70mm
2 200~ 400mg P12~ 18
D7 ~13km
U165~ 2dam
Rada- | Smm
1 ] : \;”\‘(:.mm
Lt P00~ 1200k 515~ 9mn
I
Lt
black goat
mouse et L2~ lé-vxg
Fig. 1. Schematic drawings of thyroid glands of some mammalian species. The portions,

where tissues were taken from, has been indicated by abbreviated letters.

Abb.: A.S., anterior superior portion; A.l, anterior inferior portion; M.S., mid-
dle superior portion; M.M., midst portion; M.l., middle inferior portion; P.S. pos-
terior superior portion; P.1., posterior inferior portion; S., superior portion; M.,
middle portion; 1., inferior portion; I, length; «, greastest width; I, thickness:

Lt

7 weight.
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& BB :?—oﬂ wlgl -olqk Aol B W & o)} (2°=309.23, DF=8, p<«
0.0D). & 4 %24l Mo 7 fol e 1 mmPe 137.5:4240.852.4 71 worod, 2 ehgd
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Table 1-1. The number of parafollicular cells in area of Imm?® (6 um thick sections) of
the thyroid glands of various mammals

v—— _ amimal: ) |
| - : man i cattle !
_cell Lype\\, ( 'I‘otalgﬂ'mm__—“l T)H]
portion ‘\\\J I ‘ i l i I+S. D I ‘ I ‘ i *SH
ant. sun 1 0.3+ 0.5-4 0.5+ 1.3 4.8+ 8,3+ 6. 1+-]19. 2+ :
[ 0.20| 0.20 0.28 0.18 2.30] 3.80, 3.0 8.57
| |
: 10,14 0.6+ 0.8+ 1.5+ 4.1+ 63*\iu+]>u()1
ant.inf 0053 017 0.16 oJo/ 2.30 5.9 2.8 8.0
mid. sup 0.2+ 1,1 1.1+ 2,44 9.8+15, 8+l1 MSG.G::
0.011 0.22 0.53 0.81 4.18 5.74 1.71 11.1'9( 2.
s . 0.1 0.9 1.0 2,05 71411, 64 9.1+27. 84! 2.4
midomide G Ee 0038 0.30 0,65 2.23 5.51 4,73 12,06
wmid. inf L0 1= 0.8 0.7 1.6-5 4.6+ 9.3+ 8. 6+32,5;t}
fd. mt. 004 0.40 0.30 uw, 2.58 483) 3.64f 1u.93)
St 0.1 0.9 114 2.1-5] 8,013,251 9.9-+H31. 1+
post. sup. P0.04 0.48 0.56 0.9 414 6.22 4.12] 13,5
: i 0.5+ 0,62 1.1 4.0-F| 8.9 .24 11 2,
post-inf. 1 oY 0.7 054 170 4.2 455 10.60)

mean+8.D 1.7-20.42 } 24.8-47.48 : 11.0-+4.28
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Table 1-2. Numbers of parafollicular cells in area of Imm? (6um thick Sections) of the
thyroid glands of various mammals.

N———__animalj
\ cell type l dog black goat! rabbit rat squirrel mouse
portion |
I ‘ 27.8+15.73] 0.7+0.60 | 2.0+0.86 | 4.941.45 — 1.140.71
sup. I i 56.3+28.95 3.241.64 | B8.4+3.01127.946.94 | 7.1-2.74 | 10.1+2.23
i ! 48.4+21.98) 2.3+1.32| 5.3%2.31|28.2+5.91 | 9.5+43.21 1 15.1+4.96

Total+=S.D }132.5i41.68 6.2+3.04 | 15.7+5.85 | 61.0+10.30 16.6-+7.21 | 26,32-7.68

I ‘ 36.94+11.58 1.540.95 ) 18.248.73 | 3.84+1.70 | 7.1-+4.25 —
I :63.5i17.29 4.541.55 | 40.02-12,27) 30.5+11.52| 21.1+11.17| 40.5+14.08
il

mid. ‘
I'51.7431.5 | 3.3:2.38 | 35.1413.42 31.5:+11.77| 17.1-£5.86 | 70.2+18.27
Total+S.D 1152.1i40.19 9.343.65 | 93.3:4:35.43] 65.8+15.00| 45.3+21.40|110.7+25. 36.
I 35.4i10.34{ 1.6-0.92 | 3.04-1.02 | 3.4+1.52 | 25.7410.25 —
inf I 55.3+23.32 6.643.71 | 10.71+3.9 21.5‘4_-10.06! 59.14-22.50] 11.6-+4.94

m 37.2414.94) 4.84-2.83 | 8.1F2.42 | 21.946.53 ’ 21.348.32 | 15.7+5.10
Total+S.D [127.9+38.59| 13.0-+6.28 | 21.845.56 46.84:17.111106. 1£35.66( 27.3+13.03.

Mean=+S.D [137.51—40.85 9.5-4-3.48 f 43.61—13.15( 57.9i15.88“ 56.0--21.70| 54.8+18, 44.

el wgtel o] FAE-o FAN F oo wel FdHslPoew, 4£9 ALE oo =
ARo) TV folstAl o] Fdldte Holglm (2?=13.45, DF=6, p<0.05), <zt
I 49 ASE G FHE drkes FAY vhie o gl ExdE welgiond s A9
A A dHAd AR PF cello] vl2a gho] &8ss &3l =% Ad 238
Fate] A gk

Sd 4] s FAF Aol= obUu WA R o TR el i 2%y E
Eabe 7ol glow, g9 FTAlNel vlad "As] Lxde] Tyl Fale] F
3 A gk

Mol A g 4 7 D el AL vt g FHstg e, 49 Fyr
of FAlFoll wlmd m2A ELEstgT

AEA L] e 3 Ao dhel uldhe] Faboll o) ShA] o] 23t eH (2
=854, DF=2, p<0.0D), <le] FulSHol vtk A 2A Edshgo

A3 Ae g 4 T F skl AL sy vleE FHEE o TR n
b FA Tl vlaA el EEIbga, Al FTele T3 =4k

ez A o Fakol fof skl kel taslg o (£°=85.61, DF=2, pK
0.01), slo] FHF Hrpe F4ldd & o wol Hxdlgor, AWFHe W A

Sharg) o] 4t PF cell] s F75) a3l
74.58, DF=2, p«0.01), 19 Fuio}
¥owrhe FREel Fol ol astdrh

2. PF cell] &89]z], weof ¥ =7

PE celle] Z&ls)al v L2 A3 q % == L2 $iz|aAd =g} 3717 o=
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3
on, e TR o]Rx b ALEL HUY B Y 25 49n g
b sy, § EEe 4 xel 2ol s Al T~ um, 11~16 pme ok,

Lo mxo o oz, A 9 ey (Fig 2, 3,
IS A2l A
2542 46~60%F A=

4. PF celle] o Anl-&
B A A AFEgE BE9 zH4k4] 9] hematoxylin-eosin o 4 E RS uwl £ 34
S 'r-r]'] A el ]3] A 24 o] vh4 g3 & PF cellz <lA1g b
Apole] AgzA A A5 o] of FHAF A ZEo]
o] AAY me B FxEel Ry TEEA f%e
atel] A= Bu)ate] 58 o 45 = Grimelius &34 =24, HCllead
hematoxylin® ¥ HCl-toluidine blue ¥ % 4183 M xL S F2 Ak
HoA#e 4 A8g o 4ul S5 Grimelius 234 w24, HCl-lead hematoxyliny =)
HCl-toluidine blueyell &= 3 & S-Eol 4 o4 ub-3-& & g 2 N2 AR
Zof] whel vhi Aol & mgl oo (Table 2), = Foll 4 7, (1978)2]
A 3ke} v <=3t¢d o). Grimelius 2354 2ol &= A, 4,

Ew o4l o4 4 mglent A% AEA ohEA Y oekezd A vk e

W,
N :\é4
% ok
5
£ bt
t 30wt =

vl

[o]
LO

E:5 1:% _{}
N,ﬂ
)
o
[~
s
koo

=9k

HCl-lead hematoxyliny}-& 7, 4, x|, 3F U 2o 4
WS- gl ot absh Ed4, AR R vl

HCl-toluidine blue ol A= 37 9} &4 A sl 25 F5xE o4kl ok Hbg-

Fl:
o
o[ﬁ

Table 2. Comparison of reactivity of secretory granules to the different staining methods.

o animal ) black ]
. T man dog cattle pig oat rabbit rat mouse squirrel
stain reaction - g
Grimelius + H H# H# +H + H + +
HCI1-Pb-H. + H +H 4 + 4 1 4 +
HCI-T.B. + +H + + + + + + H
Singh - — — — — — - - -

Abb: Grimelius : Grimelius silver impregnation method.
HCI1-Pb-H.: HCl-lead hematoxylin stain
HCI-T.B. : HCl-toluidine blue stain
Singh : Singh’s silver impregnation method
— : negative reaction
+ : weak reaction
H : moderate reaction
# : strong reaction
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& wolel, Fol old 4 G Bl sheh vhe AolE ned A2k chakalo] A
o A W wstel, AE W FW e ERSE AL A4 440

T A o
@ Singh 034 EeWel 4% e W EN 2408 LE THFEA YRS E
B A P2 e

E o glodvk, oF4 ub-S-g wmal 3y Fo 4 PE celle] S Euizmyle] el
Grimelius .ol 4 FalslA] wolw (Fig 2, 3, 4, 6, 7, 8 10, 11), Auixlo=
PF celle] =4 & <l sl=u = HCl-toluidine bluew o] £}, HCl-lead hematoxylin

W3t ool HClZ 244 M goed 4mked 7144 £x4s 3 PF cell
s sk PF cells] 374 4ol o] 3144 wsich(Fig 5 O)

H
[

Parafollicular cell®- Baber (1876) 7} & zFal4lvldl 4 #-e-2 2 7|43 & Nonidez
(1932)7} Cajale] €34 =etl e A8she] B 4% drod, o Az 73l
el A= Ao uhe A =] @-ea] 2 =) e vt 19600 bl ol zb5d (hypercalcemic blood)
el 2]k Aela alsled T (Copp et al., 1962; Hirsch et al., 1963)l] <& o] A x5
o] BF A4S A v L F2EQ calcitoning 44k, Buliholn A AE Fowrl o

F AASe AdASE wHESE o dA 2 FARA, D ¥ 2w
T2V Fos ol F AlZe u mulsl o] gk A, 2) 53 + 9= calcitoninzfo]
ol & Al £ AgquE A, 3) o] Al ZellA AR AP 2hE = Absk ZH4ARd S me-
dullary thyroid carcinoma$] Zz|ujel= A 4F zFaF4 23]ell 4] 1t} calcitonine] 100w
WA 10,0004 =eii= A, 4) calcitonin®] 3 3-sia 7k o) el dejx o v A= i
B & Ao} (Bloom and Fawcett, 1975).
2eiuh ol 4be WA £ U@ TIAQ Spde A4 Helshd oz Fuysolop @
HAole, o]z ARolA & W TF YAl H g .
B oA S TR R e 2Ag »*P%h 4 2 A9} 74$, PF celly

FE7F A2 7“o“i—°f] A, 53] T4 Al F oo we] - xsha glglel,
ol abzke] #14 A B2 3k Roediger (1973), Mchllan et al., (1973), Tashjian et al.

(1974) ¢ \;%BP a2 dAsh, 49k Ao e ARE g ATl 4 Solcia and

Sampietro (1968) = Lietz and Zippel (1969 7}4F-4 =l le] vz 124 L33l

dvie JARIE 51174«] A A2 dA s, 40 ASw Ha Aeldlg el ol

A E8kA] i AAI £ el H]%]-o:i zizl-g-‘:
7z

e o gPAr e
sk om, ARt vk Fol 2 9H Lzl

ol A, Mz, HAEr ¥ “}—?‘i% AdAes g QATRLE(Stux et al,
1961; Solcia and Sampietro, 1968; Lietz and Zippel, 1969; Kameda, 1971; Blahser,.
1978)3} o} &l 2 A 5hgl i, AxpEwto] dAbgk Fo Lo vheha o A wany FAn
a7t gtk
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thak Sl 42 49 kg Fal oFel 4] Solcia and Sampietro (1968), Lietz and
lepel (1969) 4 Blahser (1978)5¢] shitell 4l 2Hab4d Alalel oAl L=8b3 ol gl)
ek vhe vk, oheble] A9 A Bal 039k vhere] Ash $3okabol
= b v asb HabRE Foddls BFsta PR Cell«l —riOULOI DHL_
Aol dhsl Aol ol whi Aoletm A ZR ) o] 9hzlo) 3
ol iz Al wal A e : ]
g oEole 73%‘** 8 Zl A Fisdshe, F5EabA saela, Al s A 491 F A
Z1slgbe] shallabe mfAbARA FF-Re A 2GR gk, b E
H & Eap r;_—{_o}f—] (Patten, 1953; Sunderman and Sunderman Jr., 1863; Arey,
1965; Pearse and Carvalheira, 1967; Stoeckel and Porter, 1970; Petxé et al., 1976),
o] HAel A FEo Fol wlz} vhk Aolrb Ay oz AEEHW, Ball 7R
Xk gbd T e Exokdate @At e Aew Az
PF cello] zi2balulell A Fadsle ¢4 9} L2 4te s 550 “}EP ZP ]%: =
=l e PF celle F2 43 Aolof] Ex3tns] 7~1074
AL

.

S AL, HA B she

vhan gz Aeob wkghes, Abgk &, 7], Fd4, 37, nh‘li o Dk“ﬁloﬂ =
Eafe] Brbe L£xaelul B £ 3R $1A s A9vb o wotew, HlEE Axa
% Exshglan, 4bgh shA " g9 A felwt AlEEe] FrlE o] F ALy £
#AHGow, JEAll e £ A4, £5Q E2 £ Fsleld] wlmd mEA Ly
o] olgla PF cello] Fu& ol %2 gl A$7 £F B2= o

ol el gk @37 3k Aol o] ¢ Bussolati and Pearse (1967), Lietz and Zippel (1969),
Roediger (1973), Kameda (1976)5¢] =3, ekl o3k Roediger (1973), Tashjian
(1974)2] =4, sl xjd] o3t Bussolati and Pearse (1967), Young ez /. (1968) o
Blahser (1978)2] 3, A x%7]dl o] g Kameda (1971, 1976)2] =&, 2 2¢) ol g Stux
et al. (1961), Blahser (1978) % Sawicki and Kuczynski (1977 b)9] =3, vpe o] o
g Kameda (1971, 1976) = Sawicki and Kuczynski (1977 b)e] sta-E 3 =5, &
ol gle] A= PF cello] & x24lololl 2 Ak 4 0.2 el Yl Lietz and Zippel (1969)
& naeles vhh vhErh o] 9h by Aboli= 2 4} dlv el 4143k o]\ straino)
hs] e o] ohdsk 4AE ek b AxbErle] AU Fdao vhRHel ool 4
e W 1 AA W wg F ggot shRae) Al

3 1. o

It
4:_{

Lzt AL A2 ok B S glglvlh

PF cell?] &3 2-9]9F &£ 29le] $12 A gl Aol o] THEEL] Zo all ol
AE e FAEAA & dEA ZUrh F 45 EL 4855 Ao A2, PF cell
2 FE2 L Xspelel] §AEHH, T2l E AT Ao wgm,  $AEY £, sx 9
T4 At v 23 e £ 2R 1A e FEE o] R ASvb AL
Qi A ez vebtod, 24%Eq B7 B HEs AL £z sy, £33
Ew £XxAbold] vlay w2 RE3EE PF celle] F-2l & o] = A0y} F& gty
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EXPLANATION OF FIGURES

. Parafollicular cells of a dog. The cells with argyrophile granules are round or oval

in shape, and are clustered in the interfollicular space. Grimelius’ siver impreg-
nation method. >430.

Parafollicular cells of a cattle. The cells are scattered in the intra-or para-folli-
cular position and inter-follicular space. The cells with cytoplasmic processes are

various in shape. Grimelius’ silver impregnation method. x430.

Parafollicular cells of a pig. A group of the cells are observed in the parafolli-
cular position. Grimelius’ silver impregnation method. »430.

Parafollicular cells of a rabbit. The cells are mainly situated in the parafollicular

position and interfollicular space. IICl-toluidine blue stain. X430.

. Parafollicular cells of a rat. The cells are situated in the intra-or para-follicular

position and interfollicular space, some of which show cell clusters. Grimelius’
siver impregnation method. X430,

Parafollicular cells of a mouse. The cells are seen in intra-or para-follicular posi-
tion. Grimelius® silver impregnation method. x540.

Parafollicular cells of a man. The cells are pyramidal or oval in shap. Arrow in-

dicates the cells with secretory granules. Grimelius’ silver impregnation method.
< 600.

Parafollicular cell of a squirrel. The cells are seen in intra-or para-follicular posi-
tion, and also in interfollicular space where they form cell clusters. 1ICl-toluidine
blue stain. X600.

Parafollicular cells of a black goat. The cells are seen in intra-or para-follicular

position. Grimelius’ silver impregnation method. x300.

Parafollicular cells of a black goat. The cells are situated in intra-or para-folli-
cular position and the interfollicular space are various in shape with cytoplasmic

.rocesses. Grimelius’ silver impregnation method. <6C0.
)¢
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