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IFTHODUCTICH

The pancress 1in most vertebrstie {oris ceonsists of an ex¢-
orine part, which elatorates certain digestive julces: snd an
endocorine portion whose internsl seoretiomns play such an ime
portant réle in the control of the intermedizte carbohydrate
metabolism. The cells of these regions sre distinctly differe
ent, although, freguently they may be intercohangeasble as far
as thelr origin is concerned,

tittle seems to recorded in reference to cytological
studies of tho paneress in reptiles, "rFlaschinger (18uH; was
the flrst to ldentify the islets of Langerhans in the pancrees
of the reptiles., MYis work was closely followed by seversl re-
ports (Giannelll and CGiacomini, 18963 laquesse, 18983 and
Liamsre, 18599) whieh substantieted and ertended the cbserve-
tions to meany additionel forns. ! The workers, at that time,
did not, however, show any particular Intersst in the acinsar
tissue 83 they touk for gramted the fact thet 1t ¢id not show
any unususl charscieristics of interest anc of importance
Hubseguently, wilth the discovery of the importwence of the iaslets
of leangerhens in respect to carbohydr:ate -etabolism, later and
more recent investigetions huve been aoncentrated on nammellsn
formg. Therefore, a nore thorough and complete study of the
reptilian pancreas hes not been nede, The most regent work
on the reptilian pancreas is that of Thoums:, who has invoestie

gated thie cytology of the panoreass of the snekes. Fondall

1 Thurloc B. Thomas, "The Fancreas of 3nakes.” The /na=
tomical Recourd, Vel., 82, Yo. 3, P. 427, ¥arch,1942,
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observes that the panorees of the lizards does not show well
defined islet groups, but he feails to give any reference for

his statamqnt.z The suthor hss been uneble to looeste eny other

- reference to the paneraés of the lizerd. Cur present knowledge

‘Vof the reptilisn pencress, therefore, reats upon scattered obser-
vations in the literature and on deteiled study on the snekes.
The praagﬂt investigation wes initiated to contribute to
cur genersl knowledge of the reptilian psnoress by meaking a
study of the "normal” or non-secretory oytology of the pancreas
of the order Testudinata, so thet 1t may form the basis for sub~
sequent egmparativc and experimentel atudies, As Thomas hes
pointed out the mammalian pancoress is poorly edapted for experil-
mental studies beceuse of the variability of the eell population,
and he hes sugrested that the reptilisn pancreas might prove
more sstisfactory for resesroh purposea.3 ¥ith this fact in
mind, it wass planned to give consideration to the possibility
of utilizing turtles ;n laboratory invemtigations of the pane
oreas on the baaia ar nh§ ta§ﬁltaJébta1ne4 from this ourrent

work.

2 . |
James 1. Kendall, The Miorosoopic Anatomy of the Vere
tebrates (Philadelphias:’ L3a end Feblecr. L8407 T 178

S fThomss, 0p. Cit. PP. 327-328,
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The dats presented in this peper is based on the study of

representatives of the order Testudinstae. From one to0 three

individuals of five different genera ware acquired either by
field collection or by purchese, 4ll animels were receivad
alive and retalned for the same period of time in terraris
under sultable environmental conditions. The following speoi=-
mens, which are classified according to “tejneger and Barbour,
were used in this aurxey:4

Class Heptilia

Order Teatudinata Common Hames

<ternatherus odoratus (letrellle),..The musk turtlie
chrysemys plota (itchrneidePjeeeccs.ssThe painted terrapin

?aeua»am‘_zﬂ 31‘& ans (Wiad)' ssersessess he cumberland ”

Terrapene carolins gsroline (Linne).The box turtle

Chelydra scrpentine (Linaé).........?he anapping turtle

e

4 leonard Otejneger and Thomas Berbour, 4 Checklist of
North Americesn Amphiblens and Heptlles (Cambridge: Harvard tni-
versity .ress, I“]ss:%"”“:‘si';“”zr‘iﬁ eaition, PP. 127, 129, 130, 134, 18b.
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In order to obtalrn Yissue from the animsls in ss uniform
8 cytological state as pﬁsﬂible, the turtles were not fed prior
to the removal of thely pencreases. gnorsnee of the previous
feedings ard dlet habit tend to gonfuse snd complicats the plo-
ture by yialding»inaxplainable diverzeices, Tt was felt that
suah A procsdure would =limirete nost of the unknown facitors
nnd tend to equslize the secretory stste and behavior of the
penorestic cells, This would also preoduce & cytologiosl pie-~
ture that could be used for ocomparative observations. 48 rey-
tiles rormelly so lons periocds without food of eny sort, feed-
ing only oeesslionally in elther the naturel or csptive state
it was belleved thet such 8 procedure would not lead to sterva-
=§ion effects which might oecur in higher forms. In removing'
the pancress f'rom the turtle further offorts vere made to ax~
cize 1t 1in 8 stete s "normel” as poscsible free from eny aef-
facts of anesthesies or degencraetion resulting from any pro-
longed exposure in the opeaerstive technique. Therefore, the
pancresns was renoved by vivisection imude possibie when the cers-
pace was Lirst displessed. The panorsas was transected into
nurercus smell plecss snu immediastely dro:red into walting con-
toiners filled with ‘enker's standerd fixation fluid.® .fter
sﬁhﬁaqu@mt wushing and dehydration the materisl wes enmbedded,
sectioned at Bu, snd mounted on slides.

7o enhanee the cellulspy differentistion, sesotions vere

O :denmel i, Guyer, .nimel icrology (Chieago: The ni-
varsity of Chicage ‘ress, “ctober,ludd), !’ 8 arnd 202,
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stoined with Heid enhain's ezocurmine modificstion of ¥asllory's

trinle connective tissue stain.ﬁ

The use of this stain gives
the feollowing color reantions; the nuclei end their inclusions,
especiaily chromstin, stalns 8 derk red. The eoytonlsem appesrs
pink, while the zymﬂgenvgranulaﬂ veeome deep red. This 1s the
pleture reor the steining reaction of the aclner cells.,. The ad-
jacent collaren snd retieuler gonneoctive tis ue essumes & bright
wlue color. This stein, furthermore, has special affinitics for
the islet cells of L.ngerhans, whereby the grasnules of the al pha
cells are stslned a rudby red, the bets cells orange, anc the
delta aells bright bLlue or viclet.’ ‘the oytoplasit of the islet
cells remains relatively unstsined. sccording to bloor, this is
the best stain for the eoilnar cells.® 'ost workers in aytology
consider that these resstions ars very satlsiectory becsuse of
thelr specilioity end the fset thst the colors do not fnde read-
ily. ‘T owever, theore may De some olor veriations due chielly to
thas use of scidis flxetives gnd subsequont trestment with dehy-
dration aslcoohols, In these it 1s not the stain which is affecled
»ut the texture snd granulsr composition of the wvarious malla.g

approxims tely four hundred slides o7 sectioned meterlal

& ., A sensley snd .. il. ‘ensley, %an“aaok of Tistolopl~
cal and Cytologicsl Technicue (Chiesgo: The 'niversity of Chiesgo
Fress, 1l%4l], Fe« 70

7 J. lLouis Jremer snd Firold L. “estherford, i Textbook of
lHistology {Philesdelphia: The ‘llskiston ’o., fiuu»r Luga), 7.08E,.

£ 511ldea Bloom, "4 how Type of Grenulrr Cell in the islots
;“ Im m: rhana in Yesn.” ‘Phe .instomiasal iscord ’ VOole 47, T UGGw
He He Ueansley, Tooclublllity Studles of the ecretion
firanules of the Guinee ig.” 'the 4Anstomiocol Tegord | “ol, 72,
No. 2, ¥, 135, Cetober 1908,
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were preperved rapresenting samples of all of the 8recimans,
f“rom & preliminary exsminstion of these, thirty six seled¢ted
slides were used in th@»ﬁ@tﬁil&ﬂ study, 11 of these slideas
were exumlned using anAéil immersion lens. furthermzore, Trom
these slides desirable photomicrographs were made to demeonsirste
gome of the grossar aytsiagicai asgpects. Juch photomierogrsphs
in sddition provided the menns of ﬁaasuring cells asnd their
nuelel by the use of 8 callbrasted scale, vhich wesa photographed
at the game nagnificntion as the prepured material (Plste VI,
Flgure 1l,;. The photomicrographe were taken throurh a lix
ocular and 20x objective leuns systen, riving & magnification
of G00x snd through 8 16x ooular end 45x objective leng system
resulting in ® regnificetion of 670x. The finsl prints vere
anlarged %o 40 ble these megnirlicestions. 7To increese the de-
tails snd ioprove the quaeslity of contrast o; the photomicroe

graphs, stondard red snd greoen filters ware used,
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The -sneress of th» turtles is n relotively comnact and
ribh&nuﬁhﬂﬁﬂﬂ srgan reavgcing 1n eoslor vror flas) white to pinke
isi: yellows Tt is 1ntimgtely aasoriated with the duodensl
portion of the Intestine and heslc in the hepatoducienal lira-
mente “The bancresns is covared by s aerose of thin connective
tissue derived directly from the psrietsl peritoneum whieh coes
not, however, form & definlte ribrius Qﬁpﬂﬁlé.lﬁ Approximetely
the rirst twe thiras of the panoress lies in conteet with the
anteriodorsal surface of the intestins Just distsd of tie oye
lorous of the atomsch, Its lstter third flexss zo0 thst it is
direcied posteriorly end comesz to lie sl ong the laterodorssl
fece of the concurrently csurved smell intestine. “ince various
soners ans o gecles ware considered it is not possible 4 rive
sverage Tleures of the respective length and width of the ture
tle pannress. Fovever, indlviduasl messursments csn be computed
muthemsticelly to shov a feirly constunt retic. It wes ohoerved
tuwat the length of the pancress is approximstely six timea os
grast an the sidth, The panorestle duet orens nesr the bile
duet into the dorssl scurface of the duodenum as creviously re-

ported b, Woble eand noble.** The panorens is firmly eand intimately

1o slexander s, Paxlmow snd “1llism 3loom, 4 Textboor of

v e . . . - ‘g v N W
{hiladel hia und londom: 7. e Usunders ang Jompany,
Tehruary, le4dj), 4t edision, . 446,

11 Glenm 4. oble snd Elmer . Noble, 4 Irief anatomy
of the Turtle {Jelifornia: The tenford University iress,

f&.{"fﬂ: ’ 1&‘@:{} } P }f’?. «'\3“6.

P
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adherent t¢ the intestine snd only the single pancrestic duct
moentioned above paersists in the adult condition. Unlike the
pancreass of the snakes as observed by Thomas, the pancreas of
the turtles benwrs no relationship to the spleen either in prox-
imity or asaociation.lg The topogresphy of the pancreas may be

resdlly observed in ¢late I, Figure 1, and "late II, Figure 2,

which were photogranhed in siltu.
BLN0n 0T IC ANATONY
X
THE BAOCTING TISOUR

The pencresa 18 a compound acinous gland bound together
by relatively lcose connective tissue through which rmun blood
vessels, nerves, lymphatios, and exoretory ducta.lg {(irlate IV,
Filgure L and 6. The internal struoture «f the pancrevss shows
the relstive distribution of the acinsr cell groups, and the
coliscting ducts, with thelr numerous brenching ocolleoting
tubules. The lstter aaeatamms&,thr@ugh&ﬁt the exocrine tissue
and are easily discernible. 1t was observed that the connect-
ive tissue whleh ascoompanies the ducts and tubules 1s continued
around and udistributed among thae seoretory scini. Purther, the
connective tissue has the tendenoy to 1nsulete clusters of ac-
ini into chsractsristic lobes. In most instences the acinar
groups have lumine that are ocecluded by the close errangement

of the exocerine celis. —ome few cases, comperatively spesking,
nevertheless show @ small lumen vhich mey be and usually is

12 thomas, Op. Cit. B. 329,
1% aximow end Bloom, Op. Cit. Ve 447.

—————
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onptye In no instsnce do the lumine sppeer to contein rucocus
or sny ¢elluler extrusions or deiris. {(Flete I1I, Figure 4).
Mugging of the lumen with oextro~aciner oells 8s cocurs in the
memmals wss 1ot obaerved in any of our preperations,.

The ezocrine cells of the scinl ore typloeslly end coarsely
eranulated. On the aversge they are more or less pyramidal
maasuring 12u soross their lesser dismeter and 2iu through thelr
grester diesmeter. The grenules are Jisrersed in uniform fash~
ion rether evenly throughout the entire cytoplasm of ssch cell.
It is observed, however, that there is e slightly agreustar cone-
agntretion of granuleé batween the nuolei snd the supernuclesy
portion of the cell upposite the lumen of the acinus. Theuse
may be conmicered ®s zZymogen ¢renules which ere probubly in en
insotive state, {'ls:e ¥V, ¥igure 8). Cowdry stutes that when
there 13 o retention of the socretion, then the eytoplsem be-
cones Tilled with thgm.l% |

The nuolel of tha sacretory cells, which are similer noth
in type and asppesrance to those of %he tubulsr epithelial oslls,
sre round or broadly sphericsl in swpe and lie in or near the
basel portion of esch oell. (n the average they mneasure approx-
imately 1llu scross thelr grestest diemeter. In the peripheral
region of the nucelsus Just inajide the nuclear nembrane there (s
an abundsant concentrstion of &aaplyiwtﬁining ohromatin granules
wlhiich sppesr o forn s meshwork whiah tends to form radisl ox-
tenslons towsrs the nucleoclus. Cesﬁﬁiﬂﬂﬁily‘ﬁﬁmﬁ of the miclei

show such a hesvy oconcentration of chrometin thet it pives them

14 4, v, cowdry, 4 Zextbook of "istciogy (¥hiledulpbis:
l.aa and Fabiger, lﬁﬁ@i, Znd eaition, e wdle
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the character of a mezzive or coppact nucleus as viewsd from
the surfacse or on & tengent. In those nueclel which possass the
more charncteriatic vesiculsr strueture the c¢hrometin sg. umer 8
radlal pattern suggestive of spoke-like connectiong Letween the
periphery and the central purtiOﬂ'df the nucleus. In the rete
formestion of this chronetin meterisl the inner termini of these
ztrands coemlesoce over the surfesce of the nueleoli., 'his dlstri-
bution of the ehromamtin granule: is similsr to thet observed in
the nuoclel of pencerestic eells o other verteirete forms snd way
nlso shown by Thomas és ccocurring in the nuclei of the ecells of
the pancrees of the snakes, [(Plate I, Figurs &).15 48 these
chrometin pranules siseis o deoep red with szoocarrmine trey ars o
be conaic.red sa u-idophilie siruetures. (7leate IV, ¥isure 6
and ylate‘¥, Figure 7).

The nuoclecll < the vesiculer nuclel sre ecoentriec in nosi-
tion end of two major types, meésnive and venlouler in charecter,
¥ith a series of vurisble gredatious Trom one to the other., 7Tike
the porent nuolel, they stoin dark red vith esocermine ani are,
therefore, seldophilie in cherscter, 4is in the ret, & central
granule has Deen odserved by tie suthor quite frequently. This
granule, the signifiosnce of whioch, if eny, 1z undetermined, it
may be nothing more than sn aggregation of ehromstine ¥Thether
the presence of these granules depenkis on the reticular stute
of the inclusions or not, has Leen undetermined. (late vV, “ig-
ure 7 end lste VI, Figure 1lU).

The eytopleam of the scinsr oells eontsins greanulwes, vh ich

16 o vy g
Thouss, (Ds Cit. Vs Gdu.
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sre quite uniform i»n distribution, as noted sbove. On the basis
of the stsining resctiorn which they zive, red with azoocarmine,
they may be considered as zymogen granules. They extend into
the baoszal portion of the c¢cells unhampered by the nprescnce of the
nucleus in that sres. +thils 1t mey bve observed that some cells
eczpesr to have more granules than athers; in genersl the distri-
nution apoesrs to be uniform throughout all of the acinsr cells.
éo cells were observed to be devoid of granules cr t have marked-~
ly fower granules than sverage. To & certaln extent, it apposrs
as if the number of granules present tend to influence their own
distribution within the cell. There is no tendency townrd clumo-
ing or undue aggregation of granules which might suggest & ve-
cenerating condition. {rflate LII, "igure 4 snd Plate V, "ige
ure 8l. xeossive acocumuletion of these indieetes a rether
l2tent or nonactive state of secretion. ° There 1s, in =ddition,
no evideunce o7 granules having been extruded into adjacent lum-
ina of the secini or tubules, Thomas observed that some of the
sciner cells of the pancreas of anskss showed a tendesscy towerd
vacuolization in the ¢éytoilasm whioh he interpreted ass indiocs-
tive of a degenersting condition of tha panoreatiec cells sfter
extrusion or collapse of the gymogen granul@s.lv No similsy
configuration appears in the acinar g¢ells of the tis:;ue used
in this study. Hegardless of the disposition of the zymogen
srapules there 1is no mean. by which we may interpret their re-

taboliice state upon the position or charuscter of the nucleus,

18 cowdry, Cpe Cit. PP. 332-326

17 Thomas, (p. C1E. Vs 331,
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since the latter sppears to remain in a constsnt position.
Thus, the variability of the zymogen sranules may be nothing
more than the normsl eppearance encountered in cells difr@riag
only in the state of thelix sotivity.

“he mcinsr cells of the turtle pancreas ¢o not show siygns
ot degenarstion or collupse :or do the nuclei show eny loss of
nuglesr contents oOr desstruction or nucleor membranes. Uccasion-
aily such elements are involved in'th@ formaetion of 8 "Neuenkern"
or a paranuclear structure. further, there is not sny bresk-
down of the resloeular structure or granular inclusions whigh
prezclude the use of azocarmine., The:e is no evidence to indi-
oshe that any ceolls or cell contents have been extruded into
toa lumineg st any time. Alao, 1t wss not observed that there
is uny indication thet the acinsr groums or individusl sells
are ocompressed or distorted .y adjacent cellular structures,
thicreby csusing the elimination of the former. It geums resson-
able to conclude, therefore, that the structures descoribed nsre
of 8 definite snd constont nature rether thapn artifects resuit-
ing from fixation.

In the ocholice of msterials: used for this in.estigut ion, csre
waes t8kKen to insure adequate repressnteiion of the head, body,
er:d tmil portions oi the pancress. It seems Tair to state,
therefore, that the ccllular plcture of th: seinl of the psncreas
of the turtle presents 8 more or less universslly similer eyto-
losicel pleture within the verious genera exsmined.

The enithelisl lining of the tubules is mpde up of cells
having approximstely the sene hely %t snd senerul cytolorical

apyesrance 8o those of the aclini. It may seem that the cells
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of the seinar tubules, however, ara spaced somewhst apsrt by
the invaginetions of the sSusement msmbrine. It should slso be
‘wﬁntimnéﬁ that the cellular alemsnt: meking up ths enitrelisal
lintirg of tro tubule: contaln granules similar in poesition,
digrrivution, ard stalnins recetioni hut fewer in numhar, to
those of the aeinar tlssusz. ince the nuclenr struocture of the
epithelinl cells of the tubules is essentislly the onme as that
c¢f the scinsr cells, 1t doe: not seem desirable to repeat thet
informmtion 2% thig points. The complex histologicel differen-
tion of the tusules cheyswoteristic of the memmalisn poneress is
not abmarvod in the turﬁla pancrens. Thus, the ftubules presont
tig Bpesronce of expanding &% the wds to fTorm seini mece up of
simil@f cells whioh are; howéﬁer,‘pyramidﬁl 1h,sﬁﬁ§e with their
diztal ends comoressed sround the lumen of aeooh aglous. {(Vlnte
fii, flgure 3 anc Ulebe ¥, ™lgure &), “henever acinl ure form-
ed they <o not tend to expsnd nor % encloss some of the rost
terminal duct e¢ells. ‘xamination of seversl figures =»ill ashoe
tiiot ot ail tubules and In & typleal melinus, s some show
slwmple blunt endings instead of typlesl seini. In these, the
cal . 8 are very sisilsr to those of the eplivelium of the tubules
suggezting «1t er an incompleted sclnua or s varis le type.
{ lute VI, ¥Flgure V). It iz at thoese polrt: that Thome: revorts
thwt evideice for erdoerine aeell groups is observed in the pan-

o 1E
grass of the Bnake.




THE BNDOCRINE TISCUE

In his survey of the pancrees of the order Cphidia, Thomas
reported that islet tissue 1s present as a messive unit or seve
 ‘era1 smaller islet groups in thai portion of the pancress w: ich
is enjoined by the spleen., These islets are loceted more or
less olosely to the splenic fimbrime whioh enter into the pan-
creas of the snakes in that region. Other islets have been de~
soribed by Thomas and faquesse a8 beling sesttered throughout
the enterior half of the panoreas in contaect with the epithe~
lial ducts.lg The latter were consldered by them to be temp~
orary islets of aolpar origin which eventyally return to their
former state. However, durding their transient eatabliahmant
they migrate awsy from their point of arigin end ere bounded by
gonnective tissue. Xendall shows photogrephic evidence cr_ﬂha'
appeerance Of islet ;issua so 1sclated emid the aaini.se- care~
~ ful examination wasﬂmadﬂdte determine the presence of islet.
 t1asue in the gencréha or‘théftértlea;é’ln‘ééeh and every seo-
tion of propageé mgtsrial,‘regardleas c: the specimen involved,
there was no evidenes that {slet tiaaué‘wahipreaent either in
isolated clusters or individuel islet cells. In mammals, idet
tissue is rrequeﬁtly assoclated with thn»éaini or the panore=
atic tubules or ducts; however, at theéese foel in the turtle
pencreas there wss no indicstion thst éﬁah;ialet tissua was

present, 1t was impoassible to losete even tramsitory remains
or vestiges of islet tissue.

19 1p14, p. 333,

80  James I. Kendall, The Midroscopic Anat .f‘or tha Yerte-
brates (Philadelphie: lea end Tebiger, 1940}, P. 196, '
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As has been previcusly noted, Thomes reported the oeour-

enge of islet tissue at the a¢nd of an uneompleted soeini in the
pancress of the snskes, The presence of these endoerine gell
groups was observed ochiefly betieen the basement membrsne and

the acinus or its duct.gl

In this study it has not been possi-
Lle to observe any configuration in the turtle penaress in
these regions thst would lend 1tself to interpretstion as endo-~
erine tiscsue, In all instances the acini and their tubules
were cirectly supported by & baeement membrune allowing noc ine-
trusions of otheyr oells. it Holnts of econtaot between these
elenm=ants the gradation of cells was too uniform to sllow the
possibility that the endoerine cellis might arise either from
the acini or the tubular epithelium. In sharks the islet tis-~
sue retsinsg its primitive relestioconship to the duet sysztem. In
these instunces, the speclisllized sendoorine cells form en irreg-
ulayr row on the outer surface of the duet apithelium.gg

3ince the imlets in the snake seem vore permanent in those
aress where the aspleen makes contscet with the pancress, it is
obvicus that such & condition oould not axist in the turtles
becsuase the spleen is oompletely unattsched 2.4 distinotly re-
moved from the pancreds in the latter. ?urther, no trace of
151t cells was found in relatiwn'ta_the vaéeular systam, whieh
12 snotter woll known foous for islet tissue in the vertebrates.

It is, therefore, necessary to conclude that no eellular evi-

dence exists four e sreszence of islet tissue in the vancrens of
the turtlies,

o \
21 thomas, Cp. Cit. . 882.

22 cThurlo B, Thomeas, "Islet Tissue in the i’snoreas of
shasmobrenchs.” The Aunstomicsl Record, Vel. 76, PP, 1-18, 1940,



DISCUSSIGR
THE ACINAR CELLS

This study of the psnoreas of the order Testudinets has

brought out certain features that are ¢f considerable interest
from & point of view of compsrative morphology, as well, as
others besring on the endocrine behavior of-the orgsn. In its
general morphology, the turtle pancreas is, ss would be expected,
similar to that of all the other vertebrates in that it arisea
es B divertioculum from the intestine. This diverticulum forms
the exeretory or panoreatioc ducot whioch divides into the inter-
lobuler duets that in turn subdivide to form the intralodulsr
tubules; whose small brasnches form the secretory ducts, eagh of
whieh ends in an scinus or e simple Blunt tubule. The entire
gland is supported by 2 very thin covering of conneoctive tis=ue
which does not form a definite cepsule. Hlements of this connect-
ive tissue sheath continue inte the gland and ramify so as to
form the basement membranes snd sustentative tissues about the
‘duots snd their énd ptonéa. Therefére,=it may be seid definite-
1y thet the gross enstomy of the glend follows the general pioe-
ture that is recognized for all other vertebrate animals, It
differs somewhet from the rammslian pancress in the degree to
which internal 1obulasf§ﬁg-ba reeagﬁizad. Unlike the pancreas
of the anake, mentioned previously, the turtle panereas bears

no intimate :alationahip to the spleen or eny other viscersl
organ except the duodenum. Furthermore, the turtle pancress

may be considered as a compact strueture never to be sonfused

with the diffused composition of the panoréaa in tha.tsleogt
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fishes. As observed by Macleod, the teleost pancreas occurs
as narrow and loosely held bands in the mesentery of the inter-
caecal spaces and frequently microscopic exsmination is required
to ascertain its presence.zz3 In the birds the pancreas is
supported in the mesoduodenum and occupies the space created
by the duodenal loop being, thus, somewhat removed from the
pylorus. Txternally the turtle pancreas is smooth ancd does not
possess any auxilisry modifications: for example, a pancreatic
bladder which has been seen and described in the cat by Boyden.24
It is of interest to consider the contrasting relationship of
the turtles and snakes because of the fact they are members of
the same cless. Differences between their pancreases serve to
lend additional weight to the generally accepted opinion of
comparative morphologists; that the class Reptilia, while being
one of the most homogenous in major characteristics, is one of
the most heterogenous as regards specific systems and organs.

Microscopically the general picture of the gland is sim-
ilar to that of all other vertebrates in having a tubulo-al-
veolar structure; but here again, sufficient differences are

apparent so that it is justifiable to consider the demonstrated

cytology &as peculiar to the Testudinata.

In mammals, the various portions of the tubular system may

be readily recognized by differences in the cytoclogy of the cells, 2®

23 7, J. R. MacLeod, "The Source of Insulin." The Jour-
nal of Metabolic Research, Vol. 2, P. 15, 1922,

24  pawara Boyden, '"The Problem ofitthe Pancreatic Bladder."
The Americen Journel of Anatomy, Vol. 36, No. 1, PP. 1351-183,
September, 19205.

25 Bremer end Weatherford, Op. Cit. P. 391.
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Cne of the most striking festures of the turtle pencress is the
similsrity of the cells which make up the tubules asnd acini.
As hss been noted, in the obaervations of this study, &sll of
the cella in the turtle panorzas sre similar in height snd
salike in cytologicsel snd nuolesr structure with the exception
of the fact that the tubular cells have a fewer number of cy=
toplasmie grenules. In fast, the entire dvtological structure
of the pancreas of the turtles presents an unusually uniform
appesrange, (nly in the Aves do we find o esimilar condition
oxisting. In this group Hatt has reported for the domestic
~hen that oytoloyically the epithelium of the tubules 18 mor-

28

phologieally the sume as that of the acinar cell groups.
ohserving the relstionship of these same structures in the
anakes it hes been observed by Thomss that the duet and secre-
tory cells sre of the ssme helght and both rest on the hese~
ment membraney but as the exoerine cells differentiste and ine
crense in si:se they appear to compress the rost terminsl duct
ezlls into the lumen so that the letter resemble the centro-
acinar cells of mammala.27

' regards the peneral oytology ol the aginar cells of
the turtle cevtain es:eets should be discussed. Tn interpret-
ing these ocbservstions 1t mey bve informative tc comm re them
to tho eytelogy of the mem-allien panoreas snd that of the other

forms. iittle if anything would be gsined by extending this

26 g, Z. ett, "The Normal Vistology of the “ndcerine
Glands of Callus Dmestlicus.” Report of the (ntsric Yeterin-
ory goilege, Cntario, Canada, rF. 1-12, 1904,

27T Thurlo 3. Thomas, "The ["sneress of Jnaekes, " The
anatomical Reocord, Vol. 82, No, 3, P. 380, Farch, 1942,
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gomparigson further, since too little in the way of definite
inrormntion is availadle in regsrd to the coytology of meny of
the lower forms.

Somparison of the sections of the turtle pencreas with
the section of the guinen plg psucreas show thot eytologlieally
the excerine portion of both organs 1is comparsble. Fowever,
it was observed by the suthor thet the zyﬁbgen granules of the
panersaz of the gulnes plg were conmparstively more flocoulent
a4 less iiscernible, 4As the cytology of sll of the turtle
pancresses is identienl, it is logical to essume thet sll were,
thererore, in the same metabolic state. Jince the granules
are waell defined and presert in relatively large numbers, it
appsors sufe to asscume that the attempts to obtein the pancress
in 8 stute o rest or non-zymogenie esctivity, by asllowing the
anninmels %o #o without food before sacrificing them was surcess-
ful. ‘‘lnee i% is not siaten by Thomss Just whet co:dl tions
prevailed vrior to obtaining the panereages of tl e snakes,he
used, 1t is questiocnable how valid any comperison with our dete
vill be, Viowaver, the srarules in the pmwnceress of the snakes,
in general, may be ssid to be similnr to thoee of the turtles.
in his ocbgervastions, 1t vas oted that more eranule s vere nre-~
sent In the distsl portion of the cell than were observed in the
same region of the acinar cells of the turtile pancreas, %ﬁ;iﬁ
vwall known, this difference might bo due solely to the variable
state of s=eretory snotivity in the pancrestie tissue investi-
guted oy him.

45 this study wwp solely &n attem:t to determine ithe "nor-

mal” or resting cytology of the turtle pencress efforts were not
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made to demonstrate mitochondria or the gogli apparatus. uUb-
serv:tions by the author indlieownte thet the cytoplasm of the
goinar cells seenms relatively uniform and hornogenous in texte
ure in resnonse to the sizining technique emisloyed. Tor ex-
smple, meammalien aciner cells stslned with Janus Green 3 show
notieealile nsitochondria in the bascl region ef‘the csll to
whieh they impart a chsracteriatic stristed appenrance, The
mitochondria frequently extand into the supernuclear region
nf the cell in whieh are found the zymogen granulcs. Cowdry
states that the topogrsaphio arrsngement and subsequent abserce
of the mitochondrie may be due to some partial rcle they play

=8 4“arking with the

as esntecedants of the zymogen granules,
toad, Key observed that the number, size, and arrsngerent of
mitoochondria vers independent of the formatlon and funetion of

29 e same considerstions can bo made in

the gzymogen granules,
regord to the polgl apparatus and its role with respect to the
origin of zymogen granules éna their ocontent and distribution
in the sciner cells. Howaver, since the origin asnd source of
the zymogen granules hs -, 4% one time or suothery been attri-
buted to every ¢ell inoclusion, in whole or in part, end be-
cause this metter 1s of experimental nature not considered here,
no further comment need be mede about it. In toteo, the pre-~

sence ¢f the many zymogen granules in the bosel reglion of the

cells sugeonts that the digestive seoretion is at a very low
or lstent level. YMormelly, in active secretion, most of the

28 sovdry, Up. Cit. FP. 317318,

%8 J. aslvert Fey, "Cn the Helstion ef Mituelrondria to
Zymcgen Crenules.” The Anctomiesl neoord, Vole 10, 77,215-21C¢, 1906
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zymosen granules would be confinad in the distal pert of the
caells und, therefore, 1t seems thst this exeessive forrms tion
of secretion grsnules 8t the expense ¢f the homogenous bsgnl
cytoplssm indicated a resting condition Letween perlods of
active secretlion.~® It wes felt that sny extended =tudy on
the turtle aslong these lines would merely contribute ssruc-
tural confisurations without offering asny szxoorimentsl dste to
support concglusions drawn from such configurations and their
relationships in the acinar cells.

A1l of the nuolei obsarved in this study had a3 charseter-
istic reticulated structure inside of the nuclear membrsone.
The szignificoence of this formation probably should be consider-
ad as 8 quality of aciner cell nuclel since it is identical wi th
observations reported for the cat, rat, sneke and other forms.
A1l aecinar nueclel observed in different forms show the same
reticulsr srrsngement of ochromatin with redisl projections from
their point of orisin, in s dense peripheral region of nucleo~
plesm, uvirecitzd %towsrd the nuclecli. In éhspa, the nucleus of
and other mammelisn forms but more erxlsss identical with thex e
of the snakss, There is no visusl evideno® that the nuclel in
their from snd position influence the behsvior of the zymoaen
grenules within the cell,

The eceentrie nuclecli of the observed materisl sre lerger
i+ provnortion to the body of the cell than those of the guines

pig and rat, snd sppear to be greater than those of the sneke:

llaximow snd 3loom, ioc. Cit.

———
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but othervise seem identlicel as regsris thelr nsssive ard vesie-
uler character. It wes observed in certsin sections of the
guines pig pencress thot individual cells hed smaller nucleoltl
or that frequently they were sbsent. Iu some c¢s8ses in the ret,
it wos observed that the nueclesoll contsined s heavy corticel
concentration of ecidophilic material end e large eccentric
gramile or oclose agrresstion of similar materisl, Saguchl re-
prorts in the frog the presence of several nucleoll in many pan~
erectic cells of vhich, howover, one sppears to be predominent
nueleclus.alxuah varichle elements were not observed in the tur-
tle acinar cells.

Cuviously, frcm 8 study of the restine pancereas it is not
aposcible to mate definite conclusionsin regard tc the exsot
saoretory or functionsl behavior of the acinar cells. Ilowever,
certoin observations were mede in this study that do huve pesre
ing on the problems of secretion., It has already been stated
that the scurce onne orizin of the zymogen granulos cennot be
told with accurecy. Probably cvery cell constituent plsys sone
pert in their forr=tion and subsequent funotion, especislly
those aelements which are most frequently assoclasted with cell
activity, i.e., the mitochoudria and golegl Bapparetus. The most
valld steatement that ocsn be made here is the simple faot thst
the zymogen granules encountered were aspread over and throughout
the «ntire eoytoplasm of the cell. This fset offere proof that

despite periods of long duraetion between feedings the turtle
pancress ls fully prepared to engsge in sétive digestive scorstion

51 . Usguehi, "Utudies on the Clandular Cells of the
Trog's rancresas,” The American Journsl of anstomy, Vol. 26,
Yo, 3, e 350, Jenusry, 1920C. ‘
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at very short notice. Furthermore, the size of the lumina
varies with the state of the functional condition of the gland;
thus, it is smell at rest, but during asctive secretion becomes
distended with seoreted metter.>® It has been noted previously
that the lumine were mora or less eompressed and always emply,
therefore, suggesting e normsl non-functional pieture.

THE ISLET CELLS

This study has been noteworthy in that it hes been im=
possible to demonstrate tissue whioh ocould be termed islet tis~-

- sue in the panoreas proper., Such & finding deserves consider-

. able comment when we ogmsider thdtfinaulfn is one of the most
fundamental hormones in that 1%t regulates cerdbohydrate meta-
bolism in the snimsl body. Even though an enimel may not uti-
lize foodstuffs that are preponderantly sarbohydrete in its
diet, insulin is supposedly nedessary for the proper utiliza-
tion by the liver of the carbohydrate materisl which is assooci-
ated with any foodstuff, PFurther, the normal functioning of the
liver as en organ of food storage, the metabolism of musoular
contrsction, and many other funotions of the orgenisms seem %o
depend upon the presence of insulin.®® In the case of elesmo-
branchs and teleost fishes NeCleod mentions the problem of ani-
mals on a non-cerbohydrate diet., Furthermore, the pancreas of
these forms dces not have islet tissues for the manufscture of

iasulin, Speoisl extrapangreatic struotures produce the insulin

2 Maximow end Bloom, Op, Git. PP, 447-449,

93 Eugene Ople, "Cytology of the Penoreas."™ Speeisl Cy-
tology (New York; Paul B, Hoeber, 1932), Vol., 1, PP, 3D0=4
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which he suggests may be important in the regulstion of fats
anc olils in addition to the glyocogen thet the liver may store, o%
Another idea 1is expresssd by Ssguehi, working with jana tempor-
eria, thst islet cells sppesr and secrete insulin only when
there is sny need for these, henee, they are non-existant or
very indistinguishable in the §anereas.35 ¥ith Sebstable and
controversial reports such as these and others it seems lesire
able to offer some explansticn for the sbsence of recognizabdble
islet tissue in the turtle penoreas.

The typlosl pilcture in one's mind is thet of the orgsn

"es it exlists in the mammalp where the lslet tissue is relative-~
ly common. For exampLQQ'ﬁéhsiéy e&sér&iﬁ that the number of
islets in the panoraaa of the guinaa pig ranged from 13,318 to
56, ?aa.aa &eaorﬁing to the rin¢1ngh or Ql@rk Ghu p&neiaas af
man has between 120,%?3 o 1,760, 000 indzvidual 1319%&. Oveare=
holser noted between 1,454 %o 14,47% in the white rat.®’ Such
results would leasd cone to héiigve thnt 1315# tissue was oonmpara-
tively prevalent and even abundant in the vertebrate psncreas,
“hen we consider the rest of the vertebrate onimsls, however,

it 13 observed that s wide veriation aotuslly is found to exlist,

first, in the number of islsts present and, secondly, in the

34  meoLeod, Qp. Cite P. 181,

9% a, Seguchi, "Cytological Studies of lengerhens's Islets
with Zpecirl Reference to the Problem of their Hel;ti&n to the
Pancrestie Acinus Tipsue,”™ The Amerigan Journeal of Anestonmy,
Vol. 28, Vo. 1, PP. 107, Kovember, N

°6 g, g, Bensley, ©"3truocture and Reletionships of the
Islets of Langerhsns.” The Harvey Lectures, Vol. 10, 11B5Q, 1915,

87 gﬂﬁdry, 92_4 gita Pe 3204



actual presence of the 1u.let tissus itself,

tooeleod reports the lulet tissus of the elasmodbranci's is
n intimete contoot with the uot epilthelliun especlially i the
dorssl lobe of the pancress., In his observstions he further
observaed, sz hal Aennie before him, thet the ﬁnﬁmcrine tlianue
was shsent In the janeress of the telecst Tishes but wies cole
lected 1 & sepspate orgsn %0 whileh the name "Frinosipsl Tslets™
hWas ueaen 8??11@&.58 This comuarison may be continued to noint
out that in most telenst fishes the vancress is present only
s diffuse mosses of tissue that sre not collected together to
fons o definite organe. Jsokson supplemonts this observation
further by reporting that often this diffuse psnoress is micro-
scocie in cuslity and wshen examines shows ro evidence of any
tronsi tional ce:ls."?Y ©n the other hand we rind that in the
elasmobranrch Tishoes the endoerine tissue 1is vell defined und
is observed in the psancreas to be s:sociated with the duct
system or in mammalisn~ilike islends. In thesce foel thelr dise-
tribution snu relations to the rest of Lthe glanrd sre of prim-
1tive nmtura.ég Sarpuchi's report on tosds shows tha andocrine
tissus to ba distributed frequently in one ceil units soutterasa

throughout the aland in close a:zsoclisntion with tha acini.4l

iy s . N 8 > e 4 g
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The liward pancreass 1is notewerthy in thaet the i1slet tissuae iz
not nonspicuous.®® he islet tissue in the snoke panQress,
on thoe other hand, appesrs to bo well defined becsuse Lt is
chieflly &ueali&@d in the sntorior end of the pancresg whioch is
in aautrﬁnt wlth the spleen. {ther o0 eclled “tecondsry slets"
sre acattered through the exocrins tissue and eare belleved to
be temsurury islasts whicen are transitional, evaentually return-
ing to thelr originael ste': as aciner e@lla.¢5 The only savsil-
sle study on the psneress of the Lirds is a report by latt in
wiiich 1t wus observed in the domsstisc hen that the islet tis-
sue waz slisht iﬁ amo.nt snd o pered 8s aolosely pescked vords
of cells. ince this study ves performe: vhrough the use of
routine hemetoxylin and eosin st ining further informstion wsa
not observed in regurd to the type of vaells prsazect, the isletis,
however, wasre well ﬁafinmd.‘* "sgentislly, therefore, the . ane
arase 12 o highly verisble orgsn in irhe vertemrsies snd islet
tisesue 18 by no meosns & universal ocharscteristic of this oland,

“rom an evelutionsry point of view, the pancoress actunlly
develops frow thres outgrowths; one dorssl comnecting to the
duodenum by the duet of Santorini, end iwo ventrsl which unite
t¢ connect through the duct of Wirsung or the true pencreati:

duste %P In the mummeis, thuse thrsee psrts of the Grereues unite

4% yendasll, Loo. Cite

A

4%  Thurlo 3. Thomas, "Thre Panorous of “nakes.” The ine-
tomicul Reecrd, Vol. ©2, Fo. 3, 7. 38, Lusrob, 1L4l.

44 Batt, loo. f::is.

4% 1. 8. a¢ems, an Introduetlon to $he Yertebrates (New
Tork: John %iley 8Rd ORG, NG, 29ad,s 1ie 04w Gl
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to connect with the cuodenum b, 8 single duet, the duct of
Wirsung. It 48 the genersl opinion of the comperative morpho-
logists thst the dorsusl portion of the panoreas reprecents the
primitive and true panwreaa-whicL wes ceoncerned urimarily wish
the endozrine ssoretion in that 1t contalined the islet tissue.
In the course of svolutionery time, the enzymetic tissue waeg
added tec this and the ventral outgrowths from the a2limentary
tract vere develoned. In support of this treory, we heve the
fact that the cvencreas of the elasmobranchs revresents only
the dorasasl portion of thie gland, connecting to the duodenum
by the duct of JSantorini, often misnsmaed, the psncreatic duct
because of the misovonception thet it is homologous with the
panereetic duct cof the hilgher ferma.&é

Tn ths teleost fishasz e Zind thaet the ventral portions
of the pencreuss begin fTormation as diffuse scoinor elenments,
The latter, in the more asdvunced forms, unite into a nmore or
less {sirly well defined pavceress thot lecks islet tizrue and
is z2onnected by the duet of Yirpsung to the intestine. The
turtises, which sre placed next to the Tishes in cur prosant
day svolutlionsry clesssifloeation schenhs, have & -ell defined
pannsrene connected by 8 single duct, the duct o “irsuny, to
the int~stine.%’ s there is no sibryoliosical study svuillablie
on the pancrees of thie turtle, it 1s Impossivie on the basis

of this repsort to daterming vhether the dorsal zortion of the

4% HerWert ‘ugene Tslter, Diology of the Vertebrates
{~ew vYork: ‘The LMeeMillan Conmpany, 1639;, 2nd evcltlon, Pe 327,

47 i, ©. ‘tomer, Lon and the Vertebrates (Chiosgo: The
Mniversity of Chiesgo 'ress, 1%37), 2Znd edition, ¥P. 385-390.




pancress is sssocinted with the definitive panc:. . s,

(rn thw basis of the asuve discussion, it is noet illicaioecsl
nor unexpeseted to Line that lslet tlosue wes uot obesrved in
tlie turtlie ponerets. !trom 8@ strictly eveolutonary peint o0 view
1t mignt be ssswsed thst the psnoress of the turties waa inter-
werdilite between the typiloenl telieuwst condition and that cboerved
in the higroer verteLratess, Therefore, it miszht well dbe postu-
loted thet the lslet tlissue of the turtles was locoted slsew
raere, clther in toe mesenterles ne r the ducdenum or adjsocent
to some other v seulur genter. The author is quite certsin
that an &éﬁitianél structure such sz the "Crinolipsl Islets™ of
tre telecsts is not te bs found ia the turtliea.

it soould also be polnted sut that meny of the isleis ro-
sent in the panorens of the snakss agspesaer to be transitory, 1t
is quite possiole thset the endeorine tlssue ¢f the turtiss, if
crenent, might heve the ssme character, =i thus vas nol obseived
in this studys. ¢ have some evidence avsilsble that insuliln mey
e procuced in the abusnce 9f islet tiszuo in the pancress, In
that insulin wos sble to be extructed from the enzymatic tissve
of telecal fishes whieh coutain no islets, The arount of insule
in 80 extracied wes a?prexiﬁﬂ&gly one-tunth of that exirscted

&

from $he "Principal Islets™ of the sape inciviusls,? daekaon

obaerves that iasulin caen be recevered from the parcress of the
teleont {ishes; nut the yiell depends up:n the freshness of the

49

glend n.d the mpthod ol sxtrsetion. doth of the above

48 . L R et NP .
= Te Yincent, V.C. Uodis, wnd . Dickens, "The ranorasss of

the Thleost Fishes and ource of Msulin., The iancat, Vol. g 7 1i=116, 1974,

4% Jaokson, LE-¢ G_i...g' Fe 145.
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mentioned ropuorts sgree thst the islets present in the "irinci-
pai lslets” are homolvgous wilith corressonding struciures in
the cther vestebrstes, snd esch suggests that the absence of
trese din the zymogenous tissue mekes 1t possible that the late
ter may slao funciion in the productioa of insulin by sonme
other emergency internal secretion,

tastly, some conslderszition must be given to the possiblil~
ity thet the previocus trestment of the turtles resultsd 1 the
onliteration of the insulur tissue, [ this ls true, then the
ms%ébolism of tne islet tissue of the bturtie is juile differ-
ent frowm the higher formas, where tiere im no evidence that
starvotion results in the destruotion of the lslet tissue. It
iz well koown, however, that starvetion ilnduces stirophy in the
scinar ecroups. ince the esolnar groups of the maierl sl used

2~

in this study 4id not show any affeocts ol relonpged starvat ion
it zeems logiesl tu cornclude that the progefure isgs not responge-
ivie for the aoszenve of endocorine tissue., It appesrs, there-
fore, thet we muat conolude thst Lhe pancress cf the turtles,
alther dovs net eontein Iinsuler tis ue in counon with tre
teleost fishes, or that the endocerine tissue is transitory in
nature, arising ss nesdsd from the asoclnsr cells &nd, sonse-~
queniliy, wos not eepuble of demonstrestion in this study.

in regsrd to the ¢grder Testudlinats 1t ghould be noted

thet this dnvosticstion hes included representatives of four
out o the seveu generslly reco.nized femilies of thic group.
Therefors, 1t is probasuie that the aoytologicel fest.res re-

ported hersin asre conssant “or sli wonters of the arder,



SUMKARY AN CONCLUS ICNG

This investigs tion whioh represents the fir:t study thut
has been ssde «f the pancreas of the turtles, wss initiasted
to determiine; Tirst, the general eytolory of the sland »and
secondly, the extent to which the orusp approached the cytol-
ory of other verteorste groups. Tince so many Investigstions
in the past have been unnegeasarily complicated by the fect
thaet the psanoress hssg been obtained in various unknown stages
of secretory asctivity, the animsls used in this study were xept
without food. It wes asssumed that this trestment wrevious io
saorificinzg them would make it possible to observe the gland-
ulsr tiscus in 8 "normel” or resting stete. ror this reason
no attempt w.s mece to lnvestigsie either mitochondria or pgolei,
as tie morphology of these two cellulur organolds 1s of little
vslue unl=ss correlsted with experimental dsta,.

“aterisl from five speclies of turtles, representing four

of the seven femilies of the order Testudlnsta, vwere utilized

in this study. Therefore, it seems reascnable to assuma that
thece results will s.ply equully to sll nmembers of the group.

The major conclusions cstablished by t is investigst fon
may be tabuleted as follows:

1 The sress moerphceclogy of the psesncreas of the turtle is
similsr to that of most vertebrateas. 1% is a flattened rac-
tarsular orecan bound to the ducdoenum just ewudsed of the pylorus
by the heputodundenal ligsment. The colcer lg relntively sun-~
gtﬁnt, re zing from flash white to a8 pesle pink.

2 The cells o7 the linins epithelium of the tubules ap ear
quite similer oytolorically to the scinar cells prover, 7he
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tubules wnd ol ther in typlesl scini, or in 8typlcal seini or
they mnay aimply terminzte bluntly.

O The soiul sre composad of € %o 18 celis, pyromidsi in
shspe, with acece. .rile uuciel whial ere sloss w0 or In the bassl
ragion of the celi. he cells messurs 132u 1n widih and 2Ly in
ilensth,  A11 of the asclinsv cells were similur;y 1n thsd, no
transformin. sbtopes mere ousorved.

4 ‘the eciisr cell nuciel ere spherlaesl 1In sheps, we sur=
ing, spproxinmately 1lu in dlsmeler, ard having &6 charscleriastie
distribpution of c¢hrosmbtin maverliel, whioh forms & reliculsr
veshwork with g well defined periphersal border adjmcent o the
YUCASAED MOmIrSng.

U Tucleoll sre eccentric snd show varistions from $yp-
ically wesslve ones to typleal vesiculear chesrecteristlios.

& The zaymogen ¢renul-s are prominsrt, well defired, and
eouwsily distributed throushout the cytoplesn [ the seinar cells.

7 The eytociogy of the epithelial ceils of the tubd.les is
iventical with thot deseribed shove for the scinar cells with
the exdeption of the¢ feclt thet they show f@wsr Zynosan gfranules
zhioh are v8lsc precent in these celis.

8 luming of the soini ond Tubules are relastively olosed;
put whetier clusw. vr pertislly; opsu they do not show celluisr
or nucleor oxtruslions and nu mucous 18 evient, Teniro-sciiar
sails sre ot present.

¢ Tyviesl isletz ¢ Langerhesns were not presoents Mdo-
erine tiscwue wes not observed In Individusl cell units cr in
clusters zither in occnnection wit! the a~inl on: ducts, or in

the connective tissue slementg, ‘averal possible explansti ons

£
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.%qx_tﬁagr apparent shsence hus ﬁlraw&y beer diseussed above.

| iQ en thaﬂbasia of thie S§u&y, 1thi$‘éane1uﬁ@& thst oy~
toclogleslly ths panoreas of the turtle is gquite aspeciliec in
character, It 1a’beliéved that tﬁis study will serve ss a
uzeful basis for any desirable experimental work utilizing the
turtle panersss. TINowever, ths author does not belleve that
thls vertevrsie form ls very sstisfactory az u typlical lab-

oratery experisental aniwvael.
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ILLUGTRATIUNS

La®e I

Figure 1.

This is a ;hotoaréph‘dr*?aeudomlg eLégans"takem of the

iive snimal with the carapsce removed. The viscera, princi-
nally, the liver are ﬁefl@ataﬁ'in order to axpose the panoerens.
Directly ix the center of the pleture iz to be seen the duo-
denum of the intestinel tract. lmmedieately in contaot with its
"enterior surface and just to the right of the stomach & ma jor
portion of the ancreas is visible. Note that the stomach is
quite defleted snd that the pnancress begins et the pyloric end
of the stomach. The pencrens is firmly hela to the duodenum

by mesentery which is not resdily seen. Keghification x3,.



Firure 1.
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FLATE 1T

Figure 2.
This photogreph of Terrspene curclins esrcoline in vive

#lsc has t'e cerapece removed., It is agein possible to see
her= tie position ofthe pancress in situ. ‘ote thst the
sancrous cocuples the snterior well of the rucdenum just di-
stad of the pyloris., Approximately, one third of the panoress
is visible; the remainder 1s concesled on the dorsal surface
of the intestine as it flexes and becomes directed caudad.

The visers sre relstively well exposed showing a very much
reduced snd emyty stomsch, Jost of the gasto-hepatoduodensal
ligosmwent hss been destroyed; but fragments of 1t cen still be
seen &ttuched to the ys8neress and s joining fntestine. The
liver had to be deflected completely causing the rupturcd cone

ditien of this mesentery. RMegnificetion xd.



Figure H
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pLate 111

vz

Filgure <.
4 portion of 8 prepured slide counteining pancrestiec mater-

izl from Terrspene c¢srolins carolina. “ote the celliulsr arrsnge-

menrt of thoe acinar cells. Jue to the angle of cutting several
excellent eross secticns sre visivle, i.e., observe the ons in
the lower left hand ecorner. In the center «f the photominro-

graph is sn excellent longitudinsel section of an acinus and its

tubule.  ragnification x600.

Figure 4.
Similsr to the =npecimen in ficure three, terrapene Gareolins

@ﬁrclinsitbut\enlarged twige. The enlerged condition mekes it
possible to see more cleurly the texture of the sclnasr cellis.
“ote the relastively uniform distribution of zymogen granules in
the verious scini., secousec &he chief attention was direoted to
foocusing upon the cell boundsries, the nuclel appear exiremely
massive, Ubserve the two clear end ope:; lumina in the acini st

the top of the Pfigure. regnificstion x1:50,

1161393



Vi 111

Figure

Figure 4.
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FPLATE IV

Firure L,

Ubserve in this seoction of tie patcress of Ghrysemys picta
the genersl distribution snd arrsucement of the scini end tube
ules. %Note the charscteristic nuclieoli in thelr relation to

the nuclei. !agnificstion x800.

Flgure &.

A8 8bove, this 1s a photomicrograph of pancreass from

Shrysemys picte. i this speocimen 1V is raletively easy to
see portiocus of the panorestie ducts Tote the position of the
nuclel in the bssal reglon of the cells in whioh meny of them
are sxtremely close to tlhe buscunent mesbrsne. also notice the
veslcoul.r nsiure of the nuclei and the concentration of o ro-
matin lining the periphery of the nuclesr menbrane. lost of
the nuclel show the cheracteristic asceentrio nuclecli. Ubvious-

iy 811l of the nucleil sre cot in focus. Magnification x1300.



PL ATX; IV

figure 6%

Figure o6#
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PLETRE Y

Figure 7.

This specimen was photographed to show very clesrly the
position of the nucleus within an ec¢insr cell., rurthermore,
examinatior shows the reticulsr nature of the nuclel =n
ele-rly demonsirstes the presenge of & hesvily steined ec~
centric nueleolus. Chromatin strendes which radiate toward
the nucleoli sre not readily seen bec¢suse of the difficulty
in focusing., Yote in the lower left hand corner the extremely
lerre scinar cells, Immediately to the figzht of this group

iere are seen seversal segments of pancoreatic ducts, Fagni-

fication x12%0.

igure B.

Thiec me terisl taken fronm Pseudemys elegans was photographed

throurh 2 red filter in order to sccertuets the cytoplesmic grsn-
ules. It our be seen at & glsnce thst the distribution of zymoren
granules ilg extrerely uniform. The nuelel of pancerestic acini

era damons tratad here more accuratsly beoduse of the flliter effeect.
This section demonsirstes very clearly the invesiment of thoe aeinld
by the connective tissue formed iInto a basemwsnt membrane. ragni-

fication xi250.



ATL V

Figure 7.

Figure 8%*
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PLATE VI

rilgure w.

In this sectlion taker from Terrapene osrclina earoline

are seen nunmercus papcrestiec ducts an. several sccrestory

tubul. 8. 1t may be soen that the epithelisl cellis are of
gpproximetely the same size as the selnar cellisg elthough
the {former are more frequently recotanpgular in outline, s
in most cases, the nuclel are again seen to ocoupy 8 posi-
ticn deep in the besal portion of the oells. “ven at this
lesser nognification the nucleolil are aevident within the

chromatin reticulum of the nuclel. Hagnifiecation x8640.

Tlgure 1U.

his photowmlcerosraph of Msedd emys elegsns wss tiken
alx usin. s rod filter to intensify the cellulsr composition
sr bro.ght out by the stsin. Agsin, in thie picture the z2y-
mOsen oIenuics are shown to be well distributed throughout the
eytoslasm.  Totlce the basement membrane bounding the scini.
48 in previcus demonstrstions the nuclei show characteristie
eoncentrst ions o ohromatin materisl lyin: within the periphery.
In additiorn the nucleoli ure all shovr to be relatively massive
but this Is not quitc correct. kishy of the nucleocll have a
raecticular structure vhieh iz not dsamonstreted in the -Hhoto-
graph duse to thae difficulty of foousin sharply vefore the

canera. tagrnification x1260,



PLATE VI

Figure 9

Figure 10#
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PIATS VII

Figure 11
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