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Or ig ina l art ic le

Establishment d submand ibular g land all£t ransplantat i£n
model in m iniature sw ine
GE Xi-yuan, YU Guang-yan, CA l ZhiÄgang and MAO Chi
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B ack g m u n d A uto logou s t ransp lan tat ion of th e subm andi bu l ar g l and ( SM G ) into the tem poral fossa w i th

m i crov ascu l ar anastom osi s has b een successad l y app l ied m sev ere x erophthalm i a pat ients as a pen nanent tÄ r

sub sd t li te- H ow ev er, sev ere x eroph ² al m i a cm be accom pan ied by sal iv ar y g l and dy sa m et ion , m ak i ng such

autou m sp1an tat i on m m t ab le- 111eref ore, SM G al lot ransp lan tat i on m i ght be a solut ion . T he aim of ² i s sØ dy w as

to assess ö e tech Ucal fm sib i l i q o f subm and ibu l ar g l and al l ot ran sp lan tat i on -

M et h od s Tw elv e m in i at ur e sw ine w er e random ized to ser v e as donors or r ec ip i ents. O ne SM G W¡

t an sp lant d b etw een a donor and a rec ip i ent - T he donor SM G w as rev ascu l ar i zed by m i crov ascu lar m asØ m osi s

o f i ts v ascu l ar m a cl e Ø th e recip ient l in gual ar tery and ex tem al j ugular v ei n . Th e seem to ry duct w as im p lant ´

into k vesubule of the mouth ² rough a slibel ItanØ us u m el - No immLInosuppressive agent was administered.

m e results were assessed by v isual inspect ion of the seemtion, and histopathological examim uon of É e

t ansp l an ted SM G

R ´ UIU TechM cal ly , al l SIn g eal p rØ edum s w er e successa l l - C l ear secr eti on f Iow ed out o f the duct as soon Ø

b lood suppl y o f the t ransp l anted subm an dibu l ar g l an d w as reestab l i sh ed - T h e secret ion of the g land l asted for 5

day s- A s ex pected , m acute rej ect i on react ion ocel lETed aRer surz ery becau se no m m m osuppm smv e agents w ere

used - Secret i on Ý £m ² e t an sp l m t ed SM G ceØ ed w i ² ª 5 day s-
c on chmion s A m odel of SM G al IOU-m sp l antat i on can b e estab l i shed in m i n i ature sw i ne. T he techn i que o f

sub m an dibu l ar g l and al l ot ansp l antati on i s f easib l e.

Á eÖý rmo ¨

n o t oÞ n lw y b e c a u s e t h e p rã e Þ m e a± l tù e a® º f i l m iÚ s

e s s e rn1tUi a | f o r c o ºmºn1e a l t º a n s p a r e n c y ' b u t a l s o b e c a u s e

t h e d r y e y e d e v e l o p s k e r a t i t i s w i t h u l c e r a t i o n a n d

o p a c m c a t i o n - 1 S i n c e 1 9 8 6 , s e v e r a l r e s e a r c h e r s h a v e

r e p o ¬ e d rmYn1iÈc rmo v a s c tu»l a r a tu»tØo |bo g o tu»s s Lul b ºmYÅ1a ºn¢d ibb tü»̈ l a× r

g l a n d ( S M G ) tUrôa n s p lôa rn1tãa tUi o ºn 1 f o r t r e a t m e n t o f s e v e r e

x e rmo p h t¤th1a± l ºmYn1iôaa .ú 1" 4 T h e S M G i½s t r a n s f e r r e d t o t h e

t e m p o r a 1 f o s s a , a n d e n d - t o - e n d a n a s t o m o s i s

p e r f o r m e d b e w e e n t h e e x t e r n a l m a x i l l a r y a r t e r y a n d

t h e s u p e r Ò c i a l t e m p o r a l a r t e r y , a n d b e t w e e n t h e

f a c i a l v e i n a n d t h e s u p e r f i c i a l t e m p o r a l v e i n b y u s i n g

t h i s t e c h n i q u e . T h e s e c r e t o r y d u c t i s t r a n s p l a n t e d t o

t h e u p p e r l a t e r a l Þ n j u n d i v a f o r n i x - G l a n d s e c r e t i o n s

d ra in to t he d ry e ye a s a s u b s t it ute fo r la c r im a l f lu id .

A lt ho u g h c lin ic a l re s u lts h a v e d e m o n s t ra te d tha t

S M G a u to t ra n s p la n ô t io n is e Î ± t iv e f o r s e v e re

x e ro p ht h a lm ia , t he re a re s t i ll so m e p ro b le m s tha t th is

te c h n iq ue c a n no t s o lv e . ln so m e x e ro p ht h a l m ia

pa t ie nts , ins um d e nt la c r im a l s e c re t io n is

a c Þ m pa rue d by s a liv a ry g la n d hy po h n c t io n - Fo r

c hin MEd J 2006; 119 fo .-482¤487

e x a m p le , o ne s t u dy s h ow e d 11 of 2 6 pa t ie n ts (4 2 % )

re Þ w ring f ro m to x ic e p id e rm a l ne c ro ly s is e x h ib ite d

a d ry e y e , a nd 7 of th e 11 pa t ie nts h a d d e c re a s ed
sa liv a ry ´ ow -15 lf a u to t ra ns p la n ta t io n u s ing h e

hy p o fu nc t io n a l S M G h a d b ee n pe rfo rm ed in t he s e

pa t ie nts , x e ro s to m ia w o u ld OCCUR a nd the

t ra n s fe rre d g la n d w o u ld n o t s e c re te the re q u ired
a m o u nt o f n u id . A no t h e r p ro b le m in a uto t ra n-

s p la n t at io n is th a t th e S M G w ill be lo s t if t he

t ra n s p la nta t io n f a ils - Fa ilu re to c o rre ct in s uÐic ie ru

la c rim a l g la nd s e c re t io n w ill re s u lt in lo ss o f e ye s ig ht

in severe xe rophthalmia pat ients -
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FIg . 1 Surgical ted nique d subnÉ nd bu|ar gland (SMG) al|otransplan× ion in miniature swine. A : T he isd a¥ d dÞ £r SMG
duct in the m utt1( ü ). B : An exc ised dono r SMG T he ends d the exte rnal maxillary a¡ µ (ú ) and external jugular vein ( ý )

are indicated . C : T he d£rmr g1and ane r M edal (ú ) and vem us ( ý ) anastomoses. D: m e o Ý ce £f th e duct ane r suturlng b

SMG aHotranspla ntat ion is a potent ia l t reatme nt fo r
sev e re xerop hthalm ia when the pat ient-s SMG is

hypofunctio na l o r lost . lf aHot ransplantatio n of SMG

is feasible , this app roac h m ig ht be used to prevent

blindness .

theevaluate technica l feas ib ility

t reatment

To
foraHotransplantation

xe rophthaM ia , it is esse nt ia l to estab lish a s uitab le

animal Î 10d el. M iniatu re swine are comparable to
of anatomy and immunity,humans in many aspects

|eading to their extens ive use in o rgan

aHot ranspla ntat io n research . To o ur know ledge ,

the re is no miniature sw ine model fo r S MG

aHot ranspla ntat io n- As fo r othe r types of o rgan
transpla ntat io n, re-estab lishment of the b lood s upply

is the pdma ry re quis it io n in S MG t ra nspla ntat io n -

addition, SMG secretions drain via a duct ,
is also importantsu itable site for the dud

animal rnodel.

METHODS

Experimental animals
Twe lve m in iature sw ine , prov id ed by the C hinese
Experimental Miniat ure Sw ine Stoc k Fa rm w ere used , ¢
they w ere 3 - 4 mo nths o ld and weig hed 10 - 2O K9 ¤

T he ca re prÞ edures were in acco rdance w ith the

Princ iples of Labo rato ry A nimal Adm inist rat io n

o rg anized by the M inist ry of Sc ience and Technolog y
of the People 's Rep ubHc of C hina . Two non-b rood

miniature sw ine we re se lected as dono r a nd

rec ip ient - Dono r a nd rec ipie nt w ere matc hed fOº

we ig ht and blood g ro up (a ll type O ). Ma les a nd

fema les w e re ra ndom ized and t issue matc hing was

not pe ¶o rm ed . Six SMG t ransplanã w ere pe¶ om ed .

Anesthes ia
The animals were fasted for 12 hours and drank

water ad libitum before surgery. Each miniature
swine was anesthetized with an intramuscular
i± ection of 10 mg d azepam and 30 md kg ketamine
hydrÞ hloride- k e¥ mine hydrÞ hb ride was injected
once every 40- 50 minutes.

SMGof D o n £ r £ Pe r a t i £ n

A s u b m a nd ib u la r in c is io n w a s m a d e a nd t h e S M G

w a s d is s ec te d t o id e n tW its d uc t , a rt e ry a nd v e in .

T he b loo d s u p p ly of t he S M G w as p rov id e d by t he

e x te rn a l m a x illa ry a ¬ e µ a n d th e f a c ia l v e in . T he

e x te rn a l m ax illa ry a ¬e ry w a s t rac ed a s f a r as

po s s ib le to its in it ia l p o int , w it h th e v e in t rac e d to t he

e x te rn a l j u g u la r v e in , a n d the d uc t d is s e c ted a s fa r

a s p o s s ib le t o w a rd s t he o ra l c a v ity .

d s e v e re

1n T he o rif ice of the duct was inc ised with a c uff of

m ucous membrane f rom the floo r of the mo uth. To
fac ili¥ te the operat io n, a 2 ¤cm incis ion was made at

the floo r of the mo uth . T he duct was d issected f ree

and re moved from the subm andibula r inc ision (Fig .

1AL T he g land was left on its arte rial and venous

ped ic les . Afte r the recipient a rea was prepa red , the

exte rna l maxilla ry art ery and external jugula r vein

we re severed , and the ir p roximal ends ligated . The

SMG was removed f rom the dono r (Fig . 1B), placed
in a t ray of Þ ld (4 ¤C ) normal saline and irrigated

th ro ugh its a ¬e µ w ith 10O ml of a 4 ¤C so lutio n of

sa line co nta ining 12 50O U hepaô and 1O ml 2%

lidocaine until it became pa|e . The fie ld of operat ion

was irrigated a nd the inc isio n was c losed .

thus a
1n a n

Rec ip ie nt £ Perat i£ n

Prep ara tion o f the recip ien t s ite

A submandib ula r inc ision was made on the same

side as that made on the dono r animal, and the SMG

was dissected to the external maxillary a¬eµ and

exte rnal jugular vein . The externa| maxiHaw a¬ery and



duct w e re ligated and severed . The dista l end of the

exte rna l j ug ula r ve in w as ligated a nd d iv ided after

plac ing a vascula r c la mp on the prox imal e nd . T he

SMG w as removed and so me of the t issue

presem d in 10% fo rma lin as a Þ ntro l T he ling ua l

a rtery was ident ified and d issected f ree from

surrounding t issue in the ca rot id triangle . ln th is

reg ion, the d ista l end of the lingual a¬e ry w as |igated

and d iv ided after placing a vaseu1a r c lamp o n the

prox ima l end . The prox ima l ends of the lingual a ¬e ry

and the exte rnal j ugu|a r ve in we re the n trimmed fo r

a nasto n10s is .

Imp lanta tion o f the SM G
Unde r an ope rat ing m ic ro sÞ ä , a 10¤O nylo n suture

was used to anastomose the a¬ery of the g la nd to

the lingual a rte ry, and the ve in of the g land to the

exte rna l j ugula r ve in us ing m icrovascula r tec hniq ues -

ARer anasto mos is w as co mpleted , the vasc ula r

clam ps we re re leased ² o m the artery and then the
vein . Afte r blood now w as re -established , the g land

turned red in co lor and a clea r secret io n was

observed ¯ ow ing fro m the o riÒce of the duct (Fig . 1C )-

A n incis io n was made in the m uÞ us me mbrane in

the vest ibule of the mouth . A patc h of m uÞ us

memb rane was exc ised that matched the ctm of

muco us me mbra ne Ü£ m the dono r SMG T he

secreto ry duct w as d raw n out throug h a

subcutaneo us tunne l and its end f ixed to the inc is ion
us ing 6.o ny lon suture (F ig . 1D). T he SMG was kept
Þ o l (about 4 ¤C) by irrigat ing i¥ SUí Ø during

anastomos is . Ca re w as taken to avo id tw isting the

blood vesse ls a nd the d uct . The g land was f ixed to

the surround ing t issues to assist in a lig n ing blood

vesse ls and the secreto ry duct into sui¥ ble posit ions .

T he wound w as irrigated w ith normal sa line and

closed w ith intem pted ny lon sutu res . A pieØ of

rubber d ra inage strip w as inse rted into the w o und to

Þ ntintm usly d ra in ¤ id f rom the surg ica l s ite .

Afte r t ranspla ntat io n , rec ipie nã w ere housed in
sepam te cages in light- , te m perature- , and

airf low -co ntro lled roo ms and w ere fed w ith a liqu id

d iet and w ater ad lib itum fo r 7 days . After 24 houm,

the d ra inage st rip w as removed . Fo r infection

prophy lax is , 80 00O u nits/day penic illin G w as

adm iniste red intram uscu la rly to a ll recip ie nts for 7

days - Sec ret io n from the transpla nted g land w as

v isually inspected and the orif ice of the duct w as

irrigated da i|y to avo id ob lite ratio n. T he ope ratio n

or ex udation .

SMG served as

biops ies were

days 3 , 5 , 7 and 10 .

la nted w as removed for v isual

of c ross sect ion w hen the nnal b iopsy is

reg lon

B iops ies

contro ls .

pe ï o wned o n

The tra nsp

i nspectio n

pe rfo rmed -

RESULTS

Technica lly, aH s ix SMG surg i´ proØ dures w ere

peHormed sucØ ssfu lly- Su rge ry t ime fo r SMG

allotransplantat ion var ied from 4 t0 5 hours . The
mean w arm ische mic t ime was 1- 3 minutes and

mean Þ ld ische rn ic t ime w as 30 - 4 0 minutes . A ll six

rec ipient m iniature sw ine recove red fro m a nesthesia

w ithout d imculty a nd w ere able to eat and d rink. A ll

animals SUN Ned to the end of the expe riment (the

day of f ina l biopsy ) and no infectio n, swelling or

exudat ion oÞ urred - Secretions h m the

tra ns planted SMG decm ased w ith t ime a nd ceased

w ithin 5 days .

N£ rm a l s u b m and ibu la r g land

The normal SMG re moved from the recipient

miniature sw ine w as son a nd Î ex ible . The cross

sect ion show ed that the g landular lo bule w as red

and d istingu ishable . Histo log ica l examination

show ed that , as in humans , the miniature sw ine

gland conta ined both muÞ us and se rous e lements.

The majo Hty of the ac ini we re a m ixture of mucous

and se rous ce lls and most of the remaining ce lls

w e re sero us ac ini (Fig . 2A ). The excretory duct ,

striated duct and interÊ 1ated duct w ere s im ilar to

those in humans . Electron microsÞ pe examination

show ed that the ult ram icrostructu re of the m iniature

sw ine g land w as a lso s imilar to that of humans . T he

apica l cy to plasm w as m ed w ith secretory granules in

se ro us Ø lls , each surrounded by a u nit membra ne .

ln muco us ce lls , the secreto ry material w as sto red in

d roplets (Fig . 2 B). Myoe pithe lia l Ø Hs were a lso

fo und at the pe±phe w of the acini and in the

inte rca lated d ucts occupy ing the space between the

base me nt mem brane and ba sal plasma membrane

of secretory ce lls -

p £ s t -t rans p la nt h is t £ 1£ g ic a l ex am inat b n

Gro ss app earance

On day 3 afte r surge ry, v isua l insped ion of the

transplanted g land Ä SMu revÊ led it to have a nom al,
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Fig . 2. Histd £gical and ultrastructura l appearan× £f a m rma1 submandibular gland . A : Hemat£xylin and e£sin sã in,
£ riginal nÉ gnMicati£n x 10 . B : Secret£ºy granules (ú ) and rnuÞ us dropleã ( ý ) in ac inar cells; £øgin± magnincation Á

5000.
Fig . 3. Histo logical appearance of t ransplanted submand ibular gland . A : Day 5 after surgeºY¤ B: Day 7 after surge ry

(Hew÷ OXÈ in and eosin sta ins, £rig irtal magnif icat l£n x 10) .

repd co lo r and be f lexible . T he c ross sect ion of the

biopsy of the g land showe d that the g landular lobule

was d ist ing uishable . O n the m h day afte r su rge ry,

the g land was s lig ht ly swollen and felt ha rd . T he

color of the g land was deep red . T he c ross sect io n

showed hemorrhage and infarct io n. T he gland ular

lob ule w as st ill dist inguishable . O n day 7 and 1o

afte r surge ry, the gland was smaller and fe lt ha rd .

T he c ross sect ion showed that the g land ular lo bule

was vague and neerot ic -

Apm am nce under ligh t microscop e
On day 3 afte r su rge ry, the gland st ructure w as

basic ally no rmal, a nd the bo rder of gland lobule w as

c lear. T he pa re nché n a of the g land showed s lig ht

edema . T here was m ild d ilatat ion and congest ion of

capilla ry vess els , and the re we re occas ional

|ò nphocytes inside a nd o uts ide of these vessels .

O n the 5th d ay afte r surge ry, h isto log ic exam ination

showed inf ilt rat ion of inf lam mato ry ce lls into the

parenchyma of the g land . T he majo rity of

inf lam mato w ce lls were ô n p hoc ytes , and the

re mainde r we re monocé s , p lasmÞ ytes and

eosinophil g ra nt»|ocytes . T he inf ilt rat ing inf lam mato ry

cells ma inly a ppea red betw ee n the gland lobules

and surrounding the dud s . Blood vessels we re

fo und to be d ilated a nd congested . Serous and

m ucous ce lls we re c lea r and regular, and the ac ini

were intact (Fig. 3A).

O n day 7 after surg e ry, a reject io n react ion was mo re

obvio us . lnf lam mato ry ce lls we re dmusely p resent

througho ut the pa re nchyma of the g land , and the

ac ini were im paired - Some acini were co mplete ly

dest royed and only the contou r was left - T hrombosis

and nec ros is was observed in b lood vessels , and

there were mult ip le herno rrhagic fÞ i (Fig . 3 B).

FIg. 4. Ultrastructural appeamnce d transplanted
subwÉ ndibular gland fd lowing electmn micmscopy
(Oé in± magnincationÁ 5000). A: Day 3 aner surgery.
B: Day 7 after surgery.

the c ontour of the acinus

cells s howed complete
On day 1o after surgery,
was vague. The acinar
nec ros is and only nuc lear f ragments remained .

Ult rast r ud u ra1ap pea ra nc e und e r e lect m n

m lc rØ c £ py
On days 3 and 5 after surg ery, ce ll membrane
structure was vague , and ce ll-ce ll j unct ions were

im paired - T he elect ro n density of the m oplasm in

the transplanted S MG was lower than in no rmal

SMG. T he ce ll nuc leus showed swelling , a nd the cell

o rgans had d isso lved , w ith m uÞ us d ro plets merging

in m ucous cells . T he e lect ron density of sec reto ry

g ranules was low in se ro us ce lls , and f rag ments of
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seeŕ ow granules wem seen (Fig . 4A). On day 7 anastomosed with the blood v¿ sels of the SMG
d er surgery. gland cells wem Þ mpietw desuoyed, and ¤ ere are no o¤ er adequate bloþ supplying
the nuclear membrane was absent, and vessels for anastomosis in the temporal region. ln
karyopyknosis was evident (Fig . 4B). addiUon, the deep locations of ¤ e external m´ Mary

a¬ery and the external carotid a¬ery wem not
DISCUSStON Suitable FOr vascular anastomoses.

486

Transplanã t ion med icine is the best exam ple of the

tremendous progress in med ical pract iØ that has

been achieved in the la st Ø ntury. ln eaHie r Yea rs ,

o rgan transp1anã we re pe rformed us ing oru ans

essentia l fo r human life . ln recent Years , many new

types of organ transplants and surg ica l pm eed ures ,

and the highly potent immunosuppress ive agents

appeared g radua lly. TOday, tra nsplants a re a lso

peøo m ed to improve qua liw of lh . Fo r exa m ple ,

hand a llotra ns plantation and f ree vascula rized bo ne

o ut c o m e s . EP to

t ra ns p la n ta t io n

c o n 1p l ic a t io ns t

a g e n ts st i l l e x is these a re like ly to

lew med ic ines .

ghly unlike ly to 04

s t il l ex is t ,

of newdevelopment

~

Xerostomia is highly
pemon following n
advances in medick11

time to Þ nsider SMC

to

ln auto logous SMG tm nsplan¢ o n , the SMG w as
tra nsfe rred into the tem po ra l reg ion of the sku llú 10

T he vascu lar anasto moses w ere pe ºformed between

the supply ing vessels of the g la nd a nd the supe Wtcia l

tempo ra l vessels . T he SMG secreto ry duct w as

implanted into h e Þ ± unctiva l fo rn ix . We have

stud ied the anatomy of the m iniature sw ine fo r SMG

transpla n¥ Um and fo und the te mm m l m g ion was

not suô ble to be a rec ipie nt s ite beca use the

supe rÒcia l tem pora l vessels a re too s mall to be

~

T he lingual am ry passes dØ p into the sw lohyoid

and hyoglossus muscles , and supeø c ia l to the

d m ndrogl£ssus and ge niog lossus , and ascends

a lo ng the geniog lossus muscle to enter the

substa nce of the tongue . lt ô pe rs f rom its o rig in and

b calibe r w hich is sim ilar to the external max illary

arte ry w hen it passes deep into the hyoglossus

muscle . lt is re latively supeø d al in this regm . ln ¤ is

study- it was convenient to use the lingual a¬e ry of
the rec ip ie nt as the blood-supply ing a¬e ry.

Some patients develop oblite ration of the SMG duct

afte r autotm nsplantatio n, poss ibly d ue to surg irA l

damage . ln the prese nt study, w e d id not severe the

d ud to avo id the poss ibility of the inc ision scar

Ø using obliteration- Suturing the o rince of the dud

to the noo r of the mouth may cause damage to the

many blood vesse ls in this reg ion . To avo id this

potenua l he mo rrhage problem - we sutured the o rince

of the duct to the mucous me mbrane of the vest ibule

of the mo uth . T his pos it ion is a lØ Þ nve nient fo r

obse N ation of secretio n.

orBan

is

Many t iny ve in d ra inage branches of the SMG

Þ nve ºBe at the g land poô l, and then jo in the facia l

ve in . The facia l ve in jo ins the exte rnal jug ular ve in

w ith the maxilla ry ve in . The exte rnal maxillary a¬eµ

and h e seÁ @tory duct a lso pass by the SMG porÙ .

Excess ive d issection should be avoided nea r the

gland po¬al in o rder to prevent damage to the blood

vessels and the d ud .

S ince miniature sw ine are s im ilar to humans in h e

histo logy of the SMG ¤ ey pmv ide a sat isfactory

histo lä iÊ l mode l fo r SMG allotra nsplantation

resea rd . To our know1edge , this is the nmt SMG

a llotransplantat ion mode l to be established in

m iniature sw ine . ln the present study, the surg ical

ted nique of a llotranspta ntat¡ â r se was

successfu l, a lthoug h acute r´ ect ion occurred late r

due to the absence of immunosuppress ive agents .

Further stud ies are need ed to dete rmine w hether

aMograns can surv ive and peøo m adeq uate

seu eto ry hm ctio ns ove r a b ng peHod in ¤ e

s.13.19.m Dt

s im ila rit ies

better mode
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presence of safe im munosu ppress ive agents . lf SO,

a llotrans plantatio n of the g land is proba bly a feas ible

treatment for seve re xero phtha lm ia to avoid

bl indness -

Ackn£wledgments : The au¤ £ºs mank Dr. Eddie Yau for his
helpful reVIsion d ¤ is manuscript .
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