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Materials and Methods

Acrylamide. bis-acrylamide, and Pharmalyte ampholytes were purchused
Chemical Co.. St. Louis. Missouri. The silver staining solutions w
Biv-Rad Laboratories Ine., Rockville Center, New York.,

from Siu,,
vere purchased frog,

Test Suntpites

Hair and nail samples were obtained trom human and canine sources, Huir samyple
from mule deer, white tail deer, cat. moose, clk. antelope, caribou, raccoon, and sl
were provided by Robert Adamo. Department of Laboratories and Research, Valhally
New York. Feather samples were obtained from pariot and goose. Shavings of elephan
tusk ivory. bovine and rhinoecros horn, und antelope anders were oblained from tn
U.S. Fish and Wildhite Service, Lawrence, New York. Deer antlers were purchis:
locally.

Extraction of Kerating

Approximately 10 mg of cach sample is teated with an extraction solution to abtin
solubilized kerating. The technique is adapted from Carricedao ot al [8]. The extraction
solution consists of Ab-g urea, 0045 p Trsthydrasymethyhaminomethane (Fricing
base™), 60 myg of dithiothreitol (DTT). and 4.8 ml. of distilled water. Each sample
extracted in 200 pl. of this solution for 48 h it 25C. Ten minutes hetore tocusing, 5 pi
Of 0.1M DTT is added 10 25 L of cach extract. The samples are now ready for isoelectin
focusing (IEF)

Isoclectric Focusing Procedure

Gel Preparation- The gel is prepared according 1o the method of Gl and Sutton 1
with minor modilications s follows: 7 ml. of 29145 acrylamide. 7 mlof 0.9% by
acrylamide. 5 g of sucrose, 1.0 ml. of Pharmalyte (pH range 2.5 10 3), and | mL o
pharmalyte (pH range § to 8) are added 10 24 mL ot distilled water. The mixture »
degassed and 0.3 mL of riboflavin (10 mg/dL) is added. The gel is allowed (o polymeriz:
for 90 min while exposed to light produced by u fluorescent lamp and is stored overnight
at 5°C to promote hardening before use. Gels are 20 em by IS em by 0.5 man with a pol
concentration of T —~ S2% (T - acryliumide 1 as/100) and cross-linking of ¢ = 3.0
(C = bisfacrylamide 1 bis). Generally, ten samples are run on each gel.

Isoeleciric Focusing—Paper applicators are impregnated with the DT -treated sampk
(see Extraction of Keratins subscctions) and then placed on the gel. Samples are applicd
at a distance of 2 em from the cathodal wick. The cathodal solution is 1.0M sodium
hydroxide and the anadal solution is 0.947 phosphoric acid. 1EF is conducted at 5 W.
constanl power. A maximum voltage of 2500 V with unlimited current s used. The gel
15 seated on a cooling platform maintained at 4°C Electrofocusing is carried out for 60
min, and then the sample applicators are removed Focusing continues for another 120
min to complete the run [9].

Staining Procedure—The staining procedure follows the Bio-Rad Laborator ey protocol
for silver staining. ‘The technique of silver staining isoelectric focused keratins has been
previously described by Carracedo et al. [10). After focusing, the gelis fixed in 200 ml
of a mixture of 30 methanol/10% trichloroacetic acid/3.5% sulfosalicylic acid for 1 h.
followed by a bath in several volumes of 30% methanol/12% trichloroacetic acid (ICA)
for ut least 2 h to insure removal of ull ampholytes. The gel is then soaked in 400 ml
of 10% ethanol/S% acetic acid (viv) for 30 min, All reagents are prepared in deionized
water. ‘The gel is immersed for 3 min in an oxidizing solution that contains potassium
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< and nitric acid. A rotating shuker is used to agitate the gel duri.ng‘ cach ’hllllll.
P d'” 1 into the Bio-Rad silver nitrate staining reagent for 15 min and bnlhul
L |‘|il;U ‘lll‘~/ aratormuldehyde. The gel is soaked in the latter solution pn!ll dark
e |lI ’.”"ﬂ T|rp;| ;'lill\l a pale background. Band development is terminated by
. ]‘;"?‘ :l|ll‘|: AA *l)“&;nL‘ bath of 5% acetic acid for § min. The gel s then soaked in
o ‘ l" jl‘:lilh‘d \;;xm and subsequently immersed in the I:tllcr. lor storage. corded
/‘;WH: ary—The stained gels were photographed and bunding patterns r‘xcgr e:t
iyt the gel using an LKB Bromma 2202 Ultroscan Laser Densitometer Imkc‘d
“.‘ Illl\n:::'l‘::‘l) fl(i)() Chromato-Integrator prinl'cr. 'I'hc gel wn '\Fi':md .xgdZull;n?:/é}::n
.;w 4 wavelength of 633 am. The densitometric tracings were uv. lduf) Slrn e "(mwgiﬁ
.|; hagram illustrating the banding patterns which were obtained i analys

S herotin samples from various animal species

Results »

Hie hertin patterns of different species obtained via IEF amxllyﬂt .ln"tlz‘:;'“:::gl)tz :::::
A1 2 o pH & are illustrated in Figs, | through 6. Tha- patterny \\Ll.f, |'.I i .,y,!,i,,‘\,iom
1 lcast M samples from cach of the 25 animal specivs studied. 1‘;11[1 l‘|p. ¢ \;: A“m;mc(l«
o ed good replication, Figures T 6 dlustrate the wide \cup.ulu the \;illluf)l au:m mmiv(;.
the p;,[}.vul:u species used in this study were wl;l‘cl:‘d”l:t;l; ::P.;:::‘.dt,r dc\.,?,wd v
walues also becatse those animal species are ofter Mlega i stroyed
I'\ll.‘litln-‘r'iuxlxllrln market materials obtained from the animal, nr»hnlh. llicu:{lﬁ;sd;;:n.l:(;
wictope antler wnd bovine horn are olten used as sul\\nlul‘u.s I\jr r\:l\]f::lls(, forn by
aibividuals secking profits from unlnlmnuid‘huyprls, lhcxu‘apuunl:ljnr \.I ;m“ Cnrlers
s study. Although antler and horn originate from dmuc.m -Axo olglu k ,|:(l.h,_-‘ \km).
He an extension of the skull. whereas horn grows from underlying layers « > .
toth contain keratin detectable by the IEF method. ) i e berved on the

The majority ol the diagnostic bands relutive 10 species snec:ht:lyv .lIlIL”\'» \;:::/itm on the
cobs i the pH region between approximately 2.5 u.nn? 5.0 Il!c I'(,lllllnll lg,l L s pon
bl 3.0 0 80) s Tess informative for determining the animal species bas

those samples used in this study. ) . , .
Figure | illustrates keratin banding, patterns resulting fmm I .nf.nly;m ul;;;xcll;-);;:

wlvl:u}wd from several different species. Although the hz{rffllng patterns Amm if rent

“peaies show a certain degree of similurity. nonetheless, differences between species ca

o

e (2
3 Xl carious sources: (1) raccoon hair, (2)
VLG A—1EF gel, pH 2.5 10 8.0, of kerating extracted from van te o
cut Imln 3.h I:r'vml.- horn, (8) dog hair, (6) goose feather, (7Y hanan fingernail, (8) deer hatr, and
1) goat hair. Protein conventsation of vach sample is approximately 1 mgtl0 nl..
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be quite clearly discerned. with regard to the numbers and posttions of the mdivudy,
bands s well as with regard 1o the intensity of color produced via the silver Stanng
procedure. There s broad variation found among raccoon. cat, dog . decr, and gout hoy
bovine horn. goose feather. and human fingernail samples. The keratin pattern obtan
with goose teather s strikingly ditterent than the others due o the predonunang.
bands having ispelectric points m the range of 3.0 10 6 0

A very important. albeit predictable. obscrvation resulting from these studies 1}
the closer species are phylogenctically telated. the greater the simifanty i their ker
banding patterns. This i illustrated in Fig, 2 for vitnous species of deer Almost o
diffcrenee can be discerned in the various banding patterns The pattcrns obtained b
samples of moase. elk.antelope. and deer hair are diustrated A sample of hovine i,
was also run on this gel. Apparently the vield of keratin from the extiaction procedi
was lower than expected (approximately -mg protem: 10 gl and therctore the b

appear less intense than the corresponding bands scen i Figo 1 Sinmlarly. goat ad

raccoon hair samples arc also present in Fig. 2 and appeat more intense than the sampl
from these species seen m Fig. 1 as o result of greater concentiations of Keratin in 1
former

The TEF banding patterns obtwnced from samples of rhinoceros and bovine horn i

shownin Figs. 3 and 4. These samples were tun simultancously on the same gel du 1

the importance of being able to distingush these two species based upon differences
their ke mn IEF
samples fram these species by visual comparison. This factis olten exploited by deabes
who claim to be providing buyers with suthentic rhinoceros hom, but actually the o
is of bovine origin- The main diffcrenees observed in the banding patterns obtained fron
the ibove speciesis found in the pH region between 2.5 and 3.0° Samples obtained fron
the anterior and posterior horns of the black rhinaceros were run side by side o deternun
if any intra-individual sample variation exists in the same animal. No signibicant ditler
ences were observed m this particular case

Also shown in Fig_ 4 are the keratin banding patterns obtamed trom the horas of th
black and white rhinoceros as well ws bovine horn Samples of black rhinoceros horn
ilustrated 1n Fig. 4 were obtained from the antenor and posterion horns, respectively
The color ditfcrences observed on the original photographs shown in Figs, 3 and + me
be due to insufficient removal of ampholytes betore siver stning. 1tis also evident from
inspection of the bands in th: pH region between 2.5 and 3.0 that bovine horn can b
readily distinguished from horn obtained from both rhinoceros species. In contrast 1o the

anding patterns In powdered tonm, s impossible to distingued

pl

FIG. 2—IEF gel ilustranng kevann patterns of samples obtaned from (V) moose ha, (2) ofk hair
(3) antelope haie, (4, S) bovine horn, (6) deer hair, (7) goat hair. and (8) raccoon hay
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nl

Vice 3 008 ool ilusiating hevat pasterns of samples obtatged from (V) bovine horn, (2) black
i Qunterionh, (3 Black chane o (postenieor ). and () whate rhinoceros born,

vor o "‘4‘

VIG 4 111 polvacrvlamde gel ilustrating banding patterns of herating obtained from (1) black
s e gposterton), (2) black rhine horn tanteron). (3) white vhinoceros horn, and (4.5) bovine

1

[osition ol keratin bands obtained lrom thinoceros horn, bands from bovine horn are
frosent in the more acidie region of the gel

In Fig. 5, the TEF banding pattcrns of antlers from several species of antelope
w black rhinoceros horn Ganterior), sheep wool, and bovine hair and horn are shown.
L slight curvature of the bands is probably due to excess buller flooding at the electrode
“ip, resulting in curved equipotential surfaces produced during the focusing run. In this
st also (compare with Fig. 4), the bovine bands are scen in the more acidic region (pH
heiween 2.8 and 3.5). whercas bands from rhinaceros horn are found in the pH region
between 3.0 and 5.0.

as well
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VIG. S 1ET potvace lamide gel diustratog handing patterns of kevatniy obtwned froncgt 5y,
untelope species tlechwe, roan, and African) () wihnte rinoceros, (8) Dorset sheep wool (o1
hair, and (7Y bovane horn

I'he bovine hair and hora bandmg patterns show ahugh degree of similanty 1
ably, this reflects the fact that the keratins wie devived tiom sinnlar structares withuoo
same specics. Low power light microscopy clearly rev cals the compacted. hair-lihe n
of rhinoceros horn, The antler keratin bands are formed in the sime region as the b,
from the rhinoceros horn keratins: their distribution is guite different. howeverand il
are readily distinguished.

In Fig. 6, the 1EF bandimg patteens generated from gels shownn s Ftos oo
as others, are depicted schematically. The gels were biser scanned and the e
denstometiie tracings used o construct the schematie patterns. The bands shes

those which most cleat v allow differentiation among the spectes consederedin e o

Discussion

TEF has been suceesstully used 1o distinguish between the 25 ammial speaies
in this report. Although some patterns show o certain degree of similarity., ditfen
between species are clear bothin regard to the number. position. and color ol the
Nevertheless, it was observed that the closer the phvlogenctic proximity of the
the smaller the differences i the patterns. There are often considerable il r
between breeds and even occastonally shight tadss wuat difterences whichinnosav e
the wdentiication of a particuliar species as such

Since this method can be applicd o even o single hair it can be used Tor g
identification in forensic science laboratorivs, Towever, in most laboratories tady
microscopical examination by an expericnced microscopist would probably be e
ficient and is nondestructive. An extension ol the approach reported in this stud
result i better methods for individuahization of human hau and shoutd be turth
vestigated in this regand

Beciuse it is sometimes ditfreult visually toamalvze bands that are vlosely posite
1t 1s thought that use of a scanming Liser densitometer should be incorporited
analysis to improve resolution of the banding pattern By comparing densitometin
ings obtained liom multiple keratin banding patterns, sinnknties and ditterene
casily be discerned and precise band positions can he denoted. Denstometiy HINA
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| Schemzatee dagrans e peosennng herator bundmg patieons of many of the samgples exammed

the caleulation of
Ceratien of the varous specilic peaks seen on cache tracing
Lt that the rhinoceros hom can be distingushed from other types ot hoin and
reoan impottant onces AL ve spedies of thinoceros are on the cndanpered species
s THE method wilb help the foreasic scientist to disungush rhinoceros horn from
ther simubar matcrbs, thus providing i deterrent toallegal game hunting. Hope-
the thinoceros wall e spared froa the threat ol extinetion at the hand ol man
B weclulness of the method deseribed mthis report s soll somewhat fimited since
St ot the samples studied had been obtained in o homogencous or in o pure lorm,
oty o many nstances. thinoceros horn represents only a small fraction of a
“hovmixture of iological matenals. many ol which contan keratin. which are pack-
id dlegadly imported for medicmal purposes ™ Analysis of these samples afte
Crveestraction often reveals decontasing pattern which as dithealt to phenotype and
nltsare wsaallv inconclusive Better exteaction methods muost theretore be devel
tore the ThE method can be put into rounine use tor species dentitication. We
tound that despiie our attempts to rephicate the sample handling and extraction
Jure 1o ensare that the finad concentration ot keratin placed on the gel is always
e eecastonally banding patterns will appear cither more or less intense than
ol Purther studies
Vitenstties and that will enhance the sensitivity ot the technique so that even small
s the mictogram range. cin stll be seecesstully anadvzed
pdiv and age when many species of ammal are neaw extinetion (because of the
mrcrel value placed on i much-wanted body part which they possess) we still see
frvalous and carclree attitudes of man: instead of prcwr\mﬁ our natural wildlife.
B become the major factor in- bonging many types of wildlide to the bink of

atnve concentrations ot cach molecular species of keratin by

necded te develop procedures that will result i consistent
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extinction. solely for finunciat gain. Further studies should be perforned

spedies sa that a database can be established which wonld factlitae s -‘: i
by TEL analysis of keratins, This technigue will not help e l<hr 111:(‘-I'Ulld‘.“lm
whose horn 1y being subjected 1o analvas: however it will \L'l\\: ’1\ o ‘;' e
ARCDCICS Lo use ininvestigating wildlife product evidence wnd to g II‘II l;:'[;;‘,' -
ol perpetrators of illegal game hunting. It s hoped that thns mclhnd‘ 1 ”~P“IM
asgnificant way 1o giving the “xasting rhinoceroses o chanee for wr\r\l;l\ o
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sevsted diag pachages tppered us 1o evaliate the accuracy of o method of contrast stidy
A the bowelbin 23 nonaargieally managed cocine body packers. A single dose (0hmi ) of o
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w1 soluble contrast compound Cimadotrizoate + m
hmical examination and drug detection inurine . Thereafter, roentgenograms were performed
Lalv sitter spontancous passage until obtsining two packet-free stools and negative views
Eocntgenograms showed pachages when perfonmed it least 3 hoafter the mgestion of the
atrast compound . Seastivty and specitieny of the method with respect 1o the deteetion of
oadual pachets an the body - assessed By subsequent exomimation o stools, was pood and
b ot dumnsh s the namber of pachapes decreased dunmg the time spent i ward. No

decttects were abserved We conclade that oral adounistration of a water-soluble contrast

smpanad s castly pedonmed. efherentand sate method for the nonsusgical management

teocane bodv-packers

REYWORDS: conmmadisties. vocaine, Nety amabvsis, body-packing. contrast studs of the

e bocusing Pars
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The smuggling of slliat diugs s mcreasing throughout Western countries [£.2]. Drug
Ltermmation in urine is a fairly reliable test for detection of body-packers. but positive
soult are not diagnostic per se [ 3] I all cases. confirmation of body-packing by sub-
wquent radiological investigations is required [4 9], Ordinary plain films of the abdomen
Hecommonly used. but the pereentage ol false negatives is substantial [5,6,9). A contrast
v of the bowel after oral barium administiation has been used in a lew cases, but
die procedure was judged as being too cumbersome [5.9]. In rare reports. a contrast
method using o water-soluble compound has been said to be helpful when radiolucent
Ioraign hodies could not be identified otherwise |4, 10]. Furthermore. during the course
ol climnation of cogine packages, spontancous climination is now considered to be a
sale and simple alternative o surgical teatment of the body-packers [0,8]

However, the medical management requires that the physician observe the patient fos
o main complications of the ingestion of cocaine packages: namely. acute cocaine
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