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Summary

As an efficacy model. thirty-four female Merino

sheep underwent transpedicular lumbar interbody

fusion with three different materials for

augmentation of the spine. Fluorochrome analysis

was used to evaluate differences in bone

deposition and fusion processes between the three

study groups. During the post—operzuive follow-up

period ofeight weeks, the fluorescent dyes xylenol

orange. calccin green, and doxyeycline yellow

were given at two, four. and six weeks.

respectively. All dyes were administered

intravenously utter scdation with xylazine.

The objective of this paper is to provide a

methodical description of preparation quality

control. administration, efficacy. and observed

adverse events from the use 0fthese bone labels in

sheep.

Both xylenol orange and calcein green dyes

provided satisfying results but doxycyeline yellow

led to only weak fluorescence in the first ten

animals, Consequently. higher dosing was

introduced to obtain bright bands in the

histological sections. Also. during administration

of doxycyeline yellow, mild to severe adverse

events occasionally occured: Eight of the first ten

sheep suffered from respiratory distress. and in

severe cases several stopped breathing. thus

requiring immediate intervention. Minimizing the

sedative dose and elongating thc

sedation/doxycycline administration interval were

effective Changes to the original procedure, We

conclude that these adverse events may have been

caused by too high a close of sedative, as well as a

drug interaction between xylazine and doxycycline

yellow.

Introduction

By use Of a sheep model, the authors are currently

evaluating a new method for transpedicular lumbar

interbody fusion (TLIF) of the spine (Blattert.

Del/z'ng, Dalal et a1, 2002/. As an ancillary to this

work‘ documentation of bone deposition over

time and fusion process was considered an

important endpoint to investigate the success or

failure of the '[LIF procedure, The investigators

decided that fluorochrome labeling would provide

a way to assess time to spinal tiision and to

estimate new bone formation in this spine fusion

model,

The intravenous administration of bone labels

ultimately alters the inherent fluorescent ability of

the newly formed bone at the TLlF defect site.

Bone labels bind to inorganic components, eg.

calcium ((‘al'lj of mineralized bone (Mi/ch e! alt,

[958; Ralm & Per/‘en, 1975). The utility of this is

that the investigator can mark bone formation at a

specific time pnst—nperativelyi A bone label will

increase the energy level of electrons after

excitation with energetic radiation. erg. ultraviolet

lighL and these then emit electromagnetic

radiation upon returning to their equilibrium

energy state as fluorescence visible to the

microscopist and ofa color dependent on the dye.

Sequential use of multiple bone labels. preferably

with different fluorescent properties. will allow the
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investigator to mark multiple time-points and

qualitatively as well as quantitatively measure

bone formation over time (Ralm er al., 1980). The

investigator can then estimate bone formation at

different stages of growth by using different light

filters that allow only distinct frequency bands to

be seen. The current literature does not provide in-

dcpth data for bone labeling in sheep. Distinct

procedures for preparation. quality control.

administration. and possible adverse events of

fluomehromc dyes are essential for future

orthopaedic models in sheep. The objective of this

paper is to describe the technique utilized and to

provide important guidelines for safe and efficient

application.

Materials and Methods

The experimental protocol was approved by the
Institutional Animal Care and [Jse Committee of

the Regional (iovernment Authority of

Subfranconia. Germany. All procedures have been

performed in accordance with national legislation
and The Council Directive of the European

Communities on the Protection of Animals Used

for Experimental and Other Scientific Purposes

(1358/1. Mwember 24. 1986).

The animals used for this study were adult female

Merino sheep (.n : 34) with a mean age of 13 t 4

months (range 8 to 28) and mean body weight of
55 i 5 kg (range 41.9 to 65.0). All animals

underwent the TLIF procedure using an internal
tixator (USS. Synthes. Umkirch. Germany) for

posterior instrumentation and three different

treatments for augmentation of the anterior

column. Each sheep had posterior instrumentation

placement and removal ofthe 1,4/15. intervertebral

disc via the transpedicular pathway under

endoscopic control (Blatlert, De/ling & Weckbach,

2002). Augmentation 0f the anterior column was

provided with one of three treatments: The
autograft group (n = 10. sheep nos. 1-10) were

augmented by transpedicular impaction of

autologous bone harvested from the iliac crest. the

hydroxyapatitc cement group (n 12. sheep nos.

11—22) were given a bone graft substitute
consisting of hydroxyapatite (BoneSourceIM.

Stryker Howmedica-Osteonics. Mahwah. New

Jersey). and the OP~1 enhanced cement group (n =

130

12. sheep nos. 23—34) were given a composite of

hydroxyapatite and recombinant human osteogenic

protein-l (rhOP—l 0r thMP-7).

I’ostopcratively. the animals were held in separate

pens for two days for monitoring and recovery,

Pain control was performed with anticipatory i.m.

analgesic-injection, The animals were then

transferred into another pen where they stayed

until day 14 when the stitches were removed.

From then. the animals were kept in an open air

enclosure for the remainder of the study.

The fluorochrome labels xylcnol orange and

calccin green were prepared as described in Table

1. Sterilization ot‘the dyc solutions by autoelaving

(2 bar for 20 min at 121 0C) was tested but failed

(Tables 23. and 2b). Xylene] orange developed

foam during water dilution post-slerilization and
calcein green lost the property of showing
fluorescence in daylight. Both dyes showed an

increase in pH. Therefore. the preparations were

formulated and sterile-filtered under aseptic

conditions using a laminar air flow hood (Table 1).

All dyes were stored in the dark and refrigerated at

*SCC.
Quality control measurements were performed to

ensure consistent dye formulations for the duration

of the study. Physicochemical stability of xylenol

orange and calccin green preparations was

assessed on post-production days 0. l. 4. 12, 14.

28. and 36 for quality control. UV—photometry 0f
the steriIe-filtered xylcnol orange was performed

on day 14. Long-term stability tests (pH,

osmolality. microbiological testing) were done

more than one year after production, and showed

some deterioration. Hence, none of the dyes were

stored for more than four weeks. but were

manufactured and provided a few at a time when

required. The doxycyeline yellow was

premanufactured as a readily available injectabie

antibiotic requiring minimal dilution with sterile

O. % NaCl solution. Therefore. no quality control

assessment 01‘ this dye was provided in this
laboratory. However, the manufacturers were

obliged to indicate expiry dates for every lot.
the three fluorochrome labels were administered
in the following dose concentrations (Tables 1, 3

and 4):

(1) Xylennl ()rangc (Sigma-Aldrich,
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Table 2a

Physicochemical properties nt‘xylenol orange 90 mg/ml (Lot-no. 800-1 16)

before and after sterilization (2 bar. 20 min, 121 CC)

Xylenol orange 90 mg/ml

p1-1—value

Table 2b

before sterilization
7.23

Fluorescent property in daylight -
Foaming in water —

after sterilization

8.46

+

Physicochemical properties ofcaleein green 30 mg/ml (Lot-no. 800—1 17) before and after

sterilization (2 bar. 20 min. 121 °C)

Calcein green 30 mg/ml
pH-value

Table 3

Dyes and their dosages
Dye

Xylenol orange 90mg/m1

Calcein green 30 mg/ml

Doxycycline yellow 20 mg/ml

* recommended dosage

Taufkirchcn. Germany): The intended dose was 1

ml dye solution/kg body weight. The dose

concentration was 90 mg dye/ml dose solution.

The dose volume was 100 ml with additional

volume made-up with sterile 0.9 "/0 NaCl solution.

The route of administration was via i.v. drip at a

rate of 42 ml/min. This dye was given on post-

TLIF day 14 (Figure 1).

(2) Caleein Green (Synopharm. Barshuettel.

Germany): The intended dose was 0.33 ml dye

solution/kg body weight. The dose concentration

was 30 mg dye/ml dose solution. The dose volume
was 100 ml with additional volume made-up with

sterile 0.9 % NaCl solution, The route of

administration was via iv. drip at a rate of 42

ml/min. This dye was given on post-TLIF day 28

(Figure 2).

132

before sterilization

7.30
Fluorescent property in daylight ‘-

Foaming in w ater -

after sterilization

8.45

Dosage

1.00 ml/kg bodyweight

0.33 ml/kg hodyweight

1.00 ml/kg bodyweight (sheep 1-10)

2.0 g/animal* (sheep 11—34)

(3) 1)0xycyc]inc Yellow (Doxyhexa1® SF: Hexal.
Holzkirehen. Germany): The intended dose was

1.0 ml dye solution/kg body weight. The dose

concentration was 20 mg dye/ml dose solution.

The dose volume was 500 ml with additional
volume made-up with sterile 0.9 ‘5’” NaCl solution
in autograft group (sheep nos. 1 - 10).

Hydroxyapatite alone and hydroxyapatite with

rhOP-l groups (sheep nos. 11 - 34) received 2 x

50 m1 of1)0xyhexallE SF regardless ofbody weight

that corresponded to a total of 2.0 g of
doxycycline. eompleted to 2 x 250 ml with 2 x 200

ml of sterile 0.9 % NaCl solution. given at an
interval of four to eight hours between the two

applications. The route of administration was via
i.v, drip at a rate 01'42 ml/min. This dye was given

on post-TLIF day 42 (Figure 3).
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Table 4
leazine ’Romnun “ 2 % and dye doses applied to each shew

Sheep Bodyweight Xylazine Xylcnol Xylazine Calcein green Xylazme Doxycycline

n0 [kg] [ml] orange [ml] [ml] [ml] yellow

[mi] [g]
1 m Q M Q ZLLS Q l 54
2 M 1.3 Q Q EM Q m
2 E Q 10 Q £0 1 5 1%
4 60.0 1.5 M Q M Q 1.50
5 53—.5 L3 53 5 1.3 Q Q 1.34

9 m Q M Q 2L0 Q m
2 57 2 14 57 2 Q M Q LE
8 56.5 Q 56.5 1 5 g Q E

9 55 0 Q 1.2 M Q fl
10 52 4 1 3 1.3 Q Q m
u M Q i. Q 1L0 10+0.5 100+i00
j; 580 m m t_Q M 1010.8 1.001100

11 D Q E 1.0 1.8.2 O_DJLO t.00+ 1%
L4 560 Li M m m 0.9+00 1.00+100
fi 550 Q m m m 0.5+00 1.00+100
E 57.3 L; m L0 M) 0.5 + 0 0 100 +7L070
H :70 Q 57.0 M M 0.8100 1.001 1.00
1_8 65.0 1Q 65.0 fl 223 084—03 100+71£0
fl 6717.3 1_.3 M w m 0 8 t 0.0 1.00 +1.00
E 55.6 1_.Q 36 lg @ 0.8+0.U 1.00+1.00
21 Q Q m O_S M 0.4+0.0 1 00+ 1.00
2.2 m m 600 w 2_._0 08‘00 1.00+1.00
L3 63.0 M m fl M 10—00 1.004100
g 590 fl 5% Q m 05—00 1.00~1.00
2,5 QLO M @ B 271.0 0 5+0.() 1.004190
29 120 Q M fl M 05 t 0.0 1.001100
fl 51_0 M 510 0.8 fl O.5+0.0 1.00+1.00
E M M M M m 0.5+0,0 1.00+1,00
E M Q 4Q Q8 l_7_0 08+0.0 1.00+100
E 50.0 m M Q Q 05+00 17004-17070
3 464 09 47.0 % M 05 +0.0 100+ 1.00

g m M M M 1,55 05+00 1.00+100
fl fl 0.8 m g M 05100 1.00+1.00
fl M Q m M 1750 05+0.0 100+100

Dose administration of each dye was via Lv.

catheter. We used 22 gauge catheters placed in an

auricular vein after intramuscular xylazine

sedation (Rompun®2%: 0.4 to 1.5 ml. 'l'ahle 4).

The animals were sacrificed eight weeks post—

operatively with a single dose of 1.5 or 2.0 ml

xylazine i.m.. followed by 100 to 500 mg ketamine

(Ketanest®. Ketavetfi) i.m. for anesthesia. At time

of sacrifice (eight weeks post-TLIF). each sheep

was given an intravenous lethal dose 0t'5 to 15 ml

T6156) (combination of embutramid narcotic.

mcbczonium-indide depolarisant. and tetracaine

local anesthetic). The lumbar spine segment L3 to

L6 was harvested and processed for undeealeified
histology. Bone labels will fade with

deealciflcation because the labels bind to Ca“ in

the newly formed hone. (Zoronal sections (15pm)

were examined with a special microscope for

fluorescence analysis using a UV-light

microscope. .Vlicrophotography was digitalized for

documentation and for the qualitative evaluation

of bone formation.

/ 33
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Fig. 1: Structural formula ot‘xylenol orange

CJ 0
1} 1|

tHOCCHQJENCHQ CH2NICHZCOH;2

HO

  

0H0 0

Fig. 3: Structural fonnula ofdoxyeycline yellow (=a-6-Deoxy-5-hydroxytctraeycline)

0H0

Results

OP-l enhanced cement yielded an interbody

fusion rate of 10/12 after eight weeks. In contrast.

solid fusion was observed in only 1/10 cases in the

autograft group. and in 2/ 12 cases in the

hydroxyapatite group only (Table 5) (Blattert,

Delling. Dalal et 31.. 2002). Fluorochrome labeling

was a useful tool in the observation of these
clinically important findings. since it enabled

assessment ofthe time of bony on-growth. osseous

remodeling. and spinal fusion. The xylenol orange

label showed that within two weeks post—TLIF no

134

‘CHZCOONa

significant intervertebral bone formation process

had occurred. because there was no xylenol orange

label in the sections. New bone formation was

evident at four and six weeks with the observation
of caleein green and doxyeycline yellow labels

(Figures 4a and 4b).

The results of the quality control assessment are

listed in Tables 6. 7. and 8. Measurements of p11
and osmolality were consistent throughout the
study (Tables 6 and 7). Assessment of bacterial

growth turned out to be negative. sterility was

maintained (Tables 8a and 8b). UV-spectroscopy



Table 5

Results 0ftlte overall study

Treatment-Eroup

Autogralt

llydmxyapathe

rhOP-l enhanced hydroxyapatite l N
E
E
:

|

of a xylenol orange sample performed on day 14

post-production showed equal absorption (A. =

0.61 I) compared to a fresh sample ot'the same dye

(A2 : 0.612) ensuring physicochemical stability

(Figure 5). However, comparing the dyes‘

osmolality 0n the day of production and more than

one year later, the samples’ alterations are too

serious (osmolality-increase 0f xylene] orange: cat

55 % 01‘ ealcein green: car 9 %) (Tables Xa and

8h), although the long—term value still fits the
production’s final-eontrol criteria for acceptable

dyes (Table 1), Therefore. it seems that destructive

processes may have taken place; this is especially

true for calcein green. Note that doxycyeline

yellow preparations were not assessed for quality

control since they were produced by the supplier.

All animals showed specific reactions to the

application of xylenol orange and ealeein green.
Diseoloration of skin and mucous membranes
were evident only a few seconds after initiation of
iv. dosing. This discoloration was manifested as a
distinct violet stain. Urine was stained purple as

well‘ The visible effect of calcein green was weak.

A change in urine color was not detected and only

well-vaseularized tissues were stained yellow‘ No

animal experienced severe ventilation distress or

presented signs of discomfort as the xylenol

orange and calcein green dyes were applied.

Moreover. we did not notice severe dyspnea 0r

muscular hypertonus after increasing infusion

rates. The animals regained their normal color of

skin. mucous membranes. and urine in a few hours

post-administration.

Doxycycline yellow infusion was more problem-

prone than the other hone labels. A need for a

higher infusion volume due to the weak

fluorescence oftetracycline derivatives (Sun et a[.,

1992) demanded a longer application time, This

extended infusion led to adverse events in the

animals. Eight often autogruft animals showed

Scand, J, Lab.Animt Seir Not '4. 2002 V01 11)

Fusion incidence Hypervenlilation incidence

{5
1:
91
—

I
O
I
N

lO
C

signs of respiratory distress within the first fifteen

seconds of administration. Apnea occurred in five

of the eight for more than a ten second duration,

but no animal died from this complication. The

dose administration regimen required changes to

alleviate respiratory complications A preliminary

solution was to alter the infusion rate. The rate was

reduced for a short period ot‘time until the animals

recovered to normal breathing depth and
frequency. In severe eases of apnea. the infusion

was stopped and animals re-positioned supine. ~

Ventilation was applied by manual thoracic

compression. Another change was made to the

infusion regime by cutting the single 500 ml

administration to 2 x 250 ml administrations This

change provided a break period between the two

administrations of four to six hours for recovery:

l,nfortunate1y. the following two animals dosed

experienced similar respiratory complications as
before. Additional changes included: (1) keeping

the intiision catheter in the auricular vein so the

sheep did not need a second xylazine sedation for

another i.m-eatheterization. (2) reduction of the

xylazine dose to a_ level of approximately 00]

ml/kg body weight which still was high enough to

guarantee proper sedation, and (3) further delay in

the time periods between sedation/first dye

administration (15 to 20 minutes) and first

dye/second dye administration (8 hours). The final

change was successful in the remainder of the

sheep. No dyspnea complications were noted

(Table 5).

Discussion

This paper is the first to describe in detail the

methodology and feasibility of the multiple bone

label use in sheep, The topics of interest were dye

preparation, quality control, administration. and

adverse effects from the use of xylenol orange,

calcein green. and doxycyeline yellow bone labels

I35
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Fig 4a

 

Fig 4b

Figs. 4a. b: Photomicrographs from unstained. undecaleified sections (thickness 15 pm) made in

ultraviolet light (sheep-no. 3): parallel fluoroehrome bands with distinct xylenol orange mark (2 weeks

after surgery) in the intravenehral area 0f144 (Fig 4a); no xylenol orange marks in the intervertebral

space 144/5 where osseous fusion occurred; in this area only calcein green (4 weeks after surgery) and

doxyeyeline yellow bands (6 weeks after surgery) visible (Fig. 4b): note the faint intensity of the

doxycyeline hand during the primary staining regimen for shecp-nos. I—IO.
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pH-value and osmolality of administered xylenol and ealcein dyes on day t) (= day nt‘produetion)

Xylenol orange 90 mg/ml Calcein green 30 mg/ml

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

Lot-no. pH Osmolality [mosm/kg] 1,0t-no. pH Osmolality [mosm/kg]

800—1 16 7.23 fig 7,30 1%
500-137 7.27 M 733 m
800-167 7.25 433$ 7.32 m
500-183 2 44—0 7 40 12;
800-208 E fl 7 36 157*
500-232 E Q 7 27 fl
300-247 7.21 g 7.27 155*

801-46 7.@ g 7.35 g
801-60 7.23 M
501-73 7.22 g

* Higher osmolality due to use of hydrochloric: acid for pH—regulation

Table 7a:

Physicoeliemieul parameters ofxylenol orange 91) mg/ml (Lot-no. 800-1 16) on days 0. 4. l2. 14.

28. and 36 after production

 

Xylenol orange 90 mg/ml pH Osmolality [mosm/kg]

day 0 7.23 482

day 4 7.29 "

day 12 7.32 *

day 14 * 481

day 28 * 480
day 36 * 472

* parameter not measured

Table 7b:

Physicochemical parameters ofcalcein green 30 mg/ml (Lot-no.

and 36 after production

800-1 17) on days 0. 4. 12. 14.28

 

Calcein Green 30 mg/ml pH ()smolality [mosm/kg]

day 0 7.30 130
day 4 7.50 127
day 12 7.40 115
day 14 * 130
day 28 * 129

day 36 * 126
* parameter not measured
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Table 8a:

Long-term stability ot‘physieochemical and microbiological parameters of xylenol orange 90

mg/ml (Lot—no. 800-183) on day 405

 

Xylenol orange 90 mg/ml pH Osmolality [mosm/kg] Result of microbiological testing

1.0I—no. 300-183

day 0 7. 3 440 *
day 405 7.27 464 negative

* parameter not measured

Table 8b

Long-term stability ofphysicochemical and microbiological parameters of calcein green

30 mg/ml (Lot—no. 500-184) on day 405

 

Calcein green 30 mg/ml pH Osmolality [mosm/kg] Result ofmicrobiological testing

Lot-no. 500-184

day 0 7.40 123 *

day 405 7.42 134 negative
* parameter not measured
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The advantage ot‘these labels was that they allow

one to assess the quality 01. fusion in this

elinieally-applicablc model.

Long-term testing (> 1 year) of physicochemical
stability for xylenol orange and calcein green

solutions showed however an osmolality increase

that exceeded the tolerance measurement range.

Therefore. the authors recommend using these

within four weeks after production.

Rahn and Perren (1971) administered xylenol

orange using the same dosage as described here.

They reported no complications such as dyspnea.

Neither did we notice complications in cases of

xylenol orange or calcein green labeling. Adverse

events. such as breathing distress. apnea and

nausea, were only seen in the doxycyeline yellow

application, For this observation. different reasons

are possible: The xylazine dose may have been too
high as this is an az-adrenergic agonist and has

cardiorespiratory effects in ruminants.

Additionally. sheep might present severe reactions

especially on repetitive application of xylazine. A
drug interaction between doxyeyeline and xylazine

may also exist. since reduction of the sedative

agent and delayed dye application apparently

helped to eliminate respiratory distress. Further

research has to be performed to definitely solve
this problem.

Weak fluorescence signal coupled with possible

adverse effects from doxycycline administration

forced several changes to the original infusion

procedure. Animals were experiencing respiratory

distress with apnea in severe cases. Procedural

changes consisted of dividing the increased total

dose of dye to allow animal recovery during dye

administration. reducing sedation dose and

number 01' dosings. and increasing the period of

time between sedation and dye administration. All

of these Changes resulted in minimal

complications with satisfactory histological

results.

Our observations of adverse events associated

with all three dye administrations can be

summarized with the following recommendations:

1) The required amount of doxycyelinc yellow

(2.0 g / animal) should be given as two welli

separated doses in order to avoid hazardous

volume overload caused by [he dissolution agent.

Stand. J.Lab.Anim. Sci. No. 3. 2002. Vol. 29

2) Minimal xylazine sedation dosing reduces

adverse events that occur in combination With

doxycycline yellow administration.

3) An interval of 15 to 20 minutes between

sedation and doxycycline yellow application

minimizes interaction reactions ot‘the drugs

4) Keeping the iv. catheter in the auricular

vein obviates a second dose 01‘ xylazine sedative

tor the delayed doxycycline yellow administration.

The literature provided information on possible
adverse effects for xylazine and doxyeyeline

yellow (Table 9). Xylazine has been shown to

have its own effects on animal physiology. e.g, for

its potential to induce hypoxemia (Doherry et al.,

1986: Papazog/nu er a/., 1995; Raptopou/os at at,

1995), regurgitation (Hi/azsu el al.. 1992). and

decrease in pH and P302 (Ludders er al., 1989/.

We did observe changes to respiration in these

sheep. but only in conjunction with the

administration of doxycycline yellow dye.

1n agreement with Stuart and Smith (1992), the

dose concentrations of xylenol orange and calcein

green led to satisfying results. In uontrast.

fluorescence of doxyeycline yellow produced

mediocre results. Original dose concentration of

1.0 ml Doxyhexal® SF/kg body weight.

administered intravenously. were changed to

bodyweightJndependent applications of 2.0

g/sheep. This change was successful in increasing

the quality ofdoxyeyclinc yellow fluorescence.

The fluorochrome dye alizarin red was never

considered as an alternative for doxycycline

yellow in this study for two reasons: First. its

chromatic characteristics resemble those of

xylenol orange (Ruhr: & Per'rerz. 1975). which may

have caused problems in differentiating those two

dyes in the histological sections. Second. adverse

events are described for the use of alizarin red.

The dosage required for bone labeling reaches the

1.050 iv. threshold in mice (Ra/m & l’erren.

1975) and sheep r'Magin & Del/mg 2001).
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