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ABSTRACT .

It 18 usually aésqmed that tetracyclines giving‘minimalmdiac91or-
“ation in bone are likely to. be less toxic. -In order to investigate

¢ ) ) 3
‘this point the effects of tetracycline, oxytetracycline, chlortetra-

cycline'and demethylchlortetracycline in doses ranging from 1/4 to 5

i

times fhe nOfmal (40 mg/kg) have been studied in terms of géneral body -
growth, length, volume and deneitﬁ of femuf, and coloi inténsicy'e*-
.hibite& by bone and teeth‘unaér u.v, light, Male rats were 1njécted
'I.P, once daily for 6 days and then sacrificed after a‘fest period of
about 2 weeks., The growtg curves of‘tﬁév;nimals indiééféa\thaglyhough
OTC and CTC were toxic at'200 mg/kg and c;used we&ghtlloss and death-
S MR .

of the-animals respectively;'CTC caused cessatibp of growth even at

80 mg/kg. At~c;mparab1e éosage DCTC has little effect on thé growth
of the animgl. The color intensitiés exhibitea in the bbneg and teéth
were direétly dependent upon the doses administered., OTIC gaveithe
least discoloration (creamy yellqyish) wheréas DCTCvgave the‘moét in-
-tense (yellowish orange) at com;arable le;éls of drug admihisttation.
It isﬂintereséing to ﬁdte';hét whiie OTC gives the ieast'discoloration
it is observed to be one of the drugs most inhibiting to gtowth'at high
dosage., Also OTC causes,a'éomparatively greater decrease in femur
'leﬁgfh, volume and density. In comparison Td and DCTC gave intepge
'discoloration but no appreciable changes-océurred in femur lenggg;a;d?
volume, although a significant decrease i{s observed in bone density.

Thus, i; is suggested that the toxicity of the‘tetracyclines cannot be’

based:on color intenéity observations. only.

iv R s L,
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—1t 18 being

INTRODUCTION

Many inﬁesqigations have been made of tetracycline drugs in the
last 17 years*ﬁith a view to gaining a better insight into their bene-
ficial and undesirable effects both in animals and humans. In recent
years it has been reported that these drugs.become incorporated in tis-
sues undergoing mineralization at the time the drugs>are administered;
These drugs are'Eommonly used to combat infections in the mother during
pregnancy and in the cﬁild early in life. Since large numbers of
deciduous teeth start their morphodifferentiation in the'foetal life
and their growth and development continue until the end of first yéar
of age, so it 18 quite conckivable that any systemic iﬁtake of the
drugs would influence the teeth and bones directly by one or both of
the follow%ig péthways:.(lj by affecting the é?eth and bones duringAthé
period of morphodifferentiation and development and (2) by affecting
th; Eeeth and bones during the procéss pf mineralization. If the skele?
tal tissues are affected during the formative stage; then inhibition of
growth, reduction in skeletal size and hypoplasia in case of teeth
should result, whereas the drugs given during the mineralizaﬁion.phase

wog}d either depress mineralization or get incorporated in the caléify-

- ing tissues with other mineral salts, There are published reports to

the fact thaﬁ these drugs cause inhibition in growth and leave dis-.
coloration and f&gg}éscent colored markings in the bone and teeth. Over
a period of time the fluorescence is iost-completely from the bone as

continuously resorbed and remodelled, but the discoloration

and fluorescence left-by these drugs in calcifying tissues like enamel

/ . . .
and dentine is permanent and persist throughout the life of the indivi-

dual,



!

Since their use is essential in controlling serious infectioﬁs‘of
pregnancy and early childheod diseases euch as cystic fibrosis of the
pancreas, these beneficial effects may outweigh'the drawbacks of tooth
discoloration, but it is felt, that later could be minimized by selec-
tion pf the least offensive of the four tetracyclines‘and by avoiding
their uge during *he period of development of the crown portions of the
anterior deciduous and permanent teeth. Thus it was thought to be .of
vglue to inveetigate ‘the following: A

1) Co;parieon of four commonly used tetracycline drugs at

four dose levels in respect to their effect on animal
and bone growth-

(2) what is the effect of these drugs on the mineralization

of bone and teeth?

(3) Are the fluorescent markings hypomineralized?

(4) Comparison of the fluorescent color intensity given by

these drugs and whether or not the color intensity is
dependent upon the dose level administered,

In‘leying a fohndation;for our investigatioe, tte {iteratpre
associated directly, and sometimes indirectly, to th;:);roblem‘has been
reviewed, In doing this, reports of experimeﬁts in respect to bene and
dental tissues have been separated even though this detracts soﬁewhat
from their significance. ~Finally, the main purpose of this type of'
1nveatigatien is that of a teachiﬁg exercise, and to familiarize tﬁe

student iq the many and varied steps necessary to execute the previously

thought of experimental design,



VIEW OF LITERATURE

- I, ITETRACYCLINES AS DRUGS

N\

Extensive surveys to discover new antibiotics from soil actinomy-
cetes led to the discovery of streptomycin and chloromycetinj(preeentiy )
known as chloramphenicol). -in 1548 Duégefl isolated a-paie yellow sub-~
stance from the then unknown species of Streptomyced\eureofaciens, and

\
A\

it was given the name Aureomycin. About two years latcr (1950) another
antibiotic was isolated from a new species called'Streptomyces remusus

o , \ _
-and it was given the name Terramycinz. As research progressed Stephens

et 13 reported that both these drugs appear to have gsimila antibacter-

ial spectrums and are also chemically related. As a result o their

chemical configuPation the two antibiotics were renamed chlortetracy

N

cline (Aureomycin) and oxytetracycline (Terramycin) _ \
Boothe__e_g.g_l4 (1953) and Conover et al (1953) reported another

new antibacterial compound called tetracycline prepared by catalytic
dehalogengtioo of chlortetracycline. This antibiotic wae prepared in-
dependently.in the laboratories of Lederle and Pfizet. In 1957
McCormick et a16 and others'reported the discovery of a fourth anti-'//
biotic DCTC which was produced by the mutant strain of Streptomyces //
aureofaciens. The rapid scientific progress in this field finally/led
in 1962 to the complete synthesis of tetracycline type antibiotics.

The molecular structure of the above mentionei four tetracyclinee
is basically the same, They differ from,each other in respect to the

location of the Cl, OH and CH3 groups in the'configotation of the tetra-

cycline molecule,



' CHLORTETRACYCLINE

DEMETHYLCHLORTETRACYCLINE

Of the fout drugs, chlortétracycline is the most unstable in vitfo.
It is photosensicive boch in solution and powder forms, Solutiona of
CTC are unstable at room temperature, Th;y remain perfectly stable for
4-7 days at 4°C.  All the drugs are quite stable at an acid'pHvbut lose
much of their activity at neuEfa} or higher pH 1evela., Basea of these
| drug\ are very slightly soluble but in the form of their salts they

 are rdgdily soluble\#n distilled water and solubility furthen‘incfeasea

Tox



as the pH 18 lowered.
In general, antimicrobial activity 6f these drugs 1a‘simi1ar but
not identical. Many authors7-11 |
‘of these drugs and have reported alrost similar results., The studies *
haQe.shownvthat CIC and‘DCTC were'mostvactive against most species of
gram-positive bacteria, DCTC giving slightly better results thao_CTC.
TC was usually the most active against gram-negative bacilli. Except
for some strains, OTC gave the worst over-all result in comperason to?
other drugs. . | |

12

In a review by Finland and Garrod s DCTC is mentioned to be more

active than tetracycline by a factor of 2 On a weight basis DCTC is
the most active, and thus has the advantage that it may be given in

smaller doaes and at less frequent intervals.

)

TN

Though tetracycliee drugs can be prepared in suitable forms for
intravenoua intramuscular and intraperitoneal injections the usuql
mode of administration is oral in capsules containing the hydro-
chloride Intramuacular‘injectiona are very painful owing to acid pH
of the solutions. Suitably buffered preparations in Procaine hydro-'.
chloride base are employed for intramuscular injection.nw

. Each of the four tetracyclines is well enough absorbed £rom the
gastro-intestinal tract after oral administration for therapeutic
effectiveness and are excreted in both the urine and faeces regardless
of the route of administration25 26. After oral adminiatration peak

level:usually occurs within 2-6 hours. The blood concentration 1eve1 ia

'proportionate to the doseé 1n amounts up to 1 gm but further increases of

the dose’ does not lead to significantly higher blood concentrations,

-

-Tetracycline gives the higheat and best sustained blood levels and CTC

.32

have studidd the comparative activity -

SN
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the lowest and least well'maintainedla.ﬁ This fb probably due to great-
12,14, 15

er instability of chloretracycline. Studies have shown that

DCTC produces higher sustained olood levels than any.of the other three

tetracyclines and a measureable level of the drug can be" detected even

- 48 hours ‘after a single oral dbse.

LB w

Abaorption of tetracyclines from the alimentary canal is never com*

Bl

_plete and the larger ‘the dose’ the lower is the proportion of it ab-

sorbed. Two factors appear to be involved, Firstly, the hydro-
chlorides are,reasonably'solnble‘in water, giving highly acidic solu-
tions; but in nentral orialkaline‘environment they tend to be precipi-
tated, This situation could occur when liberated in the intestine.
Secondly, the tetracyclines combine with divalent metals (e.g. calcium)
in the alimentary canal, which reduces the available amount of the drug
to.be.absorbed. Welch EL__l;G'and Sweeney et gll7 studied the effect of
additions of salts to the éontents_of tetracycline capsules on the blood

levels attained, and reported that calcium phosphate reduced absorption,

whereas sodium metaphosphate or citric acid increased it substantially.

included'in‘the capsule either ae an addition or in combination with
antibiotic as a tetracycline nhosphate complexle. The aodium;phoephate
combines with calcium in the intestinal'tract and thus rendere it’un-
available for combination with the entibiotic.

Parenteral administration of the drugs yields concentrations asf
much as 4-6 times higher than achieved by oral route. ‘

Tetracyclines behave much like penicillin in their diffusion into
serous :avities, the foetal circulation and glandular secretions, All

the tetracycltnea deposit in the bone in areas where new bone is being

w

“Thus, in order to éthance the "ab"sorp'tigm';""'é'ﬁ‘i‘w"‘;shdephaté is codmmionly "



laid dowm.

.
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Tetracyclines are’freely excreted in bile, urine and faeces, ‘Cer-
tain amouﬁcs are also present in the saliva. Concentrations excreted -
in bile are 10-20 times those in the blood; much of the antibiotic so

_excreted is reabaorbed19 20. Helander and BbttigngI and Bo;tiger22’23
at9di§d the absorption, distribution, storagé énd excretion of OTC, CIC
and Té_in experimental anim&lﬁ‘using flubrescence microscopy and showed
th;t antibiotic passed from the intestine into the blood stream, then
into the liver and then back into ﬁhéﬁintestine; thus establishing a
circuit, Urinarf'excretibn accounts for over 20 percent of an oral dose
‘and 50 percent of an intravenous dose.n The‘difference between these

two i8 explained by incomplete aBsoréfion from the intestinal tract or
possible degradation in the bo&y. Often certa%n amounts are excreted

in faeces when administered ora11y25 or parenterally22’23.

Kunin et _124 made - a cdmpargtive'sgudy of the renal clearanqe and
plaéﬁa binding ofi%he four tetracyclines. They found that only 18 per-.
. cent of CIC was excreted in urine by 96 hours after intravenous injec~
tion in comparison to 70 percent of OTC, 60 percent of TC and>42 percent
of DCTC, Lower figuree obtained with CTC are explained because of a
._higher degree of plaaﬂg binding. Kelly and Buyskezs, Kelly, Kanegis and

' Buyske26 and Eisner and Wu1f27 studied the metabolism of radioactive

TC; DCTC and CTC in dogs and rats ahd reported that
'"90 percent of the administered radioactivity was eliminated
by either the urinary or faecal route. A significant
portion of the remaining activity was bound as a chelated
tetracycline in the skeleton of the animal."
Epey further showed that tetracyclines are excreted in both the urine

and faeces regardless of the route of administration of radioactive

tetracyclines,



"significant amounts of radioactivity were excreted via
the faeces. CTC was excreted to the greatest extent (40
to 507 of the dose) by this pathway, followed in order
by DCTC 15 to 30% and TC 9 to 20%."

None of these drugs was shown to have undergone any metabolic change in
the bodies of rats or dogs. )
A comparative distribution of the tetracyclines in animals has

been studied quite éxtensively by many investigator822’23’26’28-30.

R:!Larches of Welch28, Helander and Bottiger21, Bottigerzz’23 and
Eidus30 have shown that tetracyclines were widely distributed in various
organs aﬁd soft tissue, The highest concentrations were found in the
reticuloendothélial system, and in liver, kidney, spleen and intestinal
tract, After a period of 96 hours following I,V., administration no

°
drug could be found in the organs and soft tissues except the sk~letal

system,

Tetracyciiﬁe drugs have been repqrted to cause gaatroinfestinal
disturbances. Commonly known symptoms are nausea, vomiting and dia:r-
hea, Generally it is ag;eed that tetracycline is the léast offender
and OTC is the worst7’8. The causes of gastrointestinal disturbances
are not entirely clear. The qulowiﬁg factors may be responsible:

(1) ‘Inﬂibition or complete disappearance of certain members of
the normal_b&cféfi;i flora which Eénder'the bowel susceptible
to invasion by other micrdbes8 gr‘to'overgrowth by ;hose nor-
mali& found in small numbers. »

(2) Chemical irritation, due to:acidic’pH of the drugs especially

- after long continued oral administration.

(3) Inhibition of digestive enzymes,-e.g;, pancreagic enzymes,:'

gmy%ase and lipase, thus.leading to a decrease in the ab-

sorption of‘glucbse, starch and the fats31.
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It is quite clear from many 8tudie821-23 that these drugs acéﬁmu-

late in the soft tissues, namely liver, kidney, spleen, etc., and their
continued presence there may cause damage. Prolonged therapy with

tetracyclines has been shown to cause liver damage. Lepper gg._l32

\\:bserved severé liver damage in patients treated with heavy doses of

h}ortetracyeline. Later33 they confirmed the above observations in ex-
pgriments on mice and dogs.
n Schults‘;nd associates34 reported the deaths of 6 pregﬁant women
who had been receiving large doses of tetracyclines intravenously,

Since tHis report, many similar instances35-39

have been reported iﬁ
which young pregnaht women receiving high doses of tetraéyclines for
complications of pregnancy developed hepatotoxicity. Whalley et £l37
believe that pregnancy and possibly infections may provide conditions
for tetracycline toxicify\;o be ;anifeated. The main findings revealed
at the time of autopsy are‘usually diffuse fine droplet fatty metamor-
phosis of the liver. Accordihg to Dowling and Leppé?ga,rphe factors'
which appear to cont;ibute to the oécnrrenée of the fatty liver syndrome
are probably large doses of the drugs given over extended periods, preg-
néncy and perhapq#extensivé infections,

Allen and Brown40 studied the role of the*faq?ors mentioned by
Whalley et 2137 and Dowling and Lepper38 in causation of liver damage
and found that there was a consistent increase in the amount of fatty
metamorphosis after administra:;on of drugs even though the doses of
tetracyclines given ﬁere approxiﬁately half of that reported by Schultz
t 134. The-rolg-of other facto;§ such as infection and pregnancy

— —
\

-

could not be confirmed,

N
Hypersensitivity reactions are uncommon with the tetracyclines, but
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névertheless they do occur. Dowling.a1 reportggya survey of 716 patients
and showed that only 6 of the patients had a reaction of any kind, and
of these, only 1 exhibited an allergic reaction. Fellner and Baet42 re-
. ported the case ;f a 44 yearkold mﬁn who developed general symptoms of
anaphylactic reaction after taking two capaules‘of tetracycline hydro-
chloride. Cases of angioneurotic edema and generalized skin lesions
have also been observedag.
d?hotosens{fivity reactions in connection with all the te‘&acyclings
: 44-51

have been reported by many investigators They are usually more

common with CTC and DCTC. Cullen 55.2152 have reported the case of a

17 year olq‘vhite female who developed "stinging and tingling" sensations
on the dorsum of the hands and feet. She had been given tetracycline

HC1 for a period of 5 days. They pointed out that "the capacity to
photosensitize 18 inherent in the unsataratéd resonating ring s;ruiture

of the molecule, althqugh that capacity may be increased by chlorinat;phda

/
Fanconi syndrome, due to ingestion of outdated TC, has also been report-

ed53’54.’ - . - .

/

The Fanconi syndrome presents with signs of rickets in children and
osteomalacia in adulta; it.is believed to be due to deficient reabsorp-
tion of different substances in the pro#tmal convoluted tﬁbules of the
kidney. Because of defective renal tubular reabsorption of subaFances,
namely glucoée, amino-acids, phosphate and bicarbonate, the conditions

of glucosuria, amino-aciduria, hyperphosphaturia and metabolic acidosis

, may appear,

MODE OF ACTION OF TETRACYCLINES

The tetracycline drugs are usually regarded as bacteriostatic and

not bactericidal. In higher concentrations, they have shown to be
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bactericidal lﬂ.!iEEQSS» but such concentrations are ueually not attain-
ed in the blood stream. The mode of action of none of these drugs 'is
understood. A number of specific reactions have been described which
may be involved and are summarized as follows:

(1) Inhibition of protein synthesisS6. . . .

(2) Inhibition of nucleic acid synthes 56. S

(35 Interference with oxidative and fe entation reaction357

4) Interference with oxygen consumption and general reapiration57

(5) Inhibition of oxidative phosphorylationsa 60. Chlortetracy-
cline was found to inhibit oxidative phosphorylation in rabbit

' kidney and rat liver mitochondrial preparations, |
(6) Effect on Krebs Cycle oxidations and electron transport61
(7) 'Sincerthese drugs have affinity for di- and—trivalent metals,

4

they may interfere with many enzyme systems in mammalian and

bacterial ce118%2563, ¢

II. TETRACYCLINES AND TEETH

Between the period of,l956-1959 the first reports cf tooth dis-
coloration due to tetracycline administration was made by Shwachman and
Schuster 64,65 and Rall et 166.> Shwachman and Schuster reported that out
of the 300 children examined who had been given tetracycline in doses of
10-20 mg per kilogram body weight for a period of 1 year or more, 5 per-
cent showed discoloration of the deciduous teeth. Rall et a _166 mention-

ed that the tetracycline deposits in the teeth were fluorescent when

viewed under ultraviolet light,

i

In 1961 Zegarelli and aoaociate867 and Wallman§8 reported that pa-
tients who have been treated with tetracycline drugs showed yellow dis-

coloration of the teeth. Zagarelli et 5}67 surveyed the records of 52
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patients who were givén tetracyclines for fibrocystic disease of the
pancreas and found that 38 patients had discoloration of the teeth,; which
varied from gray to brown to black in color under ordinary light. At |
the saﬁe time Bevglaﬁder and his associﬁtes69;‘and G;on énd Johﬁnnesgen
atudied‘the_effecg:‘of tétracycline HC1 bn.the rat incisor. The ground
sectlons of thefteefh shoq:? clearly represented fluorescent lines in
the dentine corrésponding'to the period when dosesiqf tetracycline were
givén. Since these lines were also visible in qrdiﬁary light, Bevelander
and associates concluded that enamel and dentine;was ‘less calcif&ed.
Some fluoregéence was' also seen in the enamel, vMicroradiographs of the
teeth prepared by Gron and Johann88;n70 also showed areas of weak min-
eralization corresporiding to the lines(v”

Boyne and Miller71 studied the-fluorescent color intensities of
OTC and CTC in the deve}éping canines of eight mongrel dogs. fwolpetra-
cyclines in doses ‘of ;Olmgfkg body weight were injécted altérnately{at
intervals of 10 days. Examligtion of the ground section under U,V, light
showed a characteristic yellow flud;escent pattérn within the dentin, -
resulting from the adminiStratién oEiOTC. It was noted that CTC_gaQe a
deper orange pattern. They guggested that variation';n ch#racteristics
of the fluqresceht bands can bé“used fér possible chr%nolbgic orienﬁa-
tion of g;;wth pattern in developing teeth, No inhigition of root
development or ca&cification was noﬁed.

Owenn’73 Bthdied the effect of CTC on teeth of two months oldigrey-

hound puppies, ~He-admipistered 750 mg of the drué‘ofally; dgily for'6

days a week fof bné month, All the érupﬁed perman%nt teeth were found
to be palevyellow in daylight, and éxhibited:iﬁtense yellow fluorescence

fpe s

under U,V, light,
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Wallman and Hilt:on74 reported on fifty human infants who wete given'

R

tetracycline during their first week of life for various neaaons. Their L

conclusione were as follows'

"The pigmentation varied according to the age of the child, s
in younger children the pigmentation was bright yellow and/) ' '
in the older ones it was brownish. In more premature babies
the yellow color involved more of the incisor teeth and in
some - all the visible enamel was effected where igment was
severe, there was ‘also deformity of canine and lars, 1In
' general the larger the total dose relative to body weight,
* the more severe the abnormalities, the color being deeper
<; and the enamel hypoplasia greater."

They further reported that only 3?e child out of eight children
who had oxytetracycline exhibited yellow pigmentation of the teeth

FonEJphildren had no pigmentation at all even though they received high-

?

er doses of OTC in comparison to the child mentioned above, . They re-
marked that "tetracycline may now be the commonest cause ofj;_\» enamel' hypo-

plasia in young children'",: They also raised the question "Are the per--
e R . ) [ 2 \ -
manent teeth affected?",

Wallman and Hilton's article was the first of the series of articles

which appeared in 1962 and thereafter. More case histories and surveys
regarding tooth pigmentation due to-tetracyclinee were pnbliehed.\
9 . ,.' . . =

Porteous and Weyman75 reported two cases in Which tetracycline"yus"

given for osteitis of the maxilla an&inbrocytic'disease of the panctees.’f

b4

In the first case drug was'given continOusly from™~the age of 12.&ays to'
6 months, At the time of examination (7 years ‘of age) the deciduoue

teeth present were grey brown. None of the permanent teeth were affect-

-~

ed. In the second case the drug was given almoat continuoualy.from the

1

time that the patient was 11 months old, ‘At the time of examination

\ . !

(8 years, 5 months) her déciduoue teeth were normal in all respects but

the permanent'teeth were grey brown, except the'tips of eight incisore

°

.13

]

E



which were reasonably normal in color. These findings suggested that

the teeth which were developed either before or after the administration
N .

of the drug were not-sffected,.but only those teeth or parts of teeth
being formed during therapy were discolored.

Rushton76, Stewart77 and Miller78’79 took issue with the statenmaht
»of Wallman and Hilton74 that "tetracycline may now he theicommonest
cause of enamel hypoplasia in young children". They pointed out that ~,
enamel hypoplssia-could be due-to prematurity alone or disease for which
the drug was given, Millereoumentioned that 507 of prematurelydgorn
children have been shown to have yellow teeth, This yellowrpigmentation
has been attributed to enamel hypoplasia of thevteeth; thin enamel per-
mits the normally yellow dentin to be seen. Such enamel hypoplasia has
usually been assessed as being of neonatal origin,

Wallman and Hilton81 then published another survey. They exanined
the records of 46 children whose -birth weight was less than 2,5 kilograms
(the criterion used for prematurity) The average gestation period was
35.1 weeks, and all had received tetracyclines for various reasons. Of
this group,\BZ children had normal teeth, and even though few children
suffered from neonatal illnesses the other 14 children showed varying
’degree of hypoplasia and pigmentation., From these observations they
concluded that it was the tetracycline, rather than the illness being

treated, which was directly responsible for enamel hypoplasia, Such ob-

servations have been made by many investigators.

In another group of 21 children who had been given quite heavy doses

‘of OTC in the neonatal period only 2 children showed abnormal teeth,

.One child was mentally‘defective and the other hadvkerniqterus. The

N

teeth in these 2 instances showed moderate'enamel hypoplasia with slight

14



pigmentation, It was observed that OTC gave no pigmeﬁtatioﬁ or enamel
hypoplasia in comparison to TC where 46 patients of SO'shdwed structural
defects,

As time progressed more case histories linking tetracycline drugs
with hypoplaéia and éigmentation were reported on both sides of the
Atlantic; by Pindborgsz,.Weymah anq Qorteous83, Zegarelli and his asso-
85-88 N

ciates®® and others Most of the researchers agreed that there was

a direct relationship between the time of administration of the drug and

the part of the tooth affected, Beckelman et _18? reported a case of a
5 1/2 year old girl who was given oralﬂfetracycline for pngumonia,when
she was 2 weeks old, Clinical examination showed that the deci&uous
teeth were discolored bvaands of yellow brown stains and diéfigured by
areas of ﬂypoplasia of fhe énamel."The discoloration was present‘in the
cervical 1/3 of the cenfral and lateral'incisors, most of the crowns of
the molars and the incisal'1/2 of the cuspids - in other words, in the
are#s Jf the ;eeth which were develpping at that time,

-Zegarelli.and associanesgo made interesting observations on pagients

suffering from cystic fibrosis of the pancreas, who had received tetra-

cyclines. TWentyfone of the 31 patients showed aistinct discoloration

of two or more teeth, whereas only 1l out of 31 patients exhibited fluore-

x
©

scence of two or more teeth dnder U.V. light. They explained that among
other reasons it could be due to (1) the tetracycliné deposited in tooth-
substance may be.in a form precluding fluorescence Y;ﬁ the ,excitation’

téchnique used, (2) variation in sizes of teeth and thickness of over-

-

lying enamel, (3) diseasé or diseases may effect the developing teeth to

B

such an extent as to prevent the deposition or fluorescence.

i

Except for a few studies, most of the reported observations were of

15



a subjective nature bésed on clinical cases obstrved inathe hospitals. f/lb
Harcourt et a _191 and Atkin et _;?2 studiéd the distribution of tetracy-
cline in teeth of patients undergoing long term treatment with tetracy-
clines. Macréscopically the first deciduous molars were hypoplastic and
most of the enamel on the occlusal surface was worn away. Ground histo-
logic sections under ordinary light showed faint yellow lines in the
dentine towards the occlusal surface, enamel being unstained.‘ The ;re- :
sence of large areas of interglobular dentine did not appear to be re-
lated to the yellow b;nds. The yellow -bands exhibited golden yellow v
fluorescence uﬂdet U,V, light, The dentiﬁo-enamel jtnction atea‘fluoresced
golden yellow, but was not continued in the enamél,\ No obvious fluoreé-
cence was oBserved in the enémtl. Microradiograéhs confirmed a large
number of interglobular areas throughout the dentine, ;nd their presence
was associated with areas of dettine not colored with tetratyéline anti-

| biotic;..

The observations on absence of fluorscence in the enamel are in

' 72,73

‘contrast to observation made by Owen who mentioned that enamel of

dogs teeth fluoresced following tétracycline administration, They point-
ed out that the effect observed by Owen could be due primarily to light |
scattering from the faces of the enamel rods and not the fluorescence of
thevinterpfiamatic subttance. In‘spite of the earlier.reports of demon-
stration of inhibition of caléification invchick embryo and sand dollar
larvae by Bevelander and associates93 94, théy maintained that .the ob-
served presence of large areas of intergibbular dentine represented a
manifestation of a systemic diseasa rather(thtn interference with calci-

fication by the drug. They speculated that the administration of the

drug periodicalry suppressed the systemic illness, thus allowing the
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normal calcification to occuf, and that would explain why in some cases
the calcification appeared to be normal in the regi?n of the dentine
which showed yellow fluorescence. )
H.arcourt:g5 further mentioned that absence of.the fluorescence and
- discoloration noted in some caﬁes could be due to. greater thickneas of
enamel masking any coloration in the underlying dentine. _Since-the de-

9§ of incorporation of tetracyclinés in the immature

monstration by Storey
' 97

- enamel and its subsequent masking when the enamel matures, Harcourt

modified his earlier'views and repoftedvthe.presence of fluorescence in

the enamel of deciduous teeth of patients who had received iarge doses

of tetracycline in the first few weeks of life, _Micfotadiographs of the

sections showed that fluorescent areésAwere hypomineralized. Subsequent-

ly, Weymen98 confirmed these findings qufte conclusively §nd said that

"the clinical disco{oration is ;aused by staining in the enamel and hot

in the dentine', 1In patients who have had prolonged theraéy, the drug

could enter the en#mel antwo possible occasions. Firstly, it must

enter during matrix formaﬁibn, and secondly;'it‘is possibie‘thaélthe drug,‘

enters the edamel-during maturation. She concluded»that-;heré'is a pos-"

sibility that there are higher conéentfations of ;he drug in enamel fhan_

is iﬁdicagéd by the amoﬁnt of fluorescencg observed as compared ' to dentine;
| Besides the few studies reported garlier, the data concérning pre-

valence of discoloration ;q a random éampie.of children is very meagre.

In the most extensive study so faf published, Frankel and Hhﬁesgg'foqnd

that 35 (2.3 percent) Qf the 1724 school chiidren ahowed‘tooth piéﬁentgr

tion typical of that caused by tettacycline. Eachvof the 3$'ch11drén

had received tetracycline therapy. They found ;hat ﬁhefe existed a

positive correlation between the timerof administration of tﬂe tetracyf

>4
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" cline drug and the distribution of the tooth discoloration. They sug-

e

gested that administration of tetracycline between birth and 3 months of

age would cause discoloration of the deciduous central and later;l in-
cisors, between 3 months and 10 months of age,-would affect the decid-
uous cuspids and molars.: If the drug is adminiacered between 10-24 |
months of age, then discoloration could be produced in the permanent
first molars, central and lateral incisors and canines,. |

Krasnyloo examined 1231 second grade children and found”that only
1.5 percent had tetracycline stained teetth

H’ennon.lo1 conducted a survey of 1707 school‘cﬁildren between the
gagea of 5-11 yeara and reported that 66'(3.5 percent> out of 1707 re-
vealed tetracycline pigmentation. The prevalence decreases with in-
creasing age and no differences between the sexes were.found.

In a more recent sarvey Brazda: and‘l(rato;ralo2 examined 476 Czecho-
slovackian children 2 15 years old who had been treated with tetracy-
‘clines. Only 0.7 percent showed discoloration of the developing teeth.

They suggested that the usual doae of 25 mg per kilogram body weight

administered for 7 days does ‘not lead to such discoloration in children

‘in this age group.

103

Witkop and Wolf studied hypoplasia and intrinsic staining in 17

-children ranging-between the agee'of 2% Years.to 7 years. 1In five cases.
the exact dosage of tetracycline could be determined ‘The doaesiranged
_'from 20 to 75 mg per kilogram body weight per day. They found that
severe hypoplastic defects in teeth were present in- those children who
‘had received the higher doses. All children ahowed yellow to brown 'dis-
coloration and bright yellow fluorescence under U, V light, They further

o

obaerved that expoiure to sunlight had reduced the yellow fluorescence

Y
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and teeth appeared more brown in color in older children.

weyman and Porteous104 substantiated the observations of Wallman

and Hilton81 and showed in a study on post-mortem material of a 3 year
/

2 month old child who had received TC and CTC starting at the age of 9

: weeks at different times during 3 years of illness, that in addition to

discoloration,and fluorescence of the‘deciduous,teeth,'the.permanent
tooth huds a180“showed vivid Yellow gold fluorescence. The enamel show-
ed mild fluorescence but they were not sure it was due to tetracycline,
The dosage pattern was clearly reflected in the dentine. Since this pa-
tient's medical history bears no relationship to other reported cases of
yellow discoloration they concluded that fluorescent bands in the den- -
tine were definitely caused by the administration of tetracyclines.

| Weyman and Porteous105 further showed that there are two types of
discolorations. The first‘was strong yellow which fluoresced in u.v,
light, whereas the second was a grey brown, which has no fluoreScence.
They suggested that yellow teeth erupt yellow and do not become brown
ag. some people have‘indicated. The grey brown'teeth usually erupted
darker than normal and become - even darker 1ater on; Their findings that

patients with grey brown teeth had been given CTC while those with yellow

teeth had received TC sparked: an interest in studying the comparative

discoloration and fluorescence given by different tetracycline analogues

Owenlg6vconducted experiments in dogs to provide answers for quest-

ions raised by Wallman and Hilton and others, He attempted to find out -~

whether permanent teeth were affected and whether all tetracyclines pro-

duced the game abnormalities._
Therapeutic doses and high doses (2 -6 times the therapeutic doses)

of 4 known analogues of tetracycline were administered orally to 6-7 week



‘old dogs for a period of 28 days. The animals were sacrificed at the .

li
f

end of 18 to 24 weeks., The following observations were made, /

After 4 weeks of administration of therapeutic doses the deciduoua
teeth showed discoloration which varied from dull yellow (DCTC) to brown-
ish (CTC) to dull white (OTC) Under U,V, light fluoreacence varied
from yellow (DCTC9 ‘to dull cream (CTC) to faint creamy yellow (OTC)

After 2 weeks adﬁinistrations with high doses the deciduous teeth ahow-
ed discoloration varying from pale yellow (DCTC) to brown cream (CTC) to

1

faint dirty cream (TC andJOTC) Under U.V. light all the teeth showed
yellow fluorescence, AR " :
Examination after s{:/months of all the permanent teeth in the ?
therapeutic dosage group showed no gross defecta Teeth showed discolér-
ation ranging from deep yellow (DCTC) to pale yellow (CIC) to dull pale“
cream (TC) to whitish (0TC). 1In U.V.»light all.teethrgaVe yellow_or
orange fluorescence, ' Permanent.teeth of dogs given high doses ehowed no
gross defects exceptlin the case of OTC, where 2nd and 3rd incisors show-
ed:conalderable loss of enamel, All the teeth were yellow and they fluo-
resced deep orange (DCTCD to deep yellow (CTC TC) and pale yellow (OTC)
Ground sections revealed no fluorescence of enamel of deciduoua

"teeth. Permanent teeth at both doae levela showed bright fluorescence

of the enamel especially that portion close to the dentino-enamel Junc-f
P
{

tion. Its intensity depending upon the'tetracyclihe-used

Johnson and Mitchel1l07 followed: the work of ovenl06 and studted b
the fluorescence of rat incisors of 4 homologues of tetracycline given /
in therapeutic doses for 21 days, Ihey reportedrno d18coloration‘or enay

mel hypoplasia under ordinary light. DCTC and.CTC prodyced equal'degreea

20

of fluorescence (yellowish) and certainly greater than.that}of TC and QTC;

.
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Isben, Urist and Sognnaes'l_o8 studied the difference in behaviour
among theAtetracyclines in teeth of rabbits, They injected intranuscu-
" larly 10 mg oer kilogram body weight of eech of the four tetracyclines
in one_group of animals and gave oral administration of 20 mg per kilo-
gram body weight to the other group for a period of 30 days. Irrespec-
tive of the route of administration they found that 811 the teeth fluore-
sced brilliant yellow :in the U.V. light, The intensity of fluorescence
was DCTC = TC ) oTC 2> CTC. Under\ordinary light the discoloration
noted was DCTC ).TCB =" 0TC ) ,CTC. After exposure to sunlight for 12
hourséteeth stained with CTC and OTC lost their Ebility to exhibit'
fluoreseence, while teeth stained nith TC and DCTC showed only faint
fluorescence; 'All‘these.teeth tended - to become brown, |

In contrast to the findings of Owenlq6 and Johnson and Mitche11107,
where OTC was found to give the least discoloration and fluorescence and
DC?C and CTC the most, Ishen, Urist and Sognnaes108 showed that intensity
of fluorescence was DCIC = TC 4> OTC‘;b CTC. Under ordinary light the
discoloration noted was DCIC ) IC = OIC ) CTC. They felt that the
relatively weak fluorescence of éTC stained teeth suggested‘that quan-
titetively teeth bind lees CTC than othér-derivatives.' Secondiy, there
might be some differences among the breakdown products of different te-
tracytlinea. They concluded that CTC is the least likely to cause dis-
coloration.\”They also did not find any hypoplastic defects in teeth at
the dose level administered | |

Association of different types of discoloration with various types

of tetratycline was clinieally investigated by Weyman 109-111 in patients

N

who had received tetracyclines. She reported that the colors could be

dividedbbasically into 3 groups, yellow, grey brown, and brownish. "Re-
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view of the records of 59 patiénts showed that yellow teeth were asso-
ciated with DCTC, TC and OTC, and grey brown teeth were associated with
CTC. OTC showed the least objectionable coloration,‘whereas severe
staining and disfiguriﬁg Qas alﬁays_associafed with CTC, TC and DCTC.
,Thesé ;bservations supported the earlier findings that, with respect to
dental discoloration, OTC is the least objectionable of the 4 éet;acy-
clines. An exception is tﬁe finding reported by Isben, Urist and
Soggnnae8108 who found CTC %o be the least objectionable.

Bevelander and assdciatesu2

studied the effect of TC on fluores-
cence and visible coloration of the incisor teeth of rats of different
ages and reported-that the width of the increment of dentin and enamel
which exhibits fluorescence -and yellow coloration i1 .:lated to the a-”
mount of drug given. Por example: adﬁinistration'of 0 ., per kilégram
and 100 mg per kilogram resulted ip a fluorescent band in derntin %u.and
60 wide respectively. At 10 mg éer kilogram the drug-was not observed
.in.visible light yhef;as at a level of 100 mg pergkilogram a 25/4 wide
bright yellow band was observed. The higher dose levels prpduced fluores~
cent and visible yellow bands which were 2-3 éimeé as wide aé the amount
of dentine and enamel laid down in 24 hours. They explained that this
increase in width of fhe fluorescent and diacoloratioﬁ area_;h teéﬁh at
higher dose levels may be d;e‘to (1) the presence of the di&é in the‘body
fluid over longer periods than previously recorded or (2) that the te-
tracycline is incérporatgd-in tissues uhdefgoing mineféi;zét;pn at the
time of drug exposure.and also in recently_or.incoﬁpletely»minetalized
tissues, They concluded that both fluorescence{and.Qisibié’coloration

increased in extent and intenéi;y with increase in amount of drug admin-

;istratibn, but this increase is not strictly proportional. They further
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confirmed the clinical observations made by Whllﬁan and Hiltonm’a1 of
young children and reported that flﬁofescence and yellow colpration are
more intense and more widely Aistributed in teeth of younger animals
than in older ones, The observed differences at different age levels
may be due to the presence of more incompletely mineralizéd”(regitive)
sites in the younger teeth. They concluded that the degree and exteﬁt
to which enamel and dentine are discolored by the drugs is dependent on

the age of the rat dosage employed,

“ \

FETAL STAINING

A number of reports of discoloration of the teeth of children have

~ . ¢
appeared in the literature from time to time In 1954 Charles113 re-

ported that Ic, o1C and CTC pass from the maternal circulation to the

fetal tissues.

In 1960 Gibbons et 1114 showed DCTC crosses the placental barrier

and serum levels in the fetus may reach as high as 2/3 of that in the
mother's ‘serum. They pointed out that 150 mg daily doses given 3 to 6
days before delivery produced a mother's setum level of 3.77',¢g/mi and
a level in the fetus of 2;47,»~g/m1.
Further evidence that tetracyclines_paés the piacental barrier was
115 | ,116

provided by Bevelander et al in laboratory animals and Cohlan et al

-~

in human subjects,

M’adison117 reported a case of a pregnant woman who had taken 5 gm
of'tetracycline in the last 4 months of pregnancy which'reéul:ed into
deposition of the arug in calcifying teeth, Without any proof he argued
that if 1/4 of this dose passed through tﬁe piacenta into the fetus~ it'
would provide more than 400 mg/kg of body weight in the fetus which is

‘more than twice the amount of 189 mg reported by Wallman and Hilton81
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to cause pigmentation of the teeth,

Douglas118 showed that all children born to women who had been glven

long term tetracycline therapy during their pregnancy showed deciduous
teeth which fluoresced under U,V, light, -
Similar observations have also been made by Kutscher et al 9,

Kline et 81120 and many other8121-125 between 1962 and 1965, Kutscher
et _1119 reported a case of a child 3 years 2 months old whose mother

had received 20,75 gm of tetracycline at three different times, after a
gestation period of 28 weeks, for premature'rupture of the fetal mem-
branes. The child did not receive any tetracycline after birth. At the
time of examination all the teeth were discolored and they fluoresced
under U,V, light, These authors did not discuss which parts of the teeth

were affected,
Kline'gt._llzo studied nine patients whose mothers had received te-
tracycline during pregnancy.. At the time of examination the ages of the
children ranged from 18 mon ths to 5 years, Of the nine children, seven
lshowed‘positive yellow fluorescence, The mothers of these seven child-
ren had received TC or OTC or DCTC between the 5th to 8th months of the
‘gestation period, : The other two children whose mothers had received
total of 21 gm of OTC and 12 gm of DCTC at the three months gestation
'period revealed no fluorescence of the teeth, These authors felt that
the stages of gestation at which the drugs can effect the teeth is very
importapt, Since the calcification of deciduous teeth begins during the
middle of the fourth month of gestation, no discoloration is possible’
below this age even though the doses were heavy,

Weyman126 reported observations on children whose mothers had had

tetracyclines during the later half of pregnancy. Two children whose
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mothers “ad TC and DCTC respectively, showed vivid yellow coloration of

incisor teeth, Another child whose mother had OTC had teeth which were

creamy yellow,
127

Toaf and Ravin examined 94 children 3 to 6 years old whose
mothers had been given TC and OTC during pregnancy. An average dosage
of 1 gm for a beriod of 15 days had been administered, ihe‘results show-
ed that ﬁone of the 47 children whose mothers had TC during a gestation
period of 15-24 weeks had discolored teeth., Of 15 children exposed frém
_the 25th to the 28th week, only one was effected, prproximately 50% of
25 children exposed from the 29th week to term had discolored teeth.
The suggestion that tetracycline treatment should not be withheld from

N

pregnant women up to the 25th week of gestation are in sharp contrast to

the observations made by Kline 35‘51129 and Weyman126 who found that de-

ciduous teeth were affected any time after 5 mbhths of gestation, Toaf

and Ravid127 proposed that pregnancy from the 29th week to term should

be considered a definite confiaindication for tetrécycliﬂe therapy.

Owenm-6 studied the phenomeﬁon of flaceﬁtal transfer of tet}aé?cline
in a pregnant greyhound bitch. The bitch was given oral dqées of téffaﬁ
cycline averaging 100 mg per kilogram 6f body weiéht during the.last 8 \
days of pregnancy. Teeth and bones of the pups were studied when they
were oné day ‘old and 8 weeks old.

The deciduous incisor teéth, tips of the‘cusps of the canine and
deciduous molars both at one day and 8 weeké of agevshowed yellow colora-

\

\“‘ttoa\in\gpylight. Under U.V. light, there was bright yellow fluorescence
with clear demarcation lines between the yellow and normal color of the

teeth,

‘HistoiogiQal examination of the primary teeth showed a yellow

™~
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fluorescent band of dentine adjacent to enamel, Enamel also showed a
pale yellow fluorescence. !

Johnson and Mitchellloz also studied the question of placental bar-
rler in rats. They feéd rato tetracyclines in human therapeutic dosage
from the time of mating until the offspring were born. Examination of
the 15 day old offspring showed yellow fluorescenceeibut by the 21st
day the yellow fluorescemce‘had become a light pihk. Microscopic sec-

tions of the 21 day old rats had little or no fluorescence,

III. TETRACYCLINES AND BONE

Since John Hunter first observed stained bones of pigs due to mad-
der feeding, bone physiologists have searched for compounds which would
stain the bone, but have no toxic effects. Many substances such as
alizrin, radiocalcium and radiophosphorus have subsequently been used to
label the bone and teeth to study their physiology. In 1948, a new drug
was discovered, a tetracycline (CTC), which besides having wide spectrum
antimicrobial activity had the property of localizing in tgﬁmteeth and

bones. o A _ i

Evem though Regna.gg_51128'and Albertlzg reporteovaa long ago’as
1951 and 1953 the avidity of the drug for heavy metal and Andrea130
(1956) first demonstrated _the localization of tritiated tetracycline in
the bones and teeth of mice, it wa; not until the reports of Milch, Rall
and T’obiel31 132 that real intereat in the use of the phenomenon of te-
tracycline fluorescence as a means of studying skeletal physiology began.
Since the appearance of this report, tetracyclines as iabelling agents

have been quite exteasively used in studying bone growth, bone remodel-

ling, growing teeth, caICifying~cartilage and’ tumor diagnosis. Accord-

,
Y
A
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ing to Frost133; the_label obtained with»tetrsqycline drUg is quite
comparable to other known labelling techniques such as alizrin, trypsn
’blue radiocalcium, rsdiophosphorus, etc.,, and has the added sdvantages
of simplicity, economy and effectiveness and without any dissdvantsges
of the“gther agent$, VEry little eqoipment is needed to do useful work,
Milch and associates131’132 studiedqthe localization of'TC, OTC
and CTC in both human subjects and laborstory animals Sprague Dawley
rats weighing 150 gn and white rabbits weighing 1- 3 kilograms were given
single intraperitoneal doses of 50 mg per kilograms of body weight, of
oifferent tetracyclines, ﬁoses ranging between 0,1 mg per kilogram to
200 mg pergkildkram were slso given by parenteral routes and by mouth,
Animals were sacrificed at intervals from 30 minutes to‘la:weeksr Human
‘specimens nere obtained either at time of surgery or'at time of antopsy.

The results have been summarized s below. ' g ' _ /‘

: ' s /
Following parenteral administration, a brilliant yellow gold

fluorescence was observed‘in all tissues. In soft tissues the fluores-

cence was diffuse and could not be seen 6 hourJ/after administration of

the drug. However, the fluoresoente persisted in bones'and teeth for .

7
ke

prolonged periods. The pattern of distribution of the drugs was com-

pletely independent of dose, 8ex and route of administration. Each tg?

tracycline produced qualitxtively identical results in all the animals .
studied. Differences in localization in bone were observed and these

were due to differences in skeletal age of the animals. Minimm bone

27 -
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-~

fluorescence could be detecteﬁ in animals given 0. 25 to O, 30 mg per kilo- s

a ;

gram of drug parenterally. C o o . I

The bones of rats sacrificed 10 oeeks after the\injection of tetra--

cyclines showed heposition of new bone over the previously,stained‘bone,
. . - d/" . -

-oNas

A
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thus masking the_eargier fluoréscence. The human samples of bone show-

ed intense fluoresceﬁée in the area of new‘'bone growth, ‘Thevgeneral

~ distribution of the fluorescerice was along the periosteal and endosteal

)

.surfaces of the bones, From this observation they suggested that there

was a direct relationship between localization in these regions andfbpne

blood supply.

\\ Frost and his coworker5133'were so enthused ébout this bhgnomenon

_of tetracycline fluorescence in skeletal tissues that they remarked that

the findings of Milch et 1132 had ushered in a new era in the study of

bone physiology. They wrote a series of pépers-on the physiology of
human bone in vivo using tetracycline as a label. They studied and mea-

sured the biological half life of the haversian system, the time requir-

ed to form a haversian system, osteoblastic activity, osteoclastic acti-

vity and the presence of osteoid seams, They also perfected the techni-

que of studying tetfacycline labelled bone materialsy :An account of

! _ . . r,tb ~
their observations is given belpw133 137. an

"The labelled bone appears as yellow staine- bands, the bands
being parallel to and in the substance of lamellae. Bands do
not cross lamellae or cement lines, The drug deposits in
mineralizing bone and cartilage and appears fixed there by
subsequent mineralization."

They further said

"The labelled band width is a direct function of duration
of dosage and rate of mineralization of osteoid while
intensity of fluorescence and visual yellow is a function
of dosage per day. When life continues after cessation of
dosage the labelled bone and calcified cartilage become
~buried by unlabelled bone and calcified cartilage~un1e8335
appositional growth ceased‘du:igg"drug administration."

Following the administration of the drug the tetracycline blood

Bying 9 . oo ' v
levels continue to rise Ehdimaximum blood concentration is reached bet-
L] u’" ' ' . 1 . .

~-ween 3 and 4 hours. During this period all the availaﬁle surfaces of
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the bones such as walls of Haversian systems, lacunae, Volkman's canals,

periosteal andfendosteal surfaces are stained, but to a variable degree.
Feather bone and very young bones are diffusely stained. Maximum in-
tensity of the fluorophore is noticeable where the new bone is beiné
,mactivelyrlaid>doﬁn. -Within 48 hours of cessation of the drug, the stain
disappears'from surfaces which are'not astive. The surface labelling‘
and diffuse labelling are iess fitﬁ and are readily reversible in both
in vivo and in vitro systems, Frost et 51134 are of the:dpinisn that
even for‘permanent label a period of approximate1§'4 days‘ig‘gigg aftar
deposition 1s required for the drug to‘be-effectivslf immobilized in

the bons.

Since the tetracycline is localized in bone along with newly de-
posited minerals, the tetracycline depasition reflects tﬁe pattern of |
mineraiization. In mineralized bone the bands of tetracycline deposits
remain in situ until such times as the bone resorbs or remodels. The
presence of the drug in bone has been observed to be as long as 11-12

years and does not appear to diffuse throughout the biological system
136,137 144

/
T

In regard to the types of_tetracycliaes and'theumode of their ad-

ministration they133 wrote that any of the four commonly available te-

=~

tracyclines in therapeutic doses would produce satisfactory label in

bone and other calcifying tissuss. Milligram for milligram, DCTC ap-
pears to gise the maximum and brightest yellaﬁ fluoréscence136 - In order
to obtain aatisfactory results fresh drugs should be employed as aged
drugs have been observed to lose their ability to fluoresce. Oral adJ

ministrations were found to give low intensity and rapid fading in rab-

bits and dogs whereas. intraparitoneal and intravenous administration

o
O . . . ‘
- ¢
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- glve most intense and permanent labels in both animals and humans,
The phenomenon of fluorescence can be used .to study in vivo bone

formation in regard to quantity, location and rate, Studies of bone

<

‘formation can serve as indirect evidence of bone destruction, since for-

mative-and,destructive processes balance, In pathologic conditions, if
;quantity-and.location.of new bone formation be-measured, then the com-
parison with'findings from normals can reveal anvestimAte of the nature
and ‘extent of'disturbance in‘osteoblastic actiuity.

Frost et-a1138’139, using in vivo tetracycline labellingvof active
mineralizing bone,'studied-and measured‘directly the osteoblasticvacti-
vity in man.and reported that though the drug instantly stains 4 micron
thickness of the mineralizing osteoid, on an average only 0.9 micron of
new. osteoid per day is formed in actively forming haversian system in
adults. The initial deposits of tetracyclines are leached out when
- there is no more drug in the blood circulation. It takes less than 8
140

weeks to complete a given haversian system, They further reported

that a resting state of osteold seams also occurs and these are morpho-

logically identifiable. The Seams are characterized by cessation‘oflfor-

mation of matrix and its subsequent mineralization. Feather bone has

F;
been observed to be more or less impermeable to tetracyclines. Frost141

<

is of the view that "in vivo, some diffusion barrier exists which iso-
late, feather bone from the blood", The failure of antibiotic - therapy to
cure pyogenic osteomyelitis may be due - to a very high impedence of dif—

fusion in dead bone present at the site of the lesion. This diffusion

'impedence may ilmpair the permaation of antibiotics into the bone142.

1143144 o

Frost et al showed that permanently fixed tetrac?clines are -

deposited‘in°the zone of-demarcation which separates osteoid seams from .

30



mineralized bone, Thus tetracycline label by virtue of its fiﬁation in
the zone of demarcation will also indicate the stage of completion of

the labelled osteon at the time of drug administration.. Not all.the

' 145 =
seams have been observed to take TC label ',

Vanderhoeft and his associates146 feel thet tetrecycline label is .

superior to Alizrin red which has been- found to cause slowing of growth
When ‘used in conjunction with microradiography of the same sections they

are complementary “to each other.'

Tetracyclines have also been used to study conditions like osteo-~

" genesis impetfectal47, osteoporosis148 150, the phenomenon of tooth

»eruptionlSI’lsz, orthodontic tooth movémentslsB, healing of dental ex-

traction ﬁOund3154’15?, existence of periosteal appositional bone growth '

in the aged156 and finally localizetion ‘of tumors (refer section tetra-

147

cyclines and tumor localization). Jett et al™ studied with help of te- . .

tracycline label bone formation rste'in‘two women with osteogenesis im-
perfecta and found that bone formation rates were' more thsn 3 times fast-.
er than normal, |

.Jowseylso, using tetracyclines ‘and microradiographic techniques
studied growing osteons in osteoporotic and normal bone of the aged.
" The osteoporotic bone was compared with the normal bone in an effort to
»find whether reduction in: bone mass seen in oateoporotic bone was the b

result of failure of bone formation or an increaee in bone resorption.

', She microdissected the osteons from the rest of the aection and then es-

v"‘\_. w

timated the amount of tetracycline present ‘in the'growing osteon and the-
non-g?ou;ngug;ea. She EOund that only 31 to 62 percent of the total a-
mount of tetracycline in the bone sample was located in the. growing os-

.teons, wheréas 38 to 69 percent”was.associated with processes other than

e
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’growth such as surface labelling and diffuse labelling. She concluded
that an estimate of the total amount of tetracycline in a piece of bone
does not reflect in true sense, the amount of new bone formation, These
observations were in accord with the ideas of Frost and his group who

' believe that all of .the physiological bone surfaces are diffusely stained

A
\

to variable degrees. ; ) . » | ) -

— Harris, Jackson and Jccwseyl's7

.

studied in vivo distribution of tetras
cycline in canine bone and compared the tetracycline and‘fluorescence'
with microradiographic and autoradiographic findings They found that
TC is incorporated -into ‘all the surfaces which were undergoing active
mineralization and it remains there indefinitely. Fluorescence is also
. observed in resorption cavities and in inactﬁye surfaces but disappears
quite rapidly. Begide deposition of tetracyclines at sites of new bone
growth, tetracycline was_ also bound firmly and diffusely to areas that
were not the sites of mineralization or new matrix formation., TC was .
also found to be incorporated into surfaces of lacunae and haversian sy~
stems, .These observations are in keeping with observations made by '
Frost, They concluded

-

"The presence of tetracycline incorporation into the skeleton
by means which are not related to new bone growth makes it
impossible to estimate skeletal accretion accurately from a
chemical determination of the total tetracycline content of

a bone aample" : o : ‘ ‘

. =~

Since all the sites of active new bone formation wereagbained it 5.
is evident that tetracyelines can' be used as a reliable intravital statns'
for determining rates of‘accretion of bone if experiments are prgperly
'designed and ontrolled

Hilton observed 2 children, less than 3 years of age who had been

given massive doses of tetracyclines. He'reported’the presence of a

k-4
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"days and time interval of 12~-24 hours were allowed to elapse when tissues

a3

striking yellow color in the bones. The pigment was present throughout
the entire thickness of the cortex and also involved bony trabeculae of
the medullary cavity, The cartilage did not appear to be affected

Under U.V, light the bones gave yellow fluorescence. On exposure to

“sunlight the fluorescence diminished and bones gradually became brown,

IV, TETRACYCLINES AND TUMOR L ZATTION

Rall and,hislassociateslss.(1957)Aand loo anthis'associates159

(1957) were among the first to report that tumor tissues localize tetra-

cycline fluorophor in quantities which can be detected under ultra vio-

t L

let 1ight -Loo t al 153 gave tetracyclines to mice with implants Of‘ﬂ .

sarc and observed a_bright yellow fluorescence at the,site'of the

'tumor, which persisted'until the animals died, They‘further repor ted

that 14 of 19 different experimental neoplasms also fluoresced under

ultra violet light when TC OTC or - cTC were administered - : .
McLeay16o studied two groups ‘of patients with cancer. To one group

(11 cases) he administered tetracyclines and the other - group (42 cases)

was used as .a control The experimental groups which had tetracycline

»

'showed a fluorescence in the cancer_tissues whereas the control group

gave. no fluorescence._ Dead and necrotic tissue exhibited no fluorescence.

Since some variations in fluorescent intensity were observed the author

<

-suggested that it could be- due' (1) immaturity of the tumor tissue and

v(ii) variations in blood: concentration of the tetracycline.~

McLeay and Walske 6 atudied the concentration of oxytetracycline

in neoplastic tissues and actively growing normal bone. They administer--r E

-ed OTC intravenously in dosage of 15 mg/kg of body weight for 3 or more

<



were removed for tetracycline estimation. .They observed that concentrah;
tion of tetracycline in the malignant 1esions were approximately 6 times
greater than that in the’ normal new gone. Thus, bone malignancies will
exhibit more fluorescence than the ormal growing bone sites. The
fluorescence persists in resected bone for a period of -at least 6 months
when stored at -10 degree centigrade,_lIn view of these:results, McLeay
and Walske161 proposed that the fluorescence of the malignant bone lesf
ion may/be of value to localize the extent of neoplastie tissue at the
‘time of the surgical operation; |

162 further proposedlthat since tetracy-

McLeay, Walslgﬁ and ‘Ogborn
clines have a definite affinity for neoplastic tissues these drugs may
be used as vehicles to carry a _diagnostic or possibly_even therapeutic
agent to‘the tumor.t ssues, |

: Hakkinen;and Hart 1a163 extended_the above observations into ex-
perimentally produced uIcers in’d gse-rats and.guinea pigs. 'They found
- that the fluorescence was localiged around the margins of the ulcers in

all cases.‘ Mustakalliol64 confirm,d above observations and’ noted that

fluorophore was confined only to the margin of the necrotic tissues; and
did not extend into the surrounding tissues. | |
Vasser and his associatesl65 studied 9 cases of carcinomas of var-
ious organs as well as non-specific ulcerative lesions of the skin, both
in humans and rats, Tbtracycline HC1 was administered orally in doses
| of.Soolmg twice daily for 2fdays in humans._fThe animals ﬁere“given oral
tetracycline as a single dose of 100 mg/kg of body weight. Vasser con-
firmed the findings of Hakkinen and Hartiala163 and Mustakallio164 b? “
serving that f1uorescence was localized in the margins. of the ulcers.

They further observed that tetracycline fluorophore localizes in .8 num-

l

-
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beriof human malignant tumors and their metastases. Vasser et ~i165

further reportedfthatvmalignant cells did‘not show any fluorescence per

se, but that fluorophore‘was localized in the debris and histiocytes

present in the stromal tissues. Thesé observations werellater confirmed

by Carter e 1170. Theée observations Suggested to them that presence

et al

of fluorophore might be an expression of stromal reaction favoring cal-

cification rather than an indication of malignancy.‘

The intensity of fluorescence is—dependent upon the dosage of'the
drug and the rate of growth of - the tumor; in other words the greater
fluorescence was associated with tumors which were, more anaplastic160 166

Milch Tobie and Robinson167 studied the localization of tetracy-‘
cline in skeletal neoplasms in 14 patients. They'found that tetracy- .

cline was localized only in those areas where matrix calcification was

or

" observed. Calcified cartilage in tumors also showed fluorescence which -

was not detected in the epiphyses of normal experimental animals.

Bailey and Levin168 studiedfseven patients with bone malignancies

_to determine what clinical significance tetracycline localization in tu-

'mors tissues might have in treatment of malignant tumors. of the bone.

They administered tetracyclines ﬁgr a period of 2 days to those ‘patients
in whom bone tumors were strongly suspected The period of 48 hours was

allowed to elapse to ensure that there was no tetracycline remaining in

“the blood Examination of the tumor, after surgical.exposure of it, re-

vealed a bright yellow fluorescent localized area. They further observ-‘
ed that tumors did not show uniform affinity for TC and that only well

differentiated areas of tumors bone formation show'significant amounts

% ¥

of tetracycline localization,. Poorly»differentiated‘fibrosarcomas'show~ :

ed no fluorescence'at'all; They proposed that gross fluotescence can bef;‘ ">4
' ' v a 2

Y



‘heipful in delineating.eoft tissues from the invasive neoolaetic tissue
at the time of surgery. The use of tetracyclines as markers in the
operating roon has also been suggested by others, Since dead bone does
‘not take up the tetracyclin;, Hattner and Frost169 have suggested that
these drugs may be helpful to demonstrate the vitality of major fracture
fragments, Tapp et ?70 studied the uptake and_retention of parentally
‘administered tetracyclines in different experimental.tumorsl(souamous
tumors, ovarian»tumore and nanmary tumors). They found that irrespective
jf the degree of differentiation of the tumors tissues, tetracycline
fluorescence was mostly localized in the cytoplasm of the necrotic tumor

cells and other debris, Very little TC was taken up by the stroma, The

living tumor cells also took up the fluorescence but did not retain it

!

more than 24 hours. ‘

" Because the tetracycline drugs have a prediliction to concentrate
in altered neoplastic tissues, Y’esner171 and others172 179 used them in
diagnosis of lung cancer~by examining exfoliated tumor cells in the spu-
tum. Hiduchenkol72Afound that of 19 patients with lung ur rer, 16 show-

ed positive results whereas 3 out QF 22 benign lesions wer: positive,

She concluded that it was not a reliable screening test,

36

Klinger and Katz173‘applied.this phenomenon-of fluoreecence to.diag-

-~

nose cases'of gastric carcinomes.' They fed tetracycline orally for a
period of six d%ys and on the seventh dhy examined gastric sediments
“Positive results were obtained in 95 percent of the cases. None of the.

controls (41 cases) .showed any fluorescence,

Kantor}f74 and Berk and;Kantor;75 in a study to differentiate benign 4

and malignant gastric lesions followed the work of"Klinger and Katzl73f

DCTC was given in a dose of 150 mg four times daily for 5. consecutive
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days. After an interval of 30 hours from.the administration of tne last
‘dnse, observations were made on gastric sediments, The results shqwed |
that invariably fluorescence was nresent in all 10 patiente with cancer
andvé patients with benign gastric ulcers showing mucosal atypism., Only
one out of‘4g\patients with normal stomach gave false positive test. In-
'enother group of 45 patients, they found 80 percent of the malignant
-lesions were positive and approximately 5 percent of.tne patients with
varioua nenign lesions also showed positive results.' The aufhora con-
cluded thap/thid\method is quite useful to differentiate malignant from
benign gastric lesiona. Similar regults were also obtained by Carter et

T

31176 in Colon washings where 6_ont of 7 cae;;‘3f7§§§ﬁhnma~and‘onlz‘_“N‘ )
. out of 9 cases of benign lesions showed fluorescence, | A
Sandlow, Allen and Necheles'’’ studied the reliability of the gas- .
tric lavege exfoliative cytology in 139 patienté. In contrast to pre-
‘vious studies where 5 days rnutine of drug administration was'fellowed;f_
they found that oral dosage of 500 mg 4-times daily for 2 days was suf-
ficient for‘the drug to localize in the malignant cells, ‘AB recommended,
examination of Fhe gastric sediment was made after a peribd of 30 to 36
“hours from'the‘te:mination'of the last dose. The results showed that .
tetreeycline fluorescence‘ﬁaa present in all the 25 patients known to
haye gastric melignanéy.. Of the 30 patients having benign lesions, only
7 percent gave faiee positive. In control group of 25 patients, tne
eeet was negatiVekin 22 patients and positive in 3,patienta Based on
these observations,’ tney concluded that it is'a fairly relianle and g8im-
ple.technique for detection of fhe gaetricimalignancy{
,'Since‘many investigetions have used sysfemic tetrac&cline and ob-

served fludrescence in internal carcinomea, Vasser.gs'glles reported two

P
\
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. suspected tumor and then observed it under ultraviolet light when it

38

. ¢
patients with carcinomas of the skin, which showed intenae‘fllorescence
48 to 72 hours after administration of tetracycline, The gross fluores-

cence persisted for 21 days,

78

Lipkin1 uged the'phenbmenon of fluorescence to devise a technique

to evaluate the malignant potential of the skin tumors. He painted a !

test solution of 1 percent DCTC and 0.1 pércent cyanocobalamine in the

.

was dry. The whole painted area glowed with bright yellow gteen fluor-

escence. Then 4.9 percent solution of TCA acid was applied to the area.

- The fluorescence was immediately quenched and if it-did not reappear in

10 seconds, then the lesioﬁ was usually benign, If it persisted for 10
seconds theh the lesion was malignant; Using this ﬁest they found that
68 of 75 tumofs gave'positi;é results in compﬁrison to 191 benign tumors
tested whe;e on1y 5 showed false positive results. ‘
Donsky179 eQaluated the systemic administration of TC and DCTC és
a screening test for détecting malignancy in 33 patients, Of the 14
known malignant lesions %} tests were pbsitive;>whereas out of i? be-
nign lésions onLq one test gave a false positive. Qne‘of the two pa-

tients with Bowen's disease showed positive fluorescence. They further”

observed that fluorescence was mainly restricted to the necrotic or gran-

: - .
ulomatous portions of the tumor. DCTC was found to fluoresce more in-

~

‘tensely than TC, In general, the intensity of thé fluorescence was even-

ly distributed, He.felt that systemic admiListratLon of the tetracy-

)

~cline can be used for the reliable detectioh of ‘squamous cell carcinoma

of the skin.

'Aberlelso presented a critical réview regardingA;he effectiveness

of tetracycline fluorescence tests in diagnosing‘maliénanf lesions.b He

N
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studied 21 cases with gastric lesions according to the method proposed
by Klinger and Katz”3 and Berk and'Kantor175. of' the 19 kncwn benign
lesions, 7 gave false positive, whereas of 2 known malignant lesions

only one gave positive result, In a critical review of the work of oth-

ers he observed that:
.o " ‘

"It is to be noted, however, that McLeaylGO who detected
fluorescence in each of 11 surgically removed tumors, used
4 timeg the normal dose of tetracycline, and thgt Phillips
et al a1l%6 gaw no yellow f}ggrescence in 12 of 35 cancer
specimens, Vasser et al observed fluorescence in each
of 9 malignant tumors, but also saw it in 2 of 5 benign skin
ulcers. In view of these results, and of our observations,
we are forced to reserve.judgment concerning the 947 accuracy
of the tetracycline fluorescence test of gastric lavage
sediments, as reported by Klinger and Katz!73 and its 100%
accuracy as reported by Berk and Kantorl75 ." He finally
concludes that "all that fluoresces is not tetracycline, nor
is it necessarily carcinomal

181

180 . showed in another

In response, to the comments of Aberle , Berk

series of patients, that of 38 patients with gastric cancer 87 percent .

- gave positive re 1ts.  Of 140 ceses with benign lesions or normal sto-

~mach only 4 percent gave “alse positiyes.' He'admitted that failure to
‘ ‘ - T #
observe fluorescence does not mean the lesions could not be malignant or

¢ [

vice‘verse; if observations are based on larger numbers, the degree of
accuracy would ;eem to be of gn‘acceptabiy high oyder. He further wrotev
that despite its admi tted faIliability, .the test, if properly performed"
was a valuable adjunctive to diagnosis.

In spite of the controversy regarding<their reliability‘and effecte
iveneas, more reports continued to be published both in favour and

~against the technique

Riley182 studied the tetracycline - induced fluorescence of im-
planted adenocarcinoma of the lung in syrian hamsters. ‘Of the.30 tumors

studied 26 shuwed positive results. Contrary to many other reporta they
; : . ,
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‘did not find ahy necrosis, infection or inflammation. The¢goldenwyel£yw

fluorescence was found to localize within the tumor cells They'further_
obsgrved‘tbst the induced fluorescence was present only when microcalci-
fication within the tumor cell was present. The removal of the calcium
with EDTA also removed the fluorescence’ from the tissue,

183

Cabrera et al étudying\;he phenomenon of fluorescence in several -

human ﬁumofs éhowed that in cases of pfimary carcinoma of the colon and
oral caviéy tetracycline does not specifically bind to tumor tissue but

also attaches itself to the surrounding nonpanceroué tissues, 'In cases

of primary carcinoma of the breast,  metastatic cgfcinoma of the lung in

the kidney and'carcinoma'of_thé_colon in the abdominal wall, the locali-

v

zation of fluorescence was found to be specific,_and ﬁas,obsexved mainly

\

in the cytoplasm of the cells,

84

Cummins et gll studied géstric'sediments,with the tetracycline .

.

fluorescence test and routine gastfic cytolbgy. of 25 patiénts with

confirmed gastfic malignancy,’56 percent failed to show any definite

‘fluorescende,’whereas éastric cytology indicated the correct diagnosis

in 64 percenf,l of 194 patiénts without gastrié malignancy, only 5 show-
ed false positive fluotéscenge. They concluded that fiqot5scent tests
are uﬁ:eliﬁble gnd?tha; the observed varigncetin resylts obtained by

different investigatofs are probabiy.dué to»errbrs of intérp?etation_of

whether or not fluorescence is present,

185

Ackerman and McFee concurred with the conclusion of Cummins et -

3&184 and observed that there is no pattern to predicc‘the.pregeﬁce or - -~

lack of fluorescence in fﬁejspecimens. Their éxamination‘of tetracycline-~
. L ] N . i . R g
induced fluorescence in EranSplanteditumbt in mice and hamsters gave

very unreliable reésults. In cases whére fluorégggnce could be obégrved

[
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it was present in non-cancerous tissues, particularly in necrotic, in-'\

flammed calcific lesions. o ! E N

-

w4l

‘ . . 4 ~
Aberle186 pointed out that 13 of 53 specimens of gastric sediments .

from patients who were given no tetracycline atéall showed positive
fluorescence. Six:of 15 benign gastric ulcers and one of ‘the 2 gastric
carcinoma showed positive fluorescence,

Sandlow et a1l®’ presented sdditional data and showed that 53 of 55

’

:patients with proven cancer of the stomach gave positive tests whereas ®
of 55 normal persons there were only four who gave false positives.l
From . 75 patients with benign gastric ulcers three false positive re-

"8ults were obtained _Sandlow et 1187, pointed out that discouraging

opinions regarding the epecificity and reliability of -this - tedhnique is :
to a large part due to studies conduc ted on smali groups of patients

_while encouraging reports are fased on studies of larger numbers of pa- -

‘\
tients. In more recent’ experiments, Burton and Cunliffelsa','l(lass189

and Herrera and his associate8190 have studied the reliability’of this

L

technique, _
Burton‘and Cunliffe188<assessed the value‘of tetrecycline versus

routine cytological technique in the detection of‘malignant lesions,

They studied 175 specimens of sputum pleural fluid ascites fluid and

a <

gastric and duodenal Juices, Of the 175 specimens 37 were from proven
\

malignant lesions and the remainder (138 epecimens) from nonmalignant

lesions, They reported thst _
4,'_.,,7»,

"tetracycline fluorescence detécted 73% of the malignant
cases and cytology 37%. 1In the nonmalignant series tetra-
cycline studies were correct in all but 5.1% and cytology
in all but 2.8%, Statistical analysis sbown that tetra- -
cycline 1s more likely to give ¢orrect results than cytology

" when large numbers are examined and it will certainly give

false negative results,' o o

<

.
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diagnosis between benign and maligmant lesions.

By combining both techniques 84% of the malignant lesions can be detect-

42

edo - . - . - .

vKlasslag also compared the two techniques on gastric sediments and

v

remarked that the maJor factor resﬁonsible for divergent results appears
to]be the sbility of individual_oﬁservers to discriminste reliably bet-
weenlthe yellow color’of other materisis (bile sédiments,‘certain glean-
ing compounds)  encountered in éastricvsediments and the cgrrect tint of
yellow seen with tetracycline.‘ These yieés‘are‘in keeping with the ob-
servations of Aberle?so. | | '
Herrera_éﬁ_gl}QQ_evaluated-the tetracyciine fluorescent test in

diagnosis of gast:ic,oercinoma in’iZQ patients,, They reported that in-
cidence of false positivelin 50 normal patients who had no tetracycline
was 15 percent whereas in a group of 39 patients without malignant neo-

plasia only 54.97 were positive. Based on.these observations they con-

W1 .
cluded that this test is not a satisfsctgry method to make differential

TETRACYCLINE BINDING IN TUMOR TISSUE '

In view of the reportedldeposition of -tetracycline in tumor tissue

Loo 25.21159 studied the chemistry of the deposited- fluorophore in mouse

tumor tissue, They found that the fluorophore was unchanged in the tis-

.sue, as had been suspected by others. The fluorophore existed in the

" tissue in the form of a compibx formed by the parent campound and a pep-

ide. In acid medium thisvcompound is readily dissociated into-its“’re6

spective components This concept was further substantiated by Lacko et

__191 aﬁb claimed that CTC interacts- with /5 lipoprotein of the blood

serum in the‘presence.of_calcium ions. Studies by du.Buy' and Showacre

192

: )
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A .
and Pamuken 5_‘_1193 further strengthened the above belief by demonstrat-.

/ .
‘ing- the presence oflfluorophore in mitochondria which are known to be
exceedingiy rich in lipoprotein,  In a tissue culture system, Hooker194
obgerved minimum fluorescence in the cytoplasm of mslignsnt tumor cells,
whereas in benign ceils the most of the fluorescence was observed in the
cytoplasm.- Large concentrations of fluorophore were present in the nu-
cleoli, presumably associated with RNA, This observation concurs with

'the statements of Von Bertalanaffy 195 who notes that malignant cells

have a high concentration of RNA and DNA which have a great affinity for

fluorescent dyes

196

Titus et _l studied the EDTA extracts of tetracycline-induced

mouse tumors. They teported that localization of*fluorophore involves

a metal-tetracycline bond McLeay160 without presenting any experimen-

tal evidence, thought that tetracycline binds to the cancer tissue pro-

-

bably through an enzymatic factor in the metabolism. ' pod 2

]

&
The constant finding of the presence of fluorescence along §SF mﬁr-

‘gins of experimentally induced ulcers, led Hakkinen and H’artiala]'63 to

‘ - i /
believe that tetracycline localization is probably due<to some'change

in the degree of polymérlzation of the -ground substsng\ surrounding the

ulcerated tissue Vhsse et 1165 noted thst this could’not be the case ;

— ~opeas,

because the observed fluorescence was limited to ulcer margins ‘with ap-"-
parent;localization in_the region of necrotic debris rather,than the
area‘of regenerative;tissue proliferation, This was substantiated by .
their finding in experimental>animals in which’they did»not'observe_eny_
fluotescence in areas surrounding absorbable geiatine sponge implsnts )

£;;}e similar changes in ground substance polymerizstion occurs.

: /
Vasger et 5_165 further stated that since some £1. orescence hss

¢ - —
: been observed in nonspecific ulcerations it is possible that tetracycline

+
'
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may localize in thebneoplastic stroma as a result of tissue destruction,

repair and marked histocytic activity. Though the mechanism of tetracy-

o

‘cline localization is\unknown, they postulated,

"...that the sequence of events may be indicated by transuda-
tion or exudation of free and protein-bound tetracycline into
areas of tissue activity. Owing to some unknown local
biological conditions such as polypeptide complex linking

or calcium metabolism, there are a local binding and preci-
pitation of tetracycline in the sress." :

' Fhrther ‘evidence that tetracycline is locslized’in the necrotic cy-
toplasm of the cells is given by Burton_gg(gllaa and other8163’164’170’

179,185 In tissue cultures of rabbit kldney and HeLa cells‘Burton.gg

21188 have observed both intracellular and extracellular fluorescence,
with extracellulat fluorescence-ﬁore pronounced in the mos t anaolasticA
HeLa cultures. They further showed that intracellular fluorescence is
related’ to necrosis, a finding in keeping with the finding of Mschado et

__197 who found fluorescence in experimentally induced.sarcomas only

'Vhen there was some cytological evidence of necrosis, Tapp et 21170

also conflrmed these observations and showed that fluorescence is re-

- tained for a period of one month in contrast to uptake and retention in

"

living tumor cells where fluorescpnce disappears in 24 to 48 hours.

Milch et 3113 167 have ahown\that.tetracycline may form a complex

. Lt

with fonic calciumlsnd'also;wltb macromolecules. They have shown that

tetracycline is localized in those sres;\;EEfe‘matrix calcification is
observed, Riley;sz, contrary to the observation of others, showed that

there was no necrosis of the cells associated with fluorescencez By mi-
‘croradiographic technique and extractions-with EDTA they showed that in-.
duced fluorescence wag present only when microcalcification within the

85

_tumor cgll was present.. Ackerman et.gl also showed that fluorescence

was associated with necrotic, inflammed calcific lesions..,

. - Tk, ®
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METHODS AND MATERIALS

: With the exception of demthylchlortetracycline all the drugs have
the same recommended therapeutic doses. The range of these doses is 80
wide that it is very difficult to compute a dose level which wonld be
called a normal standard dose., As the drugs are‘most commonly employed
for a wide range of microbial infections ranging from mild to severe,
acute .to chronic the doses required in such conditions would vary con=. .
siderably. Secondly, some species differences might be involved which
would further complicate the picture of selection of the normal dose,
Keeping.these variations in mind, the highest doses usually recommended
by  the manufacturers for children have been taken as the normal standard
dose The recommended doses vary- between 22 to 44 mg/kg body weight per
day except that for demethylchlortetracycline which ranges between 6.6
to 13,2 mg/kg per day, Thus 10 mg/kg for demethlychlortetracycline and
40 mg/kg body weight for the other three' tetracycline drugs were taken
" a8 normal standard doses for this study, Five dose levels (2.5, 10, 20,
50, 80 mg/kg) were employed fzr'demethylchlortetracycline and four dose

levels (10, 40, 80, 200 mg/kg) for the others. These drugs were tested

as shown in Table 1.

TABLE 1 S
11 .
SEQUENCE OF INJECTION. DOSAGES AND TETRACYCLINES USED
—-—-—‘l——-——————_—-—____.______ .
_ . Number of Total Number ~ Dose Levels
Drugs L Groups of Rats . _(mg/kg)
Tetracycline — 4. . 16 - 10,40,80,200
- Oxytetracycline . : 4 : 16 10,40,80,200
Chlortetracycline 4 16 10,40,80,200
Deme thylchlor- - 5 20 . 2,5,10,20,50,80

tetracycline
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Commercial‘preperations weredfqund to be nnsuitable fet the.drng
solutidns_fqr injection in the concenttétions required inaseme of tne
exneriments, tecauae of the presence of large anounts ;f ascorbic acid
used’ for buffering nurposes. The pufe samplee of the drugs were obtain-
ed directly from ‘the mnnufacturers. The name of the drugs their btand

name and source of supply are liated as followa.

_Drugs : R ' Source and Brand Name
1. Tetracycline HCl Chas. Pfizer and Co. (Tetracyn)

2, Oxytetracycline HC1 Chas, Pfizer and Co. (Terramycin)--.

3. Chlortetracycline HCL”’iederle Laboratories Division, - -~
' . American Cyanamid Co. (Aureomycin)

4, Demethylchlor- ‘ 'Lederle Laboratories Division
tetracycline HC1 American Cyanamid Co. (Declomycin)

~

- PREPARATION OF DRUGS

With the exception of chlortetraeycline,'which loses most of its
activity 1n(é4 to 48 hours, the other drugs are fairly stabie in 891n~.’
o . o N
tion for 3 to 7 days under refrigeration. When estnblishing cpndiédbns-

for the six day periodeA(over which time the injectlonsﬂwere'perforged)v

the drugs were put into solution at different times. The drugs were|
‘weigned.with a gramfb-matic analytical bnlence; anddhalf_an hour prio
to the injeetions the-required amountﬂof physiolegic‘Ealine eolution
was added Since the injections were repeated every 24 houts, the maxi-
mum storage period for any drug was not more than 48 hours, .The coneen-‘
; trations of the-drugs in solution were adjusted in auch a mannet that

VO 3 ml of the solution contained the required dose to be administered to

a 100 gm rat, The calculated doses and the detaila of the preparation

of.solut;ons of the tetracyclinea are given in Table II.
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TABLE II .
CALCULATION OF DOSES AND PREPARATION OF TETRACYCLINE DRUGS

g

“Calculated dose | Required dose Amount . -  Amount ~ Amount of
. per kilogram for 100 gm  of drug of saline<T drug present
weight - rat © 'weighed added per 0-3cc .
mg _mg . mg ce mg
2.5% 0.25 6,25 7.5 0,25
10.0 1.0. 250 7.5 0.25
20,0 2,0 50.0 7.5 2.0
40.0 4.0 " 100.0 7.5 4.0
50.0% . 50 - 1250 1.5 . 5.0
80.0 8.0 20000 . 7.5 8.0
2000 20,0 "~ 500.0 7.5 20,0

oo

*These doses were employed only for Demethylchlorftetrecycline.

EXPERiMENTAL PROCEDURE

~

47

Male Sprague-Dawley ‘rats were used in this study., The animals were

housed in 4 to 5 large cages and fed on normal diet without any‘restric-
tion and-given tap water ad 1ibitum, When the animals were between

85- 90 gm in weight they were divided into nineteen groups with 4 in each.

The animals were arranged in such a -way that the mean weights of all" the'

_groups were 90 gm, plus or minus 2 gm. Of nineteen groups, 2 groups'

. were used as controls. All the animals were weighed once daily begin-

4

ning five days prior to the injection period and continuing until they

were aacrificed On the fifth‘day3 when the weights of the animels were:‘-

eporoximately‘IZS gm, they wereminjected, intreperitonially,‘once‘dailyi :

. for six days. 'Thevinjectione were made with 1 cc hypodermic glase syr- -

[P R—
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inge using a 25 gauge stainless steel needle.‘ To maintain the required L
dose, the doses were adjusted on each day according to the body weight
At the end of ‘the experiment (total time 25 days) i.e, ‘two weeks after
the last injection the animals were sacrificed under chloroform inhala-’
tion anesthesia. Gross post mor tem observations of liver and kidney\

v_with regard to color consistency, size and shape were made of 2 animals

in each group. ‘The animals were wrapped into packin er and stored.

in deep-freeze until‘the time their bones and their teeth‘were taken o

RECOVERY OF_BONES AND TEETH

Since a large number of animals was used in this study, a method
proposed by Savchuck1 (1959) to free the soft tissue from the bones
and jaws of the animal was employed._ It involved autoclaving the rats”
for 8 to 10 minutesbat 15 lb/in2 pressure, The feasibility:of the meth-
h od was checked to ensure that the drugs were not dispersed or otherwise
altered during the procedure by comparing with animals’ cleaned by hand199
4 As. soon ‘48 the animals were taken out of the autoclave all the long
bones of the extremities as well as the pper and lower jaws were care-
fully dissected out and freed of easily re oved soft tissues by a blunt
scalpel The partially cleaned bones and jaws were then washed in dis-
tiled water and transferred to wide-mouthed bottles containing 50 ml of
neutral buffered formaline wherein they remained for a 24 hour period.
This procedure facilitated the cleaning of the muscle and ligament at-
'taehments especially from the.coqﬂylar regions. The»bones;and jaws‘were
"dstored in 10 percent formaline solutions for subsequent.observations;

In order to assess the effect,‘if any, of the four drugs on general

*Speed Clave 777 Wilmot Castle Co. Rochester, N.Y., U.S.A.
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N
body growth the’ growth curves of the animals were plotted . To-study

the effect on\the bones, . the femora and”humeri of the animals were sub-

jected to a oeries\bf measurements and analyses.

A, 1, General al Body Growth Data ! N - . .

L

Fi-o} the original data “the arithmetic mean body _
" weight of each group f:r an experimental period of 25 days:was'calculated.
A casual examination of the data indicated that inconsistant, increases or
decreases in weight occurred in the animals during the period when drugs,r
were injected These fluctuations were: Eost evident in those ngups '
where the. highest dose ‘levels of the drugs were employed To show the
basic trend, which was\slightly obscured by day to day fluctuations in

| weight the growth data in ‘all the groups were "three-point smoothed" by
applying the technique of Boydzoo. The technique of three- point smoothf
ing has been i11ustrated in Table III; and the effect of the application
of such a technique are shown in{Figure I ‘The original weights of day
_one, two, and. three were averaged and the mean thus obtained was consid-_
~ered the corrected value for day two. In the second step the original
value of the day two, three and four were averaged and considered cor-
rect value for day three. Subsequent steps were thus performed and new
corrected values, three point smoothed once, were obtained. The same

* procedure wasvrepeated on this new corrected data, Essentially the :
:technique tends to ‘correct -any random daily fluctuations if present,

The three'point smoothed values of ‘the weights thus obtained were plotted
on. the abscissa against time on the ordinate and growth curves were drawn

" to show the comparative effect of the drugs on animal grqwth at similar e

- or different dosevlevels.

N



2, Physical Measurements (Femur and Humerus)
| -(a) ;55559 - Indtead of measurements being made directly on bones;
both femora and both humeri of an individual animal were first x-rayed
on Kodak ultra;Speed océlusalfilms and then measurements in millimeters
(+ 0.01 mm) were‘made directly on the films, Steps were taken to ensure
a reproducible geometry; i.e. placement of the bones on the film and,pn-'i'l
der the x~-ray tube in’subseouent_expoSures. The x-ray machine® was oper-
ated at 30 KVP, 5MA, dat a targetrfilm distance.of 20% inches. Seven
seconds exposure time was found to be the best to obtain good bone out-
. line -and image density. The 20% inches target-film distance, the close L
/ proximity of the bones to the film and the use: of a 3/8 inch ‘aperture in
- a lead diaphragm'minimized the chances, 1if any, of image enlargement.
~ No measureable differences were- observed when the measurements made on
Vthe x-ray films were compared with a few selective measurements ‘made
.directly on the ‘bones. The marking of the reference points on the film
'and the distances measured are sh 4in Figure 2,

(b) 'Egigh_ - :In order to calculhte the volume and’density of the
bones, the-femora and humeri of a11 the animals were first weighed in
triple distilled water and than in air. The techniquefof’the weighing
procedure employed is described below. ' _ '

The bones were tlken out of 10 percent formaline solution and. wash- B
ed 1in running’water for 6 to 8 hours. They were kept infdistilled'water
throughout the weighing procedures. A Grameo-matic balance,'with-a | :
built-in metallic hook‘hanging overrthe welghing pan wasvfound to be the (v.

mos t versatile and convenient instrument. A platform was made across

the pan on which an empty bottle“or a bottle containing water could be

E*G.E. X~-ray Unit
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placed, In order that the bones could be suspended from the balance,
ltwo loops were bent on either end of 25 inch long guage stainless steel
wire. (ne loop received the bone and the other loop was attached to the
hook of the balance (Fig. 3).
»First, the weight of each bone in water was‘recorded._ Before the
“weighing was repeated in air each bone was shaken approximately ten
times in the air with jerky motion of the elbow. This procedure was
found to be more reliable for removing droplets of witer adhering to the
surface of the bones than soaking the water droplets off with filter .
'paper. Further, to minimize‘the drying of the bones during weighiné‘in
air, the bone was lowered intonan empty bottle, |
(c) Vblume - Was determined by water displaceﬁent method (Archi—
medes principle) Volume (Gm ) = Weight of the bone in air minus weight .
of the bone . in water. |

(d) Density - Was calculated from wet weight of the bone and its

polume. Density = -wet weight of the bone (gm) T . o
A " . . volume (cm?) 1 . ' '

To check the reliability of the above procedure as a basis of the 5
calculation of volume and density, forty measurements were repeated after
an interval of two weeks, Volume and density calculation were made from
the second set of data.' The maximum differences observed were not more
‘than 7 percent for an individual bone; whe‘ mean values for the - group

>

o
" were considered the differences were approximately 3 percent. In 80 pggﬁtw .

cent of the instances the calculated values - for individual bones increas-"
ed 1 to 3 percent from the original measutemenfs (Table 1IV)., On the
basis of these findings -the . method for determining the volume of the

bones was deemed to be satisfactory.
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3. Mineral Content of Bones o : o
= lm onsent ol .noneé S

(a) Organic and Inorganic Constituents - Originally it was planned

to determine the ash weights and'calcium and phosphorus contents of all
femora.and humeri. However, on conclusion of the ﬁeighings which took °
about 18 days, it was;qbserved that the bones had'slightly:decomposed.

In orderuto control'the deeomposition,.it nas thonght.desirable to trans-

fer them back to 10 percent buffered”neutral formaline until suchnéine

as the chemical analysis could be made, Further observations made after

_ révised and dhd%;ied 4

]

in the control ¢
. e, ESe,

Decaleification Procedure

3 to 4 days after this transfer showed that all the bones including those

ronp were covered with small crystals, In subsequent

'1days‘t2f45‘ 4”wones had partially decalcified, as they could be

é

vF’fi . “”“e "above. developments the scheme of the¢experiment was

.

Instead of ashing the bones to determine the tot-

al inorganic constituents and then computing the organic matter, it was

.'thought appropriate to first decalcify the bones completely and ‘then

determine the wet weight of the{residual. From the wet deight data of
the bones alread§ known, the amount of the inorganic constituents then

could be calculated. -~

Decalcifying solutions were prepared as follows: -

A, Sodium citrate 50 gm dissolved in 250 ml of distilled water.

B, Formic ‘Acid* 90 percent diluted to 45 percent (v/v) with dis-‘
~ tilled water. :

Solutions A and B gﬁre,stored separately.and were mixed in equal
[ ' : .
parts Just prior to use.

The bones 2 femora and 2 humeri) were transferred into wide mouth

\

y

*Fisher
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v

glass bottles.' Immediately 75 ml of the decalcifying'solution (eitric
fracid-formic acid.solution)vwas poﬁred into.the bottles and lett;for a
period of ten days. The solutions were shaken infthe bottles 4lto 5 v
_ times a day to enhance the decalcification procedure. After the first
ten day period the solutions were changed twice using 50 ml of decalci-,
fying solution at intervals of ten days each. At the end of thirty days
the extent of the decalcification ‘was tested by taking the radiographs h
of the bones usin; 30KVP 5 M A, 20%" target to film' distance and 7'
second exposure time as mentioned earlier. The bone density was .then
' compared with the density of the undecalcified bone. .

A thirty day period was found sufficient to ensure’complete decale
cification of the bones, The x-ray observations were further.confirmed

by qualitative determination of calcium in the 24 hour washings of bones

in small volumes of decalcifying solutions.

: ﬁ. Fluorescent - Color Intensity of'Bone and Teeth

Three methods were. applied in this study to assess -the type and a-

mount of colored fluorescence displayed by bones and teeth,.
() Gtoss assessment (sub Jective evaluation)
(2) Photometric measurements
(3) Histological examination of ground sections of teeth
._Preliminary observations indicated thaL the intensity of colored

fluorescence changed to a certain extent when the surface of the bones

became dry. To contyol this varfable, the bones were kept submerged in

{
o

. water while the observations and measurements were msde._ Fhrther to re-
move the bias inherent in human judgment and day to day vsriations in

color intensity interpretations bones of only one animal from each/group
’were analysed on one particular day. The procedure was repeated on other

L N
A
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animals, The data thus obtained on four animals were tabulated and a

)

table showing average values was made.

1. Gross Assessment (subjective evaluation)

™o femora and two humeri from each animal were arranged in number-
ed glass: petri dishes‘ The dishes were then arranged and rearranged in -
descending order from maximum to minimum discoloration noted by the naked
eye through a magnifying glass under white fluorescent light. The scores‘
: for the extent of discoloration were. made ranging between 6+ (maximum) 4
and 1+ (minimum) The same dishes were then viewed under U,V, light'in
the darkroom and rearranged in order of maximum-minimum fIhorescence. |

'S

The fluorescent color was noted and the degree of fluorescence was re-

L

.corded 10+ for maximum and 1+ for'minimum fluorescence. - Autofluoresc-

ence was graded as zero. “
The above assessment ‘was later repeated with mandibular and pre--

' maxillary bones. The mandibular and premaxillary bones were later rear- .

ranged from maximum to minimum discoloration and fluorescence on the ;? '

‘basis of observation of the teeth o%}y._ The scores fo; discoloration

and fluorescence of the teeth were made ranging between 7+ and 1+ be-

e

. cause the range of intensity of coloration was. narrower than in the case l

of bones, S : ' C , -

2, Photometric Measurements .

Photometric measurements were made on the femora and humeri and

t 1)

mandibles of each animal A photovoltelight meter equipped witn a photo
cell sensitive to. light between the wave lengths of 375 to 650 nm was em-
ployed. The apparatus is shown in Figure 4

In order to ensure a reproducible geometryvin regard to placement

of bones below the microscope a special rectangular plastic tray 1&"

T gy, : o
- FROEEL w
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2%" was construcqed *Grid lines; one in the centre and two on either

v

side, were marked 80 that the distance between two adjacent lines accom-

-~

- modated the field of observation of Wild's &ssecting mi;:roscope eq_uip- -
ped with 0.6X objective and 10X eyepiete lenses The right femnr and

humerus were positioned in one half of the tray between two gfid lines

- i

and the left femur and humerus'@ere placed in the other half of the tray.

~ The bones were arranged with their posterior surfaces facing upwards.

559

T b
1

Two small depressions in the- plastic tray were made in the distal condy- S

lar region to stabilize the positioning and subsequent placement of the,

bones. The full length- of a femur could not be accommodated in the field

S

of observation of the microscope,'thus the ends of the femur were ex-

¢luded- from the view. Only two bones could be viewed at’one time under

an

"~the microscopic field "The bones were.kept submerged in distilled water

while the measurements were being made.. It yas found in earlier experi;

men@s that the photometric measurements tended to vary with changes in
‘M"

,thickneas of the water layer in the plastic tray. Thus, each time the -

“"\y.‘

bones were arranged in the trays 9 ml of distilled water was placed with
:a glass syringe._ After the measurements were made on the right‘side,
the tray was moved and the left side was brought below the microscopic

field.' The bones were placed’in focus and the photo cell search unit

Vi

7e
u

- 'was placed;on'the eyepiece. A shield was constructed to prevent the en--

Y

‘try of stray ultra violet: radiation into the photo cell, - The U,V, rad-

iation (366Q/4) was directed on the bones at an angle of 45 from a dis-

o

B

" .tance of approximately 10 inches (Figure 4). The volt meter readings in -

percent units were recorded in multiples of 10 l?

The above procedure was repeated with the right and left mandibular

bones, Both of these bones could e accommodated in the viewing field

.

™,

)
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“ of the microscope. In %rder to cut down the ultra violet radiatigm

reaching the photo cell;ﬁa yellow gelatin filter Kl (6) was used‘over
the objective lens, The maximum transmittence of tRe filter.is 4t §80
nm, thus the photo cell registered only the yisihle part ofvthe light
spectrum, . . | ‘ﬁ‘ $

o .
. . |

!

“e-af the film would vary according to’ the intensity of»fluorescence shown

Ultraviolet Photography .

After the‘subjective evaluation'of the ‘discoloration and fluoresc-

ence had been made;athe,bones and teeth were photographed both in ordi-ﬁ

7 nary lightfand.in ultraviolet light, The apparatus usedlfor‘ultra vio-

let photography'is 11lustrated in Figure 3. %t consistd of a camera

. "

mounted on a stanq'and t&o!ultrsviolet lamps incident at Epproximstelyn

e . . . . R
45° to the specimens at a distance of* 10 inches. Since the response of ‘k

the phot raphic emulsion to ultraviolet light is different from the res-
ke

ponse of the eye to ultraviolet light the method of taking photographs
- . . _w

was standsrdized Taking f=8 (lens aperture) as fixed the ime and y

combinstion of the filters required to reduce the excess!ve blue of the

- o

'light spectrum was standa-dized It was realized that the exposure time

- \. (

by the bones\ang\teeth "but in view of f the’ factléhat msny different

groups with varying intensities were involved in this study one exposure

7

.time was.given in all csses, 80 that ‘the results could bepcomppred- From .9

‘the resultis of the preliminary experiments an aperture of £-8, a Kodak
;’,s. . 1‘

Wratten filter Kl (6) with m&kimum transmittence of light at,500 nm wave ”f~-.

-

lengths in conjunction with an Ansco filter No. - 17 ~an. exposure time of

] 3 seconds snd film térget distsnce of 24 inches was found to be the best

A

f\coms;nation. In cases where the distance bggween the lens. snd the speci- .

f

" ‘men had tobe increased to sccommodste the sﬁéeimens (such as mandibles),

45
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3 . !

the exposure time of 3 seconds was still maintained,

3. Histological Examination of Ground. Sections of Teeth

Pl

Preparations of Teeth
The right upper incisor tooth from one animal in each group was

used to prepare the ground sectig?s. The technique of preparing the
“ - : E . } .

sections i5 as follows: -
| ]

(a) Dehydration of teeth -“The teeth were taken out of the J;zrage

bottlea (10 percent neutral formaline) and washed in running water for
-15 to 30vminutes dried on the filter paper and then dehydrated by suc-
ceesive immersions in 20 ml of 70%, 85%, 95% and 98% ethyl dlcohol,
. The &peciméns were beft in each concentration for a 24 hour period,

/! Qb) ﬁggeddihg - After dehyq.ation the teeth were air .driea and
»’-»q q

m1 of catalysed purified styrene in the” refrigerator The

’jene penetrates the tissueﬁ\and*makes.them more translucent and also

¢ 4 7" I

‘it binda with the tooth surche more intimately than other embedding

o lastics. _After 24 hours t teeth were transferred to a mixture of

; ‘equal parts of styrene and ioplastic for another period of 24 houra'
f when the teeth were.removeszrom the mixture wiped with filter paper

v f and then embedded in a the o-hardening liquid plastic (Whrd’s "Bioplas-

I

“tic") in small rectangular aluminum foil boats., After. the~initia1 set- o/

—

\ -
ting of the bioplastic, e boats were transferred into a bulb heaE\d\\\rt

“f " oven for & perlod of 48 hours for final hardening of the plastic. The

- plastic blocks thus obtained were trimmed with a sandpaperrdisc mounted
" on a dental latke and finally polished with powdered pumice. The plastic |

was clear and the embedded tooth could he seen clearly. A pencil line
ER A Y
was marked on the plastic hfock at a right angle to a tangent drawn from

”Vthe convex surface of the tooth close to the tip of the crest of the al-‘»
' :
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f T - Lo X
. , ‘cﬁgs

veolar bone. This line served as a guide to an approximate plane for

*

cutting the section, » : R

(c) Sectioning of Tbeth - The‘bioplastic block containing a tooth
was mounted on a Plexiglas sheet with softened tracing compound in such
a way that the pencil line on the block was perpendicular to the edge of
the Plexiglas ‘'plate, The Plexiglas plate in turn was then fastened to .
‘the fixed mounting block of a Gillings sectioning*machine (Figure 6) with
two screws. The proposed plane ot sectioning of the tooth was thus
;roughly'parallel with the diamond cutting wheel. .V ;?gf

With respert t- the claim made by the manufacturet f ing the
uniformity in thickuess of the serial sections it wd&ﬁﬁﬂﬁpﬂ in early
trial experiments that no two serial sections had the same‘:hicknesf

when. all the settings on the machine were kept constant. Begides,. the - ®

sections weré not planoparallel i.e,, the thickness of the embedding‘&"f-

- M - . "."‘ NPT
lastic varied .at different locations, o . : o - T
P e n S 7%

4 ’ : o
The sections were cut at a thickness of approximately 125 micron. I

>\Theoretica11y, movement of 81 subunits on the measuring gauge dial should ‘

. e ‘
’ rgiveaqu sections a thickness close to 100 microns, but in practice'{t ‘

®
was not achieved. In order to get sections somewhere btheen 30 159

microns the dial was moved 90 subunits. From three to five sections

~ .
. e

were obtained from- each tooth, The cut sections were messured with a

vl

micrometer and then brought to finﬂs thickness of approximately 100-110
microns by hand grinding on a ground glass slab wth pumice powder. The
sections were tHe mounted on glass slides temporafily with glycerine "ff .

for, subsequent m croscopic examination and later microradiography. It A
| & '
was also observef that if the cut sections were stored in water for K

> . d ' -

few hours they ﬁended tg,wurp, presumably due to strain released in the

-
AT }
. .



59

Cl

" plastic subsequent to cutting. To minimize this tendency,_ the pressing:
of the sections between two glycerine wet glau‘ slides was found to be

very h.e 1pful. | /

ol

Ultraviolet Light Micrc/:ecgpy
Ultraviolet’light microscopy was used to confirm and -enlarge on the ‘
impressions gained by subjective evaluation of bone and teeth in regard
“to fluorescent"color intensities seen. A Leitz", Dialux-Pol micrpscooe
equipped with Zernike phase contrast fluorescent condenser 402 b was em-
ployed in the present study. The complete assembly, including the fil- |
ters 'us.ed, is shown in Figure 7. The U. V., light aource consisted of an
Osram H.BO 200W high pr.essure mercury-vapour lamp. It was 'selec ted as

the moet suitable among light gources with high luminoua density in the

.

366, nmUV wave length‘ ' . e
s . ‘ . . ; . ¢ 4
Filters o L :
In the optical path extending from the U v. Mlﬂﬂﬁ tq thh condenaer T ‘,

the- following four typee of filters were always use’ﬂ'a AR

O\‘

(1) and (2) were 2 mm UGL U.V, fluorsacence filterkkﬁer exciter fil-

th.. o

- ters). These filters block visible light and transmit the fi%wimm:e« ug_,#\,g*‘)'
exciting U.V. light, The transmission curve of the 2 mm UGl flixorecscence
filter shows a certain emoilnt of..trans_mie%gn in the blue and red spec-
“tral regions.,, The blue trana'miesion is rew‘when,two of theﬂ.filtefs_
_are used together (2 +2 mm UGl). . | v
| (3) was a red suppression filter 4 m BG38 filter, It nea employ- .
ed to rediuce the residual red transmission. = S

(4)’“ was a _he,gé: absorbing filter_, a 2>_mm KGl It is permanentlg
fitted in iron_t of the'-"exciterAfilvte:;g:f"tol reduce h.eat:'.‘

By the use of the above lamp and filtere,' long wave U,V, light . % s
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v

5 ’hltraviolet'and ordinary light, they were further examined by microradio-’

.50»'

..-5,_,’ K B
L -

(360 nm) was transmithd which was reflected from a mirror through the - f§5
condenser, .; | bl |

- The ground sectiOns Qarying in thicknebs‘from 100-l10 microns wereh
examined’in the.darkroom at X35 and X100 magnifications: The condenser
was adjusted’close to the slide and thegdiaphragm‘was open to its maxi-‘
uum. These two settings were found to ‘be ideal for viewing at both mag-

nifications, The types of fluorescence and their intensities were re-

v

corded and graded subjectively. The maximum intensity was graded as 6+
)

Kand the minimum as 1+ The bluish white autofluorescence was graded as

il
e

“ zero, | , ' ’ ‘ e 2 I
. . \ . 7 . R - ."

For ultraviolet photomicrography a yellow filter K430 or K460 was

used in the optical'path of the microscope betwéen the specimen gnd the

photographic film fg%gers absorb: or decrease the‘transmitted

~U.,V, light-which is stronger photographically than the fluoresced light,

Microradiographic Technigque o -

After the ground sections were examined and-microphotographed 16'“

graphic technique. Earlier experience has shown that thin groﬁnd sect-
ions of teeth and the core-of bioplastic material.in which they are
y\,._,‘normally embedded tend to warp and- curl on drying.» The‘second prdhlem

encountered was that the tooth section tended to separate from the core

‘of - the plastic. Thus, the attempts»commonly used t0‘kee$“the sections
‘flat‘and‘perfectly.in‘contact with the radiographic.film.areanot'dsually
‘successfuI‘ Thitdly, when cross'sections of rat incisors are used .it
is further complicated because of the very small size of the tooth sect-
< .

ion. Even though the plaStic core is pressed hard against the film it

still does not ensure the perfect contact of the tooth seg;ion with the

»""‘ B ?1 = s ' . . : . ' T -

. & . - :

A T . < - Do
&~ ? . ; . : R : : R e
A~ : . .

. . .o : : .
o - . . s . . c .. . .
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film. To ensure. a very close contact of the tooth section with the tad-

'_iogrephic film, which greatly reducee the’ penumbral radietion scatter,

epecial cassette was designed and constructed which 1s 1llustrated and

t

‘described in detail in Figure 8.
. %

X-ray Equipment PR
A-General Electric*X%rey machine with an improved Coolidge x-rayT'

‘tube, equipped with copper anode and tungsten target of focal ggot 1. 5"

A}

mm square was used as is shown in Figure 9 The unit wae_epetated at
22.5 RV aad 5 MA and a target film distance of 10 cm, The expeehre time
for sections of approximately 100 microna was 5 minutes. thimem of 6.5
minutes exposure was utilized in certain 1nstanees.where sect}ohe wereA

between 100 to 110 microns thick.

X

With the x-ray unit operating at 22.5 KV the intenaity of the hetro-

genous component of the radiation is small compared to thatiof character-

“

istic ka radiation of copper 1,54 A%, Therefore the microradiographs’

were obtained with nearly honochromatic radiatieh. -

Because of its high resolving power Eastman Kodak 649~ 0 type. emul-
sion' film was employed, Toothasections to be studied were dried with a
tissue paper, and placed in direct contact'with 12 mmereund piece‘of

radioéraphic&film in the speeééply designed cassette (Figure 8) in a
k3

derk room under a aafe light’(ﬁodak wratten Series 6B)43 The whole ‘as-

E

6l -

sembly wae then placed below the x-ray tube and’ aubjected to x-ray expo-'

'%hre in a dérk room, . e ,‘i,,‘ R
: The exposed films were proce%sed ;; foilows' they were first im-
mereed under agitafion 1in Eastman Fodak D-19 Developer for 3 5 minutes
"~ at 70 F, and then for 30 seconds'in a Kodek'Acidlstop Bath, and in ruhf"

ning watef for a similar period, and finally they were exposed to agai;Ab



62
Kodak Acid Fixer for 8 minﬁtqs. The!films'ﬁére then placéq.in Kodak -
Hypociéafing-Agent for 3 miqytea, washed in running wate?.fbf 30 minutes |
and finaiiy immersed in photoflow for 30 seéonds.l The icrofilms wet;
" dried in a dust free room for at 1eaet.24 hours and then mounted in pgf-
“mount wifhout dehydration and small'Weights were placed'over the cove;nl
.slips Qnti} the moﬁnting-medium was hard. This ensured flat c&ntact of

, : 9
the microfilm with the glass slide and cover slip,



TE&HNIQUE SHOWING TWO STEPS OF THREE
OF ORIGINAL DAILY WEIGHTS OF RATS INJECTED WITH i

TABLE III 7/

/

POINT SMOOTHING

TETRACYCLINE HC1 200 mg/kg BODY WEIGHT

Pl

Weight in Grams

DAY . <. lst’  2nd
' Original ‘Smoothing Smoothing
1 89 - -
2 95 97,00 -
3 109 105.33 - 105, 66-
4 114 114,66 113.77
57 123 . 121,33 120.11
6° 127 124,33 123,88
7 123 126,00 125,11
- 8 128 . 125,00 125.00
9 124 124,00 124,22
10 120 123,66 124,44 . .}
11 - 127 125,66 126.88
12 4130 131,53 131.55
13- 137 137,66~ 137.77
14 145 144,33 144,66
15 151 152,00 151,66
16 - 160 158,66 158.88 -+ -
17 165 , 166190 . 166.55
18 173 ~- 175.00 175,00 -
19. . 187 . 184,00 184.00
20 192 193.00 192,33
21 200 1 200,00 200,33
22 208 208,33 207.99
23 217 215.66 215,44
24 222 222,33 -
25 228 - ] ™ | -

P

:




Figure 1:

The effect of two applications of 3 point smoothing to a growth curve

. . : >
‘in rats injected with 200 mg/kg of tetracycline HCL. [:\



65

; . _ _ (skeq) L .. . . YN

¥sz wz 2wz oz 6L 81 L191 SU w1 €1z (1. 01 6 8 L 9 S 4 '€ z |
2 A e A A A 3 'y 2 A r A F A ol - n - A .D om
. -p 06

001

olt .
ozt
 fost
 on
.om_‘
091
..oN.m
~ow_

(fBEJD). 1HO|3M

061
b 002

. . . , - . oIz
. o . Sutyacous PU7 o o o = L 0zz

euyrsta . - .
H ﬁ H o ———— vaMN

. 7 bowz

('S R . . ~*



Fibgg re 2:

Illustration of Measurements Taken from the Radiographs of Femur and

Humerus

™

¢

* The &st&nce between two lines i.e. AB and CD is

It is a photograph of the radiographs _taken of femur and humerus,

It shows quite distinct outline and density of the bones.

It showe tracing of the 'radiogra‘phs and location of referenc'e
points on femur and humerus, A line is drawn by joining point:

£
A-and B, From point E a line is drawn parallel to g

N

expressed as length measurement.y

e
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>

Figure (2a)

Figuré-(Zb)
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‘Gram- O-Matic Precision Balancé Adapted for Weithng Bones in Air and

.- . Water.’
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- Flgure 4: . i o - % A
¥ Photometric Measurememt Apparatus B »

i : '

A, Photo-volt ii«ght meter Model SOIM . Photomet:ric scale reads from

“ 0 to 100, %e controls include a four position sen.itivity range
-,

AR & v - L
..' -, : R\ g - ) L
[ ".’ N " -.‘ ‘}‘ . ‘r . . ‘
. Bes . ’ unit equipped with photo tube type C of Spectral response
_‘:,' . | between -the range of 375~ 650 nm wave len%t,h is connected to thei '
>y %olt meter (A) with flex‘ible twin cords.
' s ;-'_' . .
‘ P : .
c. M5 wild Diqsecting Mieroscope with. objective pawer 0.6 and” eye
o -
oy piece power 10, giving totai maénifgingqu»e,r of sfx Qtiqes )
R * IR ' >
';F'}:D- ’ J
- ‘_:"'_, P L ' "”“ IR ﬁf'»«ﬂ \‘b-',
- E: . Black-Ray ultraviolet lamp wi;h spot bulb (340-@80 nm) : The _\;. )
. . QB 5 .
- e radiation is 1ncident at approxfmauely 45 to the spec_:j.men in
L P o . T
o.aév SR - “‘ . :_§ Cn B
S o o o '
0 4 RN v
F < : \




“
#

_ ;Ptrotome tric

Measurement “Appar
NS
- . '-,_ ‘

Y4 t,

atus
.

%~

’
.
e
f
B
« v
M
°
\



. - \
B : X /
. w v .
Figure 5: ' ' , - G ) : ’ R
\ RS o Ol @ - SRR ;
Se. uj for U;t:aviole: Photdhra.« : A o »
A, . Leitz Wetzlar stand equipped with Ernst Leitz camera; view finden,

Z;extension bellow, diaphragm (aperture 4 5 to 32) 1lens (Leitz
i’

Hektor f=13 5 cm, 1:4.5 and shutter release cord) Kodak
Wrat;en filuer Kl (6) .in conjunction With Ansco filter No. 17Uwas.

: used on top of the ‘lens, ":, o N C A

. ‘\ N . L
t » \ “ : . L .
| R e e
T . o, ] "%% N

v B, Ultraviolet lamp (Black-Ray)r(B& _J_:‘_EEE,EEQiati°“ is

o s Tt
incident at approxfﬁately 43 ‘ia the specimens at'a- disg;pce of, ‘
)
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L  Figufe 5 - o~

‘Set ‘Up for Uitiavio];et Phoﬁograpl\lyg> - -
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* Gillings Thin-Sec;i?éng Machine

Flgure 6: ' ' B

- Lateral view shows:

v ’ ¥ . ) . -

A,  Diamond wheel .012 inches t_hick (approximatel};}f%(?Su){f

. . h
i !

. B - Bioplastic block» containing specimen is antached to the working o

, ot

>

plexiglass sheet which in‘&ugn is fastened ‘to the fi,xéd mounting' o

- N ; - ":ﬁ] N u*_j'. . ., - mg.. B
: i} block &!’th screwa,r e TN - o
- g . - W S .

&

C. Measuring Gauge' 5 ‘i‘he dial of the gauge ia divided into 50 units a

and® each uni '

LAl

A turn of t?l:%"n 1e regiaterboiaﬂn or 500 microna, thue one: sub-
R v he Vo : ¥ o

unit repreee'nta 5 microns. Lo

: . " - + B .
T _ B A . ., 'Q: )

R

\
further subdivided in two units. (he complete R

n



g ' Figure 6 . .. /
g Gillings Thin Sectioning Machine . )
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Figure 7: ‘ ‘r’o I
\"." & - . M ‘p» e
Fluoreacence Photomicrogragghc Eﬁuipment A ¥ h
S e . o : . »
A, Leitz Dialqg-Pbl Microscope equipped with: " 1$&
- Leitz caﬂ.ng, view finder and shutter release cord.
- zernike‘phase contrast fldarescéngg‘condenser 402 b (setting H),.
- objective lenégs x3.5‘an§ x10 "ﬁgi, R P
- occlular lens klO B o
- sqﬁpression filter K460 interposed between the objective lens .
‘and the occular lems,  (to absorb U,V, lght) ~ o
) ' .. '{;n . . . ":.- ' . : b . u\{ 3
‘B, Mirror housing ;ﬁéﬁiows”the use of high pressure or low pressure '
lampS‘alternately.. ¢!
C. Universal 'lamp housingfwith:_4 T
- OG}Qm*HBOAzoqyﬁgggh'ﬁfeqsure mercury vapor lamp, B @
R Y R ST : ' v R
- Heat absor} Frer - 2 om KG 1 ' ) e T
-~ s & t h ) N . I : | : ’ ~d ’
~ U,V., Excitor filtp;h?.mm“Ug 1 g s R
15.'. ) o -»2+2 mm UG 1
h . , g =

‘Reducer of rgéidual red transmission of excitdr'fiifer 4 wm

BG 38 [ :f' ,m't}



S Figure 7 =~ | ’
Fluorescence Photomicrographic Equipmené*
S . . ) . -
4 ‘f - » ) ¢
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',{ﬁgure 8:

Section’ Holder for Microradiography

A,

’ Plastic plate with six holes to ﬁt on top of Plate A, dl‘here are .

S

S

. ‘ﬁf“ i i

ety * ‘.5":, ’
&)

. i ; ' .
Thick plastic plate with a recessed area 2.5 mm in depth of the

size of Kodak High Sgeed Microradiographic Glass glatea. .The
bottom of the recess is. lined with black rubber., Six bolts pro-
ject upwards, . :

.. e
Kodak High Speed Microradiographic Glass Plate, ' ‘

Rubber plate with two round holes, (

i

two 'large‘»bevelled

< a

ples in thegte through which sections are

irradfited. Rubbef iy (f:) i 'gorarily cemented to the
o : k: 31 ’ . - . 4 " 5
piastic plate (D), ° wWMetllods) e » ‘L b

Wing nut. L ' . _ -
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Figure‘S
Holﬁe__r for Microradiography,
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Radiographic Unit for Contact‘Microrédiography

A.

minutes),

‘ tungséen tatget of focal spot 1.5 nnxsgfare. The tube port con- .

. . 5 .
2
A portable control uniE showing volt meter (KV cah«be~adjusted
lc

between range of 10-40); MA scale (at top of the unit, rangel R

between 2-5) and electronic automatic shut off q;mer (maximum 5

v ’ "'

Improved Coolidge X-ray Tube, equipped with copper anode and

Tk

tains an additional removable lgad diaphragm with 1, 5 cm circulat ,

v —

"{\1' , "..r . -
central aperture, ‘ A fgﬁf B s ; ?%
¥ 3 : oo ‘,’," SR )
; 5 I )
Specially‘designed section holder 1n place ahma distanep of 10 cm
'below~the tube port, ' o ; ' ' ‘Jr.§  : '\.
’ AL . < K . o
s . o - : . ) . 4 '

vq- ' CoLe e . . . -
? ’ *. - g N >

-,
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.

L~
a5 -
e

"t



RESULTS

[ 4 . B} "F "

The experimental results of the effects of four tetracycline drugs
/" a .

are presented according to the following scheme.

\

LA .
$ §

A, Effects of the tetrawcxclims on_ growth as measured by total body

: / »

weight. (Tables V to IX inclusive snx Figures 10 to 22 inclusive)
2 .
R

B. Effects of tetracxclines on bonel

(l) I}ﬁysical meaSurements —_— L

N

. . ,
(a) Lengt:hs snd weights of femora and. humeri (Tables X and XI)

(b) Voli‘x’mes and densities of femora and hu'meri (Tables X1 and

, 5
}oxm

(2) Mineral content of bones
W

~ T ' W7
(%f&elative weights of orgsnic and i&organic con&tituents of
'y / - ;
)

- 83

,\_

..)

o 'femora and humeri (Tables XZ[V to XVII inclus:l /
C:‘ '-Disco%%ration snd, fre‘orescen color inte sity of bJones and teeth,/_, .: .
.’0 (1) Type - of discoloration 4é’nd flhorescent colo%' intensity of reiora il

‘ humeri.'. : g : "',’,'9 ! L .

, (3" ' Gross gssessment (Table XVIII) , o - - ‘ ﬁ .

| . (b) Photometric measurements (Table XIX nguré(}z% , ;

' "(2)‘5’ ~'l‘ype of discolorstion snd degree of fluorescent color ifltensity

: i ’ ',. g ER

of mandibular and maxillary Qones and teeth L /
‘Q

A»x(a) Gross s.ssessment (stlés xx and XXI-) "’}: ;;\,- ,




(a) Subjective evaluation (Table XXII and XXIIT)
-~ (b) Photogréphic records (Figures 41 to 49 inclusive),
. . ‘
D, Microradiographic observations of undecalcified cross sections of

ihgisdr teeth.

(a) Microradiographs (Fi‘aures‘ 50 and 51)

(b) Interpretatibn pf Microradiographs (Table XXIV)

A, Effects of the tetracycline drugs on growth
— .

The effects of TC, OTC, CTC, and DCIC at four different dose levels

are presented in‘Tables V through IX, These same data are repreeented,
graphically,'in figures 10 to 22, It is evident that at the 10 mg/kg
dose level growth was not retarded, In fact, TC and OTC appear to have
a stimulatory effect, as is indicated by the growth éurves lying at the
g upber limit of the range of the Control values. However, as the doses
~were increased, it is evident that growth was retarded, but at different
rates by the different drugs.

At the’ 40 mg/kg dose levels, (Figure 16) the growth cu%yes for all
the drugs lie well within the normal range except for CTC where the curve
was lying close'to'the iowet range of fhe Control animals.

Figure 17 shows the effect of 80 mg/kg dose level on the growth of

—— e -

the animals. The inhibition in growth by CTC was quite marked in compari-

son toithe,effects of the other three drugs. During the period whenn CTIC
was iﬁjected, i.e, betweenfﬁhe‘Sth andtllth day, no increase in weight
was observed, Bu; as the drug was withdrawn growth appeared to continue
normally and came to lie within the range of control group between the
17th and 18th day. OTC and DCTC also caused some inhibition in growch

during the time the drug”gas,adminiatered as the curves lie outside the

lower range of the,contrbi group.

Pl
/
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Figure 18 shows the comparative effect of 4 tetracycline drugs at
200 mg/kg dose level. All the drugs affected growth to a varyihg extent,
The minimum effect was observed.with DCTC and the maximum efféct was- ob-

gserved with CIC. The effect of CTé was 80 seveie-that three animals died
during the first three days of dru; administration. OTC not only caused
cessation but also markeé loss of body weight, There was a continued de-
crease ih body weight during drug administration periods and this trend
continued for “1- 2 days' after the drug was withdrawn In subsequent days,
there was a marked imtrease in\the rate of growth as is evident by the
upward slope of the'curve which then becomes parallel to the control
curve. TC caused complete cessation of growth during 6 days of injection
period buf growth resumed later in a normal manner, This effect was less
marked iJf

any'of the animals lay within the range of the contfol gr?up‘during the
_whole.éxperimentgl period, \x-

| Figures 19, 20, 21 and 22 offer‘a comparison of the effects of the
drugs when used on a weight to weight basis, DCIC showed consistently
a non-inhibitory effect on growth.at all dose levels than did the other

three drugs. (The therapeutic dose of DCIC is usually one fourth the

dose of the other three drugs.)

‘B, Effects of tetracyclines on bone

(1) Physical Measurements

Table X and XI record the length and weight measurements of rat
femora and humeri at the termination of the experiments.b The bones show
s ]

normal increase in length at the 10 mg/kg dose level with all the four

drugs. OTC and CTIC appear to have caused some reduction in length at

relation fo CTC and OIC, However, none of the body weights of '

85
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200 mg/kg dose level whereas DCTC appears to have had no effect. A.
definite increase in weight of bones is observed at 10 mg dose 1eve1

In eduivelent amounts DCTC appeared to have no adverse effect on the
weight of the bones at all four dose levels tested. IC caused the‘greeé-
est deficiency in bone weight at: the 200 mg/kgidose level in comparison
with tﬁe otherwdrugs,-exoépt for DCTC where an sctuaf increase_in‘the

weight of the bones was obaerved - ’

3
Table XII shows an increase in volume of the bones following TC at
the 10 mg/kg dose level. It is interesting to note that there.is some
indication that at the 40 mg/kg dose level the volume appears oo be some-
what deficient aod at 80 mg/kg.dose level, 1£ was larger than the normal
controls, Except for DCIC, there Q&s-a definite deficiency in volume at

the 200 mg/kg dose level, OTC appears to have effected the greateat de-

ficiency in bone volume, whereas DCTC had no effect at comparable dose.

levels,

Table XIII p%esents the calculated dens;tiea of the oones and ahowe
that “the bone densities in the TC drug’group are lower than the corre-
sponding ‘controls end the -bone density decreases as the dose of the drug
' was increased, 'i;e. the bone.density of 1.264 at 10 mg/kg dose level

‘(control 1 303) has ‘continuously decreased to 1. 196 at the 200 mg/kg dose
;lﬁ¥é1. It appears that the other three drugs have caused no appreciable
difference in density at all four dose leve;s s tested. In fact, the den-
sity has increased in comparjson to the eontrol group.

(2) 'Mioeral content of bones

Table XIV, XV, XVI, and XVII record the weights of the organic con-
stituents of bones and the calculation of the portion (percent) of the -

inorganic content. The difference between the weights before and after
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decalcific:éion was raken as;the—iaorganic conscitueuts of the boues}
.Comparison of these.tables show that at all dose levels there was a de-
crease in the inorganic fraction of the bone. At the 10 mg/kg dose level '3
5.567% decreasé’was observed following CIC, whereas TC and DCTC resalted

in a reduction of approximately 2% of the 1inorganic fraction. Least de- :
crease (1.4%) was observed following”OTC. As the dose was increased to

ZOO mg/kg the maximuu decrease of 13, 352‘was noticed following adminis-
tration of TC. OTC resulted in decrease of 8.45% whereas CTC and DCTC ,

both caused decreases of approxlmately 5%. The above findings are quite
consistent with the results obtained for ‘length, welght, volume and den-
sity of bones of animals injec%ed_w{ch TC. At tﬁe 200 mg/kg dose level,
administration of TC resulted in a definlte decrease in weight, volume,
density and inorganic constituents of bones and this eﬁfecs appears to

be less marked with the other.three drugs; DCTC is seen to effect bone

1

the least with respect to reduced weight, volume_and density.’

C. Diséoloration and fluorescent color intensity of bones and teeth

!

Three‘meqhods were applied in this study to assess the type and a-
“mount of colored fluorescence- displayed by bones and teeth, o .

(1) Gross assessment (subjective evaluation) |

(2) Photomesric measurement v

3) Histological examination of ground sections of teeth

L2

(1) Gross assessment

Gross examination}of both femora and humeri of animals showed no
visible anatomical defects‘or abnormalities. In‘comparison with the con-
trol group, all the bones showed varying degrees of discoloration and

fluorescence which was dependent upon the dosage and the type of tetra-
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cycline drug used, OTC caused the least discoloration (1ight grey)
whereas TC was found to cause the maximum discolopation (brownish yellow)
(Table XVIII).
order that somé subjective interpretation of the discoloration

and fluorescence given by these drugs be made, the bones were ‘arranged
in descending order from maximum fluorescence to the lowest fluorescence
and scores were made ranging between 10+ to 1+. The scores for the teeth
| were made ranging between 7+ and 1+ because the range of intensity of
: coloration was narrower than in the case of bones.
The findings of such an analysis are presented in Tables XVIII; XIX
.-snd XX and figures 24 through 39. ’ '

Table XVIII records the fluoxescent color intensity of the femora
and humeri of the experimentalvanimals. The least fluorescence was ob-
served in those given OTC and the maximum in those which ‘had received TC _5
at comparable dose levels, At the normal dose ‘level, i.e. 40 mg/kg body
weight, both TC and DCTC caused the same type and amount of fluorescence
-(medium yellow 5+) under ultraviolet light.f TC at the 80 ms/kg dose level

gave fluorescence (yellow 9+) almost equal to the fluorescence given by

DCTC (deep orange yellow 9+) and CTC (yellow 8+) at 200 mg/kg dose level.
4

(2) Photometric measurements

-

The above findings were fur ther varified; semiquantitg?ively, byfe'
photOmstric method, the results of which are presented in Table XIX and
figure 23. The bar graph shows the fluorescent color measurements msde
on femora and. humeri The light emitted by bones in the control group
d%s found to be slightly higher than 100% i.e, 2-3%'more, since no
"mechanism was available on the voltmeter to-edjust the light of control

to 100 the measurement of other bones were msde between the range of

¥
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N QAIUD as was 1ndicated on the dial of the voltmeter.  As the fluorescence,

increased from whitish-blue (OTC TC at 10 mg/kg) through medium yellow
(TC, DCTC at 40 mg/kg) to deep orange yellow (TC and DCIC at 200 mg/kg),
Nthe percent epitted light recorded by the photocell decreaaed At each
comparable dose level TC was found to have the maximum fluorescence com-
pared to _the other three drugs. The fluoreecence continued to increase

progreeeively from 10 mg/kg to 200 mg/kg in all the four tetracycline

drug groupe. A small difference in fluorescence was observed between '

+

CTC and DCTC at equivalent dose levels.

Table XX and XXI ehow the discoloration and fluorescent color inten- - o

'8ity of’ maxillary and mandibular bones and ‘teeth respectively. They
further compare the effect of sunlight on the discoloration and fluores—
" cence given by Qhe bones and teeth, |
Under.ordinary light the changes'ranging from'the 1ight grey (orc,
CTC at 10 mg/kg) to light brown (OIC at 40 mg/kg) to deep brown yellow
(TC, DCTC at 200 mg/kg) were seen, At any given dose level, the ordér of
discoloration was TC-DCTQ>CT€>OTC. ExpOSure ta sunlight Enbeare to have
' increased the diacoloration slightly for all the drug groups except that

of OTC.which showed no change. All the bonea and teeth tended to turn

'

brown .following exposure to- sunlight.

Under ultraviolet light, " bones and teeth showed asbrilliant yellow
X REEN

fluorescence in all the drug groupe except orcg The degree of observed
fluoreecence was directly dependent upon the doséq of the drug administ-

}ered (Figures 24 to 31). At any given doee‘leVel the 1ntensity of fluor-

escence was TC=DCT¢>CT§»OTC (Figures 32 to, 359 At the 10 mg/kg doee

level, the- fluorescence waa whitish—blue (Figure 32), which changed to

8
: . »

deep orange yellow at 200 mg/kg (Figure 35) The drugs at 10 and 40 mg/kg
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| dose level resulted in little difference in fluorescent color intensityu
lThe exposure to sunlight appears to,have decreased the fluorescence in
the'OTC group,‘whereas in the same circumstance some increase in fluores-
cence was observed with the ‘other three ‘drugs., |
. With respect to the long bones (femora, humeri and tibiae) the cen-
tral area of the shaft did.not,denonstrate‘as nuch fluorescence as the
epiphyses. The midsection'msy hsve,been largely calcifiedlprior to drug
administration. The fluorescence was slso observed in the articular sur-
faces of the‘loné bones and did not appear to be due to-tetrscycline de-~
»Vposition in the ‘uncalcified hayline cartilage. It probably can be.attri-
buted to the fluorophore depositing in the underlying bony spicules and
| fluirescing through the cartilage., The distribution of fluorescence and
the comparative fluorescent color intensity enhibited by the tetracycline

at 10; 40, 80 and 200 mg/kg dose ‘level is presented in Figures 36 to 39

and Table XVIII which has already been discussed.

3) Histologichl ekaminstién-of ground sections of teeth
Thbles‘XXII.and XXIII and Figures 40 through 49 present the evalua-

' tion of discoloration and fluorescence in’ ground cross sections of incisor
teeth, Ground sections were examined under the microscope in ordinary and
under ultraviolet light and interpretations in respect of type of colora-
tion’and intensity.of fluorescence were made. The detsiled‘results were
recorded in the above tables, In spite of the fact that exhsustiye'pre-
liminary experiments were made to standardize the photographic techniqte,
the colors seen by the eye could not be reproduced"in,making photographs
of the sections. None the less, the photogrsphs do present a meaningful

compsrison of fluorescent color intensities of dfoss section of teeth,

Examination of sections (Thble XX1I) under ordinary light showed :



yellow markings preaegt in the dentine except in OTC specimens where no
markings were seen., It was further observed that.éhese markings were dis-
t?nct at Fhe 10 and 40 mg/kg dose levels and as. the dosage was increased
to 200-mg/ké they became diffuse and indistinct aﬁd the tétal area oc-
4 fupied by these markingé-appeargd to have become wider, relative to the
a ~/area observed at the 10 and 40 mg/kg dosages. DCTC at 20 and 50 mg/kg
dose levels (equivalent dose of 80 and 200 mg/kg fespectively"for the
other drugs) resulted in distingu@shable, diffuse linear me;@f&gg: The
areas bgtween the lines and pulpal to the last line were ai;o di ffusely.
stained;
Table XXIIT presents the detailed analysis of ultravioietvfluorea-

cence observed in ground sections of ‘teeth, -

»

' ENAMEL: No fluorescence was observed at the 10 and 40 mg/kg dose level.
CTC at 80 mg/kg and DCTC at 20 mg/kg (equivalent doses) gave slight whi-
tish-yellow fluorescence to the enamel, All the four tetracycline drugs

exhibited a definite whitish-yellow fluorescence in the enamel at 200 .
{

mg/kg dose level, ; ) :
1 -

DENTINE: Figures 41, 42, 43 and 44.£;eaent the fluorescence given by te-

~—

tracyclines at four different dose levels., The intensity of flhofeécence

seen in the dentine was directly related to the dosage administered, It

-y

varf&&'fram light-yellow at low dosage to deep orange-yellow at high dose
Ie;;ls, Figures 46, 47, 48 and 49 show thgt intensity of f;uorescen;:
was TC-DCTQ>CT€>OTC. A11'thé drugs caused ciear.éﬂd very distinct fluo-
rescent lines at 10, 40 and BO‘mg/kg dosé level, TC and OTC exhibited
diffuse stainiﬁg of the drug between the lines at the 80 mg/kg dose level,

Furthermore, TC was found to be the only drug to stain the dentine dif-
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fusely, pulpal to.the last line. At the 200 mg/kg dose lev’} with all

" the drugs dentine showed poorly distinguishable fluéreacent lines. It
appeared that drug was present between the- lines ahd appeared as one wide
band of fluorescent ;aCerial. TC appears to have reduced the width of
the dentine formed during the time the drug was administered. Except for
the CTC group all the three drugs have stained the dentine which was form-
ed after the\last dosage of the drug was given. DCTC at 50 mg/kg (equi-

valent of 200 mg/kg for others) has stained the dentine deep orange-yel-

low color, pulpal to the last line..

D. Microradiographic Studies

J

Microradiographs, when compared with photomicrographs of the same
- - ]

ground sections; reveal that radiolucent bands are present which correspond

to the bands of tetracycline discoloration.



TABLE V

AVERAGE DAILY WEIGHTS OF RATS INJECTED WITH
PHYSIOLOGIC SALINE (C L _GROUP

N . \ o}
.
2L
. N o g
L ‘ ght _in Grams
DAY oy iﬂ:/é&z% 1st. 2nd
’-’Gi"fyg‘i} \ oothing . . Smoothing

. S ’ <,y e s ' w [

R ¥ (o GO ' -

2 Y 965y Lyl 97.00 -

3 1 3% 105 ;‘§§ " 105,00 105,22

AR B SR § U S 113.66 113,33

5 0 S %122 121,33 121.11

6 128 128.33 128,11

7 135 134,66 134,66

8 141 141.00 141,22

9 . 147 148.00 148.11
10 156 155.33 155.22
11 163 162.33 162,33
12 168 169.33 168.99
13 177 175.33 175.66
14 181 182,33 182,22
15 189 189.00 187.99 .
16 197 192.66 192,88
17 192 197.00 197.44
18 202 202,66 203,66
19 214 214,33 2133
20 218 217,00 218,77 ©
21 229 | 228,00 227,00
22 237 | 236.00 235,00
23 242 241.00 240,33
24 244 244,00 -
*25 246 - -




' TABLE VI

J

AVERAGE DAILY WEIGHTS OF RATS INJECTED WITH .

f TETRACYCLINE HC1 FOR SIX DAYS

‘ ,  DOSE mg/kg BODY WEIGHT

DAYS —

: 10 40 80 200
1 . 90% 90 88 89
2 96 98 97 97
3 104 107 107 106
4 112 115 115 114
5 %% 120 121 123 120
6 128 127 128 124
7 136 133 132 125
8 143 138 136 125
9 150 142 139 124

10%kk 158 147 143 124
11 165° 152 148 127
12 172 159 154 132
13 178 166 161 138
14 185 173 169 145
15 191 179 177 152
16 197 185 183 159
17 201 192 188 167
18 206 200 194 175
19 - 213 208 203 184
20 222 »16 213 192
21 229 223 222 200
22 236 230 230 208
23 243 236 . 239 215
24 249 241 246 222
25 256 . 246 © 253 228
* Grams

*% First injection
*%k Sixth injection
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- TABLE VII

AVERAGE DAILY WEIGHTS OF RATS INJECTED WITH
OXYTETRACYCLINE HC1 FOR SIX DAYS

DOSE mg/kg BODY WEIGHT
DAYS . N
- 10 40 80 200
1 90* 88 /| 90 89
2 97 96 / \ 99 99
3 105 104 108 . | 108
4 113 112 115 114
5k 120 1y 121 115
6 127 124 126 112
7 133 129 130 106
8 - 141 134 T 134 102
9 148 138 137 '98
10%+* 155 143 140 '95
11 161 148 144 92
12 167 154 149 93
13 173 160 156 96
14 181 168 163 103
15 188 175 171 111
16 195 | 183 177 119
17, 202 190 ] 185 | 127
18 208 196 192 | 136
19 N 214 203 200 146
20 220 209 207 156
21 227 217 214 166
22 | 233 .| 224 221 - 175
23 238 230 228 184
24 241 236 235 192
25 262 241 242 200

* Grams
** First injection
*¥*k Sixth injection




AVERAGE DAILY WEIGHTS -OF RATS INJECTED HITH

CHLORTETRACYCLINE HCl FOR SIX gggg ‘

TABLE V

o

II

.

,i"-

..

DOSE mg/kg BODY WEIGHT
DAYS. . : T ua
~ 10 40 80 200/
1 89* 90 90 89
2. 97 97 98 98
3 105 105 105 1106 .
4 _ f 113° 112 112 7111
5k S121 119 117 115
6 127 124 119 115"
7 133 126 - 120 113
8 138 129 " 120 o
9 144. 132 121
10 ¥k* 150 ° .7 136 "123
1L 157 141 0 126
12 163 1. 147 T 132
13 170 154 138
14 177 162 146"
15 185 .o~169 - 154
16 192 B & £ TP 162
17 198 180 . 170
18 204 186 - 177
19° 207 192 —— | 185"
20 212 198 ] 193
21 217 . 205 . 201
22 222 213 . 209.
23. 227 . 220 | 218
24 231 227 - 221
°25 ° 237 234. 227
* Grams .
** Fikst injection T

e

*%% Sixth injection

b 4 After 7 days 3 animals died

TN

\
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! TABLE  IX

' . ‘ . —
AVFRAGE DAILY WEIGHTS OF RATS INJECTED WITH ©
DEMETHYLCHLORTETRACYCLINE HC1 FOR SIX DAYS

\

DOSE mg/kg BODY WEIGHT

- DAYS - ‘ , . ; - :
2.5 10 20 | sof 80
1 88%* - 88 . 88 92 91
2 95 . 96 .96 99 99
3. 102 103 104 107 108
4 109 111 - 112 115 115
5%* 116 119 118 120- 120
6 T 122 127 - 124 123 122
7 129 ‘ 133 128 125 122
8 135 137 130 . 127 122
9 140 141 .. 132 130 . 121
10%%* 146 145 135 134 121
1 151 ° 150 ' 138 139 123
12 ° 157 156 143 144 | 127
13 - 163 162 . 147 150 - 132
14 170 . 169 152 156 138
15 176 177 158 162 144
16 183 184 164 168 151
17 190 191 171 175 158
18 198 198 177 o182 . 165

19 205 205 185 189 173 -
20 ° 212 213 192 197 180
21 218 219 199 205 189
22 225 1 225 205 214 197
23 - 231 231 210 1222, 206
24 237 238 216 T 229 215
25 243 247 224 . 237 224

% Grams 4

%% Firgt injection
*%* Sixth injection o L
1t Averages are based on weights of 3 animals in this
group only. =
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Figure 10:
Growth Curve of Control Animals with Upper and Lower Limits of the

Range.
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Figure 11:' o \
Shows comparison of growth curves of rats irijec‘te‘d with tet\i‘;cx cl? i
HCL (TC) at 10, 40, 80 and 200 mg dose level. Total of 8ix inject. 1,
the first on the 5th and sixth on the 10th day of the experimed‘t\:al

period were given, ©Solid line indicates utitreatéd conti'ols.
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Figure 12:

Sﬁ?ws compariéon of grdwth curves of ratslinjectéd,with bxxtetfaézéiine
‘HC1 (0TC) at 10, 40, 80 and 200.mg doge 1éve1.» Total of six injections,
the first on the 5thiand si#th on the 10th day of\ékperimental period

were given. Solid liné indicates untreated controls,
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Figure 13:

Shows. comparison of growth curves of rats injected with chlortetracycline
HC1 (CIC) at 10, 40 80 and 200 mg dose level Total of six injections,
the first on ‘the 5th and sixth on the 10th day of the experimental

petiod were given, Solid line indicates untreated controls.
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Figure 14:

_ Shows comparison of growth curves of rats injected with demethylchlor-"

tetracycline HC1 (DCTC) at 2.5, 10, 20, and 50 mg dose level. Total of
six injections, the,firét on the 5th and sixth on the 10th day of the
. experimental period were given, ‘foiid line indicates the untreated

con;rols.
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Figure 15:

<
Shows comparison of growth curves of rats injected with four tetracycline

drugs (TC, OTC, CTC and DCTC) in equivalent doses. (Dose given was

10 mg/kg body weight ex?egt for DCTC where the dose was 2.5 mg/kg body
weight.) Total of six_injections, the first on the.Sth and the sixth on
the 10th day of the‘experimental period'were given, Solid line indicates

the untreated controls.
Y. .
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Figure 16:

§hdws comparison of growth cufves of rat;’injected with four tetracycline
<Srugs (TC, OIC, CTIC and DCTC) in equivalent doses. (Dose given yas
: 48‘mg/kg bédy weight except for.DCTC where the dose was 16 mg/kg body
weight.) Total of sixiinjections; the first on fhe 5th and the sixth on
™ the 10th day of the experimenfal pefiod were given. Solid line indicates

the untreated controls,

I
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Figure 17 : . -

s E

. 4
Shows comparison of growth curves of .rats in; ccted with four tetracycline

- )

drugé;(TC 0TC, CTC and DCTC) in equivalent doses. (Dose giveh was

80 mg/kg body weight except for DCTC whete the dose was 20 mg/kg body

o weight ) Tot%i of six injections the first on the 5th and the sixth on

the lQ;h'day of the experihental period were given, Solidlline indicates

’

_\'r;’///jﬁ .

\\untreéted-contrpis.
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Figure 18:

Shows ¢ arison of growth curves of raté insected with fouf tetracycline
drugs (TC OTC, CTC and DCTC) in equivalent doses. (Dése given was

200 mg/kg body weight except for DCIC where the dose was 50 mg/kg body
weight,) Total of six injections, the first on the Sth and the sixth on
the thh day‘of the experimental,period were given, Solid line iﬁdiCates

the untreated controls.
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Figure 19-..
' A comparison of growth curves of untreated rats and rats. injected with
four tetracycline drugs (TC OTC CTC and DCTC) in doses comparable on
weight to weight basis (dose given is 10 mg/kg body weight) A total -of
six injections, the first on ‘the 5th and the sixth on the 10th day of

»

the experimenthl‘period were given,

o
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Figure 20:
A comparison of growth curves of untreated rats and rats injected'with

four -tetracycline drugs (TC 0TC, CTC and DCTC) in doses comparable on

weight to weight basis. " (Dose given is 40 mg/kg body weight except for '
DCTC where the dose was 50 mg/kg body weight, ) A total of six injections, '

the first on the 5th and the sixth on the 10th day of the experimental

perisd were given. .
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Figure 21: : » .. - '\

A comparison of growth‘curves of untreated rats and rats injecﬁed with
four tekracycline drugs (TC, OTC, CTC and DCTC) in doses comparable on
weight to weight basis, - (Dose given is 80 mg/kg body weight ) A total i
of 8ix injections, the first on the 5th and the sixth on the 10th day

of thé experimental period, were given,



(Grams)

WE | GHT

250
240
230
220

210

1930
180
170
160

150

I‘O_O
130
120
1o
100

90

80

EFFECT OF TETRACYCLINE DRUGS ON GROWTH

Dose = B0 mu/ky body welght
—— . Control
PR Tetracycline HC!

- wem e Oxytetracycline HCl ]

= Chlortetracycline HCl

LI Demethylchlortetiacycline HCI

(a

I 2 3 4 5 6 7 8 9 10 11 12 13 '% 15 16 17 18 19 20 21-22 23 24 25

TIME (Days)

Figure 21

121



Figure 22

“A comparffon‘of growth curves of untreated rats and rats injected with
four tetracycline drugs (TC, OTC,’CQF and DCTC) in doses comparable on
weight to weight basis. (Dose given is 200 mg/kg body weight except for
DCTC where no Such dose was employed.) Total of six injections, the -
first on the 5th and the sixth on the 10th day of the e7perimental period

. 4
were given, - ¢



™

(Grams)

WE | GHT

250
240
230
220
210
200
190
180
170
16C
150
140
130
120
110
100

90

8o

—

A

EFFECT OF TETRACYCLINE DRUGS ON_GROWTH

Control

‘Tclracyclinc uCl

Chlortetracycline HCI

Oxytetracycline HCI

Dose = 200 mg/kg body weight

(OMCT ot done)

2 3 4 5 6 7 891011|26|h|516|7’|8|'9202122

TIME

(Days)

23 24 25

123



€

Jy3tam £

poq 33/3m = asoq |

| (mn) gaBuay auog sy
*g8n1p 291yl 13Yylo ayj 103 pasn §3gOp 3yl Jo % /1 dI3m 83LOP 91od

. . . . ‘ . . N auF1I4ov1Ia]

6v'vz | 97T | €LTVT | LL'WT | BLOE 91°0¢ | 6970¢ %°0¢ *_ JoTyo1 Aiasmeq
| - oseez | zotwe | wLtwe - 11°0¢ | v€'o£ | €8°0g |  @UFIPA9813933014D
. 16’z ¢ ew'we | SIve .| €5°yT |l set8z | Ly'0E | 9170E | 6610F | 2u}194081393430
” . . — . J | , . ) . [P S . " .
. 69°€C €9°HZ | HE'YT 69°%C 09°67 | Y%°0f 96° 62 gv'0c |-~ euprakoeaial
_. " | o o - .
" opryz  9v'yz | 9wz | ov'wz || 86'6z | 86°6C | 86767 | 486767 | 2utles oF80rofshud

00z | o8 o7, | o 002 08 oY o1 A

i SNYANH WAL ’

STAAZT dS0Q INZYAAAIA LV SEANITIDADVILAL
HLIM QALOEACNI SIVE 40 IWAWAH ANV VIORAL 40 SHLONZT

L 3

X a1avi




125

< 3yStem £poq 33/3m = asoq } ‘
, P - , (u8) Jy8yeM 2uog yx -
*g3n1p 291y3 12Yyjo 9yl I0J paIsn gasop 9YI JO /1 2Iam 8380P DIOA ¥
. . . | ce . . ¥9UT104or 1393
mw«w_o 296270 | L9€T°0 | Y920 || 09€S°0 | 90%S'0 yeHS 0 | - 207401 4y35maq
- ‘€120 |- 8Z€2°0 | 9%€T°0 - 8515°0 €225°0 aUTT94981393 10T
L1TZ°0 | %09Z2°0 | 9822°0 | L8SZ°0' || 069% ) | L1S5°0 %1€5°0 suyoLo813234%0
o dl Q > 8 e———— - .. r - ‘< ,
. ” o - L . , _
'€€22°0 | €2€2°0 | €5%2°0 | ssz'0 || 88¥%°0 | L98%°0 25€S°0 auyioAoealal
. . B R . H N . - N - - ,ll T ot mf
©1  0362°0 | 0TST°0 | 0ZSZ°0 | 02GT°O [|'€21S°0 | €215.°0 «£€C16°0 | @urIes o78070%84Ud
. 002 o8 4 oy | oI 002 . 08" o1 .
N SOYTHOH | anwad , N o
r - i ._.' e T S
-./ -~

HLIM QILOACNI SLVY A0 Hg NV VYOWEd 40 SIHOTAM

STAAAT 3500 INIWAAAIq 1V SANTIDADVELAL

IX JT8VL



126

..mm:nm 991y3 I9Y3j0 BYyj 103 pasn

. 3y31em Apoq wx\w& ,
) AmEUV WNTOA yx -
8980p 3Yyj jo'H/1 aaam 8980P DIOA .¥

1

as0(Q $-

ocaten | Jeors . . o . . s - xoUT]o4oBI3I9]
BSET°0 | LS8T°0 | £981°0 | T6BI'0 | ¥06E°0 | 616E°0 | S8BE"0 | 6207°0 D o lua1hmoned

- €8L1°0 | €81°0 | (%810 - SH8E°0 €6L€°0 | €L8€°0 3uyT2408133310TYD -
S191:0 | €981°0 | LIL1°0 | €£8T°0 | 06¥€°0 | 286£°0 | 919€°0 | 8¥8€"0 SuTTo£0B1303 430
9EL1°0 | S681°0 | SIBT'0 | 9961°0 | ZSLE'0 | ZIOW°0 | 628€°0 | zeew'o supokoBI3al
SS8T°0 | SSBT'0 | SSB1'0 | SSBI'0,)l 9Z66°0 | 9Z6E°0 | 9Z6E°0 | 44926£°0. | ouFIPS F8070Tskyd
ooz | 08 | oy o1 00z 08 |- oy 01 _,

. SNYTOH’ R
r N - _
STANAT 3500 INAUAIATA IV SANL DXOVALAL

HLIM QAIOACNI SIVY 40 TNIHNH GNV VENWAI 40 SERNTOA

ITX 278

\




127

- 3y8yah 4poq B3/3w =~3s0Q

_ . : : < £378Uad ¥y
*s8nap 991yl I9Yjo syl 103 poasn 8380P Yl 3Jo t/1 °19M 8280p o104 .%.
. . . - . ) . i e . ,c. mﬁﬂ.ﬁnvhowb UU

L2e°T | 6LETL | 49271 | z62' || €LETT | 6L£7T | B9E'T gve"T Sy
- L0T°T | €92°T | 692°T - we'T | S9€°1 8ye°1 - SUFI240B135310TYD
HOE'T | wOY'T | TEE'T | OT¥'T || €ve*l | ¥8€°T | 8€°T 08€° T PUFT2£001323430
c8z°1 | ¢zz'1 | 8ve T | oog'T | 961°T | wiz'l | z9T°T | w9Tl | suF12£08133L
, | : e b
LSE'T |- LSE'T | LSE'T | LSE'T | €0€°T .| €OE°T | €OE°T |- 4y €OE'T surtes o18010184d

002 08 oY ) 002 08 oY 401 :

SNYEAOH AT ‘

STAATT AS0U INAVAAAIA 1V SANI IDAOVELAL HLIM

:

[TX A19VL

;

2

QAIOACNI SIVY 40 THAWAH QNV VSOWEI 40 SALIISNEQ QALVINDTVO




128

" 3y8tom 4poq 8

j/8w = asog }
(uB8) Iy3YoM. ¥

0S°€2Z 18°81 €6°€€ 8%°0¢ £6°0€ 4« L°81 | £0°2¢ SH°8T £8°62 B.Nn_ (%) oyueSiour
] : . - . . , (oTuediout = n -V
0%$0°0 | O%%0°0 | 6280°0 | €8L0°0 | 1#L0°0 || €¥80°0 .| 8801°0 | SEEL'0 | 2Z91'0 | 2191°0| CELCET & 832
, : _ . R EETE ‘ Y3ToM
LSLT°0 | 6681°0 | #191°0 | 98L1°0 | %S91°0 || 199€°0 | L%8€°0 | 8SECE°0 | SIBE°0 | 9TYE O UOTIBOTFTOTEBI9P
. i : . IR x833e Iy31opM
) Amwcwwuouﬁ
o. ° ' . i . e . Y . . v . . . + o.ﬂﬂwwuov
L622°0 | 6EEZ°0 | €7¥Z°0 | 69ST°0 | S6€ZT0 || ¥OSH°0 | SE6Y'0 | €69¥°0 | LEYS'O | ,LT06°0 uoT28oF3ForEoap ¥
. : a103aq JySyapM
002 g | o o1 |1eax3uod || ooz 08 oy j01 | 1033000
[y mpg MHDE ’ m

STAAZT FS0d INAYAIIIA I

v ﬁon INITOADVYELAL HLIM (Q4LOICNI SIVY A0

I¥AWNH NV VMOWHA JO SINANLILSNOD DINVOUONI ANV DINVOYO JO SIHOIAM

AIX J18VL

-7




129

© 3y8tom Lpoq 2B

j/3u r.omon *.

(w8) IuBTaM »

oL'vz | 606z | 60"tz | s1toe | €670c |lz9'ez | 61°8z | €970 | 89°0E | LO°ZE (%) oyuesaour
o . . . : - N.L (oFuBsaous -g - V) |

Z2S0°0 | ¢¥L0°0 | 6290°0 | 88.0°0 | 1¥L0°0 || 801170, | TI8%1°0 | S2TST°0 mmﬁ,& 2191°0 90Ua1333 TP

- X e o Iy3ToM
. e - L . (o1uEdao)
S6ST°0 | 608T°0 | €691°0 | %281°0 | #S91°0 |{285€°0 | €£L£°0 | €S%E°0 | 069€°0 | 9I¥E°0| UCFIBIFFFOIBOP

i | . _ . . 19338 JY3TOM

- o
- . ; " (ofuediout

. ; * % - . » . . . ] ’ + Unguov
9T12"0 | ISSZ°0 | 226270 | 119270 | S6€Z°0 || 069%°0 %7570 | 8L6Y'O | €3ESTO | LZ0S°O|  yopzeoygyoredep V-

-1 ‘ . . . . '91032q JySToM

00z 08 oY o1 |1013u0D || 00Z 08 oY QU | 1033000
SNYARNH - AWAL

 STAAET F50G INZUALAI0 IV TOH INTTDAOVELAIAX0 HIIM QaIDArRI SLVE 40
. TYHWNH QNV V¥OWAS .40 SINANLILSNOD OINVONONI NV OINVO¥O 0 SIHOIAM

AX F1avi - | :




130

S

.upwﬂma £poq wx\wi,u mmvn h_

‘ (w) IuBToM &
- | ewst | 1v0z | 9L7e1 | €60¢ - 12z |estez |1s'ez | o'ze | (u) -ovweBaour
‘M, , 1. B - . N (otuediouy = g - <v
- | gzeo*o | 88%0°0 | ZTLEO'O {*1%L0°0"° - GLET'0 | T2ST°0 | 88ET°0.| ZI91°0 | ,:moaoHOHWﬂv
. - o " : . - . B ) uﬁm._an ’
. . - 4 4 , _ (ojue810)
- 0LL1°0 | €061°0 | £S81°0 | %S91°0 T L69€°0 | LZ9€°0 - L%8€°0. | 91I¥E"O UOTIBITIFOTBIP €
o S . ] 1a33e 3yByToM
A - _ . - . (oyusBaout
. -, L e . : . o . . . '+ d97uedao)
- €602°0 | T6€2°0 | 612270 | S6EC°0 - 2L05°0 | 6¥1S°0 | €270 |4L205°0| yopymopyroreasp
. 1 _ . o _ . ax032q IY3FoM
002 08 . 0% 01  1oa3uoy || 00z . 08 | oy _ o | 1o3ueD
T : o WA

STEATT 5500 LNATAIATa IV ToN AT DAOVIIaTu0TH) HLIN GALOAINI
SIVE 20 TNAWH NV VHOWAI JO, SINANLIISNOD DINVOYONI GNV DINVOYO 40 SIHOIAM




131

Y

. : urwﬁma,hvon;wx\wa‘.m, asoq 4
“ S ) Erm sk
sy'we | 209z | 8171z | s0'vz | €670€ || 9TTLT | 8Y'6C ‘o6z | 11%e | Lo'ze | (1) ovuesaour
: : . L - . . : B | B .A.u.._awwuoa.“,.u q - 3
0290°0 | S¥90°0 | 8150°0 0190°0 . 19L0°0. || L2S1°0 | ¥LS1°0 | 69ST°0 €191°0 | ZI91°0 . 9OUdAIIITP.
: . , - . _ : . L Y3IFam |
N : : —
9161°0 | #€81°0 | 826170 | 9261°0 | %S91°0 HL0%'0 | 99L€£°0 | 9€8€°0-| 626€°0 9I¥€°0| UOTIBOTFTOTIRIIP €
. S S g . : e , : umuma._usw«as :
. S . _ . nounmwuo.:..n
e . . : PP o 1 on . o | + o70e810)
9E§Z'0 | 6LY2°0 | 9¥¥TI0 | 9ECTTO S662°0 || T095°0 | O¥€S™0 | SOYS70 295570 | 4L20S70]  uopymorzyorOsp v
e ‘ n , ‘ : : S 21039q IYSToM
os 0z o1 g*z | 10x3U0D 0S oz o, | hmfN 1013u0D
SMYIROH . e )
e S : ) . - : ’
- STAATT 3S0Q INAYAIAIQ IV IOH ANTIOADVELALEO THOTAHITAAA HLIM QALDALNI

S1VY 40 I¥IWAH QGNV V¥OWAd J0 SINANLLILS

TIAX T19VL

NOOD ‘DINVDEONI NV UH%&O 40 SIHOIZM -~ = ---




132,

*s8nIp 991y3 I9Y3o ay3 I0F pasn §3e0p 3Y3 JO H/1 a1am

b o, 8380p 2I0Q »
: oy R 26 S N
aol1sx e8uB30 dasq  MOTTOX moT1s% wnpan | moridk - dswavwa [ 3WSFT cAtn | 3
; O o S oo S Kgewesnr | . o
R SRR _ L . T jusdsazonyy |  xaUT(94dea3a] .
, E:&w/ﬁﬁm jaeq MOTT5X umolg | MOTTSX umoag wnipal | 4£31D-3Y3TT | IYBTI 91qIsTA -I01y274y33mwaq .
) Qoxzv | #or1ex wnipeR mOTT3X USTT | MOTTSX‘4STITUM | IUSTT ‘A’
. +HHHH e +HHH+ + . A3ysusjur.
. , . : _ | 3usdsazonyy L .
#0TY3X uMOIg | MOTTeX WNFPIN MOTT9X umolg IY3F1 £219 IYBYT | IYBFT STQ¥STA |SUFTdAdBIILIIOTY)
MOTI5% IYSTT eo.:w».pwﬂzs | . onig YsTITUM 'an1g YSTITUM WPT An T
oHH ++H o - huﬁwnouaw M
. : coe ; - .~ | 3uedsaaonyy . o
L3193 £319 wnipay £219 34811 - 4239 JYBYT | IUBYT STQISTA| duFId4oviIazLnp
- "#o11ax @8uwip deag MOTT3X  MOTT3X WNTpIR anig ysYITyM | IUBTT ‘A°n
HH , SRR : + £33susjug
CE - 1 m,. A . . e+ - © 3uladsaIONTY . . .
mo19x umoag *&a #OTT3X umolxg yaeq | MOTI9X umoig IysT1 4a1% 34371 | IYBTI 219ISTA aug1o4oe1iag
002 . 08 oy o | o .
_ _ : . S ~ sonya
IHOTAM Adog. 83/%w SFSOQ - . 4

* STIAAT JS0Q INFYIIAT

TIIAX FIdVA,

| i @ IV 5Onud aNIIDAOVELAL
SIVY 40 T¥ZWIH GNV VHOWZI 0 XLISNZINI 070D INADST¥ONIA -QNV NOIIVHOT0ISIA 40 SHAAL

vt

HIIM QAIJACNI




133

et

*s3nap 33aYy3l a9yio 3o H/1 a1e posn 83soq %

_ ..noaumﬁwwuua *A°Q I9pun Q. X vouuﬂaol
4811 juedxad 91® SJUSWIINSEWIW 3AOQE YL :3ION

. - ; 10H 2ui[24o81393
o9 Az weL - 128 0 JoTuoTAyaewmsg
. | T o :
€59 00L 69L 808 . suprokosnasi T
$69 oLL 908 668 |  T1DH SUFT0A0BIINAXD
096 wes | woL | 018 . 10H PuTTo4oRIILL
'~ og01 © ogol | ogor | 0gor |  SurIes oFSoloTsdug
oozy | 08 2 ot -
— - : SESOQ”
IHOIAM Qo€ 33/3m sASOd

[

STaAa1 3500 HzmMmhth .
IV $9N¥a ANITOXOVELAL HIIM QAIDALNI SIVY A0 H&MEE aNv

“VHOWAI J0 SINAWAYNSVAR NOISSIWA ..EUHA INZOSTIONTI DI¥LOATHOLOH

o

XIX 419V




Figure 23:

Photoelectric fluorescent light emission measurements of Femora and

Hhmeri of rats injected with tetracycline drugs at different dose 1evels.

y '/'
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TYPE OF DISCOLORATION AND DEGREE

OF FLUGIESCENT COL(R INTENSITY :

I 4

:'.~,,¢~“' B

OF MANDIBULAR AND MAXILLARY BONES OF RATS INJECTED WITH
TETRACYCLINE DRUGS AT DIFFERENT DOSE LEVELS
&
DOSE: 10 mg/kg BODY WEIGHT
l " visible Light¥* UV, Light
Before Light | After Light Before Light | After Light )
Exposure Exposure . Exposure Exposure }
1C | Light Brown | Medium Brown Whitish Yellow | Light Yellow
+ ++ ++ +
oTC | Light Gray Light Gray | ' Whitish Blue whitish Blue
= + . N
cIC | Light Gray Light Gray,,f//ﬁ;itish Blue | Whitish Blue
- )"T;‘ \ ] '//"') + +
DCTC ugﬁc‘ﬁ@‘i:@yn Medium Brown | Whitish Blue Whitish Blue
+ ++ +—=+ +
: DOSE: 40 mg/kg BODY WEIGHT
rc | Brown Yellow | Bright Brown ' Medium Yellow -] Yellow
. Yellow - |
4 ' -+ ‘lill ¥ ll.lll
+ Co
oTc | Light Brown | Light Brown | Whitish Blue whitish Blue
o + - o+ + .
¢1C | Medium Brown | Brown Yellow whitish Yellow | Whitish Yellow
Yellow + U —“+ +H+ '
5CIC | Brown Yellow | Bright Brown | Medium Yellow Bright Yellow
AR Yellow - ..
-+ o 4+ -
o+ 4

* Ordiggry room lights
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* TABLE XX CONTINUED:

DOSE: 80 mg/kg BODY WEIGHT ..

O

‘v

Visible Light* ' U.V, Light
Before Light | After Light Before Light After Light
_ Exposure Exposure Exposure Exposure
TC | Brown Yellow | Bright Brown |  Yellow Yellow
Yellow A
, ‘ -+ HHH
OTC ‘| Light Brown | Light Brown | Whitish Blue Whitish Blue
B + + ++ +
CIC | Light Brown Medium Brown | Medium Yellow Medium Yellow
+_ ++ - o
e i
DCTC | Brown Yellow | Brown Yellow Yellow Bright Yellow
i +H+ +HH
' S \
DOSE: 200 mg/kg BODY WEIGHT
. TC | .Dark Brown Bright Orange | Deep Orange ‘ Deep Yellow
Yellow Yellow Yellow ‘ h
+-+ -+ +++ -
+ - -+t
OTC | Medium Brown | Medium Brown | Medium Yellow | Medium Yellow
++ Yellow , ++ +++ -+
CTC - - - -
" DpCTC | Dark Brown . Bright Orange.| Deep Orange Deep Yellow
Yellow Yellow Eﬁw ‘
- - 3 AR
+- + - S

- % Ordinary room light
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TYPE OF DISCOLORATION AND DEGREE OF FLUORE
~ OF MANDIBULAR AND MAXI
WITH TETRACYCL

TABLE YOI

LLARY INCISOR TEE
DRUGS-AT DIFFE DOSE_LE

-
s

DOSE: 10 mg/kg BODY WEIGHT

-‘ .
Cw

’

SCENT COLOR INTENSITY
TH OF RATS INJECTED

-

Visible Light*

UV, Light

Before Light

- After Light

¢ Before Light

After Light

- Exposure Exposure: Exposure . Exposure
“TC | Light Browm Medium Yellow | Cream Yellow Cream Yellow
: + +H + ++
OCT | Light Gray Light Gray | Whitish Blue Whitish Blue
. - . + N - . ;' - i . .
“CTC | Light Gray Light Gray Cream Yellow - whitish Blue
o+ 4 .+, -,
DCTC | Light Brown ' | Medium Yellow | Whitish Blue .| Whitish Blue
Yellow f - A LS
+ ++° . - -
voe U ‘ . e R v. -
2 ‘e -
DOSE: 40 mg/kg BODY WEIGHT
TC | Brown Yellow | Bright Yelldw| . Yellow ' Yellow -
+H+ HH+ +H+ A
OTC | Light Brown | Light Brown | Light Yellow ‘Light Yellow
+ . + o h H * -f"‘*’- ) .
CTC | Medium Brown | Orange Yellaw | Light Yellow | Light Yellow
Yellow ) C '
++ . S A A
DCTC | Brown Yellow | Bright Brown Yellow Yellow
’ - Yellow L .
- R +HH+

++

»

4

% Ordinary room light




TABLE

-

-
.

XXI CONTINUED: ;
DOSE: 80 _mg/kg BODY WEIGHT
i : Visible Light* T U.V. Light "
_ | Before Light After Ligh Before Light AftersLight
‘ " Exposure - Exposure  ° " Exposure Exposure
TC | Brown Yellow Bright Brown | Deep Orange Deep ;Qrgnge
-t X Yellow Yellow Yellow
A +H++ -+ H
’ + ++
OTC | Light Brown Light Brown Yellow Yellow .
! S+ - + R o oo -
_CIC | Light Brown Medium Yellow| Yellow Yellow
: + + 4+ +H+ "
DCTC | Brown Yellow Brown Yello&i Deep Orange . Bright Orange
’ : . Yellow Yellow
+++ -+ -+ A AR
‘ ' "+
I i = 1
Ing - —" ) ) - &,
. . DOSE: 200 mg/kg BODY WEIGHT
] R ek —— : ‘
(— TC | Dark Brown Bright Orange | Deep Orange Deep Orange
_ | Yellow Yellow ' Yellow Yellow.
e + - 4 +F
%. 4 R .
| ' i v T - < -
o ' i - 0oTC | Mediim Brown | Medium Brown Yellow Yellow
; : Yellow Yellow T o
; ++ + e +H+
- - ;
i cre - - - -
|
! DCTD | Dark Brown Bright Orange | Deep Orange ’Deep Orange .
Yellow Yellow Yellow Yellow v
. ' A - R s
+. S+ +. +

* Ordinéry room ligﬁt

{,?



Figure 24:
Shows comparison of fluorescent color intensities of mandibular bones
and teeth of rats injected with tetracycline HC1 at four different dose

levels. From L to R: None, 10, 40, 80 and 200 mg/kg body weighﬁ.

R ) : . . .

Figure 25: ’ °

Shows comparison ofﬂflporegggnt color intensities of mandibular bones.
and teeth of rats injected with oxytetracycline HCl at four different

dose levels, From L to R: none, 10, 40, 80 and 200 mg/kg body weight;'
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Figure.26:

Shows coﬁparison of'fluorescént color intensities of mandibular bones

and teeth of rats injected with chlortetracycline HCl at four different

dose levels. From L to R: none, 10, 40, 80 and 200 mg/kg body Qeight.

Figure 27:

Shows comparison of fluorescent color intensitiééAof mandiﬁular bones
and teeth of rats injected ﬁitﬁ demethylchlortetracycline HCl at four
_-different dose levels, Frdﬁ}L to R: none, 2;5, 10, 20_ahd'50 mg{kg

* body weight.
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Figqre.27

Figure 26




Figure 28: v
Shows. comparison of fluorescent color 1ntensit1es of maxillary ‘bories and

Ateeth of rats injected with tetraczcline HCl at four different dose

levels. From L to R: none, 10, 40, 80 and 200 mg/kg body weight.

N

Figure 29: ' o e :
SSBULS S . ‘ .

Shows comparison of fluorescent color intensities of maxilliry‘bone;,and

teeth of rats injected with xxtetracxcline HCl at four diffetent dose

levels, From L to R: none, 10, 40, 80 and 200 mg/kg body weight.. v

\
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Figure 28

Figure 29

b



Figure'30'

Shows comparison of fluorescent color intensities of maxillary bones and

¥

teeth of rats injected with chlortetracxcline HC1 at four different dose

1evels. From L to R: none, 10, 40, 80 and 200 mg/kg ‘body weight.

W

. Figure 51-1
Shows comparison: of fluorescent color intensities of mexillery-bonesiand
»teeth of rats injected with d emethzlchlortetraczcline HClL at four
different dose levels. From L to R: none, 2.5, 10, 20 50 and 80 mg/kg

o

body_weight.



147

Figuré 30

/J .

Figure 31



Figure 32:

Shows comparison of fluorescenf color intensities of mandibular bones
and teeth of rats injecteq with‘fou: different tetfacycline drugs, )
From L to R: control, TC, OTC, CTC and DCTC at 10 mg/kg body weight
dose level except for DCTC-wheré_che equivalent dose was 2.5 mg/kg'

~ body weight;

Figure 33: 1fi » . | o :

Shows domparisdn'of fluorescent color intensities of‘mahdibular bones

» and teeth of paté.ihjected with four differenf tetracycline drdgs. ,?tom.
.+L to R: conf;or, TC, OTC, CTC‘aﬁd DCTC atv40 mg/?g bbdy weight dose |
level except for DCTC ware the"equivalén; dose%fvei was 10 mg/kg body

e

" welght. . -

o :
P . L TN,
, ) - o . N \
: S
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Figure 33



- Figure 34:

Shows comparison of fluorescent color intensities of mandibular bones
and teeth of rats injected with four different tetracycline drugs. From
L to R: control TC, OTC CTC and DCTC at 80 mg/kg body weight dose

level except for DCTC where the equivalent dose level was 20 mg/kg body

weight.

Figure 35:

Shows comparison of fluoreecent color intensities of mandibular bones
and teeth of rats injected with four different tetracycline drugs. From
L to R:. control TC, OTC CTC and DCTC at 200 mg/kg body weight doee

1evel except for DCTC where the equivalent doee level was 50 mg/kg body

weight, -
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Figure 34




Y . '

Shows comparison of fluorescent color intensities of tibiae. of rats

” ' ':»

1njected with four tecracycline drugs.' From L to R: coatrol, 1c, OTC,
CTC and DCIC. at 10 mg/kg body weight doae level except for DCTC where

the equivalent dose level was 2.5 mg/kg body weight.

- Figure 37:

-

Shows comparison of fluorescent color 1n:enslt1es of tibiae of rats .

_injected with four tetracycline drugs. From L to R: ‘control, TC, OTC

CTC ‘and DCTC at 40 mg/kg body weight dose level except for DETC where

the equivalent dose level was 10 mg/kg body weightl

!
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ki T :
of rats

Y
ison of fluorescént color intensities of tibiae
: control, TC, OTC,.

From L to R:
for DCTC where

Figure 38:

" ShowE _compar
jiuje&ted with four tg&racycline drugs.
kg body weight dose level except

',d'
*’CTC and DCTC at 80 mg’
Ehe equivalent dose level was 20 mg/kg body weight,

o Hgne3$f ,
 Shows comparison of fluorescent color intensities df'tibiae-oﬁ,rats
. From L to R: coﬁtroi;tTC;)OT?,
r DCTC where

inJected with four tetracyclin drugs.
C at 200 mg/kg body,weight dose Tevel except fo
ody weight.

CTC and DCT
the equivalent dose level was/SOVmg/kg b

!

/

.‘\f ~ . ‘I~.
v 5

Lo
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TABLE XXII

EVALUATION OF DISCOLORATION IN UNDECALCIFIED CROSS-SEdTiONS OF RAT
NCISOR TEETH GIVEN TETRACYCLINE DRUGS AT FOUR °
DIFFERENT DOSE LEVELS

'Tetracycline HC1

156

Doses

Type of

Discoloration

Degree

Remarks

mg/kg
10

None

-Six discolored lines in dentifte clear -

and distinct
-No diffusion of drug in between the

lines .

40 .

Mild

-Six discolored 1ines in ‘dentine clear
and distinct

‘-No diffuaion of drug»between the Iines

80

Mild

by

-B&ecolored linee in dentine indistinct

Qﬁﬂunclear e ,

iﬁpsiﬁn of drug between and pulpal
to@qhé lines present SRR

200

Yellow

Mdderate

qpiscolqgedwlinee in dentine indistinct
and uncléay’ 4*

-Dentine formed dﬁ%ing ﬂhdﬁﬁfter drug
‘administration diffusely discolored
-Discolored area of dentine appears to
be wider :

» o

'
—k
N )

my'te tracycline HCl

Doses
mg/kg

Type of

Discoloration

Degree

Remarks .

None

'I-Six discolored lines in the dentine

are clear
-No diffusion of drug in between the

lines ‘ s

o—

\

40

-Six discolored lines .in the dentine

are clear : g?
-No diffusion of dtug between the

1ines

None

Yellow

-No discolored lines are séen

=No discolored lines are seen LT
-Area of dentine occupied by the 1ines
- appears to be wide

o



" TABLE XXII CONTINUED:

157

- .
._\"ﬁ\f.‘l!‘.
e
ey
A

Chlortetracyclihe HCL
Doses Type of
mg/kg | Discoloration | Degree ' Remarks
10 - Yellow Mild .~No definite discoiored lines or area
: in dentine present
40 - ‘fellpw; HMi1d ;5F -Six. discolored lines in the dentine
o : ' .are cléar .
R , “No diffusion of drug in between the
lines SR 4 i
80 . - Yellow Mild -Faint indication that lines are pre-
il & . sent
~Diffusion of drug in between the 1ines
- . present
208 % Ye11ow Mild -No definite discolored lines are seen
-Area of denfine occupied by the lines
- appears to be wide -
. -Dentine pulpal to the last dose
~appears dark
Demethylchlortetracyciine HC14
Doses : :
mg/kg| Discoloration|Degree Remarks
2,5 None ' - -No discolored lines are seen 1n the
dentine .
10 ~ Yellow - . _|Mild | -No definite lines are present.
: . ' -=Diffuled discolored area in the den-
tine present )
- v T s
20 Yellow Moderate | ~Six discolored lines in the dentine *
\ . - are clear o
‘=Dentine pulpal to the laat dosage is
diffusely stained
*50 Yellow Sevére -Six lines are. distinguishablé
' . -Dentine formed during and after drug
adminﬂﬁtration periods diffusely :
stained
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TABLE XXIII

158

0

EVALUATION OF U.V. FLUORESCENT COLOR INTENSITY IN UNDECALCIFIED
CROS® SECTIONS OF RAT INCISOR TEETH GIVEN TETRACYCLINE

., DRUGS AT FOUR DIFFERENT DOSE LEVELS __ .

Yellow

~

‘~'1’he a,re;&c:f dentine occupied

Tetracycline HCl
. A;;;;‘.].
Doses Type of o
mg/kg | Fluorescence |Degree. ' Remarks
10. Light Yellow {++ Enamel: -No fluorescence
Dentine: ~-Fluorescent line clear and
distinct.
.Alveolar -
Bone:.
40 Yellow - Enamel: -No fluorescence
' Dentine: -Fluorescent lines clear and
very distinct. ,
-No diffusion of the fluores-
- »cence in the adjoining area.
o Alveolar ' oy D
Bone: -Clearly marked cream yellow
fluoreacence in the region
of Lamina dura, S
80 Orange Yellow |+++++ Enamel: -No fluorescence
Dentine: -Fluorescent lines clear ,
-Diffusion of fluorescence 1n'
i between the lines. '
' -Dentine pulpal to the fluores-
[ cent lines also difﬁuaely
N -stained.
,oag - .
b - Alveoltr- = -,
.' 'Bona:,
200 Bright Orange | ++HH+ Enamel: -Slight yellow fluorescence = |,
+ ' Dentine: -Fluorescent lines not clear--

1y marked.. ,
-The dentine formed during and
after the drug administration
periods is diffusely bright
orange yelliow -

by six orescent lines
appears to be narrow,
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TABLE XXIII CONTINUED:

Oxytetracyéliné HC1

“Doses Type of ‘ ]
mg/kg | Fluorescence (Degree o Remarks

10 Whitish Yellow | ++ Enamels ~No fluorescence , .
. Dentingg -The fluorescent lines clear f 4
and very distinct: :
.-No diffusion of fluorescence
_ in the adjoining areas
Alveolar =
A ‘ Bone: -Poorly marked cream white ,
fluorescence in the region
of lamina dura -

40 Yellow | Enamel: - -No Fluorescence
Dentine: -The fluorescent lines clear
. and very distinct
-No diffusion of fluorescence
in the adjoining areas

Alveolar o _ oL i
. Bone: -Poorly marked cream white :
o N fluorescence in the region
a ' of lamina dura

»

.80 Yellow { +++ | Enamel: -No fluorescence
: o ’ Dentine: -The fluorescent lines clear
Y SRR - ‘and distinct
A " el 0 :  -Diffusiom of fluorescence
' o ' ' between the lines h
B -No staining of dentine
" pulpal to fluorescent lines
! . Alveolar . o
' Bone: -Poorly marked cream white
’ fluorescence in the region
of lamina dura .

200 Yellow - +H+ Fnamel: -Whitish yellow fluorescence Fo
' o Dentine: =-No fluorescent lines can be - |
diatinguished '
iThe area of dentine occupied B
: : by six fluorescent 1ines i
' ; : appears to be narrow -
o -The dentine on both sides of
Lo : : the above area is stained
: ' ‘ ~ slightly whitish yellow
VT Alveolar ‘
Bone:




i

TABLE XXIII CONTINUED:

’ o
Chlortetracycline Hel

Type -of

Doses ‘
mg/kg | Flyorescence - [Degree Remarks
10 . | Whitish Gray + "Enamel: ~No fluorescence
Dentine: -Fluorescent lines clear and
distinct
. =No diffusion of fluorescence.
) * 'in the adjoining area
\ Alveolar o '
S Bone:
40 Yellow - Enamel: ~-No fluorescence
. | Dentine: =-Fluorescent lines clear and
very distinct
~No diffusion of fluorescence
in the adjoining areas
Alveolar
Bone: -Poorly marked cream white
/ .fluorescence in the region
of lamfnq dura
— LN — . —
80 Yellow +++++~} Enamel: ~Whitish yellow fluorescence
v Dentine: -Fluorescent lines clear and
. very distinct BN
-No .diffusion of fluorescence
in the adjoining area .
Alveolar . o
Bone: ~Clearly marked cream yellow
fluorescence in the region
of lamina dura
200 Whitish Yellow| -+ Enamel: -Whitish yellow fluorescence
: ‘ Dentine: ~First and sixth lines are

.N'j

B TN
Y
~4’

Alveolar

: only clearly fluorescent

-Diffusion of fluorescenceé
between the 1lst and 6th line
but no diffusion in the

' adjoining area .

e Bone:
o -.n,.’,;' .
o L v‘,{‘& i S

— L
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TABLE XXIII CONTINUED: o

Demethylchlortetracycline HCl

Doses Type of - T
‘mg/kg | Fluorescence {Degree : Remarks . '

2,5 Whitish yellow| ++ . Enamel: - =-No fluorescence. ‘
Dentine: -Fluorescent lines clear and
very distinct
-No diffusion of fluorescence
. between the lines ) -
_Alveolar _
Bone:  -Clearly marke m white
' fluorescence. MY region-
of lamina dura

10 Yellow B E o Enamel: -No fluorescence .
' : Dentine: -Fluorescent lines are clear
and very distinct
~-No diffusion of fluorescence
in between the lines and the
adjoining dentine .

20 Yellow i 4+++ - | Enamel:. ~-Whitish yellow fluorescence
: ‘ ‘ Dentine: -~Fluorescent lines are clear
N ad very distinct

&;P diffusion of f1uorescence
© in between the lines and the
. _ adjoining dentine
Alveolar - . , "
. 1.™ Bone: -Very clearly marked yellowish
fluorescence in the region of
Lamina dura

50 Deep. Orange ++++ | Enamel: L} whitish yellow
Yellow + v fluorescence
" Dentine: -FllUorescent lines are clear
: and distinct’ _

" =No diffusion of fluorescence
. : - in between the lines but some

I diffusion in dentine pulpal /

' to 6th line

Alveolar : T
Bone: -Clearly marked orange yellow
fluorescence in the bone

80 ‘Deep Orange A mE Enamel: -Light yellow fluorescence
Yellow + Dentine: -Fluorescent linés not | =

- clearly marked C
-The area of dentine occupied
by six fluorescent lines

‘appears to be narrow

both the alvealor and pulpal
side of the line !
Alveolar ' .
Bone: -Clearly marked deep orange
' yellow fluorescence in the
bone

-Diffusion of fluoreacence on \J )
ﬂ//’/



Figure 40:

Sﬁows whitish-ﬂlue autofluorescence in undecalcified cross sections of

rat incisor in a control animal.
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Figure 413

Shows the extent and degree of U,V, fluorescent color intensity in

undecalcified cross sections of rat incisor teeth given tetracycline

HCl at four different dose levels, .Magniﬁication‘xloo. Exposure time

45 seconds.

A,

B.

C.

D.

Dose
Dose
Dose

Dose

.

‘s

'10 mg/kg body weight
40 mg/kg body weight
80 mg/kg body weight

200 mg/kg body weight

)

NOTE: - See Table XXIII for detailed descriptions of Figure 41. )
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_Figuré 41



Figure 428 '&

Shows the extent and degree of U.V. fluorescent: color Jintensity in

. undecalcified cross sections of rat:\ 1ncisor teeth ,given oxytetracycline

HCL at four different dose levels, Magnification 'x100. Exposure time "

L4

45 seconds,

A, Dose 10 mg/kg body weight\ .
L P <
B. Dose 4D mg/kg body weight S
r G, Do‘ae- 80 mg/kg body weiﬂgh.t - .~
- ) - . J

D, - Dose 200‘ mg/kg body wé:_lght

Vet
v

\ (L !

_NOTE' See Teble XXIIT for decaiI‘ed description of Figure 42

[oens 0



" Figure 42



_ Figure 43: ) _' O

Shows the-extent ‘and degree of U,V, fluorescent color intensity in ‘
v 7

dooy

HCl t’ fo d ventds 1e els..-
a ur % : oe v 3

A &?’ 10 /l.tg”B:Bygp?i ht
A, e-10 mg/kg beoldy weig

v [N

i&. pose 40 m’g/'kg \qu} weight

' .undeq?l‘cified cross sectiops of rat 1ncisor teet

"

w“

h giveq; chlorte tracye line

gnification xlOO

h

€, Dose 80 mg[kg body ight.‘
o e e

4*‘?

p .
D. fDose 2001 mg/kg body weight o

v Ca
. —‘4. ,_‘ .

o

-/

._.,,

~~

i

.

N
e Table XXIII for detaﬂed description of Figure 43

-

Exposure time v

i

’
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Figure

b}



Figure 44: : o . .
Shows the extent and degrée.of U.V.'fluores@eht color'intensity-in-

undecalcified cross sections of ‘rat incisor teeth given demeggzlchlof-

'
A

tetracycline HCl at four different dobe levels. Magnif%gation:kloo. f

M)

"Exp09qre time 45 séconds. . ) P
K W&o . . - - gt

Co o :
SA Dggg%Zigfl”(kg body;ygighq  R 5

. 2 - B ] ,/1_‘@ . 5
B. Dosg.;O'mg/ké'body weight R !

C..: Dose 20 Hig/kg:body weight % °

¥ ) - e, .
D. - Dose 50 mg/kg body weight TN, T,

. ) ,' P -, R A ,..“‘ .
v 'NOTE: See Table XXIII for detailed description of Figure 44,

*
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- g B e
. . : I--‘:a' ’ . (
Figure 45: - - e v / s R ;

-Showa :he extént and degree of U,V,. fluorescent cojer inteﬁsity in

decalcif&ad.crose sections of rat ineisor tgeth,ggyen demethzlchlor-

L
tetracxcline HCl at 80'mgfkg body weigbt do&e level ' ‘Exposure time
£ ! ¥ , _ L 5
’45 seconds. o S * /: : o :

e ss;;.' )






Figure 46: - RERRETS

.

Shows comparison of UV, ;luorescent color fbtensity in undecalcifidd
'k“ “4

cross ségéionefof rat 1ncisor tegzh given four different tetracycline

drugs at 10 mg/kg- body weight dose level (Dé’g equivalent dose was 2,5

@§.mmg/kg body weight). Magnification x35. Exposure time 60 seconds.

A, (1) 'Dfug used -‘tetfacycline~HCI (TC)
(2) Fluorescem- light yellow -

3) Fluorescent 1ines in dentine clear and dietinct

B. (1) ‘erg used - oxytetracycline HC1l (OTC)- ' Co-

‘ Cem v l.‘_ 3 ‘
_Lﬂ‘(Z) Fluorescence - whitish yellow ++° vy
g 'R ’ ‘ : . -

“* (3). Fluorescent lines in dentine clear and very distinct. No ™

E

. fluorescgnce in the enamel., % . . - e
A _ X M "

C. . (1). Drug used -'chlortetracycline HCI (CTCb

£ 4%{

Fluorescent lines on dentine clear and distinct., Ngi o

Coes T

]

'3

3F1uorescence - whitish grey +Q’

SRS fluorescence in the enamel.

D. (1) Drug used - demethylchlortettacycline HCl ROCTO)
;4\ (2) Fluorescence - whitish yellow ++_s ‘
(5) Fluoreécent lines in dentine clear apd.very distinct, No

' fliof@scence in the enamel.

)\Su. ) ) 1 . . R
A ‘ . . o . ” T
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!

*Figure 47: - E . .
t .
in undecalcified

Shows comparidon of U,V, fluorescent color intensity
cross sections of rat incisor teeth given four different tetracycline . / ° //

druge at 40 mg/kg bq&s'weight dose Jevel (DCTC equivalent dose was 10
RN T i, - .

L)

“* mg/kg body weight). &":gnification 35, Exposure time 60 seconds,

: ,!'_-‘;‘ g» “ L T

A. (1) Drug used - tetracycline HCl (TC) . : e
(2) Fluorescence - yellow ++++ . e

(3): Fluorescént lines in dentine clear and very distinct. No

o fluorescence in the enameél,

B. (1) Drug used - oxytetracycline HCl (OTC) ‘ : '

(2) Fluorescence - yellow +++ £ , o
2 ) . v . ‘ ‘ Lt ‘
(3) _Fluorescent lines in dentine clear and. .very distinct, ﬁo R
e | . fluotescence in dgé enamel, - | . ' _
, -

-
-

C. (1) Drug used - chlortetracycline HCl (CTC)
: 4 | o
‘Fluoresggnce - yellow -

Flﬁarev ﬁ lihes in ‘dentine clear and very distintt, - No

oy s ™
... iuéfespgnézlin thémenamél.'" N T o \ | N
L e SRR i
. D. Drug used -.demethylchlortegracycline\301 (DCTC) o ’&f;
| (2) Fluorescence - yellbw +H+ o S ’ \~“’21 _
(3) Fluorescent lines in dentine clear and ve;{;diédihcf. No
’ fluorﬁfcengs in the?é?agél. _  7'3 . xjﬁ- N ' T
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Figure 48:

‘ u . - ', . ‘\‘ . R .
Shows comparison of U.V. nt color intedsity in undecalcified

cross sec%ions of rat 1nci < ifferent tetracycline

drugs at 80 mg/kg body weight dose level. ( quivalﬁht dose was 20

mg/kg body‘weight.) Magnification x35. Exp ure time 60 seconds,
c) "

A, (1) Drug used - tetracycline HC1
(2) Fluorescence - orange yellow '++++
(3) Fluorescentllines in.dentine clear. There is diffusion of
fluorescence in between the lines and also in the area ad-‘
joining,to the last fluorescent line., No fluorescence in-

the enamel.

B. - 7Y1) Drug used - oxytetracycline HCl (OIC) w.’f?
(2) Fluorescence - yellow +H++ “~ ‘f” o
(3) Fluorescent lines clear and distinct. ‘\There"is diffusion
of fluorescence in between the lines but none in the area ' .
adjoining to the last fluorescent line, No fluorescence in
_ the enFSEI. + | o S -
C. - (1) Drug used - chlontetracycllne HCl :(crc)' B ’;) S,
(2) Fluorescence - yellww +H+ o o _ * ..\
(35 Fguoresceé@’lines clear end very diatinct. There 18 no -
diffusion of fluorescence~in between the lines apd the 3d- \“
. joining ﬁﬁé&s of‘the dentine._ Slfght whitish yellow -® ‘ 'f
7 N fluorescence 1s seen in the enamel. ~ ‘ e 1, \ ;/c
D. (1Y Drug used - demeﬁhylchloftetracycline HCL (DCsz wine iy
(2) Fluorescence - yellow P . K o

(3) Fluorescent lines clear and vsry fistinct. There is no'
diffusion in bepwéen the lines and the adjoiningﬁfreas of

. the dentlne. Whitish- yellow fluoreqcence is seen in ‘the
" enamel, - v S . . L

Y . . . . e . -
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Shows comparison of U, V, fluoreacent color 1ntenaity 1n undecalcified

G L&
RIS

cross sections of rat incisor teeth given four different tetracycline
drugs at 200 mg/kg quy weight dose levels. (DCTC equivalent dose Was

50 mg/kg body weight: ) . Magnification %35, Exposure time 60 seconds.
o

A. (1) Drug used - tetracycline HC1 ('I‘C) .
. 2) Fluorescence - bright orange yellow L#_—H o
3) 1uoreacent Tines in dentine not elearly marked, The den-
" tine forme\ during and after the drug ‘administration period:
shows diffuse fluogeacence of . b:;ight orange yellow color,

" Slight yellow fluoreacence preaent in the enamel,

B. (1) Drug used - oxytetracycune -HeL (OTC)
' '(2) Fluorescence - yellow ++ - ' ; «Qf
(3) - Fluorescent lines «in dent{ne not- clearly marked, " The den-

% tine formed immediately Jbefore and after the drug adminis~
tration periods show diffuae fluoreScence of slight whitiah
'yellow color. Whit:ish yellaw fluorescence preeent 1n the
i | ‘enamel, o '”h 7 ' =
ﬂ C."" )7(*1) Drug ‘used - chlortegacycline H\l (CTC)
» (2) . Fluoreseence = whitish yellow +~H— ' [ S ; -
o (3) Fluo;escent 1ines in dentine not clearly maxked except:. the ’
7 »lstwand 6th’11ne.. ‘There :ls diffusion of fluotescence : ',-’ | ,
' between the 1ines’but none :Ln the area aé‘joining the lines, - o
‘ Whitish: yellow fiuorescenee present in the enamel. ggj} b
p. ¥ (1) Drug usbd -;demet:hylchlortetracyplilgAeAHCJ. «(DGTC)‘P }/ .. o
"(2.-)/ Fluorescence ',:-deep orange yellow #H - g :' /': S
‘ 3)- Fluorescent lines in dentine clear and dist:inct. Thetg i8 1.
. no. diffua‘on ‘of * fl‘ixorescence in - between the lines bﬁz/!

present -in tha area pulpal to the last llne. Dull w itis‘h s
yellow fluorescence pvesent:’ m‘&he enamel o / R
.»‘ - - &
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Figure 49



TABLE XXIV. - s o

~\".

SUBJECTIVE EVALVATION OF THE HICRORADIOGRAPHS‘OF UNDECALCIF;EP'

Tetracyc}ine HC1

CROSS SECTIONS OF RAT INCISOR TEETH GIVEN TETRACYCLINE

DRUGS AT FOUR_DIFFERENT DOSE LEVELS

v

k4

Doses . Radiolucent S
mg/kg Lines Remarks
10 « Present ~-The radfolicént lines afe“faint;
x All the six lines are perceptible.
40 Present. -Very faint suggéstion of fadio--
- i lucent lines. Limes cannot be
counted ‘ ' ’
80 ) Present - -Very faint suggedqion of- radio-y
‘ lucent lines, Lines cannot be
1 counted, o \' » t
200 Present \’ -Very distinct wide radiplucent
o '\ area in the defitine which appears .
to be pulpal to the faintly '
marked radiolucent lines.
Oxftetragycline HC1
10 Present -Barely perceptible radiolucen;;
S S lines present
[ - - j "
40 Present -Faintly marked radiolucent lines
present, o
80 ‘?resent - -Barely pe;ceptible radiolucent
lines present.
Present ’ -Vbry distinct wide radiolucent

200

area in the dentipe, more towards

" the pulp,

. 182
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TABLE XXIV commUED:
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J
'

~ Radiolucent

T

Chlortetracyclifie HC1

" Doses ] . '
mg/kg ‘Lines Remarks N
10 Present -Clearly marked radiolucent lines
present giving distinct banding
o effect, ’ o

40 Present -Clearly marked radiolucent lines

; present. - .
.80 Present -Distinctly marked dark radiolucent

‘ : lines Bresent, ~
¥ 200 - Present -Vhfy distinct wide radiolucent
’ h area in the dentine, more towards
the pulp. :
‘Demethylchlortetracycline HCL
2,5 Absent -No radiolucent lines present
10 frédén}f -Faintly marked radiolucent lines
. g present, ,

20 . Present -Faintly marked radiolucent lines

a present,
50 . Present -Very distinctly marked~radidluced£
: 1lines present, '

y :

J



.‘_ngre 5‘!’ P - \ _ = Lo,

Shows photographs | and microrsdiographs of the ground section of rat.

e

incisor teeth given tetracycline drugs at 200 mg/kg body weight dose

-

level, HsgnifiCation x35.,
N .

o~

A, Photomicrograph of cotonql part of the’ 1 1sor.
(1) Drug used - tetracycline HC1 (TC) ',' | s )
(2) Dentine shows discolored brown lines ‘
3) . Discolored lines correspond to the fluorescent lines - }‘
C (R 498) |
B. Microradiograph of the same section and area shown gn A,

(1) Very distinct wide radiolucent area pxesent in the dentine‘
which appears more prominent towards the pulp in respect to

other radiolucent lines.

C. -Microphotograph of coromal part of the incisor.
(i) Drug used - oxytetracycline HC1 (OTC)
(2)1 Dentine shows light discolored brown lines
(3) Discolored lines correspond to the flgorescent lines

2]

(Fig. 49B)

D. Microradiogrsph of the same section and area shown in C..
(1) Very distinct wide radiolueent area present in the dentine,

but more towards,the pulpal side of the radiolucent lines.



Figure 50
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" Figure 51%.

Shows pRotographs and miororadiographe of the ground section of rat

» .
J - o
.
. . .
- @ .
.. ’ ~
“ . ~ P . .
. - B .
o

4 .

1noieo§/t€3thugiven_tetracycline drdgs at 200 mg/kg body weight dose

level (equi&elent dose for DCIC is 50 mg/kg) . Hagnificationnx35.

: A.,

c.

Photomicrograph of coronal part of the incisor.
(1) Drug used - Chlortetracycline HC1 (CTC)

(2) Dehtine shows diacolored brown liges

et - -

(3) Discolored lines correspond to the fluorescent lines

(Fig. 49C)'

A
o

. Microradiograph of the same ‘section and area shown in A

(1) Very distinct wide radiolucent area preaent in the dentipe,

K\ but more towarda the pulpal aide of the radiolucent lines.

. . .
ut e

Photomicrograph of cotonal pert of the anisor.

¢)) Drug used - Demethylchlorfetracycltne HCl (DCiID

(2 Dentine shows clearly marked radiolucent linea i

P

q
(3) Discolored lines correspond ro the fluorescent lines

(. 491)) . Y

!

to

I
v

MicroradiogrAph of the same section and qrea shown in C

(1) VEry distinotly marked radiolucent Iinel preaent in the :

. FRd
- - o
Lo~ o . . S

: dentine.
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. . R DISCUSSION

AN

A vast literature has accumulated since Duggarl first discovered-‘;
€hlortetracycline in ‘1948, 1In subsequent years many homologues have been
described. In addition to their bendficial and life saving effects in.

combating serious infections of pregnancy and early childhood diseases

(8uch as cystic fibrosis of the pancreas) numerous observations of in

vivo a;Z in vitro systems have been made which establish the fact, that

all teg¢racyclines stain the calcifying tissues in the body when given

during the period of growth and development and especially at the time of

v
———

mineralization. Thus, all the skeletal tissue undergoing morpho“difﬁer- 'Y

entiation and calcification at ‘the time’ when the drug is: given are affect-

- .

ed to varying degrees, depending upon the levgl of the doses administered.
Also low doses of CTC when mixed in feed grains‘havs repeatedly been '
shown to exert a stimulatory influence on the skeletal and soft tissues

B i
thus increastng the total weight of the livestock and PoultryZOI-zoa.

A

Effects of, the tetracyclines on growth

The findings in the present study confirm the above observations

" and show that low doses (10 mg/kg) cause no retardation in growth, and 1f _
anything caused some stimulatory&effect on the growth of the experimental
animals, These'results support‘the observations of Jolliffe andvasso- |
ciates205 who iound a significant increasebin weight, as‘compared to the
control group of underweight children 6 to 10 years of age, who were given
20 mg/kg of CTC daily. TIC and "OTC appear to have a stimulatory effect on
the growth of the animals in the present study. These results are pre-

sented in Tables VI to IX and Figures 15 to 18, Based on some experimen-

tations and mostly on observations many the'ories206 have been proposed to -
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!

explain the stimulatory growth reapo\hs// of these.drugs. One theozjy has
: [

suggested that the antibiotic stimulated an increased s*htheail and sub-

|
sequent absorption of eesential nutrients in the G.I, tract gf the ani-
| mﬁ}s. However, this does not explain the observatiena made’bf’Ruieff and
his aasociate8203, in yeung’calvesigiven CTC intra-muscularly, who shoﬁed
that antibiotic does not alter the environment of the rumen, but felt _.‘
that drug exerted its effect in the area of echA}_bone me;abolisn. fhe
‘poseibility of increased food consumption as a factor in weighe gain has
been discounted by Murray-and Campbell?Q? who studied the effects of CTC
" on the absorption of vitamin D in rats receiving rachitogenic diet. Among
these conflicting reports many years later in 1963 Techernoukh and Alex-
androv207 proposed tnat the groﬁgh stimulating effect of tne antibiotic
was mainly due to a change in the intestinal flora. This change w;a
followed by the formation of a lesser quantity of microbial toxic pro-
ducts and by increased assimilation of amino-acids, vitamins @and growth’
stimulants, Furthermore, the antibiotic could also supprese‘the develop-
ment of latent, undetected infections.

The findings in the present study that high doses chuse marked re- -

duction or total inhibition of growth at very high doses is in accord
,a"'

with the animﬂi wo 93’94 115,208-212 which has “shown that these drugs
cause markéa retardation or inhibition of the growth of skeletal tissues
of chick embryos. In animals, the drugs pass through cheqplacental bar-
rier and effect the skeletal and dental differentiating tissues to a vary-
ing degree depending upon the type of the drug and the cohcentration used,
Our results show that there is a definite direct, though not ptopdrtional,
relationship between the dose used and the retardation observed Though

the general growth trends are aimilar, there is a definite variation in
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respect to the type of tetracycline and its effect on growth, CIC ap-
pears to have caused complete cessation of growth at 80 mg/kg and fur-
ther retardation at the 200 mg/kg dose level. At the 200 mg/kg dose

s
level, the drug was 80 toxic that all the animals died after three days

of drug administration, Results further show that growth appears to have

continued normally after the drug administratioﬁ'is stopped but full re- ’

Wy \

covery in comparison to control animals was not mdﬂe during the time of

"f.
the observations. B , L
\\, - .
In order to understand how the teffdcycline drugs may cause stimu-
T s 45
lation and .a retardation of,groﬁth e sential tc understand the

¢cumulation, retention and ex-
cretion of the drug in vagious ti;;:‘ | All khe tetracycline drugs are
absorbed from the ihtestinal tract irrespectiée of the route of adminis-
tration. Parental administration of the drugs yields concentration as .

-much as 4 to 6 times higher than achieved by the oral route. The blood
concentration levels increase. directly in proportion to the size of the

dose at relatively low dose levels., As the dose is increased a limit is

reached beyond which further increases do not lead to signiff&antly high-

od con entratibns. Tetracyclines are excreted in the bile, urine

eces, <Concentrations excreted in bile are 10 to 20 tim* those 1in

the b1 od, and much of it is reabsorbed e drug passes from the in-

testine into the blood stream, then into /the liver and again back into
the intestine. Twenty percent of the ‘oyal dose and fifty per cent of an
1.V. dose is excreted in the urine and/the difference between these two

- is‘explained by incomplete absorption from the intestinal tract or pos-

sible degradation in the body. Kunin et _l24 studied the comparative re-

nal clearance and plasma binding of four tetracycline drugs when given
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éarentally and showed th#t after 96 hours 18 percent of CIC was excreted -
in the urine in compariaoﬁ to 42 to 70 percent of the other threé drugs.
Low renal clearance of CTC was attributed to higher degree of plasma
binding. Kelly and Buyaké25 has shown that forty to\fifty perd%nt of
CTC 18 excreted via the faeces in comparison to excretion of DCTC, 15 to
30 percent, and TC, 9 to 20 percent. Although CTC has been shown to have
a high degree of plasma binding, it produces the lowest and leéeast well
sustained levels in the blood and this is probably due to its greater in-
stability or possible deg;adation in the body. . N
Tetracyclines are localized invéhe hard tissues and are also found
distributed in high concentrations in' the reticulo-endothelial system,
liver, kidney and intestinal tract, They cause G.I. tract disturbahces,
‘such as nausea, vomiting, diarrhea and also liver damage.
. The exact mechanism by which thesé drugs could conttibute to in-
hibition of growth, is not clear but cam be theorized as fo}lows.

(1) 1Inhibition or complete disappearance of the normal bacterial
flora which render the bowel susceptible to invasion of other
microBes. _ |

(2) Chemical irritation due to aqid pH of the drugs especially
CTC which has a very low renal clearance.

'(3) Inhibition of digestive enzymee (e.g. pancreatic enzymes, £
amylase and lipase) thus leading to decreaée in the absarp-
tion of ngcrient; such as glucose, starch ;nd f&ts.

Thus 1t;1s possible that géner@l {nhibition %F growth with all the

" drugs as seen in our experiments could be.attributed'to the 1st and 3rd

factors and particular inhibition of growth with CIC in comparison to the

other drugs may be due to the second factor. Low renal clearance pro-'



- bably lead to more G.I. irritation,\exceaaivn storage in liver, which
cause liver dysfunction leading to fatty metamorphosis of the lfber.
This.in turn disturbs the growth apparatus 1n some unknown way, cither
from a low grade calcium deficiency gripy blocking metal ion co~-factors
necessary for action of enzymes in metrix formation. The avidity of the

tetrecyclines for calcium is 8o greet'that.tﬁeir influence on calcifica-
tron has been reported by various'author394;115’209-213. . N
The above discuseion in respect to the effect of tetracyclines on
growth so far has pointed to the fact that tetracyclines may 1nh1bit
growth and: development or they may enhance it depe‘dihf upon the dbncen-

tration of the drug, age of the subject, environment and many-other

factors, At present no definite evidence is available to completely ex-

’

plain these: findings.

- Although’ the results of our experiments in respect to the effect
on bone length do not clearly show 1nhibition when compared to animal
growth curves it cannot be taken ‘that the bones were not’ effected but
can bé interpreted that whatever inhibition may have occurred during the
drug administratibn perioda might have been masked by newer growth dur-
ing the subsequent rest period of 15 days.

Since the bone matrix did not appear to have been effected to any=.
measurable extent, low inorganic contents should result from' the deposi-
tion ofvthese drugs in the bones, That this is the case ﬁas been shown
by our experimenta (Tables XLV to XVII) the results of which show that
inorganic contents of the femora and.humeri has decreased and the de-'
creases appear to be dependent upon the doses of the drugs administered.

~ On a comparative basis, adkthe 10 mg/kg dose: level, CTC gave the loueat .

whereas at 200 mg/kg dose level TC gave the lowest inorganic contents of

192
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lthe bones, Thése results appear to be dependent upon the renal clear-

o . / . . ) : o . . : - S
ance and plasma binding capacity of the drugs. ’

The results with DCTC shows the least effect .at the therapeutiqally °

equivalent dose"level of 200 mg/kg. On weight to-weightHbasis.DQTC was

found to retard the groﬁéh the maximum, DCTC has a high.plasmayhinding

capacity and blood levels have’ beep shown to rémain high for as long as -

~

48 hOurs after the last dose. 'Over a prolonged therapy, this cummulative
effect may overload the extretory sxptem of the animal and cause renal

failure, which could lead to- constitutional symptoms thus effecting thegg”

growth. N o o -

Except for TC which caused a decrease in calculatéd bbne density
& .

both at 10 mg/kg and 200" mg/kg, the density increased in comparison ‘to
control group with all the other drugs. It is difficult to explain thisfx:'

result in view of our ?reviously discussed findings that inorganic con-
stituents of bone decrease, dependent upon dbse and" the type of tetraoy:q

!
1

clines used, but-it can be speculated tﬂat these drugs change the bio- ‘

logical system of the animal in some way that post drug administration

’

.period is followed by marked acceleration of skeletal growth with high

—_—

density of the packing of the crystals.‘" IR )

Discoloration and fluorescent’color ingensigi St ’ *?' ' ',ﬁ /2
The results of our experiments designed to show, discoloration and”
fluoresccnce imparted the bones and teeth are presented in Tablea\XVIII /

to XXI and Figures-zé to. 39, These show that there is a progressive in-
‘. .

 crease ig?ﬁiscoloration and fluorescence color intenqity as the doses of

\ 2

the drugs were increased As is seen frqm Pigure 23, this increase is

not strictly proportional to the doses administered These results are

l
in aceord "ith that °£ Frost : _e_ 1133 137 md Bev‘l.nder 193 115 : ‘-

\.
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* All the drugs geve different types of fluorescent color to bones

and teeth, ranging from light grey with OIC at 10 mg/kg to brownish-yel-
low with TC at 200 mg/kg. Stated in general terms, at each comparable
dose level TC and DCTC were found to have given the maximum and OTC the-
"minimum fluorescence in comoarison to the other drugs. At any given dose

- level the order of discoloration and fluorescence in decreasing intensity

.was TC = DCTd)CTd>bTC Our'findings are in complete agreement with and
74 106

further support the observations of wallman and Hilton , Owen”" , John-
son and Mitche1107, Isben et 51108 and‘Weym_‘anlo9 111 who have shown in

' animal and human skeletal materia}é that'different shades of yellow which
‘may be observed are due to different types of the tetracycline drugs.’
Our results further.show that CTC gives a slightly brownish-yellow and
not grey-brown discoloration.as seen by Weyman and Porteous109 in child-
ren, Olcghas found to produce a light grey or 1ight brown discoloration
‘depending upon the doses administered. .This finding agrees with the ob-

servations of Wallman and Hilton81 who found that only one of eight

children who heéﬂ;reviously been given OTC had yellow teeth Although
“the low number may have been due in part to the use of OTC, it is quite
possible that OIC was not commonly used as CTC in the earlier years.

Over the years the observations made onachildren in respect to. the
ertect of different types of tetracyclines on the deciduous and perman-
ent teeth have shown that the teeth which were yellow in the beginning
nad changed to brown or grey brown .on exposure to sunlight. The results .

of our experiments designed to show the- effect of sqnligh& on diqcolora-ﬁ

tion and fluorescence are presented in Thbles b 4.4 ajh XXI., These results

confirm the obeervations of other 374 103 104 106 110 end show that in

general all the teeth tended to turn brown. The oHservations made'by

. \ o,
Plagray
EN “/”
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-Isben g_ alloe”that'sun decolorizes the teeth'stained by CTC and OTC
could not be substantiated in this study. The exposure to sunlight
»pears to have decreased the U,V, fluorescence only in OTC treated teeth
whereas little or no change in fluorescenee was observed with TC and

DCTC. Our results do not support the results of Isben et 51}08 in which
CTC was. found to be the least objectionable in respect to discolorationm.
This lach of eupport probablv could be explained by the factors asso-
clated with the animal species, the route of drug administration and most'
importantly the actual doees employed in respect to body weight. Our ”
findings show no'difference in fluorescence between OTC and CTC at 10, 40
and 80 mg/kg dose levels.

The difference in behaviour among the tetracyclines in teeth may be
due g' a combination of several factora. The light grey or whitish yel-
low fluorescence as caused by OTC suggests that, quantitatively, teeth
bind less OTC than the other three.druge. Also'the‘differences noted in
discoloration due to exposure to-aunlightfperhaps-ineicate the differencea

among the~breakdown products. As Isben gL_ 1108.have pointed out, the

" color formed after expoeure”to light may coneeivably be related to the
‘relative susceptibility of the anhydro derivatives to factors &ggparablev
to alkaline or acid degradation, In vitro experiments, however do not
show evidence for a differential type of disintegration and it is diffi- |
cult to explain why TIC and DCTC behave 80 differently toward light expo-f
sure following the adminiatration of comparable large doses. .
Our results show no gross hypoplasia or other etructural defects in'
the incisor teeth when examined under ordinary light. There are reports
73,74, 103 110 in the literature of the hypoplasia caused by tetracycliue

drugs but it has not been a consistent observation. The absence of hypo-
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plasia when.observed 14:;¥oas terms doee not exclude the bossibility of
‘ H
microscopic‘disturbanceaf In fact, the finding, in the preeent(ltudy,
that of radioluceet band!f%otreaponding to zones of tetracycliee dis-
coloration indicates that defects in mineralization have occurred.
Findings in this etudy'furthervconfirm the obeervatione made by
wocher3106-111 that these four tetracjeline drugs leave colored fluores-
‘cent markings in the ﬁérmingldentine‘when undeealcified groued sections
of the teeth were viewed undef.U.V. light. "The color of fluorescence ob-
served 1is differen; for eech drug and each can easily be identified in
the teeth, Though our results indicate that TC gives strenger?er equal
. fluorescence in comperieon to DCTC, it should be pointed out that the )
doses employed in fhis study were on the therapeutically equivalent bas-
{s. The recommended dosee,for DCTC arelapproximately one fourth the ~
actual weights for the other three drugs. When drugs were used on’
weight to weight bé%is, DCTC was found to giYe the maxiﬁum fluorescence,
~The intensity and type of U.V., fluorescence seen in the dentin . was
found to be directly related to the amount of drug administered. All the
drugs left very clear fluorescent lines at 10 and 40 mg/kg dose level |
with no diffuse fluorescence. "At 80 mg/kg the fluorescenc ‘bands were
still distinct and only TC and OTIC ehowed a definite Fiffdaioe of the ,\.
drugs in between the lines., At 200 mg/kg no diatinguishaﬁle lines were
observed and dentin showed a Qide diffusely stained fluorescent area.
TC eppeers to have ceused‘aome cessetion in the dentine formation; as is
evidént by reduced band width in the dentine, o - .-
When fluorescent observations are made on whole teeth, 1ntensity

would also depend upon the thicknese of the enamel and unatained dentine

covering the fluorescent areas where the drug is localized This probably
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explains why deciduous teeth show comparatively more discoloration thanm-

the permanent teeth,

The above observations are similar to the one made by Bevelander112
an& Frost133. Bevelander found that the width of the increment of den-
tine and enamel whichiexhibit fluorescence and yiaible yellow color is
related to éhé emount of dfng given; For example in their studies a
dose of 10 mg/kg given-to 100 Cm rat caused a fluorescent,band in dentine
of iu‘width but caused no visible discoloration. 100 mg/kg to a 100 Gm
‘raﬁ resulted in fluorescent band 25u width, Frost133\observed that band
width 18 a direct function of duration of doses and rate of mineraliza-
tion of tissues, nhereas intensity of fludrescence is a nction of dos-
age per day. .Tnus it appears &het fluorescent intensity, banding and
.diffusion in the adjacent erea_mny be directly related to the conce-
tion and duration of the tetracycline in the blood, Studies d{ Buy. -
et al 5, Kelly et glzé andftisner‘and wu1f27 heve indicated thaé\the
bindiné of tetracyclines in bone was inadecfeasing ordeerDCTC, CTC and
TC. (No data;are availaple for OTC.) 1If fixation of the drugs in the“

skeletal tissue is by chelation, as has been described by Regna 35151128,

A1bert129, lsnidate and éakeguchizrﬁ, kelly and Buyske215; then ¢t /
amount‘fixed in the calcified tissues will be related-to the ehe{Ziing
ability of the pqrticular tetracycline, the availability of suitable

. binding sites in the particular stage of development of the tissue and
the concentration of the drug in the fluids around the bones and teeth,
The presence of well defined fluoresdent bands in dentine can be explain-

ed on thé basis of obgervations of Buyske et 125 that this chelation

' phenomenon is an immediate consequence of the presence of tetrac

(RS

the blood stream. The diffuaion ‘observed in dentine between the ¥luores-

\ [

{¢
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T 19 . . ,
cent lines and after the drug was withdrawn can possibly be due to either

the persistence of tetracyclines in the blood stream for much longer time

B \ : \ .
‘or leaching out of the initially deposited tetracycline into the newly
: A " : )

«

‘mineralized or mineralizing tissues. The last effect may well occur in

the bone which has much more profused blood aupply; and lower density of
the apatite crystals, This view is consistent with work of Buyske et

glzs who has shown that bone has a capacity to bind tightly only a por-

‘tion of the amount of tetracycline initially absorbed. The rest is

loosely held and 1is removed rapidly by diffusion into the blbod, The

possibility this may alao occur in teeth, is.unlikely, because except

witn:fcvno digfuse staining was observed .in the previously mineralized

though not completely maturedddentine when rhe firaf dose wae.admingeter-

» | ) | , o | ' .
+ It appears more likely that diffused staining 1is due'tolpersistence

of tetracyciines in the blood, Buysk __s ai25~have shown that there is

a direct relationship between blood concentration of the drug and the

bone deposition of the drug, They injected intraparitoneally TC varying

from. 10 mg/kg to 150 mg/kg in rats and measured serum concentration of

the drug, as well as drug depositiom in the bone at 2, &, 6, and 24.hours.

3 The results showed that at 10 to 30 mg/kg dose level the maximum serum

concentration is reached in two hours and falls very rapidly after six
hours and is virtually eliminated at 24 hours. ‘As the dosés are 1ncreased

to 150 mg/kg the serum 1eve1 concentrations are higheet at 4 hours (54

b‘pg/ml) and 24 hours later 66 percent of the concentration 1nitia11y ob-

tained was still preaent\\I\e. a level of 35 pg/ml which is comparable

kp the 38 pg/ml caused by the 100 mg/kg doae after &4 houra. Thuo a cumu~

o
lative depoaition of the drug in part may explain the diffuse appearance
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observed in caléifie& h;ctions of teeth following high'‘doses, Further-

!

© more the smaller width of fluoteacent bands in dencine observed with TC,
OTC and DCTC at very high dose levels might indicate interference with

‘the matrix formation in some unknown way.

Though no fluorescence was seen in the enamel at 10 and 40 mg/kg

- dose level faint whitish yellow fluoreacence was obaerved at the 200 ?
mg/kg dose'levelnwighrg}l the four tetracycline d;uge. These observa- R
tions proviqe suppdrF.to Fﬂ; yorks of Storey96, Hatcourt97, Weyman98 and
Owen106 wﬁo also ahdwed the occurfenée of fluorescénce.iq enamel of dogs

and human teeth, ' ' : ' ©
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Seventy two Sprague Dawley rats were ae;‘for this study, Four te-

'tracyclines namely Tetracycline HCI(TC) (bqltetracycline HC1(0TC) , Chlor-

#

tetracycline HCI(CTC) and Demethylchlortetracycline HCI(DCTC) at 10, 40
80 and 200 mg/kg doae 1evele were’ investigated with respect to their ef-

“fect on amimal and bone grthh and to the color and intensity of fluor-
) ,

escence produced by “each.

Y

The resulta show that all the drugs caused inhibition in growth at

f,'x

80 mg/kg and 200 mg/kg dose levela, but CTIC was observed to be the most
toxic. ' At.normal dose levele\(ao ‘mg/kg) all the drugs appear to be re-
latively safe and without any deleterious effect on growth. The adminis-
tration of low doses (10 mg/kg) seems to have some stimulatory effect on
the general growth of the animals; _ _ _ e
Althoughvthere waa no apprecieble change in the length measurements

,of long bones a definite decrease in inorganic constituents of bones
was observed at all four dose levels tested At high dose levels (200
mg/kg) the maximum decrease of 13, 35 percent was noted following adminis~
| tration of TC, OTC resulted in decrease of 8.45 percent whereas DCTC
caused'decreases of approgimately 5 percent. ) _

- At 200 mg/kg doee level, administration of TC resulted in a definite
decrease in weight, volume; density'and‘inorganic constituents of bones

and this effect appeara to be lesa‘marked with.the other three drugs,

i

DCTC affects ‘bone the least io this reepect.

'Gross examination of long bones and teeth showed no visible anato-
mical defects or abnormalities. Under ordinary light the changes rang- '
ioz from light grey (OTC ' CTC et 10 mg/kg) to light brown (OTC at 40 : ';

mg/xg) to deep brown yellow (TC DCTC at 200 mg/kg) were aeen. At any J

i

-
7
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_given dose level, the order of discoloration was TC = DCTQ>CT@»OTC.

Under U.V, light, bones and teeth aho:ed brilliant yellow fluores-
cence in all the drng grgupd‘encept OTC. The degree of observed fluores-
cence was directly dependent npon the doses of the drug administered.

At the 10 mg/ﬁg doie level the fluoreacence»was whitish blue, which
changed to deep orange at 200 mg/kg dose level.

Histological examination of'ground sections of teeth showed clear
and distinct fluorescent color’ markings reflecting daily dosage pattern
at the 10 mg/kg and 40 mg/kg dose levels and a8, the dosagea were inéreaaéd }
to 200 mg/kg, the markings became diffuse and indistinct and the tbtal
area occupied by these markings in the<dentin appeared to have become
wider relative to- the area observed at the lD mg/kg and 40 mg/kg dose

~levels. The color of the fluorescence varied from 1ight yellow at low

£
. dosage to deep orange at high dose levels. At any given dose level the

: intensity of fluorescence was TC = DCTQ}CTé»OTC

At the therapeutically equivalent dose level the TC was found to
give the maximum fluorescence,,whereas DCTC gave the strongest and.n08t
intense fluorescence when drugs were nsed on an equivalent weight~basis.

Expoaure to sunlight appeared to “have increased the diacoloration
and observed fluorescence slightly in all the drug groups except OTC
group where a little or no change was observed

No fluorescence was observed in the enamel at 10 mg/kg and 40 mg/kg .
dose levels. All the four tetracycline druga exhibifed a definite whi-
‘tish yellow fluorescence in the enamel at 200 mg/kg dose level..

At high dose levels (200 mg/kg) only TC appeared to have reduced
the width of the dentin formed during the time the drug was administered>

Micro-radiographic examinations of the ground sections of the teeth

. 22
\ ' |
) |
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\

shows faint but perceptible radiolucent lines in the dentine éorrgspond-
ing to discolored and fluorescent lines at 10 mg/kg, 40 mg/kg and 80
mg/kg dose levels. At high dose levels (200 mg/kg) the perceptible
lines seem to have merged into a wide and very distinct radiolucent area.
" A discussion of the findings ia'giyen which draws the conclusion
that at normhl_doaa levels all the four drugs are relatively safe with
no adverse effect on growth, Furthermore the degree of- observed dis-
coloration and fluorescence in teeth is directly dependent upon the

‘oses administered.
i

OTC gives the minimum and less objectionable fluorescence, thus mak-
ing it the drug of choice in clinical practice as far as discoloration

is concerned.
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