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The 1rregular and incomplete absorption of tetracycline from the GIT,
directs the attention to use the organic complexes of this compound
~ 1n therapy. Tetracycline complexes with urea, gentisic and pyrocatechuic
~acids were prepared and investigated in comparision with both tetracycline
base and its hydrochloride salt. No correlation was found between the
in-vitro results of lipophilicity of tetracycline base and.its complexes
and their availability. However, a correlation existed between the in-
vitro T.., dissolution of tetracyciine base, tetracycline hydrochloride
and its gamplexes in distilled water adjusted to pHZ2 , and their
cumulative urinary excretion by human volunteers. The impaired -
absorption of tetracycline when adminstered with milk was found to be
greatly reduced in case of tetracycline hydrochloride, while the
absorption of tetracycline-pyrocatechuic and gentisic acids complexes

were the least affected.

Gastrointestinal absorption of ‘tetracycline base received much atteﬂtion(]'z)
since 1% 1S dfrect1y‘reThte% to ‘thetbiolegical activity of the drug and hence
1ts absorption 1is surprisingly small compared to ‘tke ‘total dosé*dftdtnacycline.
Tﬁe poor absorption of tetracyctine is considered to be due to ‘the polar

' structﬁre”éf'the tetracyc}ihe*mdleculé{(3) which in aqueous solution is
almost entirely found in the catfonic ‘fortn under strondly acidic-condition,
anfonic formunder alkdTine cordition and zwitherinic form under the weakly '
acidic condition. It was also reported 'that, the 1omizat10n'of*tetrécycl1ﬂe
in the adueoué phase is a complex phenomenon and the resultant amount of ‘the
neutral form 1sfsméllﬁenough'ito*be*respons#hleﬂﬁerﬁthe*1&u,solU5111tyfof
the tetﬁadyclineiin'the lipfdibhase{(4’5). "However, it was recently reported
'py*Uekama ét:ali(é){fhatthe tetracycline molecule was mainly actively

absorbed from the gastrdintéSfina]:tract.throughIiﬂn&pairafOEmamion.:HMﬂCDonald

et”al.(7)suggestéd that, tetracycline #s -abseinbed pr%mari]yf$n~thgiupper'

intestinal tract, and implied that any drug which does notsdissolve before
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or during passage through the upper intenstinal tract remains unabsorbed.

This hypothesis 1s compatible_with Barr et al.(B) and Lovering et'al.(9) 
data. According to MacDonald et al. {’), therefore, the bioavailability of

tetracycline formualtions depends upon their rate of dissolution in the stemach -
and upper intestine and the rate at which the intestinal contents move thrbugh

this region of the gastrointestinal tract. Lovering et al. (9) reported that,

the reIative rate of drug dissolution, absorption and passage through the
absorptive segment of the intestine, determine the amount of drug absorbed_
from any oral dosage form. He also cencluded that the dissolution rate, which
was found to be strongly associatedfwith the bioavallab111tx,might be used as

(19) Ghowed

a tool assess{ng tﬂtkaty&line formulations. On the other hand, Nelson
the existence of a rank order correlation between the rate of urinary exretion
Qf four different forms of tetracycline énd their corresponding in-vitro
dissolution rates. _ . '

Thg objective of the present study wus to test if a re1ation5h1p existed
between the urinary excretion of tetracycline base, hydrochloride and tetracycline

'complexes with urea, gentisic andpyrocatechuic acids and their in-vitro

- dissolution behaviour and l1ipophilicity.

EXPERIMENTAL
I  Materials
' Tetracycline hydrochloride (E1-Nasr Co.), tetracycline base (El-Nasr C?.).

(12)

tetracycline-urea complex (]]), tetracycline-gentisi¢ acid complex and~

tetracycline~-pyrocatechuic acid complex (12) were the drugs used in the present
study. I

.Citric acid (EDH), disodium hydrogen phosphate (BDH), sodium chloride
(BDH), n-octanol (Problabo), hydroch?bric acid (BDH), sodium hydrexide (BDH)

.and sodium nitrite (BDH) were also used.
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I1 Equipment

The equipments used were: a rotating bottle apparatus QN.F; XII), a
pH-meter (Radelkis, type 0P-20411), a spectrophotometer (Spektromom, type 203),
a ball-mill (Labor, type'N.J.); a set of sieves (VE@f'and vibrating shaker
(Labor, type ILM) and a projection microscope (type PZ0, MP3).
III;Procedures:
1.  Particle Size Determination

The average particle size of tetracycline base and tetracycline camplexes'

with urea, gentisic acid and pyrocatechuic acid samples used in the dissolution '
rate and bioavailability studies; were determined using a projection microscope.'
The statistical average particle size of each sample was calculated from
the measurement ef up to 1000 particles per sing]e-meuwt (]3). Tetracycline '
and {ts complexes with urea, gentisic and pyrocatechuic acids were used to
have more or less the same statistical particle size of 12, 11, 13 aﬁd 11
microns respectively.
2. In-Vitro Studies

-~ A. AEEarent Partitioh Coefficients Determination |

Exactly the eguivalent of 5.203 «x TO'GH-and 2.6 x 10_6M of tetracycline

. base from both its hydrochloride salt and complexes respectively were weighed
and dissolved in 100m1 of buffer solutions. The apparent partition coefficient
of tetracycline molecules between n-octanol and aqueous Mcllvaine's .buffer (]4).
adjusted to 0.1 ionic strength at pH values of 2.2, 5.6 and 7.4, were determined.
This was carried out by rotatihg equal volumes of the two phases (10 m] eaCh)
- in glass stoppered bottles immersed in a water bath prev1ously adjusted to
37° for one hour (15 ). a time which was found, experimentally, to be quite
sufficient for achieving equilibration of tetracycline molecules between the

two phases. The concentration of the antibiotics in the aqueous phase was

determined spectrohotometrically in 0.1 N HCI solution at 353 nm (]6).
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B. Dissolution-Rate Measurements

The apparétUS-used for the dissolution rate measurement was the rotating
bottle apparatus, official in the National Formulary X11 (]7). From eachlof7' '
the materials under ifvestigation (tetracycline base, tetrcycline-urea,
tetracycline-gentisic acid and tetracycl1né-pyrocatechu1c acid compléxes |
thatpaving the statistical averﬁge particle size of 12, 11, 13 and 11
microns.respectivﬂy) exactly‘ 200 mg was transferred to a ghgg stoppered
tube. Twenty ml aligots of distilled water, adjusted to different pH values,
were added to each tube and arranged in the rotation shaff to rotate at 50 r.p.m .
At \_farious time intervdls (5, 10, 15, 20, 25, 30 and 40 minutes) 1 ml samples
weré'withdrawn from each bottle with a 1 ml-pipette fitted with a filtering
sintered glass device. The.samples were suitably diluted with 0.1 N HCI and
their‘tetracycline content was determined spectrophotometrically at 355 nm
using an appropriate blank.

From the dissolution rate data, the time required for the 20% dissolution
of the materials under test, at different pH values, were determined. A
further determination of TSO% dissolution of the tetracycline compounds
- at pHZ was also carried out.

- 3. In-Vivo Studies
“Five adult volunteers, with no known diseases, of body weight ranging.

from 53 to 90 kgm and between 40 and 50 years in age, were served as subjects.
Each volunteer was screened regarding general health andiany know drug allergies.

A1l subjects were instructed to adhere to the standard protocol and abstained

from taking any medication, including vitamins, during the course of study.
- Each'subject was given a single dose of tetracycline base and its hydrochloride
salt and complexes equivalent to 3 mg of the base per kilogram body weight

in capsule form. The dose was taken in the morning, one hour before a standard




BIOAVAILABILITY OF “TBTRACYOLINE

‘breakfast free of anymilk products. fﬁiﬁraﬁk*uﬁinesamﬂles“was{coilected
"prior to taking the dose, and urine samples were. co}lected'dt 2, 4, 6 8, 10
and 12 hours after administration of :the dose. The total .volume of the
; sample was récorded_d1ong;with the exactitime'ofacolleCtion. The samples
| were'transferréd;to]QIass'stQpperedlbOttles.andfrefrigerated untiil an&lysed.
Effect of adtni'nistrati'en~o'f-m1'ﬂk on the ‘urinany .excretion of itetracycli_ne
" base, hydrochloride and complexes -was 150 ﬁnvesmﬂééted.foﬂﬂowing the same

procedure. Mortada et ELHCQIOHihetFiC memhod‘(ﬂa) was employed fqr\thé

determination of the amdunt:ufitetracycline and its complexes excreted in

 the urine.

RESULTS AND DJSCUSSIONS

1. Urinah!fExQnéthﬁ;of Ie
‘Bioavailability
Neison(lg) and Nelsonand Schaldemose (20) pointed out the value of

urinary excretion kinetics for evaluation of rate of drug absorption.

mrac cl1ne Com ounds as a Parameter of their

Shenoy (21) published data on the urinary excretian.rate and bioavailability
measured in man.  Barr et al (22) found that the bwavaﬂabnity of tetracycl'lne
could be calculated from urinary excretfon data, collaborat1ng earlier work

;hy*Chulski et a].(23)_ Therefore, in the present study the bioavailability

of tetracycline base, hydrochloride and its compléxes was calculated from the

~urinary excretion data. I . %
Comparing the lipophilicity of tetracycline'hydrochldride and tetracycline

complexes.as a measure of their passive diffusion through fhe G;I;T. o
‘with their bioavailability (Figures 1 and 3) it could be concluded that,

tetracycline is not mainly absorbed by passive diffusion mechanism which

dependsfon-their-lipophilicity.' Therefore, it could be assumed that :
tetracycline is actively absorbed mainly. This is in agreement witﬁrthe

(24) and Uekama et al (6)-
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According to MacDonald et al. (7) , tetracycline is absorbed primarily
in the upper 1ntest1na1 tract and that, any dirug which does not d1sso]ve
before or during passage through the upper intestindl tract remains unabsorbed
This hypothesis is compatible with the findﬁhgs of other auth@rs (8, 9, 25)
As the bioavailability of tetracycline formulations depends upon their rate
of dissolution in the stomach and 1ntest1ne (9) trials were made, in the .
present study, to find out any correlation that may exist between the dis- '
solution time (TSO%) of the tetracycline compounas in disti]led water
(adjusted to pHZ2) and the in-vivo availability ot the antibiotic. The
sejection of T50% dissolution tn distilled water ajusted to pHZ, simulating

that of the stomack juice, is based on the findings of MacDonald et al.(y).

The effect of pH variatioun of the dassolutlon medium (distilled water)
on the time requ1red for the 20% d1sso]ut1on of tetracycline base aﬂd 1ts
complexes w1th urea, gentisic and pyrocatechnic acids is i11ustrated 1n
Figure 2. From Figure 2, it is obvious that at pHZ the highest dissolution
of the materials under tnvestigation was obtained. It could also be observed
that from the tetrae/c\ine compounds tested, tetracycline-pyrocatechnic acid
complex is the least compound affected by the variatton of pH valhe of the

dissolution medium followed by gentisate and uhea”gomplexes and tetracycline

4

base.

From F"i‘gur'er 4, it could be noticed that the mximtmuhinary excretion
- of -the antibiotic occurs afteh two hours if ingesting tetracycline-gentisic
acid comp]ex and_faur nours for tetracycline hydrochloride, urea and pyro-
catechnate complekes. and six hours upon ingesting tetracycline base. The
cumulative urinary excretion of tetracycline compounds after twelve hours
of ingesting the does is graphically illustrated by Fiqure 4. Figure 4 |
shows that tetracycline hydrochloride is the most highly excreted compound

fbllowed in a decreasing order by pyrocatechnate complex,” tetracycline base;

urea complex and gentisate complex. However, the eight hours cumulat{ve
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urinary excretion of the antibiotics under investigation was found to correlate
well with the time required for 50% dissolution of the powders hévingrmoré

or less the same particle size. Figure 5, is a scatter diagham of the

relative cumulative-urinary excretion (0-8 hours) versus the relative time

of 50% dissolution of the compounds at pH2 which shows direct correlation

between the two parameters.

2. Effect of Admini stratlon of Milk on the Urinary Excretion of Tetraczcline
Base, szrochlor1de and Comg]exes

Many reports were published dea]1ng with the agents wh1ch 1ncrease (26 27)

or decrease {28, 29) the absorpt1on of tetracycline in man. Banerjee and

Chakrabarti (30

stated that in the presence ¢f certain cations, .ike calcium,
magnesium and iron ir the mucosai fluid, z significant decrease in the trans-
port of tetracycline through everted mice ileum takeS'place.'Themaobservationsﬁ

(28, 3]). Generally, absorption of tetraCycline 1S

mirror those in man
greatly reduced by calcium, magnesium and aluminium containing'antaéids

and by iron preparations (]). Foods, especially milk products or other

high calcium foods, also interfefe with oral absorption of fEtraCy:line.
Phosphate appears to impfove absorption rate by removing calcium (]).

Table 1 illustrates the amount of tetracycline excreted after 2,4,6,8,10
and 12 hours of ingesting dose equivalent to 3 mg/kgm body weight'of the
compounds under investigation. From the table, it is clearly 6bvious that
the cumulative urinary excretion of tetracycline is highly reduced in case
of tetracycline hydrochloride. The least reduction in the cumulative urinary
excretion was observed in case of using tetracycline-gentisic acid and
pyrocatechuic acid complexes. This could be explained in view of the
well know fact that tetracycline—HC].is the more soluble compounds of the

materials under investiyation, and subsequently the interaction between

the soluble tetrﬁcyc]ine hydrochloride and alkali earth metals is high.
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CONCLUSIONS

1. The in-vitro results of lipophilicity of tetracycline base and {ts
compliexes were not found to correlate with their bioavailability. This

leads to the conclusion that tetracycline is not absorbed from the gastro--

intestinal tract by the passive diffusion mechanism.

2. éodd correiation existed between the in-vitro TSO% dissolution of

tetracycline base, tetracycline hydrochloride and its complexes in distilled
water at pHZ and their cumulative urinary excretioh after eight hours of

' 1ngesting the same dose of each compound. Therefore, fhe dissolution rate

of the antibiotics under ihvéstigation is the rate limiting factor for

their absorption, and this is the case in which the drug is mainly actively

absorbed.

3. The freely soluble tetracycline hydrochloride was found to be the most
highly excreted compound foilowed in decreasing order by pyrocatechuate

complex, tetracycline base and gentisate complex.

4. The impairad absorption of the tetracycline when co-administered with

mitk was found to be greatly reduced in case of tetracycline complexes.

_Tetracyc]1ne-pyrocatechuic and gentisic acid complexes being the least

affected ones.

p ' ;
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TABLE 1, Human Urinary Excretion of Tetrscycline Hydrochloride (A), Tetracycline Baass (B),
Tetracycline-Uraes Complex (C), Talreaynline-Gentisic Acid Corplax (D) and
Tetracycline-Pyrocatochuic Acid Corplax (E) s efter Ingnaling tha Equiv-laent
Dosas with ‘/ator and Milk, |

Cumulative Amount of Frea Tetracycline Excreted in Urine (in mg,’n;fter:- B

ARl N S el . Al T

gy gl =l N - Sl e N eI S L PR - N Y e el B N A Pl Sak-aamie SEN-afige Al

2 h, 4 h, 6 h, 8 h, 10 h, 12 h,

-.t.r"’EEZE :EEEEE:::EEEE water milk| water milk |water  wmilk |weter milk
8,70 1,65] 15,00 1,69 22,29 26,50 13,29 |31.66 16,20 |33.66 46,99

3,% 2,62 11,62 8,23 19,72 27.36  13.%% | 30,37 16,12 [ 31.88 17,32

2,00 1,09} 11,93 7.43| 18,95 23,12 15,99 |26,02 18,96 | 27,10 20,93

11,75 6,52 22,92 12,92| 32,38 37.54 25,98 | 40,87 29,11 | 44,84 31,29

9,62 7.45| 17,89 12,51| 24.39 29.87 18,79 | 35,27 20,55 | 38.63 25,63
A 489 2,64 26,08 16,07| 41.°7 50,76 34,54 {57.14 39,52 | 62,13 41,67
B 2.7% 1,75 135.15 6.32| 25,64 33,71 20,05 |37.82 29,44 | 50,35 34,13
c 4,30 3.33| 9,03 7,47} 22,7 32,54 25,31 | 44,38 32,04 | 51.63 36,54
D 6,98 2.,89| 13.71 6,74 18,64 20,96 15.66 [ 22.31 16,82 | 25,09 17.48
E . | 19,06 10,80 23,90 20,14] 30,36 36,54 27,02 | 40.69 29,36.| 44,52 39,22
A i 7.19 3,82} 21,52 10,82 39,59 55,91 22,08 63,05 31,60]|74,77 35,48
B 5.44 2,97 13.61 9,32} 21.20 27.96 17.42]131.98 19,14 { 34,92 20,45
» 1,75 0,91 | 40.3% 6.,43{ 15.M 23,27 15,94 127.28 17.89 [ 34,93 25,86
D 10.52 6,18| 15.14 8,95] 19.33 29.81  18,35{25.11 20,13 |27,09 18,14
E 6,92 5,25 17.34 14,79} 28,34 36,77 28,01 42,58 29,36 [ 44,63 31,08
A 6,70 2,99 13.16 4,64} 18,10 31,77 7.98; 40,19 12,06 | 44,33 15,59
8 3,55 1.96| 9,50 6,42] 20.64 25,24 16,63 ]28,98 18,45 {32,39 19,98
C 3,14 1.80] 12,09 7.97| 19.21 24,27 16,85 26,34 17,06 126,99 17,99
K 10.45 7.12| 18.62 13,40] 25,99 31,29 24.26{36,34 29.61 |39.36 30,38
E 12,95 8.,71| 18.31 14,78} 21,78 24,02 21,50|25,90 23,40 126,81 24,24
A 6,70 3,781 19.57 11,32} 32,69 42,05 13.,80]51,79 17.08|64.30 20,99
8 1.35 0.96] 5,96 4,801 14,91 21,74 15.20]22.83 17,00 123,20 17,37
c 1.68 0,69| 8,27 5,41 9,57 $2.42 10,67{14.31 12,42 {15.5¢ 13,01
D 7.12 6,011 13,42 10.67 ] 19.49 20,48 14,96124,72 15,72 |22.03 16.18
E 3,60 2,93} 12,17 9.,02] 8,19 24,32 18,02 27,32 22,05 129,43 23,13
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