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Como resultado del examen de fondo realizado, con fundamento en el Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Radicado N° 13-263186-00000-0000 07/Noviembre/2013
Reivindicaciones: Radicado N° 13-263186-00000-0000 07/Noviembre/2013
Prioridad: FR 1101478 16/Mayo/2011

                                         
2. Análisis de la Prioridad

Se acepta la reivindicación de prioridad porque ésta solicitud fue presentada dentro del 
plazo  establecido  (Art.  9  D  486)  y  su  contenido  técnico  corresponde  con  el  de  la 
prioridad reivindicada.

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Título 10 
de la Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta la 
tasa  pagada  por  la  solicitante  al  momento  de  comenzar  el  examen  para  las 
reivindicaciones adicionales; esto es que cuando la solicitud contenga más de diez (10) 
reivindicaciones y no se haya pagado la tasa complementaria, sólo se estudiarán las 
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cubiertas por la tasa pagada. En el presente caso se estudiarán las reivindicaciones 1 a 
5 del capítulo reivindicatorio (Radicado N°. 13-263186-00000-0000).

Título de la solicitud: “Uso de secnidazol en el tratamiento de infecciones dentales”.

El  problema  planteado  en esta  solicitud  consiste  en  la  necesidad  de  proporcionar, 
composiciones  útiles  para  tratar  infecciones  estomatológicas  agudas,  crónicas  y 
recurrentes,  tales  como:  abscesos  dentales,  celulitis,  celulitis  perimaxilar, 
pericoronaritis, gingivitis estomatitis, periodontitis, parotiditis, submaxilitis. 

Para resolver este problema técnico la solicitud en estudio proporciona un composición 
farmacéutica que combina el secnidazol y un antibiótico de la familia de los macrolidos 
para el tratamiento por via oral de infecciones dentales. 

El  objeto  de  la  presente  solicitud  se  relaciona con la  Clasificación  Internacional  de 
Patentes (CIP): A61K31/00; A61K31/4164; A61K31/7052; A61K9/00; A61P11/02

4. Reivindicaciones relativas a un uso (Art 14 D 486)

El uso de la reivindicación 1 no es patentable, de acuerdo con el Art 14.

5. De la solicitud de patente 

Titulo

El título de la solicitud hace referencia a los usos de las combinaciones reclamadas, el 
cual es materia no patentable de acuerdo al artículo 14 D486. Adicionalmente se le 
recuerda a la solicitante que los métodos de tratamiento constituyen una excepción a la 
patentabilidad de acuerdo al artículo 20 (literal d) D 486, por lo que se sugiere evitar la 
referencia a los mismos en el titulo.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicación 1 no es clara porque:

1­ Indican el  uso que puede darse  a la  composición reclamada el  cual  no es  una 
característica técnica que la defina. Se sugiere hacer la aclaración respectiva.

2­ No define los componentes por su estructura, nombre IUPAC o DCI, ni tampoco las 
proporciones o concentraciones en la que estos se encuentran en la composición 
reclamada. 

3- No es clara la forma de asociación de los dos ingredientes activos. 

Es decir, la reivindicación 1 no define las características técnicas esenciales necesarias 
para caracterizar la composición que se solicita. 

La reivindicación 3 no es clara porque los términos “preferentemente” y “excipiente o 
diluyente  farmacéuticamente  aceptable”  son  imprecisos,  por  lo  que  no  limitan  el 
alcance de la solicitud. Se sugiere reemplazarlos por términos precisos que permitan 
caracterizar la composición o forma farmacéutica que se reclama. 

La  reivindicación  4  no  es  clara  porque  los  términos  “aproximadamente”  y 
“preferentemente” son imprecisos, lo cual impide distinguir la composición reclamada 
del  estado  de la  técnica.  Se sugiere  sustituirlo  por  un  término  preciso  o  un  rango 
concreto. 

La reivindicación 5 no es clara porque comprende 2 modalidades diferentes en una 
sola reivindicación:
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1. Combinación de dos ingredientes activos, secnidazol y azitromicina, en una sola 
forma farmacéutica 

2. Kit de partes que comprende dos principios activos, secnidazol y azitromicina, 
en diferentes formas o preparaciones farmacéuticas.  

Ninguna  de  estas  dos  modalidades  se  encuentra  caracterizada  adecuadamente  ya 
que:

1. No define cantidades concretas de los ingredientes activos de la combinación, 
ya que el uso del término “preferentemente” no permite limitar los alcances de la 
solicitud.

2. No define  a  los  componentes  de  la  composición  que  la  hacen  apta  para  la 
aplicación oral. 

Se recuerda a la solicitante que el término composición implica un único sistema de 
entrega  farmacéutico,  por  su  parte,  el  término  kit-de-partes  implica  dos  o  varias 
unidades funcionales (composiciones o preparaciones) que una vez administradas de 
forma conjunta presentan un efecto sinérgico. Por lo anterior, es pertinente requerir a la 
solicitante para que defina con claridad el objeto de la reivindicación 5 porque no puede 
comprender las dos modalidades a la vez.

La  reivindicación 1 no es concisa, ya que define el segundo ingrediente activo de la 
composición como una familia de compuestos (macrólidos) de los cuales únicamente 
se encuentra sustentada la combinación con azitromicina. 

La reivindicación  2  no  está  sustentada  en  la  descripción  porque  no  se  presenta 
evidencia de que la combinación del secnidazol con espiramicina presente el mismo 
efecto técnico atribuido a la combinación de secnidazol y azitromicina.

Descripción (Art 28  D 486)

La descripción no presenta sustento suficiente para las combinaciones de principios 
reclamadas, ya que únicamente presenta información relacionada con un método de 
tratamiento que comprende la administración simultanea de dos formas farmacéuticas 
independientes que contienen cada uno de los principios activos a un paciente que lo 
requiera (Pág.10). 

No  se  presentan  ejemplos  de  composiciones  o  combinaciones  de  acuerdo  a  las 
reivindicaciones, por lo que no existe evidencia de un efecto sinérgico asociado a las 
composiciones o combinaciones solicitadas. 

Se le recuerda a la solicitante que en ausencia de un efecto técnico inesperado, en 
este caso un efecto sinérgico asociado a la combinación de los dos ingredientes activos 
previamente  conocidos,  la  solicitud  se  considerará  como  la  simple  agregación  de 
elementos. 

Se requiere a la solicitante hacer las aclaraciones necesarias. 

6. Unidad de invención (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invención ya que de acuerdo a la 
reivindicación 1 se tendrían tantas posibilidades de combinaciones como antibióticos de 
la familia de los macrólidos. 

Puesto que el elemento común a todas estas posibles combinaciones es el secnidazol, 
el cual no es nuevo ni inventivo, no se presenta un concepto común inventivo a las 
combinaciones reclamadas.
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Por otra parte de acuerdo a la reivindicación 2, esta solicitud se refiere a 2 grupos 
inventivos definidos por la identidad del segundo ingrediente activo de la composición:

1°   Composiciones  en  las  cuales  el  antibiótico  de  la  familia  de  los  macrólidos  es 
espiramicina. 

2°   Composiciones  en  las  cuales  el  antibiótico  de  la  familia  de  los  macrólidos  es 
azitromicina.

Se sugiere presentar las solicitudes divisionales que considere necesarias, sin embargo 
la descripción no presenta sustento para combinaciones o composiciones de acuerdo a 
estos  grupos  inventivos,  sino  para  un  método  de  tratamiento  que  comprende  la 
administración simultanea de dos formas farmacéuticas independientes que contienen 
secnidazol  y azitromicina a un paciente que lo requiera (Pág.10),  por  lo que no se 
considera que exista sustento suficiente para ninguno de los grupos inventivos.

7.  Determinación del Estado de la Técnica

El  estado  de  la  técnica  se  determinó  con base en la  fecha  de presentación  de  la 
solicitud de prioridad: mayo 16 de 2011  y  se encontraron los siguientes documentos 
que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación
D1 EP 1206930 “An oral treatment/care agent” 22/Mayo/2002

D2

H. A. Gad et al. Drug 
Development and 

Industrial Pharmacy, 
34:1356–1367

“Formulation and Evaluation of 
Secnidazole or Doxycycline 

Dento-Oral Gels”
Diciembre 2008

D3
Rotzetter PA, et al. J Clin 

Periodontot 1994: 21: 595-
600

“Kinetics of spiramycin/metronidazoie 
(Rodogyi®) in human gingivai 

crevicuiar fiuid,saiiva and biood”
09/Noviembre/1993

El documento D11 divulga un agente para el tratamiento o cuidado oral, el cual incluye 
la combinación de uno o más agentes de control de la flora bacteriana oral y uno o más 
agentes de control de la flora bacteriana periodontal (Pág. 2, columna 1, párrafo 004).

El  documento  D22 divulga  formulaciones  orales  en  forma  de  gel  de  secnidazol  o 
doxiciclina usadas en el tratamiento de la periodontitis. (Pág. 1356, abstract). 

El documento D33 divulga el efecto sinérgico y la farmacocinética de la combinación de 
matronidazol  con espiramicina (Rodogyl  ® )  y  en el  tratamiento de la periodontitis 
severa. (Pág. 595, abstract).

8. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art 18 D486)

La reivindicación 2 consiste en: “Composición según la reivindicación 1, caracterizada 
por que el antibiótico se selecciona de espiramicina y azitromicina”  (Radicado Nº. 13-
263186-00000-00000).

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Composición oral Composición oral. formulación B2 Formulaciones orales en forma 

1http://worldwide.espacenet.com/publicationDetails/originalDocument?
CC=EP&NR=1206930A2&KC=A2&FT=D&ND=&date=20020522&DB=&&locale=en_EP
2http://informahealthcare.com/doi/abs/10.1080/03639040802122944%20
3http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1994.tb00749.x/abstract
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que comprende (Pág. 5, columna 
7, párrafo 0035)

de gel 

de secnidazol De metronidazol secnidazol 5%

Antibiótico de la familia de los 
macrólidos: azitromicina

Antibiótico de la familia de los 
macrólidos: azitromicina 
(Zithromax®).

No se menciona

Otro antifúngico No se menciona

El documento D1 se considera el estado de la técnica cercano a la invención definida 
en la reivindicación 1 porque divulgan un  agente para el tratamiento o cuidado oral, 
dentro de las cuales se cual incluye la combinación de un antibiótico de la familia de los 
macrólidos, un agente anti fúngico y metronidazol (formulación B2, pág. 5 columna 7, 
párrafo  0035),  usadas  para  el  tratamiento  de  la  enfermedad  periodontal  (pág.  6 
columna 10, párrafo 0058). El documento D1 también divulga formulaciones binarias de 
azitromicita y otros agentes antifúngicos o antibióticos. 

La diferencia entre las composiciones de la solicitud, definidas en la reivindicación 2 y 
aquellas  divulgadas  en  D1  consiste  en  que  las  composiciones  solicitadas  son 
combinaciones binarias que comprenden secnidazol como ingrediente activo, mientras 
que en las divulgadas por D1 este corresponde a metronidazol. 

No  hay  evidencia  de  que  exista  un  efecto  técnico  inesperado  asociado  a  la 
combinación de secnidazol con azitromicina divulgada en la solicitud en comparación a 
la combinación de azitromicina con metronidazol divulgada en el documento D1.

Por lo tanto, el problema técnico objetivo que pretende resolver esta solicitud se puede 
formular  como  la  necesidad  de  proporcionar  combinaciones  alternativas  a  las 
divulgadas en D1 para el tratamiento de infecciones de la cavidad bucal.

Sin  embargo,  la  utilización  de secnidazol  para  el  control  de  los  microorganismos 
periodonto  páticos,  ya  está  divulgada  en  el  documento  D2  que  se  refiere  a  una 
composición en forma de gel que comprende este antibiótico como ingrediente activo 
(Pág. 1357, materiales y métodos).

En consecuencia, el  la persona del oficio normalmente versada en la materia, incluiría 
el  secnidazol  de  acuerdo  al  documento  D2 en las  composiciones  divulgadas  en el 
documento D1 para llegar así al objeto de la reivindicación 2 de la solicitud. Por lo cual 
se considera obvia.

Puesto  que  las reivindicaciones  dependientes  4  y  5  no  mencionan  características 
inventivas adicionales tampoco se pueden considerar inventivas.

Conclusión:
Las  reivindicaciones  2,  4  y  5  en  las  que  el  antibiótico  es  azitromicina  cumplen  el 
requisito de novedad (Art. 16), pero no cumplen con el requisito de nivel inventivo (Art. 
18).

La reivindicación 2 consiste en: “Composición según la reivindicación 1, caracterizada 
por que el antibiótico se selecciona de espiramicina y azitromicina”  (Radicado Nº. 13-
263186-00000-00000).

Comparación de las características técnicas esenciales, con las del Estado de la Técnica:

Características esenciales D3 D2

Composición oral
Tabletas (Rodogyl®) (Pág. 
596, columna 2 y 3)

Formulaciones orales en 
forma de gel 

de secnidazol De metronidazol (127.4mg) y secnidazol 5%
Antibiótico de la familia de 
los macrólidos: espiramicina

Espiramicina (739 000 UI)
No se menciona
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El documento D3 se considera el estado de la técnica cercano a la invención definida 
en la reivindicación 1 porque divulga  la combinación de espiramicina y metronidazol 
(Rodogyl), y su efecto sinérgico al ser usada en el tratamiento de periodontitis severa 
(pág. 596 columnas 2 y 3). 

La diferencia entre las composiciones de la solicitud, definidas en la reivindicación 2 y 
aquellas  divulgadas  en  D3,  consiste  en  que  las  composiciones  solicitadas  son 
combinaciones que comprenden secnidazol como ingrediente activo, mientras que en 
las divulgadas por D3 este corresponde a metronidazol. 

No  hay  evidencia  de  que  exista  un  efecto  técnico  inesperado  asociado  a  la 
combinación de secnidazol con espiramicina divulgada en la solicitud, en comparación 
a la combinación de espiramicina con metronidazol divulgada en el documento D3.

Por lo tanto, el problema técnico objetivo que pretende resolver esta solicitud se puede 
formular  como  la  necesidad  de  proporcionar  combinaciones  alternativas  a  las 
divulgadas en D3 para el tratamiento de la periodontitis severa.

Sin  embargo,  la  utilización  de secnidazol  para  el  control  de  los  microorganismos 
periodonto  páticos,  ya  está  divulgada  en  el  documento  D2  que  se  refiere  a  una 
composición en forma de gel que comprende este antibiótico como ingrediente activo 
(Pág. 1357, materiales y métodos).

En consecuencia, el  la persona del oficio normalmente versada en la materia, incluiría 
el  secnidazol  de  acuerdo  al  documento  D2 en las  composiciones  divulgadas  en el 
documento D3 para llegar así al objeto de la reivindicación 2 de la solicitud. Por lo cual 
se considera obvia.

Puesto  que  las reivindicaciones  dependientes  4  y  5  no  mencionan  características 
inventivas adicionales tampoco se pueden considerar inventivas.

Conclusión:
Las  reivindicaciones  2,4  y  5  en  las  que  el  antibiótico  es  espiramicina  cumplen  el 
requisito de novedad (Art. 16), pero no cumplen con el requisito de nivel inventivo (Art. 
18).

9. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta
D1 EP 1206930 2, 4 y5 Nivel inventivo

D2

H. A. Gad et al. 
Drug Development 

and Industrial 
Pharmacy, 

34:1356–1367

2, 4 y5 Nivel inventive

D3
Rotzetter et al. J 
Clin Periodontot 

1994: 21: 595-600
2, 4 y5 Nivel inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2014-11-18

Elaboró: Ruth Andrea Rodriguez 
Revisó: Consuelo  Leguizamon Leguizamon
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LDDIFormulation and Evaluation of Secnidazole or Doxycycline 
Dento-Oral Gels

Formulation and evaluation of secnidazole or doxycycline dento-oral gelsHeba A. Gad, Mohamed A. El-Nabarawi, and Seham S. Abd El-Hady
Department of Drug Technology, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt, and 
Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy Cairo University, Cairo, 
Egypt

Local delivery of antibiotics has been shown to be effective in
reducing periodontopathic microorganisms. The purpose of this
study is to formulate gels containing secnidazole or doxycycline
hydrochloride that could be used in the treatment of periodontitis
by direct periodontal intrapocket administration. Different
mucoadhesive polymers were used as cellulose derivatives,
carbopol and eudragit. The prepared gels were evaluated for their
in vitro drug release, rheological behavior, and mucoadhesive
force. Increasing the concentration of each polymer increased the
viscosity, mucoadhesion, and the time required for 30 and 50%
release of the original mass of each drug. Gels with appropriate
balance of the above-examined parameters were selected for
microbiological evaluation. Microbiological studies on selected
gels showed faster release of the two drugs (expressed as inhibi-
tion zones) than the commercial products of chlorhexidine gel
(Elugel®) and miconazole nitrate emulgel (Miconaz®).

Keywords doxycycline; secnidazole; mucoadhesive polymers;
rheological properties; release study; periodontitis

INTRODUCTION
Periodontal diseases are a group of inflammatory conditions

affecting the supportive structures of the teeth (Kinane &
Lindhe, 1997). They are characterized by a destruction of the
periodontal ligament, a resorbtion of the alveolar bone and the
migration of the junctional epithelium along the tooth surface
with the formation of a space (pocket) between the gum and
the teeth and can eventually cause teeth loss. This pocket pro-
vides an ideal environment for the growth and proliferation of
microbes including anaerobic pathogenic bacteria (Haffajee &
Socransky, 1994).

Current periodontal therapy includes the removal of the
bacterial deposits from the tooth surface and shifting the
pathogenic microorganism to healthy one compatible with

periodontal health. Conventional root planning and scaling
relies on the mechanical debridement of tooth surfaces as
the primary antimicrobial measure (Schwach-Abdellaoui,
Vivien-Castioni, & Gurny, 2000). However, as specific bac-
teria are thought to play a major role in disease process
(Wolff, Dahlen, & Aeppli, 1994), antimicrobial agents have
been used as adjuncts to mechanical treatment (Goodson,
1994). The potential side effects in administering systemic
antibiotics and the inability of antiseptic mouthwashes to
penetrate the periodontal pocket have raised interest in the
localized delivery of therapeutic agents within the pocket,
thus ensuring a high effective concentration of antimicro-
bial agent at the site of infection.

Localized drug-delivery systems based on bioadhesive poly-
mers are effective in delivering antimicrobial agents to the peri-
odontal pocket (Bruschi & De Freitas, 2005; Jones, Woolfson,
Brown, & O’Neill, 1997; Jones et al., 1996). Tetracyclines and
metronidazole were reported to be effective in the treatment of
periodontal diseases (Friesen, Williams, Krause, & Killoy,
2002; Mombelli, Lehmann, Tonetti, & Lang, 1997; Noyan
et al., 1997; Pähkla, Koppel, Saag, & Pähkla, 2005; Williams
et al., 2001). Among tetracyclines, doxycycline hydrochloride
(DH) was chosen because of its activity against putative
periodontal pathogens, and it has been shown to be effective in
the management of periodontitis in human, also it is the most
potent tetracycline for collagenase inhibition (Golub, Sorsa, &
Lee, 1995; McCulloch et al., 1990; Sorsa et al., 1995; Walker
et al., 2000). Secnidazole (SC) is structurally related to the
commonly used 5-nitroimidazoles metronidazole; it has a
spectrum of activity against anaerobic microorganisms. How-
ever, SC has a longer terminal elimination half-life than com-
monly used drugs in this class (Gillis & Wiseman, 1996).
Therefore, the treatment with SC is shorter and significantly
more effective than the treatment using other imidazole drugs.
Both DH and SC were selected for this study, and the aim of
this work is to formulate DH or SC gels that could be used in
the treatment of periodontitis by direct periodontal intrapocket
administration.

Address correspondence to Heba A. Gad, Department of Drug
Technology, Ain Shams University, Faculty of Pharmacy,
Department of Pharmaceutics, Monazamet El Wehda El Afrikia St.,
El Abbassia, Cairo, Egypt. E-mail: hebamoniem@yahoo.com
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FORMULATION AND EVALUATION OF SECNIDAZOLE OR DOXYCYCLINE DENTO-ORAL GELS 1357

MATERIALS AND METHODS

Materials
Secnidazole (SC), methylcellulose (MC) (2% solution has a

viscosity of 300 cP), and hydroxypropylmethylcellulose
(HPMC) (Methocel E4, high viscosity) were kindly supplied
by E.P.I.C.O. pharmaceutical company, Egypt. Hydroxyethyl-
cellulose (HEC) (2% solution has a viscosity of 640.9 cP) was
kindly supplied by Memphis Co., Egypt. DH was kindly sup-
plied by El-Nile pharmaceutical Company, Egypt. Eudragit
L100 (ED) was purchased from Rhom Pharma, GMBH, Ger-
many. Carbopol of two grades: Carbopol 934P (CP 934) and
Carbopol 971P NF (CP 971) were purchased from Goodrich
Co., USA. Crude porcine gastric mucin was purchased from
Sigma chemical Co., USA. Propylene glycol (analytical grade)
was purchased from ADWIC, El-Nasr Chemical Co., Egypt.
Elugel® gel (0.2% chlorhexidine) was purchased from Global
Napi Pharmaceuticals, Egypt. Miconaz-H® emulgel (2%
miconazole nitrate and 1% hydrocortisone) was purchased
from Medical Union Pharmaceuticals, Egypt.

Preparation of Gels Containing Drug
All gels were prepared with 5% wt/wt of each drug (SC or

DH) separately.

Preparation of Gels Containing Drug Using Different 
Cellulose Derivative

MC and HEC at concentration 3 and 5% (wt/wt) of each,
and HPMC at concentration 1 and 3% (wt/wt) gels were
prepared by gradually adding the calculated amounts of the
polymers, while stirring to one third of the required amount of
freshly prepared distilled water (80°C) (Mitchell et al., 1993a,
1993b). The final volume is made by adding a mixture of water
and propylene glycol containing SC or DH. The prepared gels
were stored overnight in a refrigerator.

Preparation of Un-Neutralized Carbopol Gels 
Containing Drug

CP 934 and CP 971 gels were prepared without neutraliza-
tion at concentrations 1 and 3% (wt/wt) by gradual sprinkling
of the polymer into the vortex of distilled water at room tem-
perature, together with SC or DH dissolved in propylene glycol
and stirred until no lumps were observed. Gels were left for
one day to hydrate completely (Liu, Sheu, Chen, Yang, & Ho,
2007; Tamburic and Craig, 1995).

Preparation of Organogel-Containing Drug
SC or DH was first dissolved in propylene glycol at room

temperature and then poured into calculated amounts of ED
previously weighed in a mortar and immediately mixed by the
pestle to produce the gels. The concentrations of ED were 15,
20, and 25% (wt/wt) of the total base weight (Goto, Kawata,
Suzuki, Kim, & Ito, 1991).

Rheological Measurements and Data Analysis
Steady shear measurement was conducted where the rheo-

grams of all prepared gels was performed at 25 ± 0.1°C using
cone and plate (the cone with dimensions equal to 2.4 cm
external diameter, 1.7 cm internal diameter and 1.3 cm height,
and the plate with dimensions equal to 6.3 cm external diame-
ter, 5.4 cm internal diameter and 1.7 cm height) programmable
viscometer (Brookfield Engineering Laboratories Inc., Model
HADV-II, USA) connected to a digital thermostatically con-
trolled circulating water bath (Polyscience, Model 9101, USA)
with spindle 52. The shear rate was ranging from 2 to 400 s−1

corresponding to 1–200 rpm with 10 s between each two suc-
cessive speeds and then in a decreasing order. Equilibration of
the sample for 5 min was made following loading of the vis-
cometer. Ramp time for each viscosity stage was reading after
20 s. All studies were performed in triplicates and the average
was taken.

Rheological data were fitted to different models (Bingham,
Power law, Casson) to examine the pattern of flow and the
presence of yield value:

• Bingham: t = to + hg
• Power law: t = hgn

• Casson: t1/2 = to
1/2 + h1/2g1/2

Where t is the shear stress, to the yield value, h a constant
called the apparent viscosity or the consistency index, g the
shear rate, and n the flow index. In case of Newtonian behavior
n = 1 and to = 0, whereas in case of pseudoplastic (shear thin-
ning) behavior 0 < n < 1 and to = 0; for plastic behavior, it is
the same as pseudoplastic but with to > 0, whereas in case of
dilatant flow (shear thickening) n > 1 (Steffe, 1996). The soft-
ware employed was Graph Pad Prism® version 4, and the level
of significance was set at 5%.

In-Vitro Release Study
SC or DH release from gels was monitored by USP paddle

method with some modifications, (Figure 1). Gels were
retained within plastic cups (an inner diameter 3.7 cm, outer
diameter 4.2 cm and internal depth 1.2 cm), which were fixed

FIGURE 1. Diagrammatic representation of the USP paddle dissolution
apparatus.

paddle 50 rpm

wire screen
piece of glass
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plastic cup
(inner diameter 3.7 cm)
         (depth = 1.2 cm)

500 ml phosphata buffer
(pH = 6.8 at 37°C)
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1358 H. A. GAD ET AL.

to a flat squared piece of glass (2 × 2 × 0.5 cm) so as to be
anchored to the bottom of the dissolution vessel.. The surfaces
of these cups were covered with equally sized wire screen
(100 mm mesh size), so that drug release will occur through
this mesh. A 0.5-g sample of the gel was weighed in the cup
and was gently lowered through 500 mL of the dissolution
medium (phosphate buffer; pH 6.8). The paddle of the modi-
fied USP Dissolution

Apparatus (Pharma test, type PTW, Hainburg, Germany)
was centrally positioned 2.5 cm above the rim of the cup
(Abdel-Hamid, Abdel-Hady, El-Shamy, & El-Dessouky,
2006). The release study was carried out at 37 ± 0.5°C, and the
stirring paddles were rotated at a speed of 50 rpm. Aliquots of
5 mL were withdrawn at different time intervals. All samples
were replaced by the same volumes of phosphate buffer of pH
6.8. Samples were suitably diluted and measured spectrophoto-
metrically at λmax 320 nm for SC and 274 nm for DH using UV
visible double beam spectrophotometer (Shimadzu, model UV-
1601 PC, Kyoto, Japan). The experiments were conducted in
triplicates, the results were averaged, and blank experiments
were carried out at the same time using plain bases.

Statistical Analysis of Drug-Release Data
Drug-release data generated from the dissolution experi-

ments were fitted to the following general release equation
(Peppas, 1985) using logarithmic transformations and least
squares regression analysis:

Where Mt/M∝ is the fraction of released drug at time t; k
is the release constant incorporating structural and geomet-
rical characteristics of the delivery system; and n is the
release exponent, a measure of the primary mechanism of
drug release. Statistical analyses were performed on the
times required for the release of 30 and 50% (t30% and t50%)
of the original loading of SC or DH from each gel formula
using one-way analysis of variance (ANOVA) (Jones,
Woolfson, & Brown, 1997b). Post hoc statistical analyses
were performed using Tukey–Kramer test for multiple com-
parisons. The software employed was Graph Pad Instat®
V2.04, and the level of significance was set at 5%.

In-Vitro Evaluation of the Mucoadhesion for the Gels
The mucoadhesive strength of the formulations was deter-

mined by measuring the force required to detach the formulations
from a mucin disc using the mucoadhesive force-measuring

device shown in Figure 2. Initially, mucin discs were prepared
by compression of crude porcine mucin (50 mg) by a single
punch tablet press (10 mm diameter die) (Karishma Pharma
machines 400007, Mumbai, India). These discs were horizon-
tally attached to the upper stage of the modified balance by a
cynoacrylate adhesive. Before mucoadhesion testing, the
mucin disc was hydrated by submersion in a freshly prepared
5% (wt/wt) dispersion of mucin for 60 s. Samples of each gel
formulation (0.5 g) were placed on the lower vertically mov-
able stage. The lower stage was then elevated till the surface of
the sample became contacted to the mucin disc adhered to the
upper stage. A constant weight (5 g) was then applied for 30 s
and removed. The sample was left in contact for 4 min with the
mucin disc to ensure intimate contact. To the pan on the other
side of the used device, water was then added from a glass bot-
tle through an infusion set into a plastic jar at a constant rate of
13–15 drops/min. The addition of water was stopped when
mucin disc was detached from the sample. The minimal weight
of water required to detach the sample from the mucin disc was
noted as the mucoadhesive force. This method is adapted to the
methods by Mikos and Peppas (1990); Yong et al. (2001);
Desai and Kumar (2004), where the addition of weights were
replaced by the addition of water followed by weighing the
amount of water. These experiments were carried in four repli-
cates. All detachment tests were carried out at about 35 ±
1.5°C. Mucoadhesive force or the detachment stress (N/m2)
was determined using the following equation stated by Ch’Ng,
Park, Kelly, & Robinson, 1985:

M M K n
t t/ ∞ = (1)

Log (M /M ) Log K + Log t n t∞ = (2)

FIGURE 2. Diagrammatic representation of the mucoadhesive force-
measuring device. (A) modified balance ; (B) upper stage; (C) lower stage
moving on screw; (D) mucin disc; (E) gel preparation; (F) balance pan; (G)
plastic jar; (H) IV infusion set; (I) glass bottle containing water; (J) stand-
holder.

Detachment stress (N m m g A/ ) . /2 =
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FORMULATION AND EVALUATION OF SECNIDAZOLE OR DOXYCYCLINE DENTO-ORAL GELS 1359

Where m is the weight of water (g); g the acceleration due to
gravity taken as 9.81 m/s2; A is the area of the mucin disc (area
of contact) and is equal to πr2 (r is the radius of the mucin disc).

Statistical Analysis of Mucoadhesion Data
The results were statistically evaluated using one-way

ANOVA. Post hoc statistical analyses were performed using
Tukey–Kramer test for multiple comparisons. The software
employed was Graph Pad Instat® V2.04, and the level of sig-
nificance was set at 5%.

Microbiological Evaluation of the Selected Formulations
Determination of Minimum Inhibitory Concentration of 
SC and DH

A serial dilution of SC or DH was prepared and mixed with
molten Mueller Hinton agar (National Committee for Clinical
Laboratory Standards [NCCLS], 1993, 1997). The inoculum of
the microorganisms was prepared in a broth solution to be
equivalent to 105 cfu/mL. One aliquot of 0.2 mL of this broth
was inoculated on the surface of Mueller Hinton agar plates
containing SC or DH and incubated aerobically or anaerobi-
cally according to the tested microorganisms. Also, the broth
was inoculated on nutrient agar as a control. The plates were
incubated for 24 h at 37°C for visible growth. Growth of one or
two colonies was disregarded (Andrews, 2001).

Patients Specimen
This study included 20 patients suffering from periodontal

diseases were randomly chosen from the flow of the outpatient
Diagnosis Clinic, Department of Oral Medicine, Diagnosis and
Periodontology, Faculty of Dentistry, Ain Shams University.
After removing of supragingival plaque, two paper points were
inserted into a periodontal pocket for 10 s. The first paper point
was inoculated on peptone water as transport medium for aer-
obes, and the second paper point was inoculated on Robertson
cooked meat broth, as transport medium for anaerobes (Eick,
Pfister, & Straube, 1999).

Isolation and Identification of the Microorganisms
The samples were cultured aerobically from peptone water

on Colombia blood agar plate and cultured anaerobically on
Colombia blood agar plate with added kanamycin at concentra-
tion of 75 μg/mL. (kanamycin is selective for obligate anaer-
obes). The first plate was incubated aerobically at 37°C for 24
h whereas the second plate was incubated anaerobically in
anaerobic jar at 37°C for 2–4 days. Identification of isolated
colonies was done using Gram stain, morphology, UV lamp,
and biochemical reactions (Kinci et al., 2002).

In Vitro Antimicrobial Activity of the Selected Gels of SC and 
DH on the Isolated Microorganisms

An inoculum of 1.5 mL of a suspension containing each
identified isolated organism was transferred to sterile Petri dish

(20 cm in diameter), then 30 mL of Mueller Hinton agar was
added to the inoculum, and mixed well and left to solidify
(National Committee for Clinical Laboratory Standards
[NCCLS], 2002). Wells were done by punching stainless steel
cylinders onto the plate and removing the agar to form a well.
Each well was aseptically filled with accurate weight of the
selected gel. For aerobic organisms; the Mueller Hinton plates
were incubated aerobically at 37°C for 24 h. For anaerobic
organisms, the plates were incubated anaerobically in anaero-
bic jar at 37°C for 24 h. After incubation, the inhibition zone
diameter was measured using a ruler. The extent of release
(zone of inhibition) was measured by taking the average of
three readings. Results were analyzed using one-way ANOVA
followed by post hoc statistical analysis performed by Tukey–
Kramer test for multiple comparisons. The software employed
was Graph Pad Instat® V2.04, and the level of significance
was set at 5%.

RESULTS AND DISCUSSION

Rheological Measurements and Data Analysis
Formulation designed for administration into the periodon-

tal pocket must be easily administrated using a blunt syringe in
order to fulfill the requirements for ease of application (Jones
et al., 2000); therefore, the used concentrations of all polymer-
forming gels were chosen according to the viscosity required to
fulfill this goal.

The rheological parameters of the prepared gels, namely the
flow index (n), the consistency index (η), and the apparent vis-
cosity measured at shear rate 50 s−1 at 25°C are summarized in
Table 1 and illustrated in Figures 3–5 (only rheograms of gels
selected for evaluation of their antimicrobial activity are
included). The regression coefficient (R2) values were >0.95
(significant when p = 0.05), indicating that the rheological data
of the gels are best fitted to Power law model. On the basis of
the values of (n), calculated after Power law equation and
which are <1, it could be confirmed that all the gels exhibit
shear-thinning behavior.

The causes of pseudoplastic flow revealed by the tested gels
may be due to progressive rapture of the internal structure of
the formulations and its later reconstruction by means of
Brownian movement (Dolz, Herraez, Gozalez, & Diez, 1998;
Pena, Lee, & Sternes, 1994). Increasing the concentration of
each polymer was associated with a decrease in the flow index
values. This result is in accordance with what reported with
Fresno, Ramirez, & Jimenez (2002); this decrease in the flow
index was explained by the formation of full structured three
dimensional polymer lattices because of increased polymer
concentration. Increasing the concentration of MC, HEC,
HPMC, and CP 934 shows a significant decrease in (n) value.
Moreover, CP 971 and ED gels show a slight decrease in the
(n) value upon increasing the concentration, which indicates
that the full structured polymer lattice is already formed at the
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1360 H. A. GAD ET AL.

lower concentration and further increase in its concentration
does not affect greatly its structure.

Fitting of the rheological data to Power law revealed that
gels have no apparent yield value, indicating the limited
resistance to flow at low stress values characteristic of
pseudoplastic flow. This could be a useful property that
indicates the displacement of the gels from tissue surfaces
(Needleman, Martin, & Smales, 1998). Also, non-thixotro-
pic behavior is revealed as shown in Figures 3–5, which
indicates a time-independent flow, a property that helps the
retention of gels on the buccal mucosa. Thixotropic materi-
als may not have sufficient time to reform again after appli-
cation (Eouani, Piccerellea, Prinderrea, Bourret, &
Joachim, 2001).

Table 1 summarizes that increasing the concentration of
each polymer significantly increases the apparent viscosity.
This is in accordance with Jones, Woolfson, and Brown
(1997a), Jones et al. (1997), and Talukder, Vinckier,
Moldenaers, and Kinget (1996). This can be explained by
macromolecular entanglement phenomena. Because higher

TABLE 1 
The Rheological Parameters of the Prepared Gels

Formulations
Flow 

Index (n)
Consistency 

Index (h) Viscosity (P)a

MC/SC/3 0.6519 37.8 6.41 ± 0.1879
MC/DH/3 0.799 9.275 5.18 ± 0.1065
MC/SC/5 0.4851 353.7 83.33 ± 5.311
MC/DH/5 0.4492 238.2 74.13 ± 4.03
HEC/SC/3 0.5336 149.54 38.86 ± 2.96
HEC/DH/3 0.5595 174.1 28.54 ± 1.05
HEC/SC/5 0.4364 511.6 101.00 ± 9.20
HEC/DH/5 0.44 1003 96.80 ± 8.52
HPMC/SC/1 0.5503 42.35 3.91 ± 0.1658
HPMC/DH/1 0.5416 49.93 44.0 ± 0.2036
HPMC/SC/3 0.3669 755 124.44 ± 10.47
HPMC/DH/3 0.3645 982.9 144.05 ± 9.85
CP 934/SC/1 0.5209 38.67 4.18 ± 0.201
CP 934/DH/1 0.5277 36.75 4.03 ± 0.154
CP 934/SC/3 0.3131 847.5 35.40 ± 2.30
CP 934/DH/3 0.4207 474.9 32.68 ± 1.87
CP 971/SC/1 0.4651 151.1 12.20 ± 4.97
CP 971/DH/1 0.5009 114 11.20 ± 2.05
CP 971/SC/3 0.4437 205.3 17.62 ± 3.99
CP 971/DH/3 0.4932 164 16.09 ± 5.06
ED/SC/15 0.9346 43.924 20.05 ± 2.57
ED/DH/15 0.9464 47.187 20.33 ± 3.77
ED/SC/20 0.9001 110.8 80.57 ± 1.32
ED/DH/20 0.9443 86.73 74.14 ± 2.31
ED/SC/25 0.8919 215.73 161.15 ± 6.43
ED/DH/25 0.921 174.56 148.29 ± 5.94

MC: methylcellulose; HEC: hydroxyethylcellulose; HPMC:
hydroxypropyl-methylcellulose; CP: Carbopol; ED: Eudragit; SC:
secnidazole; DH: doxycycline hydrochloride.

aAverage of three determination ± SD, measured at shear rate 50 s−1

at 25°C.

FIGURE 3. Flow curves of 5% HEC gels containing secnidazole (SC) or
doxycycline hydrochloride (DH) at 25°C.
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FIGURE 4. Flow curves of 3% CP 934 gels containing secnidazole (SC) or
doxycycline hydrochloride (DH) at 25°C.
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FIGURE 5. Flow curves of 20% ED gels containing secnidazole (SC) or
doxycycline hydrochloride (DH) at 25°C.
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FORMULATION AND EVALUATION OF SECNIDAZOLE OR DOXYCYCLINE DENTO-ORAL GELS 1361

concentrations increase the entanglement density, the vis-
coelastic properties increase correspondingly.

In-Vitro Release of SC or DH from Gels
The time required for 30 (t30%) and 50% (t50%) release of

each drug was calculated and statistically compared for each
gel to determine the effect of polymer concentration and type,
as summarized in Table 2.

Generally for SC or DH gels, increasing the concentration
of each polymer shows a significant increase in t30% and t50%.
This is in accordance with what reported by Jones et al. (1997,
2000). The physical reason for the slower release rate from the
more viscous gels is most probably because of the formation of
highly viscous diffusion layer of hydrated polymer chains that

entrap the access of water and thus reduce the migration of
drug molecules (Paavola et al., 1995).

As shown in Figures 6 and 7 for SC and DH, respectively,
3% (wt/wt) MC and 1% (wt/wt) HPMC gels show the fastest
release rate with no significant differences observed among
their t30% and t50% upon statistical analyses at p < 0.05. 5%
(wt/wt) MC, 3% (wt/wt) HPMC, 3% (wt/wt) HEC, and 5%
(wt/wt) HEC gels show a relatively similar rate of release;
however, upon comparing each pair, statistical analyses
showed no significant differences among t30%and t50% of 3%
(wt/wt) HPMC and 3% wt/wt HEC, whereas 5% (wt/wt) MC
and 5% (wt/wt) HEC gels show a significant difference.

Concerning cellulose gels containing SC, the maximum t30%
and t50% are 20.04 ± 4.84 and 37.63 ± 4.95 min, respectively,
and are associated with the formulation containing 5% (wt/wt)

TABLE 2 
The Time Required for the Release of 30 and 50% of the Original Drug Loading and the Mucoadhesive 

Strength of Different Gels

Formulations

Time (min) Required for the Release 
of the Drug (M ± SD) Detachment Force 

(dyne/cm2 × 102) 
(Mean ± SE)t30% t50%

MC/SC/3 7.34 ± 1.07 15.09 ± 0.70 112.85 ± 4.95
MC/DH/3 5.99 ± 0.81 14.84 ± 1.44 102.76 ± 2.09
MC/SC/5 15.05 ± 1.61 26.57 ± 2.93 146.57 ± 4.53
MC/DH/5 14.09 ± 0.36 25.16 ± 2.12 149.57 ± 3.65
HEC/SC/3 14.85 ± 0.99 32.19 ± 1.97 88.1 ± 3.94
HEC/DH/3 11.47 ± 1.96 31.29 ± 3.36 76.1 ± 4.21
HEC/SC/5 22.52 ± 3.11 40.37 ± 1.90 96.26 ± 2.29
HEC/DH/5 23.6 ± 1.59 43.56 ± 0.84 89.99 ± 1.54
HPMC/SC/1 7.76 ± 0.88 14.7 ± 0.27 132.94 ± 5.45
HPMC/DH/1 7.63 ± 0.67 14.00 ± 0.36 129.45 ± 4.44
HPMC/SC/3 17.54 ± 3.00 35.11 ± 2.00 153.25 ± 5.39
HPMC/DH/3 14.06 ± 0.22 31.19 ± 2.06 142.25 ± 4.93
CP 934/SC/1 3.20 ± 0.05 8.45 ± 0.33 80.83 ± 1.5
CP 934/DH/1 3.00 ± 0.20 7.98 ± 0.35 79.65 ± 1.17
CP 934/SC/3 48.71 ± 4.36 138.87 ± 0.10 108.76 ± 2.47
CP 934/DH/3 49.77 ± 2.98 151.27 ± 4.64 115.65 ± 3.24
CP 971/SC/1 19.97 ± 2.00 46.20 ± 3.20 89.84 ± 1.17
CP 971/DH/1 19.24 ± 0.08 47.57 ± 0.98 88.48 ± 2.71
CP 971/SC/3 32.5 ± 2.72 79.35 ± 0.27 95.8 ± 2.42
CP 971/DH/3 43.58 ± 5.10 90.63 ± 5.20 92.3 ± 3.59
ED/SC/15 8.11 ± 0.67 16.95 ± 0.35 110.94 ± 3.35
ED/DH/15 24.88 ± 0.64 48.19 ± 2.82 103.59 ± 2.54
ED/SC/20 21.87 ± 0.23 46.14 ± 1.13 120.13 ± 2.77
ED/DH/20 45.18 ± 1.55 84.00 ± 4.55 123.13 ± 3.98
ED/SC/25 56.67 ± 0.70 123.28 ± 0.15 140.66 ± 1.93
ED/DH/25 87.56 ± 5.22 155.55 ± 2.23 135.65 ± 2.19

MC: methylcellulose; HEC: hydroxyethylcellulose; HPMC: hydroxypropyl-methylcellulose; CP: Carbopol; ED:
Eudragit; SC: secnidazole; DH: doxycycline hydrochloride.
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HEC. Conversely, minimum t30% and t50% are associated with
the formulations containing 1% (wt/wt) HPMC and 3% (wt/wt)
MC and are 7.76 ± 0.88 and 14.7 ± 0.27 min for 1% wt/wt
HPMC and 7.68 ± 0.88 and 14.72 ± 1.1 min for 3% (wt/wt)
MC, respectively, whereas 5% (wt/wt) MC, 3% (wt/wt) HEC,
and 3% (wt/wt) HPMC formulations show intermediate t30%
and t50%.

Concerning cellulose gels containing DH, the maximum
t30% and t50% are 23.6 ± 1.59, 43.56 ± 0.84 min, respectively,
and are associated with the formulation containing 5% (wt/wt)
HEC. Conversely, minimum t30% and t50% are associated with
the formulations containing 3% (wt/wt) MC and 1% (wt/wt)
HPMC and are 6.85 ± 0.44 and 14.52 ± 2.18 min for 3%
(wt/wt) MC and 7.63 ± 0.67 and 14 ± 0.36 min for 1% (wt/wt)
HPMC, respectively, whereas 5% (wt/wt) MC, 3% (wt/wt)
HEC, and 3% (wt/wt) HPMC formulations show intermediate
t30% and t50%.

As summarized in Table 2, increasing the concentration of
CP significantly increases t30% and t50%; however, statistical
analyses of t30% and t50% show significant differences among
all formulations. For SC formulations, the maximum t30% and
t50% are 48.71 ± 4.36 and 138.87 ± 10 min, respectively, and

are associated with the formulation containing 3% (wt/wt) CP
934. Conversely, minimum t30% and t50% are associated with
the formulation containing 1% (wt/wt) CP 934 and are 3.1 ±
0.04 and 7.83 ± 0.35 min, respectively. For DH formulations,
the maximum t30% and t50% are 49.77 ± 2.98, 151.27 ± 4.64
min, respectively, and are associated with the formulation con-
taining 3% (wt/wt) CP 934. Conversely, minimum t30% and
t50% are associated with the formulation containing 1% (wt/wt)
CP 934 and are 2.8 ± 0.95 and 7.62 ± 1.68 min, respectively.

The rate of release of SC or DH from 3% (wt/wt) CP 934
gels was slower than their rate of release from 3% (wt/wt) CP
971 gels (Figures 8 and 9). This result appears in agreement
with the polymers structure and their rheological properties
described above. CP 934 is heavily cross-linked whereas CP
971 is lightly cross-linked, and this difference in polymer
structure is reflected in their rheological behavior (Bonacucina,
Cespi, Misici-Falzi, & Palmieri, 2006; Bonacucina, Martelli, &
Palmieri, 2004). Conversely, by comparing the rate of release
of SC or DH from 1% (wt/wt) CP 934 and CP 971, it is
obvious that the rate of release of SC or DH is faster from 1%
(wt/wt) CP 934 than from 1% (wt/wt) CP 971, and this result
appears in agreement with their rheological behavior but not

FIGURE 6. In-vitro release of secnidazole (SC) in phosphate buffer
(pH°6.8) from cellulose gels.
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FIGURE 7. In-vitro release of doxycycline hydrochloride (DH) in
phosphate buffer (pH°6.8) from cellulose gel.
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FIGURE 8. In-vitro release of secnidazole (SC) in phosphate buffer (pH
6.8) from CP gels.
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FIGURE 9. In-vitro release of doxycycline hydrochloride (DH) in
phosphate buffer (pH 6.8) from CP gels.
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with their polymer structure. Therefore, we concluded that the
viscosity of the CP gels does not depend only on the degree of
cross linking; this appears in agreement with Muramatsu et al.
(2000), who compared the viscosities of different grades of
CP and revealed that the highest viscosity was observed with
CP 971P, which had a medium degree of cross linking.

The release of SC and DH from ED gels is shown in
Figures 10 and 11. Statistical analyses of ED gels show signifi-
cant differences among all formulations. For SC formulations,
the maximum t30% and t50% are 56.67 ± 0.7 and 123.28 ± 15.16
min and are associated with the formulation containing 25%
(wt/wt) ED, respectively. Conversely, minimum t30% and t50%
are associated with the formulation containing 15% (wt/wt) ED
and are 8.11 ± 0.67 and 16.95 ± 0.35 min, respectively.
Whereas 20% ED shows intermediate release with t30% and
t50% equal 21.87 ± 0.23 and 46.14 ± 1.13 min, respectively. For
DH formulations, the maximum t30% and t50% are 87.56 ± 5.22
and 155.55 ± 2.23 min, respectively, and are associated with
the formulation containing 25% (wt/wt) ED. Conversely, mini-
mum t30% and t50% are associated with the formulation contain-
ing 15% (wt/wt) ED and are 24.88 ± 0.64 and 48.19 ± 2.82
min, respectively. Although 20% (wt/wt) ED shows intermediate

release with t30% and t50% equal 45.18 ± 1.55 and 84 ± 4.55
min, respectively.

The similarity observed among t30% and t50% required for
SC and DH release from cellulose and CP gels may be attrib-
uted to the solubility of both drugs in the release media result-
ing in similarity in the rate of release. It is revealed that t30%
and t50% required for the release of SC from ED gels are signif-
icantly less than t30% and t50% required for the release of DH.
ED Ll00 is an anionic co-polymer of methacrylic acid and
methyl methacrylate; so, the decrease in the release of DH may
be attributed to the interaction that occurred between the
COOH group of the polymer and the amino group of the drug.
Similar results were observed by Khare and Peppas (1993).
They also presented data on modulated drug release from
anionic, hydrophilic copolymers as a function of the degree of
ionization of the polymer, the pH, the ionic strength, and the
nature of the dissolution medium. The data indicated that, con-
trary to the expected behavior, a water-soluble drug such as
oxprenolol hydrochloride exhibited a lower diffusion coeffi-
cient into the swollen hydrogel than the less water-soluble
theophylline. This observation suggests again a possible inter-
action between charged groups of the polymer and the drug.

For SC and DH formulations, release kinetics data showed
that the release exponents (n) ranged from 0.494 to 0.8991 for
gels containing SC, and from 0.4724 to 0.8891 for gels con-
taining DH indicating that the mechanism of release from all
gels is anomalous diffusion with correlation coefficient rang-
ing from 0.943 to 0.999.

Evaluation of Mucoadhesive Properties for Gels
The effect of polymer type and concentration on the

mucoadhesive strength of different gels are summarized in
Table 2. In general, increasing the concentration of each poly-
mer in the gels significantly increases the mucoadhesive
strength. This is in accordance with Jones et al. (1997, 2000).
This was a result of the greater concentration of polymer
chains at the formulation surface and, subsequently, the
greater number of entanglements/interactions with mucus
glycoprotein.

Results reveal that 5% (wt/wt) MC and 3% (wt/wt) HPMC
gels show the highest mucoadhesive strength followed by 1%
(wt/wt) HPMC and 3% (wt/wt) MC, whereas 5% HEC and
3% (wt/wt) HEC gels show the least values for mucoadhesive
strength. All formulations show a statistically significant dif-
ference in their mucoadhesive strength except 5% (wt/wt)
MC and 3% (wt/wt) HPMC gels that show no significant
differences.

Also, 3% CP 934 gels show the highest mucoadhesive
strength followed by 3% (wt/wt) CP 971 and 1% (wt/wt) CP
971 whereas 1% (wt/wt) CP 934 gels show the lowest value.
This correlates well with their rheological properties. This is in
accordance with previous works (Bonacucina et al., 2004,
2006) who reported that mucoadhesion is greater in systems

FIGURE 10. In-vitro release of secnidazole (SC) in phosphate buffer (pH
6.8) from ED gels.
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FIGURE 11. In-vitro release of doxycycline hydrochloride (DH) in
phosphate buffer (pH 6.8) from ED gels.
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with higher elastic components. All CP gels show significant
differences among their mucoadhesive strength. Lee et al.
(1996) reported the increase in mucoadhesive strength of CP
934 gels as a function of increasing the polymer percent, indi-
cating that the high content of CP 934 polymer leads to strong
polymer–mucin interaction.

By comparing the same concentration of two grades of CP,
it can be observed that 3% (wt/wt) CP 934 gels show higher
mucoadhesive strength than 3% (wt/wt) CP 971, whereas 1%
(wt/wt) CP 971 gels show higher mucoadhesive strength than
1% (wt/wt) CP 934, which indicates that different degree of
cross-linking does not necessarily lead to differences in bioad-
hesion (Jones et al., 1997a; Needleman et al., 1998).

Microbiological Evaluation of the Selected Formulations
From the results of the previous measured parameters, it is

revealed that among cellulose gels, formulations containing
5% (wt/wt) HEC show the largest t30% and t50% with acceptable
viscosity and good mucoadhesion properties. Among CP gels,
formulations containing 3% (wt/wt) CP 934 show the largest
t30% and t50% with acceptable viscosity and highest mucoadhe-
sion strength, so both formulations were selected for microbio-
logical evaluation. Formulations containing 20% (wt/wt) ED
were selected for further investigation as they show reasonable
viscosity and mucoadhesion properties; although they do not
show the largest t30% and t50% among ED gels.

Determination of Minimum Inhibitory Concentration of 
SC and DH

The MIC obtained for SC and DH for the tested microor-
ganisms are 0.125–4 μg/mL and 0.5–2 μg/mL, respectively,
which indicates their efficiency as antimicrobial agents.

Identification of the Microorganisms
Table 3 summarizes the number and the percent of isolated

microorganisms from the mouth of 20 patients suffering from
periodontal diseases. It is revealed that anaerobic microorgan-
isms represent 78.57% of the total isolated organisms in which

Bacteroid species represent 50% of these anaerobes. This is in
agreement with Tomazinho and Avila-Campos (2007); they
reported that Bacteroid species as anaerobic bacteria are
predominant components of the bacterial florae of mucous
membranes, and therefore, they are a common cause of endog-
enous infections.

From Table 3, it is revealed that black-pigmented anaerobic
rods such as Prevotella and Porphyromonas are involved in the
etiology of endodontic infections. Of a total of 14 isolates from
periodontal infections, 28.57% have Porphyromonas, 14.28%
have Prevotella, 7.14% have Fusobacteria, 28.57% have
Peptostreptococci, and 21.43% have Streptococci. Van
Winkelhoff, Herrera, Oteo, and Sanz, (2005) found that of 261
isolates from patients with periodontal infections, 35% of cases
had Prevotella, 37.5% had Fusobacteria, and 65% had Strepto-
cocci. This difference in the percentage of isolates may be due
to small number of the studied cases. This also appeared in
agreement with Eick et al. (1999), who revealed that the major-
ity of 164 species found in patients with periodontitis were
black-pigmented Prevotella species and Porphyromonas gingi-
valis.

In-Vitro Antimicrobial Activity of the Selected Gels of SC or 
DH on the Isolated Microorganisms

The selected formulations are tested for their antimicrobial
activity against the isolated microbes using cup diffusion
method. As summarized in Table 4, results reveal that anaero-
bic gram-negative bacteria are highly sensitive to SC in which
95–100% of these bacteria are inhibited by SC, whereas gram-
positive cocci (Peptostreptococci) show only 70% sensitivity
to SC. These results agree with Behra-Miellet, Calvet, and
Dubreuil (2003), they tested the antimicrobial activity of line-
zolid and compared it with reference antibiotic; they found that
all strains of gram-negative anaerobes were inhibited by met-
ronidazole whereas strains of Peptostreptococci acquired resis-
tance to metronidazole. In our study, as expected SC show no
activity against aerobic bacteria.

As summarized in Table 4, studying the susceptibility of
different organisms to DH reveals that aerobic gram-positive

TABLE 3 
The Microorganisms Isolated from 20 Patients Suffering from Periodontal Diseases

Category
Number of Each

Category
Percentage of
Each Category Organism

Number of Each
Organism

Percentage of
Each Organism

Anaerobic Gram 
negative bacteria 
(Bacteriods)

7 50
Porphyromonas 4 28.57
Prevotella 2 14.28
Fusobacteria 1 7.14

Anaerobic Gram 
positive bacteria

4 28.57 Peptostreptococci 4 28.57

Total anaerobes 11 78.57 – – –
Aerobic bacteria 3 21.43 Streptococci 3 21.43
Total bacteria 14 100 – 14 100

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 O
f 

W
is

co
ns

in
 M

ad
is

on
 o

n 
07

/0
4/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



FORMULATION AND EVALUATION OF SECNIDAZOLE OR DOXYCYCLINE DENTO-ORAL GELS 1365

cocci are highly sensitive to DH (100%), whereas anaerobic
bacteria show some resistance, in which 25, 70, and 75% of
Peptostreptococci, Porphyromonas, and Prevotella show sen-
sitivity to DH, whereas Fusobacteria are resistant to it.

Won-Jun and Bayoumi (1986) reported that the release of
drugs from the topical bases into the agar medium has been
affected by the solubility of the drug in the ointment base, its
solubility in the gel base (agar), and the intermolecular forces
of attraction between the drug and the diffusion medium. The
effect of different formulations on the in vitro antibacterial
activity (expressed as zones of inhibition) of SC and DH
against the isolated microorganism (aerobes and anaerobes)
using agar diffusion method is investigated and compared with
the commercially available products, as shown in Figures 12
and 13. Statistical analyses of the results show significant
differences among all the tested bases and the commercial
products. It is shown that all formulations show a greater zone
of inhibition than commercial products. However, the greater
zones of inhibition obtained may be attributed to the greater
solubility of the two drugs in gels and hence greater partition-
ing of the drugs at the boundary between the diffusion medium
and the preparation.

The sequence of arrangement of the obtained zones of inhi-
bition appeared in agreement with that obtained from the in

vitro release except for 20% (wt/wt) ED gels. It is revealed that
20% (wt/wt) ED gels show the greatest zone of inhibition,
although they show an intermediate rate of release when com-
pared with 5% HEC and 3% (wt/wt) CP 934, which may be
attributed to the high solubility of drug in the base.

CONCLUSION
According to the obtained results, it could be concluded that

SC and DH would be successfully formulated as mucoadhesive
gels for the treatment of periodontitis. Eudragit (20%, wt/wt)
gels showed optimum viscosity to pass through blunt syringe
to be applied easily, optimum mucoadhesion properties to be
retained locally, with prolonged drug release, and good anti-
bacterial activity compared with the commercial products. So,
eudragit-based gels containing each drug could be used for the
treatment of periodontitis; however, further clinical investiga-
tions are needed.
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