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2EMHFWLYHV��7KLV�VWXG\�DLPHG�WR�GHYHORS�D�SKDUPDFHXWLFDO�IRUPXODWLRQ��DQG�PDQXIDFWXULQJ�SURFHVV�RI�D�
����SLFDULGLQ�FUHDP�IRU�WRSLFDO� LQVHFW�UHSHOOHQW�XVH�DQG�WR�HVWDEOLVK�DQG�YDOLGDWH�WKH�FRUUHVSRQGLQJ�LQ�

KRXVH�TXDOLW\�VWDQGDUGV��7&&6��

6XEMHFWV� DQG� PHWKRGV��$Q� RLO�LQ�ZDWHU� �2�:�� HPXOVLRQ� FUHDP� IRUPXODWLRQ� FRQWDLQLQJ� ���� SLFDULGLQ�
was� designed.� The� preparation� process� was� optimized,� and� the� in-house� quality� speci¿cations� were�
VXEVHTXHQWO\�GHYHORSHG�DQG�YDOLGDWHG�

5HVXOWV��$� VWDEOH� IRUPXODWLRQ�DQG� YDOLGDWHG�PDQXIDFWXULQJ�SURFHGXUH� IRU� D�����SLFDULGLQ�FUHDP�ZHUH�

VXFFHVVIXOO\�GHYHORSHG��+\GUR[\SURS\O�PHWK\OFHOOXORVH� �+30&��.�0�ZDV�XVHG� LQ�DTXHRXV�SKDVH�DW�D�
FRQFHQWUDWLRQ�RI�������7KH�RSWLPL]HG�HPXOVLI\LQJ�PL[WXUH�ZDV�FRPSRVHG�RI�6SDQ����DQG�7ZHHQ����LQ�D�

4:6�ratio.�The�in-house�speci¿cation�(TCCS)�was�established�and�included�both�qualitative�and�quantitative�
GHWHUPLQDWLRQ� RI� SLFDULGLQ� XVLQJ� D� YDOLGDWHG� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �+3/&��PHWKRG��
meeting�criteria�for�accuracy,�repeatability,�speci¿city,�selectivity,�and�linearity.
&RQFOXVLRQ��$�VWDEOH�����SLFDULGLQ�FUHDP�IRUPXODWLRQ��DV�D�VXLWDEOH�LQVHFW�UHSHOOHQW�IRU�PLOLWDU\�SHUVRQQHO��

ZDV�VXFFHVVIXOO\�GHYHORSHG�ZLWK�UHTXLUHG�TXDOLWLHV�RXWOLQHG�LQ�WKH�YDOLGDWHG�LQ�KRXVH�VWDQGDUG�
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7KH�SUHYHQWLRQ�DQG�FRQWURO�RI�GLVHDVHV�UHODWHG�
to� mosquitoes� and� others� insects� is� an� urgent�
requirement� to� safeguard� the� health� and� combat�
UHDGLQHVV� RI� PLOLWDU\� SHUVRQQHO�� ,Q� UHFHQW� \HDUV��
LQVHFW� UHSHOOHQW� IRUPXODWLRQV� FRQWDLQLQJ� SLFDULGLQ�
KDYH� EHHQ� ZLGHO\� XVHG� ZRUOGZLGH� GXH� WR� WKHLU�
proven� eႈcacy� and� safety� pro¿le.� Studies� have�
demonstrated�that�20%�picaridin�provides�superior�
protection�(lasting�up� to�12�hours)�against�various�
harmful� insects� such� as� ticks,� mosquitoes,� Àies,�
Àeas,…� and� rodents,� while� ensuring� safety� for�
KXPDQ� XVH�� 1RWDEO\�� WKLV� DFWLYH� LQJUHGLHQW� LV�
non-corrosive� and� does� not� damage� common�
PDWHULDOV� �H�J��� IDEULFV�� SODVWLFV�� UXEEHU�� FRDWLQJV��
OHDWKHU���PDNLQJ� LW� SDUWLFXODUO\� VXLWDEOH� IRU�PLOLWDU\�
GHSOR\PHQW��

To� date,� 20%� picaridin� cream� has� been�
approved�for�its�efficacy�and�safety�by�the�World�
Health� Organization� (WHO),� the� U.S.� Centers�
IRU� 'LVHDVH� &RQWURO� DQG� 3UHYHQWLRQ� �&'&���

and� the� U.S.� Environmental� Protection�Agency�
�(3$��� +RZHYHU�� WKHUH� KDV� EHHQ� QR� SXEOLVKHG�

UHVHDUFK�LQ�9LHWQDP�RQ�WKH�HIIHFWV�RI�SLFDULGLQ�RU�

RQ� WKH� IRUPXODWLRQ� DQG� PDQXIDFWXULQJ� SURFHVV�

of� picaridin-containing� products.� Consequently,�
GRPHVWLF� SURGXFWLRQ� RI� VXFK� SUHSDUDWLRQV�

UHPDLQV�OLPLWHG�

For� these� reasons,�we�conducted� this�study� to�
GHYHORS� WKH� IRUPXODWLRQ�� PDQXIDFWXULQJ� SURFHVV��

and�in-house�quality�standards�for�a�20%�picaridin�
FUHDP�LQWHQGHG�IRU�LQVHFW�UHSHOOHQF\�
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�����0DWHULDOV�DQG�HTXLSPHQWV

-�Research�materials:�picaridin�98.5%,�Vaseline,�
Cetyl�alcohol,�Tween�80,�Tween�60,�Span�80,�Sodium�
carboxymethyl� cellulose� (NaCMC),� Hydroxypropyl�
methylcellulose�(HPMC)�K4M,�HPMC�E6,�Glycerin,�
Ethanol,� HPLC-grade� Methanol,� HPLC-grade�
$FHWRQLWULOH��3KRVSKRULF�DFLG��+2PO�

),�Formic�acid,�
DQG�GLVWLOOHG�ZDWHU«

-� Equipments:� high-speed� homogenizer� HG-
15A� (Daihan,� Korea);� multifunctional� preparation�
machine� (KALWEKA,� India);� ¿lling� machine� with�
cooling�stirrer� (China);�plastic� tube�bottom�sealing�
machine� (China);� centrifuger� (Hettich,� Germany);�
high� performance� liquid� chromatography� (HPLC)�
system� (Shimadzu,� Japan);� magnetic� stirrer� with�
heating�function;�vacuum�solvent�¿ltration�apparatus;�
precision�balance;�analytical�balance.�All�equipment�
PHW�WKH�VWDQGDUGV� IRU�SKDUPDFHXWLFDO� IRUPXODWLRQ��

production,�quality�control,�and�research,�and�were�
RSHUDWHG� XQGHU� *RRG� /DERUDWRU\� 3UDFWLFH� �*/3��

requirements.

�����0HWKRGV

-� Formulation� and� manufacturing� process�
development:�A� 20%� picaridin� oil-in-water� (O/W)�
HPXOVLRQ� FUHDP� IRUPXODWLRQ� ZDV� GHVLJQHG��

FRQVLVWLQJ�RI�WZR�SKDVHV��WKH�DFWLYH�SKDUPDFHXWLFDO�

ingredient�(API)�-�Picaridin�-�was�dissolved�in�the�
oil�phase�and�dispersed�in�the�aqueous�phase�with�
emulsifying� excipients.� The� oil� phase� accounted�
for�35%�of�the�total�formulation�(including�picaridin,�
vaseline,�and�cetyl�alcohol).�The�aqueous�phase�
made�up�60%�(including�glycerin,�NaCMC,�HPMC,�
and�distilled�water).�Emulsifying�excipients�(Span�
and� Tween)� constituted� 5%� of� the� formulation.�
7KH�KRPRJHQL]DWLRQ�PHWKRG�ZDV�DSSOLHG�WR�EOHQG�

WKH� HPXOVLRQ�� 7ZR� IDFWRUV� UHVSRQVLEOH� IRU� WKHLU�

inÀuence� on� the� manufacturing� process� and� on�
the�cream’s�quality,�stability,�and�consistency�were�
HYDOXDWHG�� ����JHOOLQJ� DQG� EXONLQJ� DJHQWV� �ZLWK� D�

IRFXV� RQ� VHOHFWLQJ� DSSURSULDWH� +30&� W\SH� DQG�

concentration� for� the� aqueous� phase)� and� (2)�
hydrophilic�emulsi¿ers.

-�Evaluation�criteria:
�� 9LVXDO� DSSHDUDQFH� DQG� KRPRJHQHLW\�

ZHUH� DVVHVVHG� LQ� DFFRUGDQFH� ZLWK� WKH� 9LHWQDP�
3KDUPDFRSRHLD��(GLWLRQ�9�

�� 4XDQWLWDWLYH� GHWHUPLQDWLRQ� RI� SLFDULGLQ� ZDV�
conducted� using� a� validated� high-performance�
liquid�chromatography�(HPLC)�method.

+� Stability� testing� under� stress� conditions�
(centrifugation�method�at�room�temperature):�20�g�
RI�FUHDP�VDPSOH�ZDV�SODFHG� LQWR� D� WHVW� WXEH�DQG�
centrifuged� at� 6,000� rpm� for� 5� minutes.� Physical�
FKDQJHV�DQG�SKDVH�VHSDUDWLRQ�ZHUH�HYDOXDWHG�

+� Forced� degradation� testing� (exposure� to�
KLJK�DQG� ORZ� WHPSHUDWXUHV���FUHDP�VDPSOHV�ZHUH�
subjected� to� six� cycles� of� temperature� variation.�
Each� cycle� consisted� of� three� stages:� 24� hours�
at� 4°C,� 24� hours� at� 50°C,� and� 6� hours� at� room�
WHPSHUDWXUH��$IWHU� HDFK� F\FOH�� WKH� VDPSOHV� ZHUH�
evaluated� for� quality� indicators� (including� visual�
DSSHDUDQFH�� SKDVH� VHSDUDWLRQ�� DQG� SLFDULGLQ�
DVVD\���7KH�FUHDP�ZDV�FRQVLGHUHG�DFFHSWDEOH�LI�QR�
changes�were�observed�in�any�quality�parameters�
after�all�six�cycles.

�� 3URFHVV� VWDELOLW\� DVVHVVPHQW� ZDV� EDVHG�
on� the� results� of� quality� criteria� including� visual�
DSSHDUDQFH�� KRPRJHQHLW\�� ZHLJKW� XQLIRUPLW\��
physical� stability,� identi¿cation,� and� assay� of�
SLFDULGLQ�

-� In-house� standard� development:� The� in-
house� speci¿cation� was� established� based� on�
FULWHULD� VXFK� DV� YLVXDO� DSSHDUDQFH�� KRPRJHQHLW\��
weight� uniformity,� identi¿cation� and� assay�of�API.�
The�HPLC�method�for�picaridin�quanti¿cation�was�
YDOLGDWHG�DV�SDUW�RI�WKLV�SURFHVV�

-� Data� analysis:� statistical� analysis� and�
comparisons�were�performed�using�Microsoft�Excel,�
LQFOXGLQJ�FDOFXODWLRQ�RI�PHDQ�YDOXHV�DQG�VWDQGDUG�
GHYLDWLRQV�

���5(68/76

�����)RUPXODWLRQ�DQG�PDQXIDFWXULQJ�SURFHVV�

-�Selection�of�HPMC�type�and�concentration:
The� following� components� were� ¿xed:� 20%�

picaridin,� 10%� vaseline,� 5%� cetyl� alcohol,� 12%�
glycerin,� 1.2%� NaCMC,� 4%� Tween� 60,� and� 1%�
Span�60.� Only� the� type� of�HPMC� (either�K4M� or�
E6)� and� its� concentration� (0.4%,� 0.6%,� 0.8%,� or�
1%)�were�varied.�A�total�of�8�formulations�(Formulas�
1–8)� were� prepared,� each� containing� 100g� of�
FUHDP� DQG� UHSHDWHG� �� WLPHV�� 7KH� SUHGHWHUPLQHG�
HYDOXDWLRQ�FULWHULD�ZHUH�DSSOLHG��,I�D�VDPSOH�IDLOHG�
to�meet�any�one�of�the�three�critical�criteria�-�visual�
appearance,�homogeneity,�or�physical�stability�-�the�
DVVD\�IRU�$3,�ZDV�QRW�FRQGXFWHG��7KH� UHVXOWV�DUH�
SUHVHQWHG�LQ�7DEOH���
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7DEOH����(YDOXDWLRQ�UHVXOWV�IRU�WKH�VHOHFWLRQ�RI�+30&�DV�D�IRUPXODWLRQ�H[FLSLHQW

)RUPXODWLRQ��Q� ��� +30&�W\SH +30&�FRQF����� $SSHDUDQFH +RPRJHQHLW\ 6WDELOLW\ $VVD\

� E6 ��� Failed Failed Failed -

2 E6 0.6 Failed Failed Failed -

� E6 ��� 3DVVHG 3DVVHG Failed� -

� E6 ��� 3DVVHG 3DVVHG 3DVVHG 98.6%

� .�0 ��� Failed Failed Failed -

6 .�0 0.6 3DVVHG 3DVVHG Failed� -

� .�0 ��� 3DVVHG 3DVVHG 3DVVHG 99.1%

� .�0 ��� 3DVVHG 3DVVHG 3DVVHG 98.9%

7DEOH���VKRZV�WKDW�+30&�ZLWK�KLJKHU�YLVFRVLW\�DQG�XVHG�DW�KLJKHU�FRQFHQWUDWLRQV�UHVXOWV�LQ�D�FUHDP�

of�better� quality.�The�emulsi¿cation�method� involving�high-temperature�mixing�did�not�aႇect� the� active�
LQJUHGLHQW�FRQWHQW�LQ�WKH�IRUPXODWLRQ��+30&�.�0�PHW�PRUH�HYDOXDWLRQ�FULWHULD�WKDQ�WKH�RWKHU�W\SH��WKXV�LW�

was�selected�as�the�gelling�excipient�for�further�development.

In�formula�8,�the�cream�appeared�thicker;�under�cold�weather�conditions,�in�combination�with�NaCMC,�it�
tended�to�solidify,�lacked�smoothness,�and�was�diႈcult�to�dispense�from�the�tube.�Therefore,�the�formulation�
used�in�Formula�7�(0.48�g,�equivalent�to�0.8%�of�the�aqueous�phase)�was�selected�for�further�evaluation.

-�Selection�of�emulsi¿er�type�and�ratio:

The�following�components�were�¿xed:�20%�picaridin,�10%�vaseline,�5%�cetyl�alcohol,�12%�glycerin,�
1.2%�NaCMC,�and�0.8%�HPMC�K4M.�Only� the� type� of�Tween� (Tween�60�or�Tween�80)�and� the� total�
emulsi¿er�ratio� (50%,�60%,�or�80%)�were�varied.�Six� formulations� (Formulas�9-14)�were�prepared�and�
each�test�was�repeated�three�times.�The�prede¿ned�evaluation�criteria�were�applied.�If�a�sample�failed�any�
of�the�three�main�criteria�(visual�appearance,�homogeneity,�or�physical�stability),�the�quantitative�assay�
was�not�performed.�Results�are�presented�in�Table�2.

7DEOH����5HVXOWV�RI�WKH�HYDOXDWLRQ�FULWHULD�IRU�VHOHFWLQJ�HPXOVLI\LQJ�DJHQWV

)RUPXODWLRQ�
�Q� ���

Emusi¿er�
FRPELQDWLRQ

5DWLR
9LVXDO�

DSSHDUDQFH
+RPRJHQHLW\

3K\VLFDO�
VWDELOLW\

$VVD\

� Span60/Tween60 ��� Failed Failed Failed -

�� Span60/Tween60 2:3 3DVVHG Failed Failed -

�� Span60/Tween60 ��� 3DVVHG 3DVVHG 3DVVHG 99.1%

12 Span60/Tween80 ��� 3DVVHG 3DVVHG Failed -

�� Span60/Tween80 2:3 3DVVHG 3DVVHG 3DVVHG 98.0%

�� Span60/Tween80 ��� Failed 3DVVHG 3DVVHG -



�� -RXUQDO�RI�0,/,7$5<�0(',&,1(��1XPEHU�������������

Formulations� 11� and� 13� met� all� evaluation�
criteria;�therefore,�both�were�selected�for�further�in-
GHSWK�DVVHVVPHQW�

-� Forced� degradation� testing� was� conducted�
using�6�storage�cycles�(as�described�in�section�2.2):

One� representative� sample� from� each�
IRUPXODWLRQ�ZDV�VXEMHFWHG� WR� WKH� WHVW� WR� FRPSDUH�

DQG� HYDOXDWH� WKH� IROORZLQJ� SDUDPHWHUV�� YLVXDO�

DSSHDUDQFH��SKDVH�VHSDUDWLRQ��DQG�$3,�DVVD\��7KH�

UHVXOWV�DUH�DV�IROORZV�

7DEOH����5HVXOW�IRU�IRUFHG�GHJUDGDWLRQ�WHVWLQJ

&ULWHULD
)RUPXODWLRQ�

��
)RUPXODWLRQ���

$SSHDUDQFH 1R 1R

3KDVH�VHSDUDWLRQ <HV 1R

3LFDULGLQ�DVVD\
3DVVHG�

(cycle�1,�2,�3)
3DVVHG�

(cycle�1-6)

1RWH
3KDVH�

VHSDUDWLRQ�DW�
�WK�F\FOH

1R�SKDVH�
VHSDUDWLRQ�DIWHU�

6�cycles�

In� the� forced� degradation� test,� Formulation� 11�
exhibited�phase�separation�during�the�fourth�cycle.�
All�evaluation�criteria�for�Formulation�13�were�met�
across�all�six�cycles.�Thus,�Formulation�13,�which�
uses�Tween�80�at�60%�of�the�emulsi¿er�blend�(ratio�
2:3),� demonstrated� superior� emulsifying� capacity,�
maintaining� stability� and� cream� quality� under�
YDULRXV�VWUHVV�FRQGLWLRQV�

-�The�manufacturing�process�is�proposed�based�
on�Formulation�13�as�follows:

+�Aqueous�phase�preparation:�soak�NaCMC�and�
HPMC�K4M�in�distilled�water�to�allow�gel�formation;�
incorporate�glycerin�into�the�gel�to�form�the�aqueous�
phase;�heat�the�mixture�in�a�water�bath�to�70°C.

+� Oil� phase� preparation:� add� vaseline,� cetyl�
alcohol,�Tween�80,�and�Span�60�into�a�beaker;�heat�
in�a�water�bath�to�70°C;�dissolve�picaridin�into�this�
mixture�to�complete�the�oil�phase.

+�Emulsi¿cation:�gradually�combine�the�oil�phase�
with� the� aqueous�phase� at� 65-70°C�while� stirring�
XQWLO�D�XQLIRUP�HPXOVLRQ�LV�IRUPHG��UHVXOWLQJ�LQ�WKH�

¿nal�picaridin�cream�product.

+� Stability� evaluation� of� the� manufacturing�
SURFHVV��7KUHH�SURGXFWLRQ�EDWFKHV�ZHUH�SUHSDUHG��

each� yielding� approximately� 2,000g� of� product�
(equivalent� to� 100� tubes).� The� products� were�
WHVWHG�IRU�YLVXDO�DSSHDUDQFH��KRPRJHQHLW\��ZHLJKW�

uniformity,� physical� stability,� identi¿cation� and�
assay�of�API�according�to�the�established�in-house�
speci¿cation.

7KH� UHVXOWV� VKRZHG� WKDW� DOO� WKUHH� EDWFKHV�PHW�

every� quality� criterion,� with� the� assay� for� active�
LQJUHGLHQW� FRQWHQW� \LHOGLQJ� YDOXHV� FORVH� WR� WKH�

labeled� amount� (99.58%,� 98.55%,� and� 99.51%).�
These� ¿ndings� con¿rm� that� the� manufacturing�
SURFHVV�LV�VWDEOH�DQG�UHSURGXFLEOH�

3.2.�In-house�speci¿cation�development�results

The� in-house� speci¿cation� for� 20%� picaridin�
FUHDP� ZDV� GHYHORSHG� LQ� DFFRUGDQFH� ZLWK� WKH�

general�quality�criteria�for�topical�cream�formulations�
speci¿ed�in�the�Vietnam�Pharmacopoeia,�Edition�V.�
The�speci¿cation�includes�the�following�parameters:�
YLVXDO�DSSHDUDQFH��ZHLJKW�XQLIRUPLW\��KRPRJHQHLW\��

identi¿cation�and�assay�of�picaridin.

$PRQJ� WKHVH�� WKH� DVVD\� PHWKRG� ZDV� IXOO\�

developed� and� validated� using� high-performance�
liquid�chromatography�(HPLC)�under�the�following�
FKURPDWRJUDSKLF�FRQGLWLRQV�

+� Column:� C18� reversed-phase� column,� 150�
mm� length� ×� 4.6� mm� internal� diameter,� 5� µm�
SDUWLFOH�VL]H�

+�Detector:�DAD�at�210�nm.

+�Injection�volume:�20�µl.

+�Flow�rate:�1.0�ml/min.

��&ROXPQ�WHPSHUDWXUH��ODERUDWRU\�WHPSHUDWXUH�

+�Mobile�phase:�methanol/0.1%�phosphoric�acid�
(65:35,�v/v).

+�Standard�and�sample�solution�concentrations:�
equivalent�to�0.2�mg�picaridin/ml�of�mobile�phase.

9DOLGDWLRQ�UHVXOWV�GHPRQVWUDWHG�WKDW�WKH�PHWKRG�

had�high�speci¿city,�a�linear�range�from�5.5�µg/ml�WR�
487�µg/ml�with�R�=�0.9999;�accuracy�ranging�from�
98.90%� to� 100.88%;� and� good� repeatability� with�
RSD�=�0.46%.

7KUHH�SURGXFWLRQ�EDWFKHV�ZHUH�SUHSDUHG��HDFK�

FRQVLVWLQJ�RI�����WXEHV���DQG�DOO�WHVWHG�SDUDPHWHUV�

conformed�to�the�proposed�in-house�speci¿cation.�
Therefore,� the� ¿nal� proposed� speci¿cation� is� as�
IROORZV�

�� 9LVXDO� DSSHDUDQFH�� WKH� FUHDP� LV� XQLIRUP��

white�in�color,�has�a�mild�fragrance,�smooth�texture,�
is�free�from�grittiness,�and�does�not�liquefy�at�37°C.



-RXUQDO�RI�0,/,7$5<�0(',&,1(��1XPEHU������������� ��

+� Weight� uniformity:� conforms� to� Vietnamese�
Pharmacopoeia�V�(Appendix�11.3).

�� +RPRJHQHLW\�� FRQIRUPV� WR� 9LHWQDPHVH�

Pharmacopoeia�V�(Appendix�1.12).

+� Identi¿cation:� using� the� HPLC� method,� the�
VDPSOH�PXVW�VKRZ�D�SULQFLSDO� SHDN�ZLWK� UHWHQWLRQ�

WLPH�FRUUHVSRQGLQJ�WR�WKDW�RI�WKH�SLFDULGLQ�UHIHUHQFH�

VWDQGDUG�FKURPDWRJUDP�

��$VVD\�� XVLQJ� WKH� YDOLGDWHG�+3/&�PHWKRG� DV�

described� above,� the� picaridin� content� in� the� ¿nal�
product� must� be� between� 95%� and� 105%� of� the�
ODEHOHG�DPRXQW�

���',6&866,216

Since� the� late� 19WK� FHQWXU\�� UHVHDUFKHUV� KDYH�

UHFRJQL]HG�WKH�UROH�RI�LQVHFWV�LQ�WUDQVPLWWLQJ�VHYHUDO�

GDQJHURXV�GLVHDVHV�VXFK�DV�PDODULD��GHQJXH�IHYHU��

Zika�virus,...�These�diseases�are�among�the�leading�
FDXVHV� RI� PRUWDOLW\� LQ� WURSLFDO� DQG� VXEWURSLFDO�

regions.�The�harmful�eႇects�of�vector-borne�insects�
are� well-documented;� however,� controlling� them�
remains�a�signi¿cant�challenge.�In�tropical�countries,�
YHFWRU� FRQWURO� LV� FRQVLGHUHG� D� WRS� SULRULW\� LQ� WKH�

prevention� and� control� of� insect-borne� infectious�
GLVHDVHV�

Mosquito� repellent� products� worldwide� can� be�
broadly� classi¿ed� into� two� categories:� synthetic�
and� natural-origin� compounds.� Natural� mosquito�
UHSHOOHQWV� RIWHQ� ZRUN� E\� SURGXFLQJ� VPRNH� ZKHQ�

EXUQHG� RU� WKURXJK� SDVVLYH� HYDSRUDWLRQ� LQ� LQGRRU�

environments.� Examples� include� citronella,� clove,�
mint,�and�geranium.�Some�essential�oils�-�such�as�
eucalyptus,�peppermint,�clove,�and�geranium�-�are�
known� to� have� mosquito-repelling� properties,� but�
their� eႇectiveness� is� short-lived� due� to� instability�
ZKHQ� DSSOLHG� WR� WKH� VNLQ� RU� EXUQHG� RQ� FDQGOHV��

Citronella� (3,7-dimethyloct-6-en-1-al),� found� in�
OHPRQJUDVV�� LV� D� FRPPRQ� QDWXUDO� UHSHOOHQW� XVHG�

LQ� YDULRXV� IRUPV� �FDQGOHV�� RLOV�� ORWLRQV��� +RZHYHU��

WKHVH�SURGXFWV�DUH�JHQHUDOO\�XQVWDEOH�DQG�SURYLGH�

SURWHFWLRQ�IRU�RQO\�DERXW�WZR�KRXUV�

,Q� FRQWUDVW�� V\QWKHWLF� LQVHFW� UHSHOOHQWV� VXFK� DV�

'03��'((7��SLFDULGLQ��DQG�,5�����DUH�ZLGHO\�XVHG�

for�their� longer-lasting�eႇects.�The�¿rst�generation�
RI� V\QWKHWLF� UHSHOOHQWV� LQFOXGHG� GLDON\O� SKWKDODWHV�

�GLEXW\O� DQG� GLPHWK\O� SKWKDODWH�� GLVFRYHUHG� LQ�

1929),�followed�by�indalone�(butyl�3,4-dihydro-2,2-
dimethyl-4-oxo-2H-pyran-6-carboxylate,� in� 1937)�

and�Rutgers�612�(2-ethyl-1,3-hexanediol,�in�1939).�
'((7�ZDV�ODWHU�GHYHORSHG�DQG�JUDGXDOO\�UHSODFHG�

these�earlier�compounds.�However,�after�extensive�
XVH� ZRUOGZLGH�� '((7� KDV� EHHQ� DVVRFLDWHG� ZLWK�

several�adverse�eႇects,�including�toxicity�to�plants,�
DQLPDOV��DQG�WKH�HQYLURQPHQW��DQG�WKH�HPHUJHQFH�

RI�LQVHFW�UHVLVWDQFH�

3LFDULGLQ� LV� D� V\QWKHWLF� LQVHFW� UHSHOOHQW�

GHYHORSHG�LQ�(XURSH�LQ�WKH�����V�DQG�KDV�EHFRPH�

increasingly�popular� in� the�United�States�over� the�
past�decade.�It�is�eႇective�against�a�broader�range�
of� insect� species� and� oႇers� several� advantages�
RYHU�'((7�� LW� KDV� OLWWOH� WR� QR�XQSOHDVDQW� FKHPLFDO�

odor,�produces�less�stickiness�or�greasiness,�is�non-
GDPDJLQJ�WR�FORWKLQJ�DQG�SODVWLFV��DQG�LV�JHQHUDOO\�

safe�with�minimal�side�eႇects.�Furthermore,�it�poses�
no�signi¿cant�harm�to�the�environment�or�to�plants�
DQG�DQLPDOV�

&XUUHQWO\��PDQ\�FRPPHUFLDO�SURGXFWV�FRQWDLQLQJ�

SLFDULGLQ� DUH� DYDLODEOH� JOREDOO\� LQ� YDULRXV�

IRUPXODWLRQV� �FUHDPV�� JHOV�� RLQWPHQWV�� VROXWLRQV��

suspensions),� applied� directly� to� exposed� skin�
or�used� in� the� surrounding�environment� -�most�of�
ZKLFK�DUH�LPSRUWHG��,Q�9LHWQDP��KRZHYHU��WKHUH�KDV�

been�no�oႈcial�research�published�on�the�eႈcacy�
RI�SLFDULGLQ��UHVXOWLQJ�LQ�OLPLWHG�ORFDO�SURGXFWLRQ�DQG�

DSSOLFDWLRQ� RI� VXFK� SUHSDUDWLRQV�� 0HDQZKLOH�� WKH�

demand�for�eႇective�insect�repellents�is�very�high,�
SDUWLFXODUO\�ZLWKLQ�WKH�PLOLWDU\�

Therefore,� the� development� of� a�20%�picaridin�
FUHDP� IRUPXODWLRQ�� LQFOXGLQJ� LWV� PDQXIDFWXULQJ�

process� and� in-house� quality� speci¿cation,� for�
insect�repellency�-�and�its�readiness�for�production�
and�use�by�military�personnel�upon�demand�-� is�a�
mission�of�signi¿cant�importance.
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7KH� VWXG\� VXFFHVVIXOO\� GHYHORSHG� D�

manufacturing� process� for� 20%� picaridin� cream,�
ZLWK�D� IRUPXODWLRQ� FRQVLVWLQJ� RI� QLQH�FRPSRQHQWV��

SLFDULGLQ��YDVHOLQH��FHW\O�DOFRKRO��JO\FHULQ��1D&0&��

HPMC� K4M,� Span� 60,� Tween� 80,� and� distilled�
water.�An� in-house� quality� speci¿cation� was� also�
HVWDEOLVKHG�� FRYHULQJ� SDUDPHWHUV� VXFK� DV� YLVXDO�

DSSHDUDQFH�� KRPRJHQHLW\�� ZHLJKW� XQLIRUPLW\��

identi¿cation� and� assay� of� picaridin.� In� addition,�
analytical�methods� for� 20%� picaridin� cream� were�
developed� and� validated� using� high-performance�
liquid�chromatography�(HPLC).
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The�¿ndings� of� this� study� provide�a� foundation�
IRU� IXUWKHU� GHYHORSPHQW�� LQFOXGLQJ� VFDOLQJ� XS�

the� manufacturing� process,� conducting� long-
term� stability� studies� to� support� product� shelf-life�
determination,� and� evaluating� the� eႈcacy� of� the�
¿nal�product.
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