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ABSTRACT

Pharmaceutical s having the hydrazide functional group are an important
division within anti-tuberculosis, anti-parasitic, anti-cancer, and anti-radia-
tion chemotherapeutics. Thiswork presents a colorimetric methodol ogy to
detect and quantify hydrazide based pharmaceuticals. Processes for rapid
spot test, qualitative colorimetric assay, and spectrophotometric quantita-
tive assay are presented. The reagent 2,6-dichloroquinone-4-chloroimine
(Gibb’sreagent) is utilized to accomplish the various analytical objectives.
Therapid spot test and qualitative colorimetric assay enables a detection of
hydrazide drugsto alevel of 0.0037 grams per milliliter. Quantitative spec-
trophotometric detection of hydrazide drugsis sensitiveto alevel of 128.2
micrograms per milliliter. Themolar absorptivity () iscalculated to be 25.32
Liters/(molexcm) at 970nm. Inorganic salts and organic compounds were
found not to interfere with colorimetric detection of hydrazide drugs, and
thisincludesNaBr, NaCl, MgSO,, 2-naphthol, benzoin, p-aminobenzoic acid
various other compounds. Reagents necessary for this methodological
approach are readily available. The colorimetric response of these testsis
readily identified by visual inspection. These methods then are highly sen-
sitive and provide amanner to determine thisimportant type of drugsfrom
environmental aswell ashbiological origins.
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INTRODUCTION

Hydrazide based pharmaceuticals (have the hy-
drazidefunctiona group located onthemolecular struc-
ture) areanimportant group of diversified chemo-thera-
peutics. Examplesof thisimportant category of drugs
comefrom medica areasof anti-tuberculosis, anti-para-

sitic, anti-cancer, and anti-radiation clinical therapeu-
tics. Oneexamplethat iscredited assaving many lives
isisoniazid, afirg-linemedication/trestment for thebac-
tericida/bacteriogtaticinhibition of tuberculosi*3. Acyl
hydrazideshave shown substantiad potentia for impor-
tant anti-trypanosoma chemotherapeutic agentsinclud-
ing the treatment for parasitic protist Trypanosoma
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Figurel: Molecular structuresof pharmaceuticalsutilized in thiswork ar e presented having hydrazidefunctional groups.
Thehydrazidefunctional group isindicated by inset rectangle. DrugsA, B, C, and D wer esynthesized utilizing microwave
methodology whilesemicar bazidewasused in thisstudy asthe spectrophotometric standard.
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Figure?2: Arapid spot test result demonstrating the use of
Gibb’sreagent detection of hydrazidefunctional groups. L eft
tubeis“postive” reaction for thepresenceof hydrazidedrug
(2 milligrams), right sideisnegative colorimetric response
(nohydrazidedrug).

brucei or African Slegping Sickness“. Previousstudies
of hydrazidederivativesof wild garlic result in com-
poundsthat could function as effective anti-genotoxic
chemotherapeuticsfor inhibition of clastogenic (mu-
tagenic breakages of chromosomes) aberrations in
vivol®, Another considerable potential for novel hy-
drazi de base chemotherapeuticsisintheareaof cancer
treatment. Significant cytotoxicactivity against ovarian
cancer isnoted for hydrazide based compounds®. In
addition, hydrazide based drugs have shown remark-
ableanticancer activity toward hormone-dependent and
hormone-independent human cancer cdllg™. Varioushy-
drazide based drugs have demonstrated cytotoxicity
against drug-resistant cancer cdl linesincombination
therapy'®.

Other studies have shown that salicylhydrazide
compounds demonstrate potent anti-cancer activity
against human cancer cdl linesderived from different
origingd?. Thediversified efficacy of hydrazide based
drugsforecasts continued applicationinclinica are-
nas. Hydrazides have been studied as potential anti-

radiation drugg™®. A benzoic acid hydrazidetransfer-
ring tagged drug was utilized astarget-carrier for stud-
iesof human breast cancer*. Novel medicationsthat
arehydrazidebased arebeing studied for clinica treat-
ment of excessivefluid retention*2. In addition, sulfur
based hydrazides have been studied for clinical nutri-
tiona modulation and control™. These applications
strongly support the necessity of having accurate and
sengitive meansto detect and quantify hydrazide based
chemotherapeutics. Thiswork present arapid spot
test, qualitative colorimetric assay, and a sensitive
spectrophotometric methodol ogy to ascertain hy-
drazide based drugs.

EXPERIMENTAL

Reagentsand instruments

All reegentsutilized for thisstudy were supplied by
Sigma-Aldrich (PO.Box 2060, MilwaukeeWI, USA).
Gibb’sreagent (2,6-dichloroquinone-4-chloroimine)
was acquired through Sigma-Aldrich and was stored
dry until use at -10°C. Organic solvents such as ac-
etonewasstored in airtight containersover molecular
sievesto removewater. All spectrophotometric mea-
surementswere made by Milton Roy Spectronic 21D
usng UV/Visbleglasscuvettes.

Colorimetric assay methodol ogy

The mixture containing Gibb’s reagent 2,6-
dichloroquinone-4-chloroimineismadeimmediately
before use, kept at room temperature, and madefresh
before each application. An amount of 14 milligrams
2,6-dichlorogquinone-4-chloroimineisdissolved into
14.0millilitersof acetone. Into areaction tubeisplaced
100 microlitersof water, 100 microlitersacetone, fol-
lowed by 60 microliters of prepared Gibb’s reagent
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Figure 3: Thedeter mination of hydrazide classof phar maceuticalscan be accomplished by colorimetric response method
which providesaqualitativevalueof concentration. Shown hereareresultsof thisdeter mination from PlateA: Blank-nodrug,
Test sampleat 4 milligrams, and known control at 5 milligrams. By comparison tothe5 milligram control, thetest samplecan
beestimated at about 4 milligrams. Similarly Plat B: Blank-no drug, with known controlsat 1 milligram and 5 milligram
per mit estimation of unknown sampleat 4 milligrams. Similarly Plate C: Blank-nodr ug, known controlsat 3 milligramsand
10 milligramsdrug per mit assay of test sampleat 4 milligrams.

128.2pug/mL
Assay of hydrazidedrugs

359.0ug/mL

Figure4: For spectrophotometric assay of hydrazidedrugs
thereaction of Gibb’sreagent with hydrazideisquantitative.
Shown isthecolorimetricresponsefor theBlank (Gibb’sre-
agent plusNH,OH). Thismethod ishighly sensitive, demon-
grated by examplesamplesdeter mined tobe(A) 128.2 micro-
gramsper milliliter and (B) 359.0 microgramsper milliliter.
mixture, and finaly 10 microliters of 6 molar NH,OH
prepared inwater. Color reaction beginsimmediately
and isfollowed by comparison of test samplesto ap-
propriate controls of known hydrazide group concen-
tration. For thisstudy, semicarbazide HCl was utilized
and demondtrated cons stent and strong col or response.

Rapid spot test

Into 200 microlitersof prepared Gibb’sreagent (see
abovefor preparation) is added an equal volume of
test drug dissolved into acetone. The addition of 20

microlitersof 6 molar NH,OH will producethe posi-
tive brownish-yellow or anegativedark green-yellow
color response.

Assay by spectrophotometer

The spectrophotometric assay of hydrazide phar-
maceutical sisaccomplished at wavel ength 970nm us-
ing UV/Visibleglass cuvetteswith a Spectronic 21D
instrument. Test samplesto be assayed by spectrom-
eter arefirst dissolved into acetone previously dried
over molecular Seves. A “blank” isprepared using ac-
etonedried over molecular Seves. The pharmaceutical
drug samples are dissolved into acetone prior to solu-
bilizing into the reaction mixture. Preparation of the
Gibb’sreagentissimilar to that of colorimetric assay
(seedbove). All sandards (utilizing semicarbazide HCI)
and pharmaceuticalsare prepared smilarly. Into three
millilitersof acetoneis placed an amount of 500 micro-
litersacetone sol ution of previoudy dissolved pharma:
ceutical drug, followed by 350 microlitersof Gibb’s
regent mixture, and S0 microlitersof 6 molar NH,OH.
Fifteen minutesisalowed for optimum colorimetric pro-
duction, thenread standards and test samplesat 970nm
using dried acetonefor adjusting for zero absorbance.

RESULTS& DISCUSSION
Hydrazi de based compounds congtituteamgor cat-

egory of clinical drugsutilized totreat cancer, tubercu-
logis, paragiticinfection, liquid retention, and nutritional
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Gibbsreagent with NH,OH and hydr azide phar maceutical
Figure5: Theabsorbancespectrafor Gibb’sreagentin NH,OH
and hydrazide complex for med upon reaction with Gibb’sre-
agent is shown from 370nm to 1000nm. The absor bance
maxima at 970nm from the hydrazide complex isused for
spectrophotometric deter mination of phar maceuticals.

health. Having the hydrazide (-C(=O)NHNH,) func-
tiona groupfacilitatesadrug structurehaving adiverse
biologica activity. Methodsto determinethe presence
and amountsof thesedrugswould bevauablefor clini-
ca settingsaswell asindustrial and health carefacili-
ties. Gibb’sreagent (2,6-dichloroquinone-4-chloro-
imine) will react with, and assay, many parasubstituted
phenolic based compounds+*¢. Because of thetre-
mendousimportance of hydrazide based anti-tubercu-
losis pharmaceuticals (such asthefirst-linedrugiso-
niazid) for treating and prevention of tuberculosisan
efficient methodol ogy for detection and assay would
bebeneficial. A rapid spot test, colorimetric assay, and
spectrophotometric determination of hydrazide based
anti-tubercul osisagentsis presented inthiswork. Sev-
eral hydrazide compoundswere synthesized by ami-
crowavemethodol ogy demonstrated previoudy™”, pre-
sentedinfigure 1, and wereutilized inthiswork to es-
tablish the efficiency of hydrazide drug determination
by utilizing Gibb’s reagent 2,6-dichloroquinone-4-
chloroimine. DrugsA, B, C, and D (Figure 1) each
have asingle hydrazidefunctiona group present (indi-
cated by inset rectangle). DrugsA, B, C, and D have
been shown in previouswork to be effectiveinhibitors
of Tuberculosisproliferation”. In addition to the hy-
drazide moiety thesefour drugshaveat least onearo-
matic ring. Thestructure of drugsA, B, and C havea
bromine substituent on thearomatic ringwhichisshifted
from ortho, to meta, and paraposition, respectively.
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Figure6: A standard curvefor hydrazidebased phar maceuti-
calsshowsaccuracy and sensitivity to 115 micrograms per
milliliter.

Theparent structureof drug D isciprofloxacinwhichis
asecond generation fluoroquinolone broad-spectrum
antibacterid that inhibitsbacterid growth by interfering
with enzymesnecessary for DNA unwind and duplica-
tion8l, In addition to these four drugs the compound
semicarbazidewas utilized to establish asensitive spec-
trophotometric absorbanceassay. All reegentsaremade
fresh before use. Many inorganic and organic com-
poundswereshown to benon-interferingfor thesecolo-
rimetric methods. These compoundsare presentedin
TABLE 1, and include NaBr, NaCl, MgSO,,
NaH,PO,, sdlicylic acid, itaconic acid, benzoin, adipic
acid, trans-cinnamic acid, DL-mandelic acid, and p-
aminobenzoic acid asrepresentative assembl age. For
quick identification of hydrazide based pharmaceuti-
calsacolorimetric presumptivetest or rapid spot test
has severa assets. Notably thistypeof test areviewed
as. 1) rapid, 2) smple, 3) facileinterpretation, and 4)
mobile. An example of arapid spot test for hydrazide
based drugsispresentedinfigure2. The ‘negative’ event
isavery dark green col orized mixturethat ishighly dif-
ferentiated froma‘pogtive’ event that can be described
asayellow-brown or gold outcome. These only two
possibleresultsare contrasted and easily distinguish-
able. Thisexample showsresultsfor only 2 milligrams
of drug. Theassay for hydrazideclass of pharmaceuti-
cals can be accomplished by acol orimetric response
method which providesaqualitative va ue of concen-
tration. Several examplesof thisstyleispresented in
figure3. Shown areoutcomeof thisquditativeassay in
PlatesA, B, and C. Outcome for Plate A: Blank-no
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TABLE 1: Compoundsnot interferingwith assay.

Compounds not interfering with chemical
identification of hydrazide functional group

Sodium bromide
Sodium chloride
Sodium phaospate, monobasic
Magnesium sulfate
Adipic acid
Trans-cinnamic acid
DL-mandelic acid
Salicylic acid
2-Naphthol
Itaconic acid
Benzoin
p-Aminobenzoic acid

drug (negative control), aTest sampleat 4 milligrams,
and aknown positive control at 5 milligrams. By in-
gpection using the 5 milligram control, thetest sample
can beestimated at about 4 milligrams. Similarly for
Plate B: Blank-no drug (negative control), positive con-
trolsat 1 milligramand 5 milligram permit estimation of
theunknown sampleat 4 milligrams. Smilarly with Plate
C: Blank-nodrug (negative control), known control sat
3milligramsand 10 milligramsdrug permit assay of the
test sampleat 4 milligrams. Likewiseto therapid spot
test thisgpproach issmpleyet produces outcomesthat
arehighly distinguishable. A spectrophotometric assay
for hydrazi de drugs al so demonstratesthat the chemi-
cd reaction of Gibb’sreagent with hydrazidefunctiona
groupsisquantitative. Showninfigure4isthecolori-
metric outcome for the Blank (Gibb’s reagent plus
NH,OH) aswell astwo example standards of known
concentration. Thisapproachishighly sensitive, dem-
onstrated for standard (A) at 128.2 micrograms per
milliliter and standard (B) whichisat 359.0 micrograms
per milliliter. For quantitative spectrophotometric assay
it isrecommended to enable the analysis at awave-
lengthinwhichtheanayteof interest establi shesmaxi-
mum absorbance contrasted to any foreigninterference.
Thereaction of Gibb’sreagent with NH,OH generates
adark blue mixturethat expressesabsorbancethrough
abroad range of wavd ength andissignificant through a
large portion of thisrange. Theabsorbance spectrum
presented infigure 5 demonstrates the comparison of
Gibb’sreagent interaction with NH,OH and the hy-
drazidefunctiona group of hydrazide based pharma-
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ceutics. Intherangefrom 370nm to 1000nmthe Gibb’s
reagent plusNH,OH producesadark bluemixturethat
conflictswith the outcome of the Gibb’sreagent plus
hydrazide group. Only in the wavel ength range from
930nm to 1000nm does the Gibb’s reagent plus hy-
drazide drug generate an overwhel ming absorbance
compared to the Gibb’sreagent plusNH,OH sidere-
action. Thereforethewavelength of 970nmisutilized
for the spectrophotometric quantitative analysis. The
final molar absorptivity (¢) iscalculated to be 25.32
Liters/(molexcm) at 970nm. A representative standard
curveisvisudizedinfigure6. Wherethestandard curve
for hydrazide based pharmaceutical s shows accuracy
and sengtivity to 115 microgramsper milliliter. Linear-
ity isextremely high rendering aPearson correlation
constant r of 0.9841. The equation of this particular
line becomes: y = 0.0001x + 0.015. The percent re-
covery for pharmaceutica andyteisextremey highfrom
95% to 105%. The R?, coefficient of determination for
thisdatais0.9685, indicating that 96.85% of al vari-
anceinthedataisaccounted for by theequation. Clearly
theidentification of hydrazide based pharmaceuticals
can by done accurately and consistently by reaction
with Gibb’sreagent. The methodol ogies presented in
thisstudy will find considerabl e efficacy for environ-
mental rel ated gpplicationswhereit isnecessary toiden-
tify and quantify drugsthat bear the hydrazide func-
tiona group.
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