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Studies on Fluorescamine: Part I--Applications of 

Fluorescamine in Forensic Toxicological Analysis 

Weigele and co-workers [1,2] reported the structure and synthesis of the reagent 4- 
phenylspiro [furan-2(3H), 1 '-phthalan]-3,3'-dione (fluorescamine), which reacts with 
substances containing primary amino groups to yield highly fluorescent products. Recently, 
Undenfriend and co-workers [3-5] published a paper describing the use of  fluorescamine 
in biochemical analysis. This reagent was of interest because of its possible use to im- 
prove the detection and differentiation of amphetamine and its relatives in biological 
samples and solid dosage forms. The main subject of this paper is to present data 
which clearly demonstrate the use of fluorescamine in forensic toxicological analysis of 
amphetamine and differentiation from methamphetamine. This reagent also has poten- 
tial application for analysis of other drugs containing a primary amine group. 

Two compounds of primary interest to the law enforcement effort are amphetamine 
and methamphetamine, although a few other amphetamine-like drugs are also federally 
controlled. The physiological effects of these two drugs are similar [6-8], meth- 
amphetamine having a slightly greater stimulant effect on the central nervous system. 
Amphetamine and methamphetamine are both optically active compounds. The dextro 
isomers are about twice as active as the recemic mixtures, however, all isomers are 
under Federal control and are listed in Schedule II of Public Law 91-513. 

An excellent review of existing methods for analysis of amphetamine analogs has 
been published [9]. Miles and Schenk [10] made use of the natural fluorescence of 
phenylethylamines to assay these compounds in pharmaceutical preparations. Few 
attempts have been made to form fluorescent derivatives of  amphetamine and related 
substances. 

In this work, fluorescamine is used to form fluorescent derivatives. It has also 
been found very simple to further analyze the fluorescent derivative formed in the 
spot test by thin-layer chromatographic analysis. 

Methods and Materials 

Fluram TM (fluorescamine) was purchased from Roche Diagnostics, Division of 
Hoffman-La Roche, Inc., Nutley, N.J. The reagent is supplied in vials containing 
100-mg fluorescamine crystals. Fluram is stable at room temperature in both solution 
and powder form; thus, refrigeration is not recommended by the manufacturer. 

The fluoreseamine is prepared into a working solution by dissolving 50 mg of  
fluorescamine in 100 ml of acetone. Fluorescamine has minimal solubility in water 
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and it will decompose in the presence of water. In the assay, excess reagent is 
hydrolyzed to water-soluble nonfluorescent products [3]. 

In Fig. 1, fluorescamine (I) reacts with primary amines (II) to form intensely 
fluorescent substances (III), providing the basis for a rapid and highly sensitive assay 
for compounds containing a primary amine group, such as amino acids, primary 
amines, peptides, and proteins [3]. The reagent (I) does not react with secondary or 
tertiary amines. Thus, it provides a quick method to distinguish different types of 
amines; this has been found to be very helpful to distinguish between amphetamine 
and methamphetamine. Amphetamine is a primary amine and yields an intensely blue- 
green fluorescent product in the fluorescamine test and methamphetamine does not 
yield a fluorescent product. 
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FIG. 1 - - T h e  reaction between Fluram | ( I ) and a primary amine ( II ). 

The spot test procedure used was to add to a tile-welled spot plate two drops of 
borate buffer, pH 9.0, and check the fluorescence. All fluorescence examinations 
were performed in a Chromato-Vue | box (manufactured by Ultra-Violet Products, Inc., 
San Gabriel, Calif.,) using the long wave (366 nanometer) for excitation. In the spot test 
the fluorescence is so strong that it can be detected in room light with a small hand 
ultraviolet (UV) source for excitation. Then a small amount of  the exhibit sample was 
added to the borate buffer and the fluorescence was determined. It is important to 
check the cleanliness of the plate and the natural native fluorescence of the substance 
for proper interpretation of the results. The test was completed by adding one drop of 
the fluorescamine acetone solution and checking the long-wave fluorescence. A positive 
test was the formation of a very intense blue-green fluorescent product. A negative test 
was one that did not form a fluorescent product or had fluorescence of  another color 
due to the native fluorescence of the substance. 

Quite often it was found to be helpful to analyze the intensely blue-green product 
further; this was done by thin-layer chromatography (TLC). Two to three microlitres of 
the spot test were applied to a silica gel thin-layer chromatogram which did not contain 
any fluorescent material. Standard fluorescent products were prepared from known sub- 
stances and also applied to the chromatogram. The chromatograph was then 
developed in a chloroform:methanol system (90:10). After development the fluorescent 
products were located with the aid of long-wave UV light and the Rf values Compared to 
that of standard compounds. Since very small amounts of the aqueous reaction mixture 
were required for thin-layer chromatography analysis, there were no problems with 
drying of the chromatogram before chromatography. 

Amphetamine present in urine specimens (10 ml) was isolated by extraction at pH 
11 with two volumes of chloroform:isopropanol (3:1) [11]. The solvent extracts were 
treated with 0.10 ml of acidified methanol (0 1 tool sulfuric acid per litre of methanol) 
and evaporated. The residue was redissolved in 50 pl o f  methanol for application 
to a thin-layer plate. 
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Simultaneously, in duplicate, drug-flee urine and amphetamine-containing urine (drug- 
free urine that was "spiked" with amphetamine ranging from 0.10 to 30.0 ~g per 10 ml 
urine) specimens were prepared. The duplicates were then spotted on separate TLC plates, 
coated with a 250-/~m layer of silica gel without fluorescent indicator. The TLC plates 
were developed in ethyl acetate:methanol:concentrated ammonium hydroxide (170:20:10 
by volume) [12]. The plates were removed when the solvent migrated between 18 and 19 
cm and dried with warm air from a hair drier type of air blower. Then the plates were 
dried 10 rain in an oven at 75 ~ to remove residual ammonia. Residual ammonia inter- 
feres with the ninhydrin spray; it does not interfere with the fluorescamine reagent. 

One TLC plate was developed with ninhydrin and the duplicate was developed with 
fluorescamine. When the fluorescamine test was applied to detection of  amphetamine 
on thin-layer chromatograms, the fluorescamine-acetone solution (50 mg%) was first 
sprayed onto the dried chromatogram and then oversprayed immediately with the pH 9.0 
borate buffer. The fluorescent produce was visualized and located with long-wave UV 
light (366 nm). 

Results and Discussion 

Theoretically, the fluorescamine test should yield positive results only with compounds 
containing a primary amine group. In order to verify this and evaluate possible interfering 
compounds, many common drugs which are seen as exhibits in the forensic chemistry 
laboratory were tested. The standard compounds contained in this laboratory consist of 
a combination of pure drugs, tablets, and capsules. The chemical constituents of the 
trade name compounds can be found in standard references [13,14]. About 10% of the 
standard compounds tested yielded a positive fluorescamine test; these results are contained 
in Table 1. From the molecular structures of the compounds examined, it was concluded 
that a primary amine was a requirement for obtaining a positive fluorescamine test. 

Many compounds have native fluorescence; it is important to note this by determining 
the presence of fluorescence at the stage of addition of borate buffer, before the addition 
of fluorescamine. It is important to run blanks with this test because it is extremely sensitive 
and very small contamination will yield false positive results. 

Amphetamine and methamphetamine can be distinguished easily by the fluorescamine 
test. Both of these compounds give the same colors in the Marquis, Meckes, and Froehdes 
spot tests, and the UV spectra of these compounds are indistinguishable. However, the 
fluorescamine test is positive with the primary amine, amphetamine, and negative with 
the secondary amine, methamphetamine. 

Sometimes amphetamine preparations have caffeine or other components which inter- 
fere with the UV spectrum. Under this circumstance it is convenient to spot 2 to 3 t~l of the 
positive fluorescamine spot test on a thin-layer chromatogram and compare with standard 
fluorescent derivatives. The chromatographic mobility of the fluorescent derivative of 
amphetamine has been found to be unique. No other standard compound (see Table 1) 
has been found to form a fluorescent derivative with fluorescamine and then migrate 
the same to that to amphetamine fluorescent derivative. The amino acids tyrosine, phenyl- 
alanine, and hisfidine have been studied, as well as Aldomet | (a-methyldihydroxyphenyl- 
alanine). All four of  the fluorescent derivatives of these compounds remained at the 
origin in the chloroform:methanol (90:10) mobile phase, while the amphetamine fluoro- 
phore moved at an Rr of 0.30. 

Often it is necessary to perform urinalysis to determine amphetamine abuse. The classic 
method of detection of amphetamine in urine is extraction and TLC analysis with ninhydrin 
spray. The generally accepted minimal detection limit of ninhydrin reagent spray for this 
purpose is 1/ag/ml of  urine [15]. No detailed study of  amphetamine extraction efficiency 
was performed because the mission of this study was determination of the relative detection 
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T A B L E  1--Examination of standard drugs with the fluorescamine test. 

Drug  Test  Drug  Test  

1. Acety lcodeine  - 49. Caf fe ine  (PCP)  - 
2. A m e s e c  | Caps  (aminophyl l ine  - 50, Caf i lon  | (calc ium lactate)  - 

c o m p o u n d )  51, Ca lc ium cyclobarbi ta l  - 
3. A m i n o p h y U i n e  + P h e n o b a r -  - 52, C a m o q u i n  | HCI  (amodiaquin)  - 

bital Table t s  53. C a m p h o c o d i n e  | - 
4. A m i n o p y r i n e  - 54. C a r b a r s o n e  | ( N - c a r b a m o y l a r -  + 
5. Aminosal icyl ic  acid - sanilic acid) 
6. A m o b a r b i t a l  - 55. C a r b i n o x a m i n e  malea te  - 
7. d l - A m p h e t a m i n e  + 56. Car i soprodo l  - 
8. d - A m p h e t a m i n e  sulfate  + 57. Casca ra  s ag rad a  - 
9. S o d i u m  A m y t a l  | - 58. C h l o r a c e t o p h e n o n e  - 

10. Ampho je l  | ( a luminum hydrox- - 59. Ch lo r amp h en i co l  
ide) 60. Chloromycet in  | powder  (chlor- - 

11. Ampici l l in  t r ihydra te  + amphen ico l )  
12. Ampici l l in  + 61. Chloral  hydra t e  - 
13. Anac in  | - 62. Chloropyr i l ene  - 
14. Anah i s t  | - 63. C h l o r o q u i m e d i p h o s p h a t e  - 
15. A na l ex i n -A F  ~ - 64. Ch lo roqu ine  phospha te  - 
16. A n a n a s e  | (plant  pro tease  con-  - 65. C h l o r p h e n i r a m i n e  

centra te)  66. Chlor te t racycl ine  HCI  - 
17. Ans iona l  | - 67. C h l o r - T r i m e t o n |  - - 
18. An t ipyr ine  - amin e  malea te)  
19. A n t u r a n e  | - 68. Cho lan  | (dehydrochol ic  acid) - 
20. Apresol ine  | HCI  (hydra laz ine  - 69. Ch ry sa ro b in  

HCI)  70. Cibalgin | - 
21. Ascorbic  acid - 71. C K D  Table t  | (ephedr ine  HC1) - 
22. A t a r a x  | (hydroxyz ine  H C L )  - 72. Clarmi l  
23. At rax in  | ( m e p r o b a m a t e )  - 73. Coca ine  
24. A t rop ine  sulfate  - 74. Codeine  - 
25. A u r a m i n  | - 75. Colchicine - 
26. A u r e o m y c i n  | - 76. C o m b i d  | - 
27. Aven ty l  | HCI  (nor t r ip tyl ine  - 77. C o m p a z i n e  | 

HC1) 78. Co-Pyron i l  | - 
28. Barbital  - 79. Cor tancy l  | (prednisone)  - 
29. Bel ladona - 80. Coricidin D | - 
30. Bellergal | Table ts  - 81. Cor t i sone  aceta te  - 
31. Bellergal | Space tabs  | - 82. Crea t ine  
32. Benadryl  | - 83. Crystoids  | (hexylresorcinol)  - 
33. Bendectin | - 84. Crys toserp ine  | ( reserpine)  - 
34. Benemid  | (probenecid)  - 85. Cyclandel  
35. Benzedrine | ( amphe tamine  sul- + 86. Cyclobarb i ta l  

fate) 87, D a l m a n e  | ( f l u r azep am HC1) - 
36. Benzocaine  (ethyl a m i n o b e n -  - 88. Dapr isa l  | + 

zoate)  89. Dap so n e  | ( 4 ' ,  4 ' - su l fo n y ld i a -  + 
37. Beta-Chlor  | (chloral  betaine)  - naline) 
38. Bicillin | (benza th ine  penicillin - 90, D a r v o n  | ( p ro p o x y p h en e  HCI)  - 

G) 91. D a r v o n  | C o m p o u n d - 6 5  - 
39. Binoctal  | ( amobarb i t a l ,  seco- - 92. D a r v o - T r a n  | 

barbi ta l )  93. DB1 | ( p h e n f o r m i n  HC1 5) - 
40. Bismuth  subni t ra te  - 94. Dec lomyc in  | (demethy lch lor -  - 
41. B r o m a n a u t i n e  | - te t racycl ine HCI)  
42. Brova r in  | - 95. De l t a -Cor te f  ~ (prednisolone)  - 
43. Brucine - 96. Dexamyl  | + 
44. Bu taba rb i t a l  - 97. Dexedr ine  | ( d - a m p h e t a m i n e  + 
45. Butalbi tal  - sulfate) 
46. Butazol idin  | (pheny lbu tazone)  - 98. Diabinese  | ( ch lo rp ropamide )  - 
47. Cafergot  | (e rgotamine  ta r t ra te  - 99. D ianabo l  | ( m e t h a n d r o s t e n o -  - 

and  caffeine)  lone) 
48, Caf fe ine  - 100. Diethylst i lbestrol  - 
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T A B L E  1--Continued. 

D r u g  Tes t  Drug  Test  

101. Digitalis - 150. H igh  Gre lan  | ( secopyrab i ta | )  - 
102. Digi toxin - 151. H o m a t r o p i n e h y d r o b r o m i d e  - 
103. Digoxin - 152. H y g r o t o n  | (ch lor tha l idone)  - 
104. D i h y d r o s t r e p t o m y c i n  po lymix  - 153. H y m i n o l  | (me thaqua lone )  - 
105. D i iodohydroxyqu in  - 154. H y o s c y a m i n e  or  s t r a m o n i u m  - 
106. Dilant in  | (d ipheny lhydan to in )  - 155. l losone  | ( e ry th romyc in  esto- + 
107. D i m e t a n e  | ( b r o m p h e n i r a m i n e  - late) 

malea te )  156. I m m e n o c t a l  | ( amobarb i t a l )  - 
108. D i m e t a p p  | + 157. Indoc in  | ( indomethac in)  - 
109. Dioctyl sod ium - 158. Ismelin | sulfate  (guane th id ine  - 

110. D i p h e n h y d r a m i n e  - sulfate)  
111. Diphenylhydanto in  with pheno-  - 159. I sopropyl  m e p r o b a m a t e  

barbi ta l  160. Isordil  | ( i sosorbide dini t ra te)  - 
112. Disophrol  C h r o n o t a b  | - 161. Kafe  Soft  | (caffeine) - 
113. Diuril  | - 162. Kemicetine | ( ch loramphenico l )  + 
114. Do[oran|  (al lobarbi tal)  - 163. Ke t amine  
115. D o n n a t a l  | - 164. L e u k e r a n  | (ch lorambuci l )  - 
l l 6 .  Dor iden  | (g lute thimide NF)  - 165. L ib r i u m | (chlordiazepoxide  - 
117. D o r m o p a n  | (hexobarbi ta l )  - HCI)  
118. Dox idan  | - 166. Lidocaine HCI  (injection, USP  - 

119. D r a m a m i n e  | (d imenhydr ina te )  - 2 % )  
120. Dr ixora l  | - 167. Lincocin  | ( l incomycin  HCI  - 
121. Ducolax  | (bisacodyl)  - m o n o h y d r a t e )  
122. Edrisal  | + 168. Lomot i l  | (d iphenoxyla te  HCI  - 
123. Elavil  | HC1 (ami t r ip ty l ine  - with a t rop ine  sulfate) 

HCI)  169. Lysergic  acid d ie thy lamide  - 
124. Ephedr ine  HC1 - 170. M a n d e l a m i n e  | ( m e t h e n a m i n e  - 
125. Ephedr ine  sulfate  - mande la t e )  
126. Erg0t ra te  | malea te  (ergonovine - 171. Manni to l  (Korean)  

malea te )  172. Maple  Table t  (map le  p r epa ra -  - 
127. Ery th roc in  | ( e ry th romyc in  - t ion) 

e thylsuccinate)  173. M D A  (methylenedioxyamphet -  + 

128. Ery thromycin-base  Film T a b  | - amine)  
t29. E r y t h r o m y c i n  s teara te  - 174. Marez ine  | (cyclizine) - 

( l lotycin | 175. Meclizine - 

130. E r y t h r o m y c i n - t a n  | - 176. Meconic  acid - 
131. Eska t ro l  | Spansule  | + 177. Med ro x y p ro g es t e ro n e  ace ta te  - 
132. Estinyl | (ethinyl estradiol)  - 178. Mellaril  | ( thior idazine)  - 
133. E t h y l m o r p h i n e  - 179. Mephenes in  - 
134. Fer rous  sulfate  - 180. Mep h o b a rb i t a l  - 
135. Fior inal  | - 181. Mepivacaine  HC1 injection 1% - 
136. Flagyl | - (carhocaine)  
137. F lo raqu in  | vaginal  tablets  + 182. M e p r o b a m a t e  

(d i iodohydroxyquin)  183. M e p r o p h e n  | ( m e p r o b a m a t e )  - 
138. F l u r a z e p a m  HC1 - 184. Mer idon  - 
139. Gantr i s in  | (sulfisoxazole) + 185. Mer th io la te  | ( th imerosa l )  - 
140. Glu te th imide  - 186. M e t h a d o n e  - 
141. Gr i fu lv in  V | (gr iseofulvin mi-  - 187. M e t h a m p h e t a m i n e  

crosize) 188. Methapyr i l ene  - 
142. Gr iseofu lv in  - 189. M e t h a q u a l o n e  - 
143. G y n e r g e n  | ( e rgo tamine  + 190. d l -Meth ionine  and  v i t amin  B, + 

ta r t ra te )  191. Methylcel lulose - 
144. Halo tes t in  | ( f luoxymes te rone )  - 192. Methy lhexabarb i t a l  
145. Hash i sh  - 193. 3 - M o n o a c e t y l m o r p h i n e  - 
146. Helozid  - 194. Mycos ta t in  | (nystat in  USP)  + 
147. H ep t aba rb i t a l  - 195. Myle ran  | (busul fan)  - 
148. He ro in  (d iace ty lmorphine)  - 196. Mylicon | 
149. He t razan  | (d ie thylcarbamazine  - 197. Mysol ine  | (p r imidone)  

citrate) 198. N a r o n *  (cyclopyrabi ta l )  - 
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T A B L E  1--Continued. 

D r u g  Tes t  D r u g  Test  

199. N e g G r a m  | (na l id ix ic  acid)  - 247.  P r o m a c e t i n  | ( a c e t o s a l f o n e  - 
200.  N e m b u t a l  | ( s o d i u m  p e n t o b a r -  - s o d i u m )  

b i ta l )  248. P rones ty l  | ( p r o c a i n a m i d e  HC1) - 
201 .  N e o m y c i n  + 249.  P r o p a d r i n e  | ( p h e n y l p r o p a n o l -  + 
202.  N i c o t i n i c  ac id  - amine )  
203.  N i t r o f u r a n t o i n  - 250.  P r o p a d r i n e  HC1 | + 
204.  N i t r o g l y c e r i n  - 251.  P r o p o x y p h e n e  HC1 - 
205. Nor f l ex  | ( o r p h e n a d r i n e  ci t rate)  - 252. P r o s t a p h l i n  | ( sod ium oxacil l in) - 
206.  N o r g e s i c  | - 253.  P r o v e s t  | D a y p a k  (b i r th  con-  - 
207.  N o r i n y l  | ( n o r e t h i n d r o n e  wi th  - trol)  

m e s t r a n o l )  254, P y r i d i u m  | ( p h e n a z o p y r i d i n e  - 
208.  N o l u d a r  | ( m e t h y p r y l o n )  - HC1) 
209.  N o v a h i s t i n e  | L P  tab le t s  - 255.  P y r i d o x i n e  HCI  (v i t amin  B6) - 
210. N o v a t o p h e n  | ( n e o c i n c h o p h e n )  - 256.  Q u i n a c r i n e  H C I  
211.  O p t a l i d o n  | ( a l l y i s o b u t y l b a r -  - 257.  Q u i n i d i n e  su l fa te  

b i ta l )  258.  Q u i n i n e  su l fa te  - 
212.  O p i u m  ( raw)  - 259.  Ra r i ca l  - 
213.  Ore t i c  | ( h y d r o c h l o r t h i a z i d e )  - 260.  Re l a  | ( c a r i s o p r o d o l )  - 
214. O r n a d e  | S p a n s u l e  | + 261.  R h u b a r b  - 
215.  O x s o r a l e n  | ( m e t h o x s a l e n )  - 262.  R i b o f l a v i n  (v i t amin  B2) - 
216.  P a r a f l e x  | ( c h l o r z o x a z o n e )  - 263. Ri ta l in  | HCI  (me thy lphen ida t e  - 
217.  P a v a t r i n e  | H C I  - HC1) 
218.  P a v r o n  | - 264.  R o b a x i n  | ( m e t h o c a r b a m o l )  - 
219.  Penic i l l in  G p o t a s s i u m  - 265.  R o m i l a r  | ( r a c e m e t h o x p h a n  - 
220.  Penic i l l in ,  p h e n o x y m e t h y l  po-  - HB~') 

t a s s i u m  266.  R o t o x a m i n e  - 
221.  P e n t o b a r b i t a l  - 267.  Salol  | ( pheny l  sa l icyla te)  - 
222.  P e r i a c t i n  | HC1 ( c y p r o h e p t a -  - 268.  S a n d  

d ine  HC1) 269.  Sanse r t  | (me thyse rg ide  ma le -  - 
223.  P e r i t r a t e  | ( p e n t a e r y t h r i t o l  tet-  + ate) 

r an i t r a t e )  270. S a r i d o n  | ( i sopropyl  an t ipyr ine)  - 
224.  P e r s a n t i n e  | ( d i p y r i d a m o l e )  - 271.  S c o p a l a m i n e  h y d r o b r o m i d e  - 
225.  P h e n a p h e n  | - 272.  S e c o b a r b i t a l  - 
226.  P h e n c y c l i d i n e  - 273.  Sedes | ( h e x o b a r b i t a l )  - 
227.  P h e n e r g a n  | - 274.  Seda l in  | ( py rab i t a l )  - 
228.  P h e n f o r m i n  H C I  5 - 275. Serny lan  | (phencycl id ine  HCI)  - 
229.  P h e n o b a r b i t a l  - 276. S i n e q u a n  (10 mg)  - 
230.  P h e n o b a r b i t a l ,  e p h e d r i n e ,  a n d  - 277.  S i n t r o m  | ( a c e n o c o u m a r o l )  - 

t h e o p h y l l i n e  278.  S o d i u m  b i c a r b o n a t e  - 
231.  P h e n y l p r o p a n o l a m i n e  H C I  + 279. S o d i u m  ch lo r ide  a n d  s o d i u m  - 
232.  P h y s o s t i g m i n e  sa l icy la te  - b i c a r b o n a t e  
233.  P i l o c a r p i n e  n i t r a t e  - 280.  S o d i u m  sa l icy la te  - 
234.  Piv-al | ( p indone )  - 281.  Spa r ine  | ( p r o n a z i n e  H C I )  - 
235.  P l a c i d y l  | s o f t  capsu les  (eth-  - 282.  Ste lazine  | ( t r i f luope raz ine )  - 

c h l o r v y n o l )  283.  S t r e p t o m y c i n  + 
236.  Po lyc i l l in  | ( ampic i l l in  t r ihy -  - 284.  S t r y c h n i n e  

d r a t e )  285. S u d a f e d  | ( p s e u d o e p h e d r i n e  - 
237.  K M n O  | t ab l e t  - HC1) 
238.  P o v a n  | ( p r y v i n i u m  p a m o a t e )  - 286.  S u l f a d i a z i n e  
239.  P r e d n i s o l o n e  - 287.  S u r f a k  | [ ca l c ium b is - (d ioc ty l  - 
240.  P r e d n i s o n e  - su l fosucc ina te ) ]  
241. P re lud in  | ( p h e n m e t r a z i n e  HC1) - 288.  S y n t h o  T a b  
242.  P r e m a r i n  | - 289.  Su rgex  | ( p i p r a d r a l )  z_ 
243.  P r e - S a t e  | ( c h l o r p h e n t e r m i n e  - 290.  T a l w i n  | ( pen tazoc ine )  - 

HCI)  291.  T a p a z o l e  | (me th imazo l e )  - 
244.  P r i r n a q u i n e  p h o s p h a t e  - 292.  T e n u a t e  | D o s p a n  | (d ie thyl-  - 
245.  P r o - B a n t h i n e  | ( p r o p a n t h e l i n e  - p r o p i o n  HC1) 

b r o m i d e )  293. T e r r a m y c i n  | (oxy te t r acyc l ine )  - 
246.  P r o c a i n e  h y d r o c h l o r i d e  + 294.  T e s s a l o n  | ( b e n z o n a t a t e )  - 
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TABLE 1--Continued. 

Drug Test Drug Test 

295. Tetracycline - 311. Tylenol | (acetaminophen) - 
296. Teti'ex | (tetracycline phos- - 312. Urecholine | (bethanechol - 

phate) chloride) 
297. Thebaine - 313. Valium | (diazepam) - 
298. Theophylline - 314. Vallestril | (methallenestril) - 
299. Thianphenicol - 315. Vasodilan | (isoxsuprine HC1) - 
300. Thorazine | (chlorpromazine) - 316. Vigosan | 
301. Tigan | (trimethobenzamide + 317. Vistaril | (hydroxyzine - 

HCI) pamoate) 
302. Titralac | (calcium carbonate) - 318. Vitamin B, + 
303. Tofranil | (imipramine HC1) - 319. Vitamin K (synthetic) - 
304, Tranquinal | (meprobamate) - 320. Warfarin 
305. Triacetyloleandomycin + 321. Wyamine sulfate | (mephenter- - 
306. Trilafon | (perphenazine) - mine) 
307. Tri-Span | + 322. Wyanoids | - 
308. Tropacocaine HC1 - 323. Zactirin | - 
309. Tuinal | (sodium amobarbital - 324. Zarontin | (ethosuximide) - 

and sodium secobarbital) 325. Zyloprim (allopurinol) - 
310. Tuss-Ornade | 

limit of  ninhydrin and fluorescamine. It has been found that fluorescamine is a more 
sensitive method for the detection of  amphetamine on thin-layer chromatograms.  These 
results are tabulated in Table 2. The detection limit of  amphetamine in urine samples 
is increased 100 times when the only parameter varied is the method of  detection, ninhydrin 
or fluorescamine. 

Other  physiological chemicals containing primary amino groups normally present in 
drug-free urine extracts will also react with fluorescamine. This was evidenced in the 
non-drug-containing urine (Table 2). As many as eight well-separated fluorescent areas 
were routinely observed. These naturally occurring substances containing primary amino 
groups all have mobilities considerably less than that of  amphetamine in the developing 
solvent system used; thus, the naturally occurring compounds do not interfere with the 
analysis. 

While this paper was in the process of  publication another  has appeared on the use o f  
fluorescamine in amphetamine detection in urine [16]. These authors have also stressed 
the increased detection limit o f  fluorescamine compared to ninhydrin. Klein et al quan- 
titated the amphetamine level by extracting the silica gel area containing the amphetamine 
f luorophore and analyzed the extract in a microfluorimeter.  They also reported that 
after amphetamine was made visible by fluorescamine spray, the plate could be sprayed 
with other common identification reagents with no interference. Accordingly, it is possible 
to substitute fluorescamine for ninhydrin in a routine battery o f  sprays for drug abuse 
screening in urine samples. 

Summary 

This paper describes some applications of  the fluorescamine spot test to forensic toxi- 
cological analysis. The fluorescamine test only reacts with primary amines; thus, this 
test makes a clear-cut distinction between amphetamine  and methamphetamine.  Previous 
common spot tests used reacted the same with these two amines. Fluorescamine is 100 
times more sensitive in detecting amphetamine extracted from urine on thin-layer chroma- 
tograms than ninhydrin. Thus, it is a more sensitive method of  detecting amphetamine 
abuse in urinalysis screening programs. 
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TABLE 2---Relative detection of amphetamine isolated 
from urine with ninhydrin and fluorescamine on thin-layer 

chromatograms. 

Amphetamine ~ ~g Ninhydrin Fluorescamine 

30.0 + + 
20.0 + + 
10.0 - + 

5.0 - + 
0.5 - + 
0.25 - + 
0.1 - +_ 
0 - -  - -  

~ of amphetamine added to 10 ml of control, 
non-drug-containing urine. 
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