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Abstract
       Objective: A massive nerve agent attac k may rapidl y

       deplete in-date supplies of atropine. The authors considered
        using atropine beyond its labeled shelf life. The objective

       w a s t o d e t e r m i n e t h e s t a b i l i t y o f p r e m i x e d i n j e c t a b l e
      atropine sulfate samples with different expiration dates.

        Methods: This was an in-vitro study using gas chromatog-
      r a p h y a n d m a s s s p e c t r o m e t r y ( G C / M S ) . F o u r a t r o p i n e

       solutions (labeled concentration of 400 g/mL) ranging fromm

          in date to 12 years beyond expiration (exp) and an additional
        sample of atropine sulfate (labeled concentration of 2,000 g/m

         mL) obtained from a World War II era autoinjector were
       assayed for atropine stability. Standards of atropine sulfate

        and tropine were prepared and quantified by GC/MS. Study
          samples were prepared by adding a buffer solution to free the

     base, extracting with an isopropanol/methylene chloride
        mixture and followed by evaporating the organic layer to

    dryness. Pentafluoropropionic anhydride and pentafluoro-

       propanol were then added as derivatization reagents. Study
      s a m p l e s w e re h e a t e d , t h e d e r i v i t i z a t i o n r e a g e n t s w e r e

      evaporated, and the remaining compound was reconstituted
         in ethyl acetate for injection into the GC/MS. AllResults:

      solutions were clear and colorless. Atropine concentrations
          were as follows: in date, 252 g/mL; 2001 exp, 290 g/mL;m m

          1999 exp, 314 g/mL; 1990 exp, 398 g/mL; and WW IIm m

       specimen, 1,475 g/mL. Tropine was found in concentra-m

        tions of \10 g/mL in all study samples.m Conclusions:
        Significant amounts of atropine were found in all study

        samples. All samples remained clear and colorless, and no
        substantial amount of tropine was found in any study

       sample. Further testing is needed to determine clinical
      effect. atropine; organophosphate; drug stabil-Key words:

     ity. ACADEMIC EMERGENCY MEDICINE 2004; 11:329–
334.

      Current hosp ital stockpiles of antido tes for chemic al
        terrorism are probably in adequate to deal with a mass

 casualty event. 1,2  Organophosphorous compound
      toxicity commonly results in consu mption of large

       amounts of atropine to control symptoms and prevent
death. 3      A mass exposure invo lving either co mmercial-

      grade insecticides or milita ry-grade nerve agents may
    rapidly deplete in-date atropine supplies. 2

         Atropine is the tropine ester of tropic acid and is
      generally availab le as the sulfate salt. Nonenzymatic

     spontaneous hydrolysis of aqueous atropine yields
         tropine and tropic acid that are nontoxic but do not

    have the desired antimuscarinic activity. 4 Expired
      atropine sulfate may still contain significant amounts

         of active drug. Since dosing is based on clinical effect,
        the potential benefit of using an expired dru g in

        a crisis situation sho uld be examined. If an expired
       drug still contains a significant amount of atropine,

         then it may be useful in an em ergency when in-dat e
      supplies are deplete d. We hypothesized that pre-

     mixed injectable atropine sulfate solution would
       retain a significant amount of its atropine concen tra-

tion.
        The primary objective of this study was to de-

       termine how much atropine remained in current and
       expired drugs. The secondary objectiv e of this study

          was to identi fy the presence of tropine as a marker of
      atropine degradation in current and expired drug s.

METHODS

        S t u d y D e s i g n  . This was an in-vitro study design that
     utilized gas chromatography and mass spect rometry

(GC/MS).

 S t u d y P r o t o c o l .

     Stock Standard Preparation. Pri mary standards of
     both atropine base and tropine (Sigma-Ald rich

       Corporation, St. Louis, MO; purity[99% by thin-layer
      or gas chromatograp hy) were mad e by dissolving

      known measured amounts in metha nol. Ten milli-
         liters of me thanol was used to dissolve 31.1 mg of

        atropine base and 20. 3 mg of tropine to yield

concentrations of 3.11 mg/mL (3.11 g/ L) and 2.03m m
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     mg/mL (2.03 g/ L), respectively. Secondary stan-m m

        dards were prepared by the combination of 1,608 Lm

       of the atropine primary standard (5,000 .88 g) andm

        2,463 L of the tropine primary standard (4,999.89 g).m m

          Methanol was added to make a total volume of 10 mL.
      This yielded a final concentrat ion of approximately

       500 ng/ L of atropine and tropine. Working stan-m

           dards were made by taking 20, 40, and 80 L of them

       secondary soluti on, which corresponded to 10, 20, and
   40 g of compound.m

      Each worki ng standard was evapor ated over a
       water bath to remove the methanol (Lab-Line Inst ru-

         ments, Melrose Park, IL; Mo del # 18005) at 45 C for8

    5–10 minutes using nitrogen. Pentafluoropropionic
      anhydride (100 L) and pentaflu oropropanol (50 L)m m

       were added to the 20- L standard as deriv itizationm

     reagents. Derivatization reagent amounts were dou-
        bled and quadrupled for the 40- and 80- L standards,m

       respectively. Each sample was vortexed for 1 minute
        and then heated to 90–92 C for 20 minutes (Pierce,8

       Rockford, IL; Series 344 heating block). The deriv ati-
        zation reagents were evapor ated over a water bath as

 previously described.
        Each standard was dissolved in 50 L ethyl ace tatem

        to produce final concentrations of 200, 400, and 800
      ng/ L. One microliter of each concen tration wasm

      injected into a GC/MS (Mass Selective Detector
      Model 5973, Hewl ett-Packard; Series 6890 Gas Chro-

     matograph System, Hewlett-Packard, Palo Alto, CA)
       for analysis. Sam ple injection parameters for the GC/

      MS system were as follows: injection temperature,
     250 C; column, cap illary HP5-MS; ramp, 10 C/min;8 8

        and flow gas, helium, and flow rate, 0.8 mL/min.

      Sample Preparation. Four vials of premixed atropine
      sulfate injec tion solutio n with a labele d concentration

       of 400 g/mL and different dates of manufacturem

       (mnf) and expiration (exp) were tested. An additional
         sample from a World War II era auto injecto r (Figure 1)

     containing injectable atropine sulfa te solution with
      a labeled concen tration of 2,000 g/mL (expirationm

        date not listed) was also tested. All samples were
     stored according to the manufacturer ’s recommenda-

       tions since time of original purchase in accordance
         with good pharm acy practi ces to the best of the stu dy

     investigators’ knowledge. The study sampl es in-
      cluded Elkins-Sinn (400 g/mL), Lot No. 087047,m

        exp 2/90, mnf 8/87; Elkins-Sinn (Cherry Hill, NJ; 400
        mg/mL), Lot No. 046153, exp 4/99, mnf 4/96; Elkins-

         Sinn (400 g/mL), Lot No. 058111, exp 5/01, mnf 5/m

     98; American Pharmaceutical Partners, Inc . (Chaum-
         burg, IL; 400 g/mL), Lot No. 312122, exp 1/04, mnfm

        1/01; and Strong, Cobb & Co., Inc. (Cleveland, OH;
      2,000 g/mL) Lot No. 8035-2. Concentra ted ammoniam 

       solution was added to a saturated solution of
        ammonium chloride until a pH of 9.5 was reached.

         Two milliliters of this soluti on was ad ded to 250 mL o f
         the 400 g/mL specimens and 50 L of the 2,000- g/m m m

          mL specimen (100,000 ng of drug) in order to free the
       base. The organic components (i.e., atropine and any

       breakdown products) were extracted using 4 mL of
     a 1: 9 isop ropanol/methylene chloride mixture. Each

        sample was v ortexed for 1 minute and then centri-
        fuged for 5–10 minutes to separate out the organic

        layer. Four milliliters of water was added to each
       sample, and it was vortexed, centrifuged, and the

       water aspirated off. The organic layer was evapor ated
        on a water bath as previously described. Ea ch study

       sample was derivatized with 500 L of pentaflu oro-m

      propionic anhydride and 250 L of pentafluoropro-m

        panol and vortexed for 1 minute. Study sa mples were
         then heated at 90–92 C for 20 minutes and the organic8

       layer evaporated on a water bath (as previously
      described for the standard sample preparation). The

       remaining compound was dissolved in 100 L ethylm

         acetate and 1 L injected into the GC/MS for analysis.m

    Samples were also pH tested.

    Atropine Concentration Determination. Peaks from
      the standard sampl es found on gas chromatogra-

        phy were identified using MS. The areas under the
      curve were measured by computer algorithm. The

        results were then plotted as a function of increasing
    standard sample concentrat ion. Lin ear regression

        using the least squares method was used to determine
       atropine concentration of the study samples. The R

2

       value was calculated for the linear regression analysi s.
       These results were then corrected for atropine concen-

      tration per milliliter. The 95% confidence intervals
       (CIs) for the measured concentrations of the atropine

        study sampl es were then calculated based on the 95%
       CI of the slope of the regression line.

    Tropine Con centration Determination. Tropine peaks
        from the atropine study samples found on GC were

        identified using MS. The amounts were so small that

manual determina tion was necessary. A known

           Figure 1. A World War II era autoinjector found in a civil
   defense nerve gas kit.
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        amount of tropine was injected into the gas chroma-
       tography column and the area under the curve

       measured. A ratio of the individual tropine peaks
         from the study samples to the known value was made

    and the tropine concentration determined.

RESULTS

      S t a n d a r d S  a m p l e s . GC/M S analysis of all three
      standard specimens yielded peaks appearing at the

      same retention time for the pentafl uoropropionic ester
          (PFPe) of tropine and atropine. In the cases of the 200

        and 400 ng/ L (Figure 2) concentrat ions, a small peakm

     representing excess derivatization reagent was also
identified.

       S t u d y S a m p l e s . GC/MS analysis of the five study
        samples yielded major peaks for the PFPe of atropine,

       minor peaks for underivatized atropine, and in all
      cases insignificant peaks for tropine. Minor peaks

     corresponding to excess der ivitization reagent were
        found in all sampl es except for the 1990 sample.

      Minor to insigni ficant peaks on GC/MS correspond-
      ing to ethanol 2-butoxyphosp hate and bis (2-et hyl-

        hexyl) phth alate (by MS) were found in all samples
         except the World War II era specimen. GC results for

         the 1999 (Figure 3) and World War II (Figure 4)
     samples are shown as representative example s.

 The R
2       value of the standard curve was calculated

       to be 0.8591. The measured atropine concentrat ion of

         each of the study sa mples is listed, along with its
        measured pH and calculated 95% CI, in Table 1.

      Significant atropine concen trations (both the PFPe of
      atropine and underivatized atropine) were found in

       all specim ens. All atropine stud y sa mples had \10
  mg/mL of tropine.

DISCUSSION

       The catabolic degradation of aqueous atropine is we ll
       described. Instability is due to either hydrolysis, which

       yields tropine and tropic acid, or deh ydration, which
 yields apoatropine.5–7    Apoatropine may undergo fur-

       ther hydrolysis to atropic aci d and tropanol (tropine),
      and dimerization of these comp ounds may produce

    belladonnine and isatropic acid , respectively.7 How-
      ever, dimeri zation of these comp ounds occurs only

       under eithe r extreme conditio ns suc h as high temper-
         atures or following long periods of time and not under

  normal storage conditions.6,7    Thus, the main pat hway
       of instability in aqueous atropine solution is the

      hydrolytic reaction yielding tropine and tropic acid. 8

       The stability of aqueous atropine sulfate is de-
        pendent on several variabl es. It is well established that

     stability is en hanced in acid solution.9  Ideal storage
       pH for aqueous atropine sulfate solution ranges ap-

    proximately between 3 and 4.5,9,10   Atropine in solution
        has a significantly shorter half-life in neutral (pH 7–8)

     and basic (pH 8–10;[11.5) conditions.8,10  High experi-
     mental temperatures sign ificantly dec rease half- life as

                   Figure 2. The gas chromatography results for the 400 ng/ L standard sample. Significant peaks are easily identifiable for (m moving left
               to right): excess derivatization reagent, the pentafluoropropionic ester (PFPe) of tropine, and the PFPe of atropine.
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well. 8,10       One stud y calculated the half-life of aqueous
           atropine to be greater than 1,700 years at a pH of 3.0

  and at 20 C.8

5     Another study predicted the half-life
           to be 1,800 years at a pH of 4.0 and a constant

  temperature of 20 C.8

10     A temperature increase of 10 C8
      reduced that predicted half-life to 473 years . 10

     Conversely, experimenta l and calculated half-lives of
        atropine at pH values [11.5 ranged between 18 and

        137 minutes at temperatures of 25 , 32.5 , and 40 C.8 8 8

8

      Experimental and predicted half-life values for aque-
         ous atropine solu tions ranging from pH 8 to 10.5 at

      40 C varied from 3.4 to 116 hours.8

8

        A sim ilar study evaluated the stabi lity of a multi-
   component organophosphate antidote formulation

     (atropine sulfate, tremedoxime bromide, and benacty-
         zine) in plastic and glass containers over a range of

    storage temperatures and time per iods. 11 Samples
          were prepared at a pH of 2.8 and stored under the

        following conditions: 80 C for 3 we eks; 65 C for 78 8

        weeks; 52 C for 3 mo nths; a nd in a water-jacketed8

           incubator at 40 C for 4 months or in a refrigerator at 5 C8 8

  for 4 months. 11      No significant loss of atropine sulfate
      was found for any co ndition, although breakdown

     products were not specifically tested for. 11 Atropine
        sulfate was stable over a six-month period in another

   multicomponent organophosphate antidote formula-
     tion with no degradation products detected. 12  In this

      study, aqueous atropine samples were maintained at

a pH of 4 and temperatures of 5 C, 25 C, and 40 C.8 8 8

12

        The small amou nts of tropine found in the atropine
      study samples are suggestive of some degradation.

        However, it is also possible that som e tropine was
   included during the manufacturing.

       When the existence of signific ant amounts of atro-
        pine remaining in our st udy samples is coupled with

       the absence of substantial amounts of tropine and
       what is already kno wn about aqueous atropine sta-

      bility, our findings suggest that ex pired atropine
       sulfate solution could still be efficacious. Indeed, the

        expiration date is usually two to three years from
        the date of manufa cture and is bas ed on retaining

       [90% of drug potency in its original packaging. 13 This
        date does not indicate loss of poten cy after exp iration

        but rather that poten cy is known until the exp iration
     date from real-time or extrapolated data.13 Retained

       potency varies among dru gs and is dependent on
 storage conditions.13      Many drugs retain 90% of their

        potency for at least five years past the labeled
      expiration date if stored unde r reasonable condi-

tions. 13       Since atropine dosing in the treatment of
       a cholinergic crisis is based exclusively on clinical

       response, properly stored drug may still be useful
    even past its expiration date.

LIMITATIONS

        A major limitation of this study is the possible

existence of ot her breakdown products; however, the

                     Figure 3. The gas chromatography results for the sample that expired in 1999. , peaks are as follows: excessMoving left to right

            derivatization reagent, the pentafluoropropionic ester (PFPe) of atropine, underivatized atropine, ethanol 2-butoxyphosphate, and
  bis (2-ethylhexyl) phthalate.
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      presence of significant amounts of atropine coupled
         with the absence of any other significant peak on GC

       argues against this possibility. More likely, the extrac-
         tion process resulted in some lost drug. Since the stu dy

     samples underwent the extra ction process individu-
        ally, this mi ght have resulted in variation between the

        amounts of drug lost betwe en them. Although there is
       no reason to believe the ammonia buffer solu tion

      would have interfered with tropine identification, that
       possibility also exi sts. The discovery of minor amounts

     of ethanol 2-butoxyphosphate and bis (2-et hylhexyl)
       phthalate in the 1990 samp le may reflect imperfect

      technique but probably reflect buffering agents added
        by the manufacturer. We did not specifically test for

      apoatropine; however, as it does have inherent
       anticholinergic properties, it might be useful as an

antidote. 14     Therefore, presence of this breakdown

         product is probably not of concer n. We also did not
        assess sample potency (i.e., clinical effect) in this study.

         One final limitation is that we tested only one vial
         from each lot. Although all vials in each lot were

        manufactured and stored in a similar fashion, it is
      possible, although unlikely, that we selected an

        aberrant vial for study. Because of our need to
         maintain this suppl y in the event of a disaster and

        our desire to continue this study in the future,
    multiple samples were not tested.

CONCLUSIONS

       Significant amounts of atropine were found in all
       samples tested. Tropine, as a marker of degr adation,

         was not found in a substantial amou nt in any tested
      product. Stability of aqueous atropine sulfate is

           TABLE 1. Measured Atropine Concentratio n, 95% Confidence Intervals (CIs), and Measured pH

 Sample Manufacturer

Labeled

Concentration
( g/mL)m

Measured

Concentration
( g/mL)m

Calculated

  95% CI =
( g/mL)m

pH
Value

  In date American

Pharmaceutical
 Partners, Inc.

    400 252 (235, 268) 3.88

        Exp 2001 Elkins-Sinn, Inc. 400 290 (272, 308) 3.93

        Exp 1999 Elkins-Sinn, Inc. 400 314 (295, 333) 3.82
        Exp 1990 Elkins-Sinn, Inc. 400 398 (375, 420) 4.02

    WWII Strong, Cobb & Co,

Inc.

    2,000 1,475 (1,385, 1,565) 4.85

                     Figure 4. The gas chromatography results for the undated World War II specimen. , peaks are as follows:Moving from left to right

           excess derivatization reagent, the pentafluoropropionic ester (PFPe) of atropine, and underivatized atropine.
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       enhanced if maint ained at low pH values and
      temperatures. Fur ther testing is needed to determi ne

        clinical effect. Since dosing of atropine is based on
       clinical parameters and there is no known toxicity

       from expired agents that maintain clarity, sterility, and
      solubility, we wou ld consider using expired atropine

    during a mass casualty event.

       The authors gratefully acknowledge Reksha Mehta for her

      assistance with sample preparation and assay completion.
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