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* SUMMARY

A sensitive and specific analytical procedure has been
developed for the determination of HMX (octahydro-l,3,5,7-
tetranitro-1,3,5,7-tetrazocine) in rat plasma. The method is
based on reverse phase high performance liquid chromatography
and indicates a limit of detection of around 20 ng.mlV with
good accuracy and precision. The procedure has been applied
to the analysis of plasma samples collected at termination of
the 90 day toxicity studies in rats and mice.

The principal findings were as follows:

i) The levels of HMX in plasma from rats were extremely low
in relation to the dose levels.

2) No significant increase in plasma levels of HMX was
observed with increasing dose.

0

3) The data may well indicate that most of the administered
test material was not systemically absorbed but was
excreted unchanged.

4) The presence of HMX in the plasma of the control group
* animals was also indicated. The levels were low but

significant. They may approximate to those anticipated
following a single dose of 13-15 mg.kg'. The reason why
the plasma fror., the control group animals should have
contained HMX are unknown.

* 5) Insufticient plasma was available for successful analysis
of HMX in mouse plasma at the termination of the 90 day
mouse toxicity study.
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INTRODUCTION

Inveresk Research International have recently undertaken a
series of toxicity studies in rats and mice with HMX under
DAMV 17-80-C-0053 (IRI Project Nos. 415669 CR, 416877). The
objective of the present study was to establish methodology to
enable the determination of HMX in the plasma of rats and mice
"•t termination of the 90 day programmes.

All data generated and recorded during this study will be
stored in the Scientific Archives of Inveresk Research
International Limited.
The analytical experiments were carried out at the Inveresk

Gate site of Inveresk Research International Limited between
May 1981 ana May 1902.

'.4
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*O EXPERIMENTAL PROCEDURES

Materials

Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine (HMX) and
l,3,5-trininitrohexhydro-l,3,5-triazine (RDX) were supplied

* from the Royal Ordnance Factory, Bridgewater, England, as
white suspensions containing approximately 20% (w/w) water.
For the preparation of analytical standards both HMX and RDX
were dried to constant weight in a water-heated oven.

Acetonitrile (S or HPLC grade) was purchased from Rathburn
* Chemicals Limited, Scotland.

Dichloromethane was of AnalaR grade (BDH) and was distilled at
IRI prior to use.

Animal Diet

During the course of the study a laboratory Rodent Diet (BP
Nutrition (Modified) Expanded Ground Maintenance Diet) was
available to the animals ad libitum. A typical analysis for
this diet is presented in Appendix 2.

. QEquipment

high performance liquid chromatography (HPLC) was performed on
a systera comprising an Altex model ilOA pump and a Pye LC3
variable wavelength u.v. detector. Columns used for the
analyses were slurry packed at IRI.

Final Analytical Method for the Analysis of HMX in Rat Plasma

Standard and internal standard solutions (at a concentration
of Approximately I mg.ml in acetonitrile) were prepared in
grada "A" volumetric flasks. Calibration solutions were

* Qprepared by appropriate dilutions of the stock solution.
Standard samples were prepared by adding aliquots of these
"dilutions (100 ul) to control pooled plasma (100 ul). These
sampies when processed enabled the construction of a
calibration curve in the range 0-5 og.ml4. On each day of
"analysis, test samples and standards were processed and
analysed concurrently.

Plasma samples (100 ul) were pipetted into test tubes to which
was added RDX as internal standard (100 ul of a solution in

*" acetonitrile, 6 ug.mll). The tubes were briefly vortex mixed

and redistilled dichloromethane (5 ml) added to each. Samples
were hand-shaken (I min) and centrifuged (10 min; 5000 rpm).
After separation, the organic phase was taken to dryness under

S
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a stream of nitrogen. Any residual dichloromethane was
removed under vacuum. The residue was dissolved in mobile
phase (50 pl) and aliquots (25-50 wl) taken for analysis.
Calibration curves were constructed with peak hight HMX/peak
"height internal standard plotted against plasma concentration
of HMX. The lines of best fit were obtained from a linear
regression programme on a Wang 2200s programmable desk
calculator. The concentrations of HMX in test plasma samples
were determined by interpolation from the standard curve.

Precision of analysis, based on the 95% confidence limits
about the calibration curves, was determined from the standard
deviations (a) of the calibration values from their regression
"functions.

".- -On each analytical occasion the assay was checked by analysing
a series of quality control samples prepared by an independent
operator at a concentration unknown to the analyst.

Equipment

The HPLC systern usea consists of:

Column: 100 x 5 mm i.d. stainless steel column packed
with Hypersil-ODS (5 wm)

Mobile Phase: 0.01% percholoric acid/acetonitrile (4:1 v/v)

Flow Rate: 2 ml.min-

Pump: Altex model 1I1A

Detector: Pye LC3 variable wavelength

Wavelength: 228 nm

-. Range: 0.01 AUFS

The u.v. detector signal was recorded at both 50 and 20 mVifuli scaie deflection to accommodate the full range of HMX

concentrations.

. . ... .
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*a RESULTS AND DISCUSSION

Assessment of the Performance of the Final Analytical Method

The final analytical method was assessed in terms of
linearity, sensitivity, accuracy and precision.

Aliquots of rat plasma (200 il) containing HMX at concentra-
tions of 0, 0.2, 0.5, 1.0, 2.0, 5.0 and 10 pg.ml' and RDX as
internal standard (2.41 ig.ml') were extracted into dichloro-
methane and the samples subsequently analysed by HPLC.
Typical chromatograms are presented in Figure 1. A cali-
bration curve was constructed with peak height ratio HKX/RDX
plotted against plasma concentration HMX (Figure 2).

"These data showed that HPLC offered a sensitive technique with
linear response for the determination of HMX in plasma at
concentrations down to approximately 20 ng.mlV. Calibration

e curves in the range 0-1 iog.ml" .IX similarly showed good
* sensitivity (Figure 3) and linearity (Figure 4).

The precision and accuracy of the assay was determined by
analysing 2 sets (10 samples per set) of plasma containing
added HMX at 1 ug.mi' and 100 ng.ml'. The co-efficients of

* variation were 6% and 10% respectively. The relative error in
both instances was less than 10% (Table 1).

Analysis of HMX in Plasma Obtained During Toxicity Studies
"with Rats and Mice

* The determination of HRX in the plasma of rats and mice at
termination of the 90 day toxicity studies was undertaken
using the final analytical method as described above. A
single analysis was performed on plasma samples from 5 animals
of each sex in all dose groups. The animal numbers used in
these studies were detailed in Table 2.

The results for the rat study are shown in Table 2 and

graphically in Figure 5.

Typical chromatograms are shown in Figure 6. Analysis of the
plasma samples taken from the rat control groups 16 and I*
suggested the presence of small but significant quantities of
hMX. Following a thorough reveiw of the raw data by the
analysts and by the iRI Quality Assurance Unit, further
investigations were accordingly undertaken to substantiate or
vitiate these observations. The results of these further
investigations are described in Appendix 1.

The changes in plasma concentrations of HMX with respect to
dose level are illustrated in Figure 5.
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In relation to the doses administered the plasma levels of HMX
are very low and show little change with increasing dose. In
male animals the plasma levels from all dose groups are around
1.5 pg.mlV. The females show slightly higher maximum plasma
concentrations (2.5-3.5 ug.ml4). Some indication of
increasing plasma concentrations with increasing dose is
apparent in the female groups but only at the lowest dose
levels.

The results suggest that the degree of systemic absorption of
HMX is very low (probably due to the compound's poor aqueous
solubility). The bulk of the administered dose is almost
certainly not absorbed but is excreted unchanged.

The analysis of HMX in mouse plasma was unsuccessful. Despite
the fairly high sensitivity of the assay the very small
quantities of plasma obtained at post mortem rendered the
generation of meaningful data impossible.

.i~
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TABLE 2

h nY-: Analysis in Placva Cb-t'0--ee .-ter the 90 Day
TOxicity Study in Rats

Dose Animal Conc HMX Mean
Group mg.kg-I day-I Number Ag.ml-I Ag.m1-1 + a

6015 0.15

6043 0.11 S0.26
6083 0.42 + 0.13

616d 0.34

6181 0.30
0

7229 0.40

7249 0.87 0.51

7282 0.15 + 0.28

7379 0.70

7409 0.42

621d 1.50
6243 0.79 S1.146283 1.63 + 0.52

6365 0.40

2 50 6383 1.39

7459 1.13

7489 1.14 1.65
7562 1.27 + 0.65

7589 2.20

7599 2.50

6463 1.40

6473 2.48 1.18

150 6503 1.07 + 0.83

6551 0.51

3 6583 0.42

.,* 7629 2.02

7649 3.12
115 7729 2.23 2.74

+ 0.69
7769 3.73

7779 2.62
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TABLE 2 (continued)

Group Doae Animal Conc HMX Mean
mg.kg day Number Pg-m1-1 gg-ml-1 + a

6645 0.52
6663 0.51

450 6675 0.72 0.91
* 0.55* 675d 1.84

4 6793 0.98

7849 1.68

"7852 1.69

270 7929 1.11 1.62
+ 0.49i 7969 2.37

8009 1.27

681S 1.18
6843 0.98 0.96

1350 6903 0.92 _ 0.19
P 6913 1.05

6973 0.67

8029 3.40

8049 3.84 3.76
620 8069 5.14 + 1.19

* 8149 1.97

8159 4.43

7045 0.85

707S 1.05
4000 7095r 3.45 1.43

+ 1.14
711d 0.76

7195 1.04

8229 3.01

8249 3.71 2.64

1500 8269 2.78 + 0.87

"8299 1.34

8349 2.38

% .
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FIGURE 1

Typical Chromatograms for the Analysis of HMX

in Rat Plasma (0-10 4g.ml- 1
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FIGURE 3

Typical Chromatogramls for the Analysis of HMX in Rat Plasma
(0-1 Ag.ml- 1
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FIGURE 5

HMX: Analysis in Plasma Obtained After the 90 Day

Toxicity Study in Rats

The Effect of Increasing Dose Levels
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FIGURE 6

Typical Chromatograms for the Analysis of HMX in Rat Plasma

Obtained After the 90 Day Toxicitv Stuav
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APPENDIX 1

Further Investigations of the Occurrence of HMX in Control

Group Plasma

Introduction

Analysis of the plasma samples taken from the control group 13
and 1ý rats in the 90 day toxicity study indicated the presence
of small but significant quantities of HMX. Further investi-
gation has therefore been undertaken to verify that the chroma-
tographic peak observed was indeed due to HMX and was not due
to an endogenous plasma component.

In liquid chromatography, compounds can be separated either
by adsorption on a polar surface (normal phase) or by partition
from a non-polar surface (reverse phase). Although it is
possible for 2 or more compounds to have the same retention
volume on a particular column, it is very improbable that the
same compounds will behave identically in both normal and
reverse phase modes.

It was thus proposed that the plasma samples be re-analysed
using both forms of liquid chromatography.

Experimental Procedures

Two male and 2 female Fischer S344 rats were fed control diet
(for typical analysis see page 19) for a period of 2 weeks.
They were then bled and the plasma collected and stored at
-20*C. Blank plasma was also obtained from a CD rat.

The group 1 plasma samples collected were pooled according to
sex. To 100 ýil aliquots of plasma were added internal standard
(RDX), HMX and acetonitrile as shown in Appendix Table 1.

Methylene chloride (5 ml) was added to each sample and the tubes
were hand-shaken (2 min). The samples were centrifuged (10
min; 5000 rpm) and the supernatant transferred to tapered tubes,
taking care not to transfer the precipitated proteins. The
solvent was then evaporated at room temperature under nitrogen.
Residual amounts of methylene chloride were removed under vacuum.

The residue was dissolved in mobile phase (50 gl) and a 25 gl
aliquot chromatographed. In Appendix Table I the samples marked
"A" were chromatographed using the normal phase mode and all
those marked "B" were chromatographed using the reverse phase
system.

1441
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* HPLC conditions were as follows:

Normal Phase

Column: Hypersil 3 ýim (100 x 5 mm i.d.)

Mobile Phase: Hexane/propan-2-ol (55:45, v/v)

Reverse Phase

Column: ODS-Hypersil 5 gm (100 x 5 mm i.d.)

Mobile Phase: 0.01% perchloric acid/acetonitrile
(80:20, v/v)

Detector: Ultraviolet at 228 nm 0.01 AUFS

Pump: Altex Model 1I1A

Results and Discussion

In the normal phase mode, quantitative results were not
possible as the internal standard peak was not resolved from the
solvent front. However, the results can be viewed qualitatively.
Although there was a small endogenous peak eluting near HMX in
plasma from Fischer male rats (to which no HMX had been added,
Appendix Figure 1) this was negligible compared to the peak
representing 0.47 Ag.ml-I HMX in the standard sample (Appendix
Figure IC). Appendix Figure 2 shows the chromatogram of the
Group 1I sample which contains a significant peak at the reten-
tion volume of HMX. When HMX (4.7 ng) was added to the same
sample, this peak increased in size (Appendix Figure 2B) indi-
cating that the compound in (A) behaves identically to HMX.
Similar results were obtained for the Fischer female and Group
19 samples (Appendix Figures 3 and 4) except that the size of
the HMX peak is much larger.

In the reverse phase mode, the CD rat, Fischer female and
Fischer male samples (to which no HMX had been added) also
showed no significant peak at the HMX retention volume (Appendix
Figures 5 and 6). The Group IS and 19 samples both showed peaks
at the HMX position and, when spiked with HMX (4.7 ng), showed
increased peak height ratio (Appendix Table 3) indicating that
the compound observed in the chromatograms (Appendix Figures 7
and 8) of the Group 13 and Group 1ý samples behaves identically
to HMX in the reverse phase mode. Appendix Tables 2 and 3
show quantitative results obtained while Appendix Table 4 com-
pares them with the results found previously. As can be seen,
there is good agreement between the analyses.

7432
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Conclusions

As the compound present in the Group 16 and Group 19 samples co-
chromatographs with HMX on both normal and reverse phase
systems, it is concluded that these samples indeed contain HMX.
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* •APPENDIX TABLE I

Preparation of Plasma Samples for Analysis of HMX

Volume of Volume of Volume of
• S0mple acetonitrile HM added RDX addedadded (adlad

CD 1A 200 - -

1B 200 - -

2A 100 - 100

2B 100 - 100

3A - 100 100

3B 100 100

Fischer i IA 200 - -

1 lB 200 - -

2A 100 - 100

2B 100 - 100

3A - 100 100

3B - 100 100

* Fischer I IA 200 - -

1B 200 - -

2A 100 - 100

2B 100 - 100

3A - 100 100

3B - 100 100

Group 1i 1A - - 100

1B - - 100

4. 2A - - 100

2B - - 100

"Group I1 IA - - 100

IB - - 100

2A - - 100

2B - - 100

* = Concentration of HMX solution 475 ng HMX.ml-I

+ = Concentration of RDX solution = 667 ng RDX.ml-1

do

2 . -q.
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APPENDIX TABLE 2

Peak Heights of HMX and RDX in Control Plasma Extracts
(Reverse Phase System)

Species Sample Peak Height (n) Peak
Height

HMX RDX Ratio

Double blank 0 0 0

CD Single blank 0 46.0 0

Standard 53.0 60.5 0.876

Double blank 2.0 0

Fischer 7 Single blank 0 55.0 0

Standard 34.0 35.0 0.971

Double blank 0 0 0

Fischer 3 Single blank 0 50.5 0

Standard 29.0 10.5 2.762

Standard 47.5 ng HMX added
)66.7 ng RDX addedNp

k
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APPENDIX TABLE 3

Peak Heights of HMX and REX in Group 1(3 ') Plasma Extracts

Peak Height
(mm) Peak Calculated* Mean

Group Sample Ratio Concen~tration Concentration

HMX RDX HMX/RDX (Ag ml-) (Ag.ml -

1 70.0 51.0 1.373 0.744

1 spiked 57.0 30.5 1.869 0.81
1ý2 79.0 49.0 1.612 0.874

*2 spiked 79.0 42.0 1.881

1 32.0 61.0 0.525 0.284

1 spiked 21.5 37.0 0.581 0.25

2 20.0 49.0 0.408 0.221

2 spiked 28.0 43.0 0.651

0

*=Based on oeak heiqht ratio of CD rat extract

0

%%
%%



APPENDIX TABLE 4

Comparison of HMX Concentrations in Group l(S 2) Samples

with Original Analysis

Mean
Mean Concentration

Concentration of HMX
Group of HMX Originally

Found 1  Found-" ~(4g.ml )(4g. ml-

1 T 0.81 0.51

"0.25 0.30

%r 4..

I :*' S".* ; ¾
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APPENDIX FIGURE 1

Normal Phase Chromatograms of Plasma Extracts from

Fischer c6 Rats
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APPENDIX FIGURE 2

Normal Phase Chromatograms of Plasma Extracts from

Group 16 Rats
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APPENDIX FIGURE 3

Normal Phase Chromatograms of Plasma Extracts from

Fischer 9 Rats
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APPENDIX FIGURE 4

Normal Phase Chromatograms of Plasma Extracts from

Group 15 Rats

A B

o 0-,4 .,-4
.4J 4.1
UUn U U

hi

A) No HMX added 1 = fMX
B) 4.7 ng HMX added

L.

4 1.



27

APPENDIX FIGURE 5
'0

Reverse Phase Chromatograms of Plasma Extracts
from Fischer Rats
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APPENDIX FIGURE 6

Reverse Phase Chromatogram. of a Plasma Extract from

a CD Rat (containing added HMX and RDX)
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APPENDIX FIGURE 7

Reverse Phase Chromatograms of Plasma Extracts from
* Group I6 Rats
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- APPENDIX FIGURE 8

Reverse Phase Chromatograms of Plasma

Extracts from Group 19 Rats
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A) No HMX added to extract I = RDX
B) 4.7 ng HMX added to extract 2 = HMX
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APPENDIX 2

Analysis of Untreated Diet

ASpec! DWs Service Lfled
SPECIAL QUALITY CONTROL OF SM¶ALL ANtP&AL DIETS

* CERTIFICATE OF ANALYSIS

PRODUCT RAT a MOUSE 1110.1 (IM0D~t1EO) EXPANDED

bil1 A 0 1BATCH NO 1539 PREMIX SATCI4NO P192

.......... ATE OF ANUFACTURE 19th April, F
9

?*ound LI-Ml Of

Atl01F .,al "ys-s Contami~nant Analys-I Deltc:"O.

mo-s~.e 9.4 .lon . 91` 0"4

C"Ce Fat 3.1 NoaeA &0 ) mk . mk

Crude P'cle - 15.5 . ~ ,t sNN2 0. " ~ . wk

Crude F-tl'e 4.2 *Lead <0.25 mk .6-1

As?, 4.9 *A,sen'r (0.2 "V19 0.2 mg/kg

*Cab -un C.92 *Ca0"l'um 0.55 m 9 0,06 ingkg

Phosvro,Pýo 0.64 Al Ce'ul y 0.03 mglkg Gal mng/k

d~lC.30 .Seien..m 0.17 mg/kg 002 mg'kg

CP'io'e 0.5-7

Polass-"m 0.68

Ma~s10.20 T otal Ai'aio.'s N4.D. fftnsko ~ O

W,9.2.1311.457
0121 mkGg

COC Per 13 lr

maraei 4 mQg. Total P C B N.0. mgg 0001 nglig

Z'c4 gg Iota' D DT 0.035 mgg 0001 M9g1,1
O'ed",0.003 rhlk 0 00'1 ng Ik

L~0*"Cl 0.002 V"'0k 0001 m9g1`

11.0. mg'kO N.D.002 m1G~

Vtla-.. A 6,300 Ulkg Total 1mbl 2.75 X4 10 Pei g~m 10M9g

vqa-'~ E 67.5 mg,9 & 0

.1 Cm - mesoOn-~l-c 2

spores i 8 . 7.5 14 10 pe rrt too'0;,

110.=11~ DtctdSoec -as Per gfltl Q'
N.. Nn eetdPvesufp~t N1.0. pe m Abs."

Absent
E CabI'tive I N1.0. per girth 10 91",

F U'ga1 Ur' IS 11.0. Pe. g~m AbseM "

ACI --I N1.D.

,~j 1Special Die"s Sen'cmie L-Inted
DoledP ~d fC.. I Stepifietd

C A 11OPPCLIS!ONE Mk Se o C Cho, V.NS C Essex. CM8 3AB
Chlil Co't'at M~1p Tolalophon 103761 513651

"N zi.k
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