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A sensitive method was developed for analysis of HMX in the plasma
of laboratory rodents. It is based on reverse phase HPLC and has
a limit of detection around 20 ng/ml=1l-
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Analysis of blood samples from 13 week rat and mouse toxicity
2 studies revealed that:

Rat plasma levels were very low and did not increase with
increasing dose levels. It is therefore likely that most of
the material was not absorbed.

Insufficient plasma was available from the 13 week mouse
study for successful analysis.
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"1, the undersigned, hereby declare that this work was performed under my
L supervision, according to the procedures herein described and that this
report represents a true and accurate record of the results obtained.”
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SUMMARY

A sensitive and specific analytical procedure has been
developed for the determination of HMX (octahydro-1,3,5,7-
tetranitro-1,3,5,7-tetrazocine) in rat plasma. The method is
based on reverse phase high performance liguid chromatography
and indicates a limit of detection of around 20 ng.ml? 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)

2)

5)

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

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

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

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 fron the control group animals should have
contained HMX are unknown.

Insuftficient plasma was available for successful analysis

of HMX in mouse plasma at the termination of the 90 day
mouse toxicity study.

......



8 a4 3 S0 sl \ag igp ol A g Il Aud Ca vof egk ool vad ook ali ugl ol s g sad rab vad .o - . s ol s mvv‘wvrvj

. 2
i

.'u_

a INTRODUCTION

)

:% Inveresk Research International have recently undertaken a
~ series of toxicity studies in rats and mice with HMX under
i, DAMD 17-80-C-0053 (IRI Project Nos. 415669 CR, 416877). The

objective of the present study was to establish methodology to

A enable the determination of HMX in the plasma of rats and mice
) t termination of the 90 da r

0 - Yy programmes.

¢

) . . ’

}, All data generated and recorded during this study will be
P stored in the Scientific Archives of Inveresk Research

International Limited.

L3~

'~ The analytical experiments were carried out at the Inveresk
% Gate site of Inveresk Research International Limited between
:‘ May 1981 and May 1982.
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EXPERIMENTAL PROCEDURES

Materials

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) and
1,3,5-trininitrohexhydro-1,3,5-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

buring 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.

Equipment

high performance liquid chromatography (HPLC) was performed on
a system comprising an Altex model 110A pump and a Pye LC3
variable wavelength u.v. detector. Columns used for the
analyses were slurry packed at IRIl.

Final Analytical Method for the Analysis of HMX in Rat Plasma

Standard and internal standard solutions {(at a concentration
of Approximately 1 mg.ml® in acetonitrile) were prepared in
grada "A" volumetric flasks. Calibration solutions were
prepared by appropriate dilutions of the stock solution.
stondard 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 ug.ml®*. On each day of
analysls, 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.ml*). The tubes were briefly vortex mixed
and redistilled dichloromethane (5 ml) added to each. Samples
were hand-shaken (1 min) and centrifuged (10 min; 5000 rpm).
After separation, the organic phase was taken to dryness under
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a stream of nitrogen. Any residual dichloromethane was
removed under vacuum. The residue was dissolved in mobile
phase (50 ul) and aliquots (25-50 ul) 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 (0) of the calibration values from their regression
functions.

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

Equipment

The HPLC system usea consists of:

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

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

Flow Rate: 2 ml.min*

Pump: Altex model 110A

Detector: Pye LC3 variable wavelength
Wavelength: 228 nm

Range: 0.04 AUFS

The u.v. detector signal was recorded at both 50 and 20 mV
full scaie deflection to accommodate the full range of HMX
concentrations.
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e RESULTS AND DISCUSSION
13 Assessment of the Performance of the Final Analytical Method
~l
~
) The final analytical method was assessed in terms of
y linearity, sensitivity, accuracy and precision.
-

AN Aliquots of rat plasma (200 ul) containing HMX at concentra-

N tions of 0, 0.2, 0.5, 1.0, 2.0, 5.0 and 10 pg.ml® and RDX as
internal standard (2.41 ug.ml?) were extracted into dichloro-
N methane and the samples subseguently analysed by HPLC.

o Typical chromatograms are presented in Figure 1. A cali-

e bration curve was constructed with peak height ratio HMX/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.ml*, Calibration
‘;Q curves 1n the range 0-1 ug.ml® HMX 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

o added HMX at 1 ug.ml* and 100 ng.ml®*. The co-efficients of

a 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
P The determination of HMX 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.

i .I.I'l.l-'i

D

The results for the rat study are shown in Table 2 and
graphically in Figure 5.

"'l 'l

Typical chromatograms are shown in Figure 6. Analysis of the
plasma samples taken from the rat control groups 14 and 1v¥
c suggested the presence or small but significant guantities of

LALS

, HMX. Following a thorough reveiw of the raw data by the
~ analysts and by the 1RI Quality Assurance Unit, further
h 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.




In relation to the doses administered the plasma levels of HMX
oo are very low and show little change with increasing dose. 1In
o male animals the plasma levels from all dose groups are around

' 1.5 pg.ml®*. The females show slightly higher maximum plasma

concentrations (2.5-3.5 ug.ml*). 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
X HMX is very low (probably due to the compound's poor agqueous
solubility). The bulk of the administered dose is almost
certainly not absorbed but is excreted unchanged.

2 A
.

The analysis of HMX in mouse plasma was unsuccessful, Despite
the fairly high sensitivity of the assay the very small
guantities of plasma obtained at post mortem rendered the
generation of meaningful data impossible.
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Q!""
. Dose Animal Conc HMX Mean
g g el -
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D Typical Chromatograms for the Analysis of HMX
;.‘:“" in Rat Plasma (0-10 p.g.ml_l)
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FIGURE 3

Typical Chromatograms for the Analysis of HMX in Rat Plasma
(0-1 pg.m1”Y)
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HMX: Analysis in Plasma Obtained After the 90 Dav
' Toxicity Study in Rats
' The Effect of Increasing Dose Levels
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Typical Chromatograms for the Analysis of HMX in Rat Plasma
.3 Obtained After the 90 Dav Toxicitv Studv
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L% APPENDIX 1

by Further Investigations of the Occurrence of HMX in Control
o Group Plasma

N

S Introduction

Analysis of the plasma samples taken from the control group 143

VJ: and 19 rats in the 90 day toxicity study indicated the presence
'S& of small but significant quantities of HMX. Further investi-
:¢ﬂ¢ gation has therefore been undertaken to verify that the chroma-
b\% tographic peak observed was indeed due to HMX and was not due
' to an endogenous plasma component.

o,

¢§¢ In liquid chromatography, compounds can be separated either
e by adsorption on a polar surface (normal phase) or by partition
v
‘?}; from a non-polar surface (reverse phase). Although it is
~~55 possible for 2 or more compounds to have the same retention
iy volume on a particular column, it is very improbable that the
&uﬁ same compounds will behave identically in both normal and
':& reverse phase modes.

5G

I

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

e Experimental Procedures
) “u A
| n-"._ . ) B .
Lo Two male and 2 female Fischer S344 rats were fed control dieu
o (for typical analysis see page 19) for a period of 2 weeks.
N They were then bled and the plasma collected and stored at

-20°C. Blank plasma was also obtained from a CD rat.

« ad

TRy P

The group 1 plasma samples collected were pooled according to
sex. To 100 pl aliquots of plasma were added internal standard

'E* (RDX), HMX and acetonitrile as shown in Appendix Table 1.

| -'\J '

"X Methylene chloride (5 ml) was added to each sample and the tubes

ff: were hand-shaken (2 min). The samples were centrifuged (10

R min; 5000 rpm) and the supernatant transferred to tapered tubes,

D% taking care not to transfer the precipitated proteins. The

;ﬂﬁ solvent was then evaporated at room temperature under nitrogen.

NN Residual amounts of methylene chloride were removed under vacuum.

L™ o

wr~~ The residue was dissolved in mobile phase (50 pul) and a 25 ul

N aliquot chromatographed. 1In Appendix Table 1 the samples marked

‘$\: "A" were chromatographed using the normal phase mode and all

:{}r those marked "B" were chromatographed using the reverse phase

N system.
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¢ HPLC conditions were as follows:
Normal Phase
Column: Hypersil 3 pum (100 x 5 mm i.d.)
u‘ Mobile Phase: Hexane/propan-2-0l (55:45, v/v)
Reverse Phase
Column: ODS-Hypersil 5 pm (100 x 5 mm i.d.)
F. Mobile Phase: 0.01% perchloric acid/acetonitrile
(80:20, v/v)
Detector: Ultraviolet at 228 nm 0.01 AUFS
Pump: Altex Model 110A
©
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 pg.ml'1 HMX in the standard sample (Appendix
Figure 1C). Appendix Figure 2 shows the chromatogram of the
Group 1Jd 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 14 and 1% samples both showed peaks
at the HMX position and, when spiked with HMX (4.7 ng), showed
e increased peak height ratio (Appendix Table 3) indicating that
the compound observed in the chromatograms (Appendix Figures 7
and 8) of the Group 14 and Group 1% 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.
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Conclusions

As the compound present in the Group 14 and Group 1°9 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 1

Preparation of Plasma Samples for Analysis of HMX

Sample azggggzérgfe Xﬁiuggdgé Xgiuggdgg
(u1) (L) * (ul)+
cD 1A 200 - -
1B 200 - -
2A 100 - 100
2B 100 - 100
3A - 100 100
3B - 100 100
Fischer ¥ | 1A 200 - -
1B 200 - -
2A 100 - 100
2B 100 - 100
3A - 100 100
3B - 100 100
Fischer $| 1A 200 - -
1B 200 - -
2A 100 - 100
2B 100 - 100
3A - 100 100
3B - 100 100
Group 1% 1A - - 100
1B - - 100
2A - - 100
2B - - 100
Group 14 | 1A - - 100
1B - - 100
2A - - 100
2B - - 100

»
]

+
1]

Concentration of

Concentration of

HMX solution =

RDX sclution

475 ng HMX.ml~
667 ng RDX.ml~
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" APPENDIX TABLE 2
)
.. Peak Heights of HMX and RDX in Control Plasma Extracts
'l (Reverse Phase System)
,‘.‘
1“ -
4,09
').b Species Sample Peak Height (mm) Peak
t Height
LD HMX RDX Ratio
oy
b‘. Double blank 0 0 0
( CcD Single blank 0 46.0 0
Ny Standard 53.0 60.5 0.876
q,,":
‘\-‘ Double blank 2.0 0
?‘ Fischer % Single blank 0 55.0 0
o Standard 34.0 35.0 0.971
- Double blank 0 0 0
L Fischer 3 Single blank 0 50.5 0
'.’c: Standard 29.0 10.5 2.762
.:,‘p‘.
e
O standard{_47.5 ng HMX added
.’5 66.7 ng RDX added
‘-',
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) APPENDIX TABLE 3
@
.A Peak Heights of HMX and RDX in Group 1(J ¢) Plasma Lxtracts
Q
D,
' Peak Height
: (mm) Peak Calculated* Mean
i ‘ Group Sample Ratio Concertration Concentration
;‘ HMX RDX HMX/RDX (uq.ml_l) (ug-ml-l)
"
) 1 70.0 | 51.0 1.373 0.744
1 spiked 57.0 30.5 1.869 0.81
: 1s 2 79.0 | 49.0 1.612 0.874
® 2 spiked 79.0 | 42.0 1.881
l
L)
& 1 32.0 61.0 0.525 0.284
. L5 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
@
o * = Based on peak height ratio of CD rat extract
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2y APPENDIX TABLE 4

&

e

,:l::‘:: Comparison of HMX Concentrations in Group 1(3 ?) Samples
with Original Analysis

Mean

)
¢ h"., Mean Concentration
3 Concentration of HMX

i)
At Group of HMX originally
2 I"ound_1 Found
(ng.ml™ %) (ug.m1™1)

L

1% 0.81 0.51
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': APPENDIX FIGURE 1
1.'
; Normal Phase Chromatograms of Plasma Extracts from
3 Fischer J Rats
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B) 66.7 ng RDX added to plasma 2 = HMX
- C) 47.5 ng HMX, 66.7 ng RDX added to plasma
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PRV APPENDIX FIGURE 2

. Normal Phase Chromatograms of Plasma Extracts from
Group 14 Rats

Injection
Injection

~ 5 min

:Wi A) No HMX added to extract 1 = HMX
B) 4.7 ng HMX added to extract
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¥ APPENDIX FIGURE 3

|
‘ Normal Phase Chromatograms of Plasma Extracts from
'
Q Fischer ? Rats
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APPENDIX FIGURE 4

Normal Phase Chromatograms of Plasma Extracts from

Group 1% Rats

5 ran

Injection
Injection

%) No HMX added 1
B) 4.7 ng HMX added
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APPENDIX FIGURE 5

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 1d Rats

Injection

AN

A) No HMX added to extract

5 min

B) 4.7 ng HMX added to extract
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APPENDIX FIGURE 8
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Reverse Phase Chromatograms of Plasma
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APPENDIX 2
Analysis of Untreated Diet
Special Diets Services Limited
SPECIAL QUALITY CONTROL OF SMALL ANIMAL DIETS

CERTIFICATE OF ANALYS!S

PRODUCT  RAT & MOUSE NO.1 (MODIFIED) EXPANDED

18 MAY 1982

TSI U D

BATCH NO 1539 PREMIX BATCH NO  P192

teccsessceamnesccss=es DATE OF MANUFACTURE

19th &pril, 1982

Found Limit of
Nuent Founc Analyss Contamingnt Anatys:s Dete:tion
Mos ure 9.4 % Fivorine 3.2 mghg 10 mghg
Crude Fat 3.1 *e Nirate as NaNOQ2 8.0 mgag 10 mgkg
Cruge Poten 15.5 % Nitrite as NaNO2 <1.0 mgkg 10 mgg
Ctuge Fibre 4,2 e tead <0.25 mg kg 0.2 mghg
Ash 4.9 % Arsenic 0.2 mgwg 02 mghg
Catcium c.92 s Cagmium 0.5% mgxg 005 mghg
Phosprorus 0,64 o Mertury 0.03 mgkg 00! mgikg
Aium c.30 ., Selenium 0.17 mgig 002 mg'kg
Chicrine .57 *
Potass-um™ 0.88 ‘e
Magnesium 0.20 L Tota! At.atoning N.D. meg kg :'::q;"ho
81,82.G1.G62
fron 121 myeg
Corper 13 mgag
Manganese Gf mgag Tota PC B "D, o 0001 mgAg
Ze ¢ more Tota' DD 7Y 0.03% mghg 0001 mgeg
Dretarn 0.003 mog 000! mphg
Lingane 0.0C2 mghg 0001 mgg
Heprachior N.D. mgxg 0001 mgng
Maathion N.D. mgRg 002 mgyg
Vitamin A £,30C whg ‘of'e'.'n‘l’::s" 275X 10° g gem Y000
vitamir E €7.5 mgeg
v e ::::t;'vhc 7.5 % 102 per grm 1009
::i:::':r;enn N.D. per grm A:ouor::“m
N.D. = None Detected Presumptive "D Abgen:
€ coi ber grm 0 g'm
Absent in
€ coh Type ) N.D. per grm 10 grm
Funga' Ur 1s N.D. per grm Apsent 0
7 Antprote 0o
/ Achvity n.0.

(f
Signed

el

7 Specia!l Diets Services Limited
Dated /7// /é’ o /'.'c':.’ 1 Stepheld
LY Witham
€ R POPPLESTONE MSc . Ph D CChem MASC Essex, CMB 3AB
Quetity Contror Manager Telephone (0376) 513651




gt
¥y 32

g PERSONNEL INVOLVED IN PROJECT 415669
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