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2,6,10-triamino-s-heptazine (Melem)is a new chemical compound related
to the s-triazine family. It is synthesized on the basis of dicyandiamide and is
used as a component of several new thermostable polymeric materials. Melem
is used in production of distendable fireproofing and coating stable to elevated
temperature materials for use in aviation, transportation, construction, wood
processing, and other spheres of the national economics.

Physical and chemical properties of Melem are shown in Table 1.

Table 1
Chemical and physical properties of Melem
Chemical formula: C;HgN,,
Molecular mass: 218
Aggregate state: White amorphous dust
Acrosol dispersity:Particles with a size of 2 to 5 microns (81%);
particles 5 to 10 microns (19%)
Density: 1.606 grams/cc
Solubility: In water, at 25° C, 3 mg/L; at 100° C, 600 mg/L; in organic solvents, acids,
alkalies at room temperature, < 1 to 3 mg/L
Reactivity: Non-flammable, non-explosive, melting point >450°C
Purity: Technical grade Melem typically contains 2-4% melamine as an impurity; the
fveerix:gtssiblelmlofmelammeimpuﬂtymthcwchnicalmateﬁalisupm 10% by



Structural formula

Melem is now manufactured in the Republic of Armenia, its production
and use are planned to be increased in future. The increased use of Melem will
provide numerous opportunities for human contact with this substance.The
data concerning the toxicity of Melem are very scarce in literature. There is
only one work dealing with the primary evaluation of toxicity of Melem [3].
This, in its turn, requires evaluation of the hazardous properties of Melem and
determination of the allowable limit of Melem dust in air of the working zone.
Published data concerning the toxicity of Melem and the character and
direction of its effect upon the organism is minimal and insufficient to enable
scientists to gauge its danger to human health in acute and chronic exposure.
Additional data are required to. determine the hygienic threshold limit value
(TLV) for Melem in production workshops.

Accordingly, our research was carried out to determine the toxmologlc
character of Melem in the working zone air.

Material and Methods

Toxicologic evaluation of Melem was carried out according to method-
ologic guidelines and procedures specified by the Ministry of Health of the
former USSR [4,11-18,19]. Statistical treatment of the data was carried out
using Student's T-test and two-tailed analysis of variance [3-16].

Experimental animals (white mice, white rats, guinea pigs, and rabbits)
were subjected to acute and chronic Melem exposures to assess general toxicity
to the animal and effects on specific organ systems. Unexposed control ani-
mals were used as a basis for comparison with the exposed groups. Toxicologic
criteria included external manifestation of intoxication and death, as well as
functional, biochemical, and histomorphologic changes in the internal organs.

In acute experiments for each dosage or concentration 8 animals, in suba-
cute experiments — 20, in chronic — 40 animals were exposed. In intact
groups the same number of animals was taken.

Melem was administered acutely to experimental animals on the eye and
undisturbed skin, orally and intraabdominally as a suspension in vegetable oil,
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and by acute and chronic inhalation. Possible transdermal absorption of Me-
lem was assessed toxicologically. Inhalation experiments were perfon_ned using
inhalation chambers to mimic occupational exposure; single a?utc mhalatan
experiments at high Melem dust concentrations, anq 4 hours' daily chronic
exposures for up to four months at reduced concentrations were conducted.

A wide range of functional, biochemical, and morphologic parameters were
assessed in the exposed animals and unexposed controls, including body mass,
oxygen consumption, and cardiovascular indices; hemoglobin, glucose, urea,
cholesterol, protein and non-protein thiol groups, GOT and GPT enzymes in
blood; specific gravity, pH, and volume of urine, and tests of gonadotropic ac-
tion, among others.

Results and Discussion
Scitts Tntonloat
The basic toxicometric data obtained for Melem are shown in Table 2.
Table 2
Toxicometric parameters of Melem
Oral DL50 in rats >5000 mg/kg
Oral DL50 in mice >4000 mg/kg
Intraabdominal DLS0 in rats 21701330 mg/kg
Intraabdominal DL50 in mice 1998+311 mg/kg
Inhalation of dust CL50 >870 mg/kg
Limit of acute toxicity 170 mg/m’
Limit of chronic toxicity 6 mg/m’
Safety Index 3 fold
TLV (from tlus study) - 2 ml/m’

Lethality in rats was observed when Melem was introduced orally as a sus-
pension in vegetable oil at doses of 1250 mg/kg in rats and higher, with a
maximum lethality of 37.5% at a dosage of 5000 mg/kg. For mice, initial le-
thality was observed at 1000 mg/kg. : 2

Intraabdominal introduction yielded LD50 of about 2000 mg/kg for both
mice and rats. Acute single inhalation exposures (Table 3) showed that the
threshold of acute toxicity is 170 mg/m’, based on changes in oxygen con-
sumption and serum urea concentration. At the maximum concentration
tested (870 mg/m’), single exposures did not lead to death, but external signs of
animal intoxication were observed (reduced mobility, weakness, loss of nutri-
tion reflex, disturbances of respiratory rhythm).
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Table 3

Investigations to determine the limit of acute toxicity of a single inhalation of Melem in rats

Index Group Concentrations (mg/m’)
870 527 170
Sum. subthreshold E 4.7+0.2* 4.1+0.2* 4.4+0.1
electr.impulses (conditional I 5.7£0.1 5.7+0.1 4.0+0.3
unit)
Oxygen consumption E 127+6* 142+2* 138:hl2‘
(mi/h 100gr) I 153+2 154+1 1553
Blood glucose E 103£5* 118+8* 88+2
(mg%) I 88+3 85+2 8713
Diuresis (m/) E 5.7+0.3 6.010.4 5.9%0.3
I 6.1+£0.4 6.3+0.5 6.3+0.2
Serum Urea E 3.5+0.1* 3.6+0.1* 3.7+0.2*
(mg% ) I 2.4+0.1 2.4+0.2 2.2+0.2

* a statistically significant difference between exposed and control groups;

E-experimental group; I-intact group

Effects of Melem following topical application to the eyes and skin were
tested. Single applications of Melem did not cause irritation, but suspensions
of Melem in water applied to the conjunctive sac of rabbits caused a slight

transient redness.

Repeated application to the skin as a paste in lanolin did not cause skin-
resorbtive or sensitization effects (Table 4). Melem appeared to have a low or-

der of acute toxicity.
C lativi

Cumulativity was studied by daily introduction for 24 days of 420 mg/kg
(about 1/5 of the intraabdominal LD50) into the stomach of rats [7]. During
and after these experiments no deaths were recorded. Thus, Melem appears to
have a low order of cumulativity.

Chronic Inhalation Exposures ‘
Chronic inhalation exposure was used to assess the threshold concentration

of Melem and effects of the long term exposure on various organs and organ
systems.
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Table 4
EsﬂmaﬂonofthesldnmqrbﬂveacﬂonofMdemano applications of Melem paste

in lanolin to cleaned skin
Index Group Rats Guinea Pigs
Before After Before After
Body mass (grams) E 18244 18645 32618 35247
; I 1836 19615 33111 35847
SSI (conditional units) E 4.610.3 4.740.1 - =
I 4.840.3 5.140.4
Oxigen Consumption E 14044 4.746 = =
(ml/h/100g) I 13613 14315
Hemoglobin (gr %) E 15.110.1 14.840.1 14.6101 14.510.1
I 14.840.2 14.610.2 15.140.3 | 14.60.1
Leukocytes (1000/ml) E 11.610.2 11.510.2 9.740.3 10.1+0.3
I 11.840.3 11.240.2 9.410.4 9.740.3
Serum Urea (mg %) E 3.8610.2 3.4610.2 2.940.3 3.140.3
I 3.7110.3 3.6540.2 3.240.2 3.010.2

Two series of 4 months' 4 hours per day exposures were carried out at 32
(high concentration) and 6 mg/m’ (low concentration). The data obtained in
these experiments are summarized in Tables 5-9. Generally, the data presented
are for those indices for which toxic effects ascribed to Melem exposure were
observed.

The data show significant disturbances after chronic exposure to Melem of
32 mg/m’. Included is the inhibition of normal increase in body mass and re-
duced ability to summarize subthreshold electrical impulses. Biochemical indi-
ces of blood serum as well as urine are affected; a rise in the frequency of
chromosomal alterations in bone marrow cells, morphofunctional effects on
the male gonad, and cardiovascular effects are noted.

Data for exposure to Melem of 6 mg/m’ show fewer changes in the noted
indices, and of smaller magnitude, and these effects were generally found to be
reversible. Effects on the frequency of chromosomal aberration and male go-
nad were minimal. Obviously, thi§ concentration of Melem is close to the
threshold for chronic action. .
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Table 5
Physiological and biochemical indices in white rats chronically exposed to Melem at 32 mg/m’

Index Group After Exposure of ]
30 days 60 days 90 days 120 days
Body Mass E 212+2¢ 205+3¢ 199£3* 200+4*
(grams) I 2262 23614 24243 26843
SsI E 3.3£0.1* 3.410.1 3.3£0.1° 3.6£0.1 -
(Conditional units) - 4.0£0.1 3.740.1 3.80.1 3.940.1
Oxygen Consumption E 205+9* 197+8* 189:£10* 210+9*
(mi/h /100 g) G 16511 156+10 15810 173£10
Leukocytes E 11.6+0.3 11.8+0.4 13.5+0.4* 13.0+0.4*
(1000 mi) I 11.3£0.1 11.1£0.4 10.90.3 11.3%0.2
Total Protein E 7.7£0.1* 7.2+0.2* 8.1£0.1 8.5£0.2
&%) I 8.8+0.2 8.9+0.3 8.8+0.2 8.7+0.3
Serum Urea E 2.540.1* ~ 2.0£0.1° 2.410.1* 2.0+0.1*
(&%) I 3.3+0.2 3.040.1 3.240.1 3.10.1
Serum Choles- E 81+3* 75+4* 737 80+4*
terol (mg%) o 6814 661 67+4 67+3
Blood Glucose E 812 87+7 743 65+4*
(mg%) I 864 9043 881 862
Nonprotein SH-groups E 4.130.2* 3.5+0.2* 4.4+0.3* 4.9+0.3*
(mmol /L) I 3.310.1 2.4+0.2 32402 | 32403
Protein SH-groups E 15.3£0.5 16.4£0.4 12.5£0.8* 14.0+0.3*
(mmol/L) I 16.8+0.9 16.2+0.8 14.8+0.4 15.740.3
Thymol test E 2.0£0.3 2.4+0.5 2.0£0.1* 1.940.1*
(cond. unif) I 1.540.2 1.6£0.4 1.4£0.1 1.3£0.1
GOT activity E 0.5240.03 0.53+ 0.01 | 0.62£0.04* 0.560.03
(mmol/mi/h) I 0.530.02 0.500.02 0.5120.03 0.5120.03
GPT activity E 0.39+0.07 0.400.05 0.35£0.03* | 0.30:0.04*
(mmol/mi/h) I 0.44+0.08 0.41£0.04 0.44+0.03 0.43£0.04*
Urine pH E 8.3+0.3* 7.9+0.4 8.0£0.3 8.410.5
I 7.14£0.4 73403 72403 | 7.4%04
Urine Specific E 1.012* 1.010* 1.018 1.017
Gravity (g/ec) I 1.017 1.018 1.017 1.018
Typical SD for each group: + 0.001 to 0.002
Diuresis E 5.4+0.6 5.3+03* 4.9+0.2* 5.120.4
(mi) I 6.6+0.4 6.8+0.4 6.940.4 6.6+0.6

* — a statistically significant difference between exposed and control groups.
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Table 6

Index Group After Exposure of
30 days 60 days 90 days 120 days
Body Mass E 21743 228+3 23643 24512
(grams) I 225+3 236+3 24243 268+5
SSI (con;iiﬁonal E 3.4£0.1* 3.240.1* 3.6£0.1 3.840.1
units) I 4.010.1 3.7£0.1 3.8+0.1 3.840.1
Oxygen Consumption E 223+8* 196+7 1709 201+16
(mi/h/100g) I 178£12 18610 16311 18548
Leukocytes E 11.240.4 11.4£0.04 12.9+0.3 12.0+0.4
I 11.3£0.2 11.5+0.4 12.1£0.2 12.4+0.3
Total Protein E 8.740.1 8.4+0.2 8.4+0.2 8.940.2
(&%) I 8.8+0.2 8.8+0.3 8.8+0.2 8.7£0.2
Serum Urea E 2.0£0.1* 2.0£0.1* 2.440.2 2.440.2
(mg%) I 3.4+0.2 3.140.1 3.120.1 3.1+0.3
Serum Cholesterol E 70+9 69+2 58+6 68+3
(mg%) I 68+5 68+2 67+4 67+4
Serum Glucose E 84+3 65+4 913 7943
(mg%) I 8614 81+5 9047 8743
Nonprotein E 3.7+0.2 3.3£0.2 3.240.4 3.5+0.4
(SH-groups, mmol/l) I 3.310.1 3.410.2 3.2+0.2 3.2+0.3
Protein SH-groups ~E 15.7+0.4 16.410.5 13.6+0.8 13.7+0.4*
(mmol/l) I 16.8+0.9 16.2+0.9 14.8+0.4 15.603
Thymol test E 1.7+0.3 1.840.1 2.040.1 2.1£+0.1
(conditional units) I 1.4+0.2 1.6+0.4 2.0+0.1 2.0+0.6
GOT activity E 0.57+0.06 0.51£0.02 0.58+0.09 0.600.04
(mmol/mi/h) I 0.53+0.02 0.50+0.02 0.62+0.03 0.65+0.09
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Table 7

Cardiovascular action of Melem after 4 months inhalation exposure

Index Group Concentrations

32 mg/m’ 6 mg/m’
ECG in second lead E 0.053%0.002* 0.053+0.001
P-Q interval (sec) I 0.042+0.002 - 0.048+0.003
QRS (sec) E 0.027+0.001 0.023+0.002
I 0.026+0.002 0.026::0.002
S-T interval (sec) E 0.021%0.002* 0.028+0.003
I 0.0360.002 0.030+0.001
T-P interval (sec) E 0.049+0.010 0.030+0.019
I 0.033%0.004 0.028+0.006
R-R interval (sec) E 0.180+0.010 0.192%0.021
I 0.184:0.006 0.170+0.006

P (mV) E 0.09+0.01 0.10+0.01

: I 0.08+0.01 0.09£0.01

R (mV) E 0.54+0.06 0.60+0.10

I 0.59+0.04 0.600.01

S (mV) E 0.15£0.02* 0.20+0.03

I 0.21+0.02 0.23+0.03

T (mV) E 0.11£0.01 0.11+0.01

I 0.12£0.01 0.10£0.01

ECG in chest lead, E 0.10£0.01* 0.09+0.01

tooth amplitude

P, (mV) I 0.08+0.01 0.09+0.01

R, (mV) E 0.96+0.11 1.00£0.08

I 0.88+0.06 0.96:0.08

S, (mV) E 0.15%0.02* 0.25+0.04

I 0.25+0.02 0.30+0.04

T, (mV) E 0.08+0.01 0.10£0.02

I 0.09+0.01 0.11£0.01

Integral rheography of vessels E 27.5%1.0* 24.8%1.0

(blood minute volume, ml /min) I 23.7+1.4 24.2+1.2
Blood stroke volume E 0.0560.003* 0.059%0.001
(ml /min) I 0.066:0.002 0.061+0.002

Total peripheral E 396.4+12.8* 368+14.6
I 350.3%£12.4 362.0£12.8
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Table 8
MuemyofchmmmmﬂdMﬂonhhummuﬂsdwﬁbubWtonmaml

Groups . Concentrations
32 mg /n’ 6 mg /m’
Exposed 60 days 2.00+0.55 % 1.40+0.27%
Exposed 120 days 3.06+0.32%* 1.50+0.30%
Intact 1.74+0.41% ' 1.69+0.30%
Table 9
Gonadotropic action of Melem after 2,5 monts inhalation exposure
Index Group Concentrations
32 mg/m’ 6 mg/m’
Testicular weight index (%? E 0.70+0.01* 0.96+0.06
I 1.03£0.04 1.03%0.04
Osmotic Resistence of E 3.53£0.019* 4.40%0.23
Spermatozoa (%) I 4.90£0.10 - 4.90%0.10
Spermatozoa E 165.3+22.6* 207.5%11.3
Mobility time (min) I 215.6x£12.4 215.6x12.4
Number of Dead E 42.5%1.3* 22.0+0.8
Spermatozoa (%) I 20.3£1.3 20.3£1.0

The lower limit threshold concentration of chronic action for Melem was
found to be 6 mg/m’. Taking into account that Melem has relatively low toxic-
ity, and low cumulativity not associated with the development of long-term
effects, a minimal safety factor of three fold is suggested. In December 1994,
based on the data obtained by the Armenian research team, the Government
Committee of Hygienic Standardization of the Russian Federation promul-
gated a TLV of 2 mg/m’ for Melem. In our opinion, the TLV of 2mg/m’ will
assure adequate safety for Melem worker.

ITocmynuna 30.01.96
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2,6,10-SPRUURLA-S-{GNSU2RhVE FOARMVURULVIYT YL S LELUSUUT L

E.U.Lwpwjw, N+ <ndhwi(Ghuywb, U.L.Lunpudjwb, U.Jd. Ujkpuwbnpywud,
<Ld. Gupnigyub, ML Lulupywi, L U.Uungnyud, L.U.UwpjwG

Lwpnpuwwnp YhGnuGhGiph Ypw npwé ump, Gepwump W fupnGhlwlwG
thnpdbpnud nunuiGwuhpyby GG 2,6,10-mpudhGn-s-hbwunwqghGh (Whkdh) poiGuynp
hwwnympymGGbpp: Uwnwinpu-winhpwjhG dwGwuwphm] wnGbnGiph @ dyGhph
opquGhqi Gbpimobtym nbwpmd dbjtip hptG npubinply t npubu phy pmGunjnp
Gynip: LbpnpnywjGuwyhl dwlwwwphny GEpiniobjhu vwhdwyb) G6 ShohG Swhwgn-
htnbyw) nonquGbpp” dyGiph huniwp 1998+212 dg/fjg, wnGtwnGbph hundwp
2170£330 dg/hjg: CGymnuiwl Swlwuwuphny 4 dwd wbhinnmpjudp dhwijwg
wqnbint nhupmd wnlbnGhph dnin dwhwgm bpbp sh6 wowewgh) 113-hg dhGsh
870" dg/é lunmpjniGGbphg, hulj ump wqnbgmpjul tipp quGyby £ 170 dg/if
dwlwpnuih Ypw:

Utiitih opquhquimd Ynunwipbint hwnympymGibpp poy) b6 wpnwhwjngwo;
4 wiujw pGpwgpmy, optjml 4 dwd wmbmnmipjudp 26;wnwlwlG SwGwuyuphny
wqnbnt nhupmd Shjmdh 32+1,1 dg/i funmpniGp uuyhunwl weGnnGhph dnn wew-
owgnty E opqubhqih pGnhwinip poiGuynpmy, npp gpubitnpymy | YEGnpnGuljwmb
GyupnuyhG tr uhpnwGnpwyhG huiwlwpqtph, 26swpwljwi opquGGtnh, ywpnh W
btphjuiGbph Ynndhg $niGyghnGuy i hnuujuowwunmwpmbiwlwmi thnhnfumpniG-
Gbpny: Ujn jumnnmpymGp wnwowgnhy £ Gubt wnGhnGaph wpuywi Jbpupnunpn-
nuijwG $niGlghwjh fumbGqupnni:

6,0£0,5 dg/if funnmpjul wqntgmpjnilp wewewgnty k phy wmwpudjwd t poyy
wnnuwhwjnywo wignnhy pGnyph thnthnfumpymGitp, npnlp qGuwhunnyb; G6 npujbu
2tdpuhG: {pdGunjopb] £ wpfluwwnmwlpuihG qnuum onmd  2,6,10-nphwdhGn-s-
hbupnwghGh uwhiwGuyhG poygjuwnpbih fonnpymGp' 2 dg/if: .

TOKCHKOJIOTHIECKAS OITEHKA 2,6,10-TPHAMHWHO-S-IEIITASHHA

9.A.BabasH, P.JI.OBanecsH, C.b.barpamsH, A.B.AekcasapsH,
B.B.I'abyuaH, IT.A.baxangx, B.C.ManosH, JI.A.Capeaa

B OCTpHIX, IOZOCTPEIX X XPOHHYICCKUX OIBITAX Ha JIAGOpaTOPHBIX XUBOT-
HBIX M3y9eHBl TOKCHIECKHE CBoMcTBa 2,6,10-TpHaMUHO-s-renTasaHa (MeJIeM).
Ilpx BBeeHHMM B XEJIYAOK MeJIeM IPOSBAI Ce0S KaK MAIIOTOKCHYIHOC BEIe-
crBo. IIpH BHYTpHOPIOIIMHHOM BBEJCHAHM YCTAHOBICHH! CICXYIOIIME Cpen-
HECMEpTENLHEIC JO3R: Ui Memued — 199814212 wmz/ke, mis XpeHC —
2170+330m2/k2. IIlpm OXHOKpATHOM HMHTAIANMOHHOM 3aTpaBKe KOHIICHTpa-
masvu ot 113 xo 870 m2/i’ B TedeHHe 4 9aCOB CMEPTELHBIX HCXONOB HE OT-
Mevganock. ITIoporoBo# IpH OCTPOM HHTAIAIMMOHHOM BO3NCUCTBUM OKa3a/ach
KoHneHTpamag 170 mz/»’. KyMynsaTaBHEIe CBOACTBA MeleMa CiiaGo BEIpaxe-
HEL [Ipm 4-Meca9HON €XeIHEBHO N0 4 Yaca MHTAISIUOHHON 3aTpaBKe Gebix
KpHIC B KOHIeHTpammu 32+1,1 mz/»’ paseuBaercsa obImas MHTOKCHKAIWAS Op-
raHM3Ma, KOoTopas NpoSBILIach (PYHKOHOHAIGHEIMA H IaTroMopdorormdae-
cxkuvu HapymeHusaMu co cropoHul [THC, CCC, nexaTelpbHBIX OpPraHOB, IIe-
' 9YeHW M IOo4YeK. 9Ta KOHICHTpalMd BEI3BANA TAKKEC HAPYIICHHS CO CTOPOHEI
MYXCKOHU penpOayKTHBHON (YHKITAA KpEIC. :
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Komnenrpamus 6,0+0,5 mz/m’ BEI3BaNA JALS MAIOBEIPKCHHBIC M HEpAc-
IIPOCTPAHEHHBIE IPOXONAIIME H3MEHCHHS, KOTOPHIC 6BUTH PacHECHEHBl KakK
noporossie. O6ocHoBana ITIK 2,6,10-TpraMuHO-S-TeNTa3NHA B BOAYXC pa-
Gogelt 30HHL HA ypoBHE 2 M2/M° (a3po3ois, 11 Xracc OMAaCHOCTH).
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