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c hemical eye/skin burns can
be serious injuries.Traditional
decontamination solutions such
as water and normal saline can
decrease the severity of such
burns, but do not always prevent
injury. Both water and normal
saline decontamination are
passive decontamination.
Another approach can be the use
of an active eye/skin
decontamination solution,

called Diphotérine”. Its chemical
and physical properties allow a
polyvalent rinsing of chemical
splashes with a rapid returnto a
physiological state. With the
emergency use of Diphotérine®
after-effects can be avoided.

Methods

We present different significant
results obtained with Diphotérine®
over the years, concerning its
toxicology, in vivo and in vitro
experiments, case reports and
statistical studies.

Bibliography

(1) Mathieu L, Burgher F, Blomet J. Comparative evaluation of the
active eye and skin chemical splash decontamination solutions
Diphotérine® and Hexafluorine with water and other rinsing
solutions: Effects on burn severity and healing. Accepted to be
published in the J of Chem. Health Safety 2007

(2) Cavallini M, de Brocard F, Corsi MM, Fassati LR, Baruffaldi Preis
FW. Pro-inflammatory cytokine serum and chemical acid burns
in rats. A. of Burns and Fire Disasters 2004-vol XVII-n°2, 84-87

(3) Cavallini M, Casati A. A prospective randomised, blind compari-
son of saline, calcium gluconate and Diphotérine® for washing
skin acid injuries in rats: effects on substance P and ,B endor-
phin release. Europ. J of Anaesth., 2004, 21, 389-392

(4) Gérard M, Josset P, Louis V, Menerath JM, Blomet J, Merle H.
Is there a time limit for external eye rinsing in the treatment of
an ocular burn due to ammonia? Comparison of 2 rinsing
solutions: saline solution and Diphotérine® [French] [Existe-
t-il un délai pour le lavage oculaire externe dans le traitement
d'une brilure oculaire par I'ammoniaque? Comparaison de deux
solutions de lavage: sérum physiologique et Diphotérine®]
1 fr Ophtalmol 2000, 23, 1-10

(5) Gérard M, Louis , Merle H, Josset P, Menerath JM, Blomet J.
Experimental study of the intra-ocular penetration of ammonia
[French] [Etude expérimentale sur la pénétration intra-ocu-
laire de I'ammoniaque]. J Fr Ophtalmol 1999 ; 22, 10, 1047-
1053

(6) Hall A.H.; Blomet J.; Mathieu L. Diphotérine® for emergent
eye/skin chemical splash decontamination: a review. Vet.
Hum. Toxicol. 2002, 44(4), 228.

(7) Nehles J, Hall AH, Blomet J, Mathieu L. Diphotérine® for
Emergent Decontamination of Skin/Eye Chemical Splashes:
24 cases. Cut. And Ocul. Tox, 2006, 25, 249-258

(8) Merle H, Donnio A, Ayeboua L, Michel F, Thomas F, Ketterle J,
Leonard C, Josset P, Gérard M. Alkali ocular burns in Martinique
(French West Indies): Evaluation of the use of an amphoteric
solution as the rinsing product. Burns, 2005, 31, 205-211

(9) Gérard M, Merle H, Chiambaretta F, Rigal D, Schrage N.

An amphoteric rinse used in the emergency treatment of a
serious ocular burn . Burns, 2002, 28, 670-673

1 Innocuousness and properties
Table 1: Summary od Innocuousness tests

Test Results References

Ocular irritation Non irritant Test n°133/4, on rabbits, Safepharm

Laboratories Limited, UK, 1987

No cytotoxic or irritant potential to Test n°REL/032/05/IRRO/ELB,

the eye after a short (10 minutes) or on human fibroblast cultures, test Integra,
prolonged (24 hours) time of contact  Italy, 2005

In vitro Evaluation of the eye
irritation potential of
a medical device

Cutaneous irritation Non irritant Test n°2005-024, in vitro, Dermal
Irritection® test method, Integra,
Italy, 2005

QOcular irritation of a residue of a Non irritant Test n°6463 TAL, on rabbits,

washing of an acid with Diphotérine® hydrochloric acid, International Centre of
Toxicology, France, 1990

QOcular irritation of a residue of a Non irritant Test n°6462 TAL, on rabbits,

washing of a base with Diphotérine® sodium hydroxide, International Centre of

Toxicology, France, 1990

Oral LDsg > 2000 mg/kg ; non toxic, Test n°6564 TAR, on rats, International
no death, normal evolution of weight, | Centre of Toxicology, France, 1990

no abnormality at necropsy
Acute dermal LD5, > 2000 mg/kg; Test n°133/9, on rats,
non toxic, no death, no sign of systemic Safepharm Laboratories
toxicity or dermal irritation, normal Limited, UK, 1988
evolution of weight, no abnormality
at necropsy

Non sensitising

Oral toxicity

Acute dermal Toxicity

Sensitisation Test n°20030418ST, Magnusson

and Kligman method, on Guinea pigs,
OECD 406, CERB, France, 2003 (15)

Test n°29023 MMT, Bacterial reverse
mutation Test on Salmonella typhimirium
TA 1535, TA 1537, TA98, TA 100 et TA 102,
Escherichia Coli WP2 uvrA, International
Centre of Toxicology, France, 2005

Test n°REL/003/06/IRRC/ELB,

150 10993-5 standard, Integra, Italy,2006
Non anti-inflammatory ; no cytotoxic or | Test n®REL/011/06/FUNZ/ELB, MTT in vitro
irritant effect observed ona 3D human | tests + pro-irritation potential IL-1c,
epidermidis model Integra, Italy, 2006

No irritant or toxic effect Test n°20060537TL, on rabbit, CERB,
France, 2007

Mutagenesis Non mutagenic ;

negative Ames test

Cytotoxicity Non cytotoxic

Anti-inflammatory potential

Local skin tolerance

No side effects have been reported in workplace use since Diphotérine® has been put on the market and due to the
materiovigilance program put in place by Prevor Laboratory. (1)

Size of the lesion (mm)

z In vivo experiments

Skin studies using rats (2,3), comparing the effectiveness of
rinsing with Diphotérine® versus a saline solution was
carried out on an HCI concentrated burn. The significant
statistical results show in Diphotérine's favour :
©The inflammation decreased based on an IL-6
parameters decrease,
® The pain sensation decreased based on a substance P - P
L. Norinsing Saline solution Diphoterine®
decrease and a ,B-endorphin increase rinsing rinsing
© The size of the lesions decreased (Fig 1):
© Animprovement of the healing.

Figure 1 : Impact of a rinsing with Diphotérine® on HCI
concentrated burn on rats.

Also in in vivo experiments, Diphotérine® as opposed to normal saline decreased the elevated pH in the anterior

chamber of rabbit eyes exposed to concentrated ammonia (4,5) (Fig 2). No stromal oedema was observed after

Diphotérine® rinsing whereas it appeared with saline solution rinsing (Figures 3).
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Figure 2: Rinsing 3 min after contact with 0.01 ml of
15.3% ammonia
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Figure 4 : In vitro effectiveness of Diphotérine@ on sodium
physiological pH zone. (1)

hydroxide and hydrochloric acid

4 Case report

< Firstreport:
In a study carried out by the Martinswerk company in Germany (6), the
superiority of Diphotérine® rinsing on bases, hoth in terms of effectiveness
and rinsing safety, appeared to be confirmed in spite of the small size of the
case series (Table 2). The number of lost days following water rinsing and
the high standard deviation illustrate this.

Table 2: Effectiveness of different decontamination solutions on splashes due to bases
Acetic Acid Water

Diphotérine®

Rinsing Solution

No secondary care* 100% +/- 15 0%+/-15 0% +/- 15
Simple secondary care 0%+/-15 80 % +/- 15 25 % +/- 15
Medical secondary care 0%+/- 15 20% +/- 15 75%+/-15
Number of days of worklos  0.18 % +/- 0.4 2.91%+/-4.3 8 %+/-8.12

® Secondary care: Care required other than initial decontamination

© No secondary care was necessary with Diphotérine® rinsing. There was a
significant difference (p < 0.05) between Diphotérine® and water concer-
ning the need for secondary care.

< Second report:

Another study (6) involved 375 splashes of concentrated acrylic acid (AA), the
acrylate family (ethyl, methyl or butyl), concentrated sulfuric acid (H,504
98% or Oleum), sodium hydroxide (NaOH) with a maximum concentration of
22% (5.5 M), and dimethylaminoethylethylacrylate (ADAME). ADAME was
differentiated from other acrylates due to the seriousness of the burns it cau-
ses, especially in the eyes. The results are summarised in Table 3 and are
significantly in favour of Diphotérine®.

Table 3: Evaluation of Water vs. Diphoterine® Rinsing at Atofina
(Total Petrochemicals), France

Rinsing Diphotérine®

With Tost work time 7(3.4%) 0 <0.05
Without lost work time 198 170

No need for secondary care 68 (52%) 88 (33%) <0.05
Need for secandary care 137 82

< Third report:
The record of 24 cases of chemical
splashes occurring in a German
metallurgy facility (Mannesmann
Remscheid, Germany), during the [FEUEHIES
years 1994-98 was collected by the | Acids* 11 8
occupational doctor (7) (table 4). | Bases*™* 4 1
Initial Diphotérine® decontamina-  « acids involved : sulfuric, nitri,
tion was done by the workers them- **%Z‘;f_,gffocréf’d%fgﬂgf'10%)
selves or co'—worker"s, immediately lye 30-45%, basic solution 30%
on the incident site. Then, all
workers had been evaluated in the company infirmary where a second rin-
sing with Diphoterine® was done.
For all of these 24 reported cases, no further treatment was required, there
were no sequelae and only 3 workers (with ocular splashes) lost one workday
due to hospital observation rather than injury.

5 Clinical study

A clinical study of ocular alkali burns found a significantly decreased time to
re-epithelialization in Grades 1 and 2 burns when Diphotérine® was used as
compared to normal saline (8) (Table 5).

Table 4: Body area by sort of chemical
splash in 24 cases
at Manessmann facility, Germany

Table 5 : Results of a clinical study in Martinique of ocular burns due to bases

Re-epithelialization time indays  Diphotérine®  Saline Solution P Value

Grade | 1.9+/-1 11.1+/-1.4 p<107
Grade 1 5.6+/-4.9 10 +/-9.2 p<0.02
Grade |1l 20+/-14.1 45.2+/- 23 0.21NS

(No Cases of Grade IV Ocular Burns Decontaminated with Diphotérine®)

A case report of a Grade 4 ocular
chemical burn found that initial
Diphotérine® followed by appro-
priate topical treatment allowed
progressive healing over 21 days

E

and complete healing over 180 days Figure 5a: Figure 5b:
without surgical intervention (9).

Initial burn, complete healing
grade 4 after 180 days

The emergency use of Diphotérine® is a good method for the decontamina-
tion of ocular or cutaneous chemical splashes. It permits the decrease of Toss
of work and secondary care in all cases and no sequelae for the workers.
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