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Objective: Multivitamins containing Tween 80 can cause anaphylactoid reactions. The
objective of this study was to develop a new lipid emulsion containing 13 fat- and water-
soluble vitamins for injection (13V-LE) that were simultaneously dissolved in one bottle and
to evaluate the stability of and anaphylactoid reactions to 13V-LE.

Methods: Particle size, (-potential, and polydispersity of 13V-LE were assayed with
a Zetasizer Nano ZS. Entrapment efficiency of 13V-LE was determined with HPLC.
Behavior, histamine, and blood pressure of beagle dogs were investigated by observation,
fluorospectrophotometry, and sphygmomanometry.

Results: The 13V-LE with the smallest particles and highest entrapment efficiency with
stable C-potential was composed of soybean oil, glycerin (2.25%, w:v), egg lecithin
(1.2%, w:v), and purified water. There was no obvious change in characteristics of the
13V-LE samples in terms of appearance, size distribution, {-potential, pH value, or
concentration over 6 months. In anaphylactoid reactions tests, when being administered
with the multivitamin Infuvite Adult containing Tween 80, six beagles showed grade IV
(P<0.01 vs control),

concentrations (P<0.05 or P<0.01). However, there were no significant differences in

symptoms low blood pressure, and high plasma-histamine
behavior, blood pressure, or histamine concentration in the dogs before and after admin-
istration in the 13V-LE group.

Conclusion: The 13V-LE formulation is a suitable intravenous lipid emulsion without
anaphylactoid reactions.

Keywords: anaphylactoid reaction, multivitamins, lipid emulsion, beagle dog

Introduction
Adverse drug reactions cause increased patient morbidity and mortality, are
a considerable source of financial burden to the health-care system, and remain
a huge challenge in modern health care.! Adverse drug reactions occur in approxi-
mately 17% of patients.>” Hypersensitivity reactions comprise approximately
a third of adverse drug reactions. Anaphylactoid reactions represent >60% of
hypersensitivity reactions.* Avoiding adverse drug reactions, especially anaphylac-
toid reactions, is essential from both an economic and ethical standpoint.
Nutrition is the source of healthy growth and organism activity, and indispen-
sable for the recovery of patients. The prevalence of malnutrition in patients can be
as high as 50%.>® Malnutrition has become an independent risk factor of mortality,
morbidity, and hospitalization in patients.”'* Multivitamins are conducive to the
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ingestion of essential vitamins to maintain the body’s
resistance and repair functions. Multivitamins are the
most common supplement, and their use is increasing.'
Thirteen vitamins needed by the human body are mainly
used in multivitamin preparations for parenteral nutrition
support.'®

The multivitamin Infuvite Adult is an injection containing
13 vitamins that has been widely used for years. The product
comprises two bottles. Bottle 1 contains vitamins A, D, E, K,
C, By, B,, Bg, nicotinamide, and dexpanthenol. Tween 80
(1.4%) is used to solubilize the fat-soluble vitamins A, D, E,
and K, in bottle 1. Bottle 2 contains vitamin B,, biotin, folic
acid, using 30% propylene glycol as solvent. The two bottles
are mixed before clinical injection. However, a problem occurs
with the use of Tween 80. There is increasing evidence that it
can cause anaphylactoid reactions.'”™"? Not surprisingly, mul-
tivitamins can produce severe and fatal anaphylactoid
reactions.”>>> Tween 80 is not suitable as a solubilizing
agent for intravenous preparations. In addition to Tween 80—
induced anaphylactoid reactions, there are some difficulties in
the study of multivitamin preparation. Fat-soluble vitamins are
insoluble in water. It is difficult to dissolve fat- and water-
soluble vitamins in the same system.

To solve these problems, a new lipid emulsion containing
13 fat- and water-soluble vitamins in one bottle (13V-LE) was
developed in this study. Intravenous lipid emulsions were used
to supply essential fatty-acids to patients with intestinal failure
who needed parenteral nutrition in the US in the 1970s.** Over
the last 50 years, new lipid emulsions have been continuously
produced with the goal of improving security and efficacy and
realizing physiologically optimal formulations.** In the
present day, lipid emulsions have become a tool for systemic
delivery of poorly soluble and cytotoxic drugs.>2® 13V-LE
combines water-soluble and fat-soluble vitamins without
Tween 80 and forms a cosoluble single freeze-dried com-
pound, which could improve vitamins stability and avert
hypersensitivity. The objective of this study was to evaluate
the stability and the anaphylactoid reactions of 13V-LE.

Methods

Materials

Vitamins were purchased from Disiman Vitamin
(Shanghai, China). Poloxamer 188 (Pluronic F68) was
purchased from Shanghai Qingyuanxing Chemical
Technology (Shanghai, China). Glycerol, oleate, soybean

oil, and egg lecithin (PC 98%) was supplied by Xi’an

Libang Pharmaceutical (Shaanxi, China) and o-
Tocopherol purchased from Sigma-Aldrich (MO, USA).

Preparation

Formulation and optimized composition of 13V-LE were
begun with filtration sterilization and ultrasonic treatment.
Briefly, in the case of 13V-LE, fat-soluble vitamins and soy-
bean oil were considered as oil phase. Egg lecithin and oleate
acid were chosen as emulsifier. Water-soluble vitamins, gly-
cerin, and purified water were considered as a water phase.

The new multivitamin 13V-LE contains nine water-soluble
vitamins (B;, B,, Bs, B2, C, nicotinamide, dexpanthenol,
biotin, and folic acid) and four kinds of liposoluble vitamins
(including vitamins A, D3, E, and K;). These are shown in
Table 1. In order to solve the problem of the cosolubility of
water-soluble and liposoluble vitamins in the same system, 16
emulsifier formulations were designed, as presented in Table
2. Various proportions of lecithin, F68, oleate, and Tween 80
were used as emulsifiers for the preparation of 13V-LE.
Soybean oil was considered as a solvent of the oil phase.
Glycerin (2.25%, w:v) and purified water were considered as
a solvent of the water phase in the preparation of the different
formulations. Based on physical appearance, particle size, C-
potential, and entrapment efficiency (EE), an optimized for-
mulation of emulsifiers was chosen.

To prepare 13V-LE, egg lecithin was dissolved into dehy-
drated alcohol and agitated until dissolved with the addition
of fat-soluble vitamins. Then, soybean oil was added in the
dissolved solution and heated at 70°C until the mixture had
become a clear and stable oil phase containing emulsifier.
Glycerin and oleate acid were dissolved in water and heated
at 70°C to form a water phase. After that, the water-phase

Table 1 Composition of |13V-LE

Components Quantity
Vitamin A 3,300 IU
Vitamin D3 200 U
Vitamin E 101U
Vitamin K, 0.15 mg
Vitamin B, 6 mg
Vitamin B, 3.6 mg
Vitamin Bg 6 mg
Vitamin B, 0.005 mg
Vitamin C 200 mg
Biotin 0.06 mg
Niacinamide 40 mg
Dexpanthenol 15 mg
Folic acid 0.6 mg
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Table 2 Emulsifiers for |3V-LE (w:v, %)

Formulations Lecithin Fé68 Oleate Tween 80
Fl 0.6 0 0 0
F2 0.6 0.2 0.04 0.2
F3 0.6 0.4 0.06 0
F4 0.6 0.6 0.02 0.2
F5 1.2 0 0 0
Fé6 1.2 0 0.06 0.2
F7 1.2 0.6 0.04 0
F8 1.2 0.4 0.02 0
F9 2.0 0.4 0.04 0.2
F10 2.0 0.6 0 0
Fll 2.0 0 0.02 0.2
Fl12 2.0 0.2 0.06 0
FI3 3.0 0.6 0.06 0.2
Fl4 3.0 0.4 0.02 0
FI5 3.0 0.2 0 0.2
Flé 3.0 0 0.04 0

solution was added slowly to the oil-phase solution contain-
ing the emulsifier. The coarse emulsion was prepared by
high-speed shearing for 15 minutes at 70°C under the protec-
tion of nitrogen. The coarse emulsion was cooled to room
temperature and adjusted to pH 5—7 with NaOH. The final
emulsion was prepared with high-pressure homogenization
(Niro Soavi NS1001L) at 1,000 bar for eight cycles at 40°C.
After homogenization, the water-soluble vitamins were
added to form 13V-LE, then freeze-dried after sterilization
through a 0.22 pm bacteria-retentive filter.

Characterization of Formulations

Particle size, polydispersity, and C-potential of the 13V-
LE were assayed with a Zetasizer Nano ZS (Malvern
Instruments). The samples of 13V-LE were redissolved
in 5 mL water, then diluted to 1:1,000 with water
before measurement. The pH value of the 13V-LE
was tested with a pH meter (PP-50 Professional
Meter; Sartorius).

Entrapment Efficiency

The EE of the emulsions was assayed by vitamin con-
centration in the dispersion phase. 13V-LE was centri-
50,000 rpm for 1.5 hours at 4°C by
(OPTIMA  L-100XP; Beckman
Coulter), then collected in the water phase. Vitamin con-

fuged at

ultracentrifugation

centrations in the water phase were measured with
HPLC. EE was calculated:

Ctotal thal - Cwater Vwater
EE(%) = x 100
( O) Ctotal Vtotal

where Ciy is the concentration of vitamin in the
emulsion, Vi, the volume of the emulsion, C ., the
concentration of vitamin in the water phase after ultracen-
trifugation, and V yqer the volume of water phase collected
after ultracentrifugation.

Vitamin A was the most abundant and unstable in the oil
phase among the vitamins of 13V-LE, so the stability of the
formulation was determined by examining the encapsulation
rate of vitamin A. The concentration of fat-soluble vitamin
A was measured with HPLC using a Waters 2996 UV detector.
The column was an Agilent XDB-Cyg (4.6x150 mm, 5 pum),
and the mobile phase was a mixture (methanol : isopropanol
95:5 viv). The wavelength was 326 nm and the injection
volume 10 pL. The flow rate of the mobile phase was
1.2 mL/min. The column temperature was 25°C. All measure-
ments were repeated in triplicate.

Stability

13V-LE was stored at 40+2°C and at room temperature for 6
months. After that, the physical and chemical stability of
these samples were evaluated with assays of appearance,
polydispersity, particle-size distribution, (-potential, pH
value, and drug remaining. All measurements were repeated
three times. For appearance evaluation, if a lipid emulsion is
stratified, aggregated, flocculated, produces small oil dro-
plets on the surface, or shows other anomalous changes, it
can be defined as “bad”. If a lipid emulsion is homogeneous
and shows no anomalous changes, it can be defined as
“good”.

Compatibility

Compatibility of the 13 vitamins with pharmaceutical
excipients and that of 13V-LE with different infusion
solutions were investigated. Vitamins were mixed with
different
Supplementary Table 1. These mixtures were exposed to
high temperature (60°C), damp (90%+5%), light of 4,500
+500 1x for 10 days. The content of vitamins and related

pharmaceutical excipients, as shown in

substances were tested with HPLC. To test compatibility
with different infusion solutions, samples of 13V-LE were
redissolved in 5 mL water for injection, then diluted to
500 mL with 0.9% sodium chloride solution, 5% glucose
injection, and fatemulsion injection. The osmotic pressure
of these mixtures was measured with an Osmomat-3000D
(Gonotec).
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Anaphylactoid Reaction Tests
Animals and Treatments

Six beagle dogs (three male, three female) weighing 8—12 kg
were purchased from Xi’an Dilepu Biology Resources
(Shaanxi, China). They were housed in separate cages and
allowed access to food and water ad libitum in an environ-
ment at room temperature with 40%—-70% humidity, and
a day—night cycle of 12—12 hours. The dogs were handled
in accordance with the criteria outlined in the Guide for Care
and Use of Laboratory Animals. All experimental protocols
were approved by the Animal Ethics Committee at Xi’an
Jiaotong University (2017-0045).

13V-LE and Infuvite Adult are compound vitamin
injections. The content of each vitamin in the injections
is different and the units of measurement inconsistent. For
the convenience of research and calculation, vitamin C
was used as a marker of 13V-LE and Infuvite Adult to
calculate the dose. The dose of vitamin C in 13V-LE and
Infuvite Adult for an adult is 200 mg/day. When human
body weight is set at 70 kg, the dose of vitamin C is
2.9 mg/kg. The dose-converse factor of dog:person -
is 1.85. Therefore, the equivalent dose of vitamin C for
a dog is 5.3 mg/kg. In this study, 6 mg/kg vitamin C was
selected as the dose for the dogs.

There were three groups in the anaphylactoid reaction
tests: control (normal saline), 13V-LE, and Infuvite Adult.
On the first day of the
beagles received intravenous saline injections as the control

dosing regimen, all six
group. Then, all dogs were divided into two groups of three
animals each. Two groups of dogs were cross-injected with
Infuvite Adult 13V-LE on the
fourth days. On the second day, dogs 1-3 were intravenously

and second and
injected with Infuvite Adult and dogs 4-6 intravenously
injected 13V-LE. On the fourth day, dogs 1-3 were intrave-
nously injected with 13V-LE dogs 4-6 dogs intravenously
injected with Infuvite Adult (Table 3). Blood samples were
collected in tubes with heparin before and 10 minutes after
administration. Samples were centrifuged for 10 minutes,

then plasma collected and stored at —20°C until analysis.

Table 3 Modes of administration in anaphylactoid reaction tests

Behavioral Observation

Before and after administration, dogs’ eyes, mouth, neck,
abdomen, limbs, skin, behavior, gait, and body coordina-
tion were observed for 30 minutes for anaphylactoid
reactions. Levels of reaction were assessed using the cri-
terion in Supplementary Table 2.

Plasma-Histamine Concentration

Concentrations of plasma histamine were measured with
fluorescence spectroscopy. Ethyl alcohol (300 pL) was
added to plasma samples of 100 pL for deproteinization.
The supernatant was tested after vortex mixing and centrifu-
gation at 10,000 g. Sample supernatants (100 pL) were added
to 0.5 M NaOH solution (40 pL) and 2.5 pg/mL o-phthalal-
dehyde (20 pL) and incubated at 37°C for 30 minutes.
Subsequently, 10 pL. 3 M HCI solution was added to termi-
nate the reaction. The excitation wavelength was 365 nm and
the emission wavelength 465 nm. The fluorescence intensity
of samples was detected with a fluorescence plate reader, and
the standard curve was drawn, and then histamine
concentrations of samples were calculated.

Blood-Pressure Detection

Blood pressure was measured with an OMRON HEM-8611
at 0, 10, 20, and 30 minutes after administration of drugs.
Dogs were put in the decubitus position without anesthesia
and the arm.

the blood-pressure monitor put on

Measurements were repeated in triplicate at each time point.

Statistical Analysis

SPSS 11.5 was used for statistical analyses. All data are
shown as means + SE. P<0.05 was considered statistically
significant. ANOVA with least significant difference was
used to analyze quantitative data in multiple groups, includ-
ing blood pressure at different time points. Student’s #-test
was used to analyze quantitative data between two groups,
such as concentrations of histamine. The rank-sum test was
used to analyze ordinal data, such as grades of behavior, in
the anaphylactoid-reaction tests.

Results and Discussion

Composition and Stability of 13V-LE
HPLC

Dogs Time of administration Representative ~ chromatograms  were  shown in
Day | Day 2 Day 4 Supplementary Figure 1. The peak of vitamin A was eluted
within about 33 minutes under the analytical conditions

1-3 N | sali Infuvite Adult 13V-LE . e . .
ormat saine niuvite Add ] described. The reproducibility of the detection was studied

4-6 Normal saline 13V-LE Infuvite Adult . L . Lo .
with repeated injections in triplicate samples containing
3320 e International Journal of Nanomedicine 2021:16
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vitamin A at three concentrations (2, 3, and 4 pg/mL).
Relative standard deviation was <0.3%. The relative recov-
ery of vitamin A at 2, 3, and 4 pg/mL was 101.8%=+0.0%,
102.3%+0.0%, and 103.0%+0.0%, respectively (n=3). The
standard curve of vitamin A concentration was obtained:
y=3.401x+73.986, R*=0.9994.

Composition of |3V-LE

In this study, a new formulation of intravenous lipid emul-
sions was developed to solve the problem of cosolvability of
water-soluble vitamins (B;, B,, B, Bz, C, nicotinamide,
dexpanthenol, biotin, and folic acid) and liposoluble vitamins
(A, D3, E, and K) in the same system. The appearance, -
potential, particle-size distribution, and EE of 13V-LE in the
different emulsifiers (lecithin, F68, oleate, and Tween 80)
were assessed to select the optimal formulation of 13V-LE.
In the emulsified state, 13V-LE was in an oil-in-water state,
and the four liposoluble vitamins (A, D3, E, and K,) were
encased in oil in the lipid emulsion. Commonly, only the EE
of encased vitamins needs to be evaluated. Vitamin A was the
most abundant and unstable vitamin in the oil phase in 13V-
LE. Therefore, it was was chosen as a representative to
evaluate the stability of the formulation by examining its
EE. As shown in Table 4, F1, F4, F6, F9, F10, F13, and
F14 were inferior formulations with poor appearance, such as
oil drops, stratification, or flocculation. 13V-LE particle size
increased with increasing lecithin content. When emulsifiers
contained 0.6% lecithin, F68, oleate, and Tween 80 in F2 and

F3, this contributed to emulsion formation, but with low EE.
Particles of F7, F§, F11, F12, F13 and F14 containing F68 or
oleate were larger than those of F5 containing lecithin. When
an emulsifier contained only 1.2% lecithin, the emulsion had
the smallest particles and highest EE of vitamin A with stable
C-potential (F5). Therefore, egg lecithin 1.2% (w:v) was
chosen as an emulsifier.

Before freeze-drying, 13V-LE is an oil-in-water lipid
emulsion. The new multivitamin 13V-LE cont
ains 3,300 IU (990 pg) vitamin A, 200 IU vitamin D3, 10
IU (9.1 mg) vitamin E, 0.15 mg vitamin K;, 200 mg vitamin
C, 6 mg vitamin By, 3.6 mg vitamin B,, 6 mg vitamin B,
40 mg nicotinamide, 15 mg dexpanthenol, 0.005 mg vitamin
Bi,, 0.06 mg biotin, 0.6 mg folic acid, soybean oil, egg
lecithin (1.2%, w:v), glycerin (2.25%, w:v), NaOH, and
water. Fat-soluble vitamins and soybean oil were considered
as oil phase, egg lecithin was chosen as an emulsifier, and
water-soluble vitamins, glycerin, and water were considered
as water phase in 13V-LE.

Characterization of Lipid Emulsions

The 13V-LE dispersion, composed of soybean oil, gly-
cerin, egg lecithin, 13 vitamins, and purified water, was
analyzed in terms of size and polydispersity. As shown in
Figure 1A, the mean diameter of 13V-LE was <200 nm,
which is suitable for parenteral administration.
Polydispersity is a dimensionless parameter of size distri-

bution for broadness. The lower the polydispersity, the

Table 4 Effects of different emulsions on characterization of 13V-LE

Formulations Characterization of 13V-LE
Physical appearance Particle size (nm) {-potential (mV) Entrapment efficiency of vitamin A (%)

Fl Oil drops — — —

F2 Good 152.448.7 —20.2£1.5 70.4+3.1

F3 Good 176.3£11.7 —26.3£1.9 85.5+2.0

F4 Stratification — — —

F5 Good 121.14£6.0 —27.7£2.1 99.7+0.3

Fé Oil drops — — —

F7 Good 205.1+3.2 -29.6+3.4 94.9+1.4

F8 Good 186.845.5 —24.0£2.0 98.2+0.4

F9 Flocculation — — —

F10 Oil drops — — —

FIl Good 194.145.0 —25.4£2.0 95.3+1.2

Fl2 Good 215.8+9.0 -30.7£1.6 92.4+3.2

FI3 Oil drops — — —

Fl4 Oil drops — — —

FI5 Good 217.3+3.8 -25.8+1.4 94.612.1

Flé6 Good 226.8+6.6 -29.5£1.9 93.8+2.5

Note: n=3.
International Journal of Nanomedicine 2021:16 https: 3321
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Figure | Particle-size and the (-potential distribution of I3V. (A) Particle-size
distribution; (B) {-potential distribution. 13V-LE samples were diluted 1:1,000 with
purified water. Particle size and polydispersity were measured with a Zetasizer
Nano ZS. Measurements were performed in triplicate.

Abbreviation: P, polydispersity index.

narrower the distribution of lipid emulsion. The mean
polydispersity of 13V-LE was <0.2, showing that 13V-
LE had proper delivery.

C-potential is a crucial parameter of emulsion stability.
It determines the size of electrostatic repulsion among
particles, which affects the aggregation of particles and
the stability of a lipid emulsion. Generally, {-potential
ranges from —20 mV to —45 mV, while that of 13V-LE
was —27.7£2.1 mV, suggesting that the emulsions were
stable (Figure 1B).

Stability of 13V-LE
13V-LE was stored at 25°C and 40°C for 6 months, then its
stability was studied by monitoring size and polydispersity.
Table 5 shows that the appearance, particle-size distribution,
pH value, (-potential, and vitamin A content of the 13V-LE
samples underwent no significant change in 6 months, sug-
gesting that 13V-LE had favorable stability. Severe test,
accelerated, and long-term storage tests also showed that
13V-LE had favorable stability (Supplementary Table 3-5).
Multivitamins/minerals refers to any supplement con-

taining three or more vitamins or minerals, but no herbs,
hormones, or drugs, with each component at a dose less than
the tolerable upper level determined by the US Food and
Nutrition Board, ie, the maximum daily intake likely to pose

Table 5 Physical stability of 13V-LE during 6 months (n=3)

Characterizations of 0 Month 6 Months 6 Months
13V-LE at 40°C at 25°C
Physical appearance Good Good Good
pH value 6.350.13 6.17+0.18 6.26+0.2
Average particle size 121.1+6.0 132.5+11.7 125.4+9.0
(nm)

Average (-potential —27.7%2.1 —28.1£3.1 —26.2+3.0
(mV)

Content of vitamin 99.7+0.2 96.0£1.9 98.1+1.4
A (%)

no risk of adverse health effects.”” The content of the vita-
mins in 13V-LE is the same as that in Infuvite Adult. The
differences between 13V-LE and Infuvite Adult are their
form and pharmaceutic adjuvants. Tween 80 is used to
solubilize the fat-soluble vitamins in Infuvite Adult. In
order to avoid Tween 80-induced anaphylactoid reactions,
a lipid emulsion was chosen to be the drug-carrier system for
13V-LE. Lipid emulsions have been a significant component
of parenteral nutrition and play a crucial role in supplying
calories, providing necessary fatty acids that cannot be
endogenously synthesized, and more importantly improving
safety and efficacy and achieving physiologically optimal
formulations.”* Soybean oil, which has high phytosterol
content, was the triglyceride source of the first lipid emul-
sion manufactured and successfully administered
intravenouly.”® Egg lecithin, a natural phospholipid, is used
in oral, dermal, and parenteral products, including oil-in-
water emulsions as an emulsifier.”” Soybean oil, egg lecithin,
and glycerin formed a stable and homogeneous drug-carrier
system for 13V-LE, with high {-potential and low polydis-
persity. Many vitamins, such as vitamin C, are sensitive and
easily lost during handling, processing, and storage.*® Loss
of vitamin C during storage is lower in freeze-dried powder
than vacuum, tunnel-dried, or fresh powder.m’32 Cernevit is
also a cosoluble single freeze-dried compound containing
nine water-soluble vitamins and three liposoluble vitamins
without vitamin K. Freeze-dried technology is conducive to
the stability of vitamins. Our testing suggested that 13V-LE

had good stability.

Compatibility of 13V-LE

The compatibility of vitamins with the pharmaceutical exci-
pients soybean oil, egg lecithin, glycerin, F68, Tween 80,
and oleate was investigated. The content of each vitamin and
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the related substances did not change significantly and was
within the range of standard requirements, suggesting that
the vitamins had good compatibility with these excipients
(Supplementary Table 6). The 13V-LE was mixed with 0.9%
sodium chloride solution, 5% glucose injection, and

fat-emulsion injection. None of these mixtures showed
anomalous changes in appearance, such as stratification,
aggregation, and flocculation. The osmotic pressure of
these mixtures were 290.3£0.9 Osm/kg, 292.7+0.9 Osm/
kg, and 301.7+1.8 Osm/kg, respectively (Table 6). The
osmotic pressure of human blood is 285-310 Osm/kg. The
range of osmotic pressure required for intravenous prepara-
tions should be the same as the osmotic pressure of blood in
the body. The results of osmotic pressure suggested that
13V-LE had good compatibility with different infusion solu-
tions. The drug-carrier system of 13V-LE consisting of
soybean oil, egg lecithin, and glycerin is similar to that of
propofol, which is an intravenous anesthetic and Vitalipid,
which is a fat-soluble injection containing vitamins A, D, E,
and K,.** These products have good stability and compat-
ibility with parenteral nutrition admixtures.

Anaphylactoid Reactions

Alterations in Behavior

The behavior of the dogs was observed in anaphylactoid
reaction tests. The six beagles of the saline group did not
show any abnormal behavior within 30 minutes after admin-
istration (Table 7 and Figure 2). In the 13V-LE group, there
was no abnormal behavior after intravenous infusion of 13V-
LE. Within 30 minutes after intravenous administration of
Infuvite Adult, the six dogs displayed grade IV symptoms,
such as nose and head scratching and ear flicking (>3 min-
utes), multiple skin and mucous rubeosis, skin rash, tachyp-
nea, instability of gait, diarrhea, pawing the ground, rubbing
the ground, rollingover, somnolence, hypodynamia, and
wheezing. Figure 2 show the influence of 13V-LE on the
skin of the dogs.There was multiple skin and mucous rubeo-
sis and skin rash in dogs who had been administered Infuvite
Adult. Anaphylactoid reactions were grade IV with a mean

Table 6 Osmotic pressure of |13V-LE mixed with different infu-
sion solutions (n=3)

Hui et al
Table 7 Anaphylactoid reaction tests
Dogs (n) Score | Grade
o1 |njmjiv|vjivl

Control 60|00 0f(0] O 0 0
13V-LE 6(0(0(O0 00| O 0 0
Infuvite ofojofo|é6]|0]| O 255 40%*
Adult +3. 1%

Notes: Behavior of beagles observed for 30 minutes after the intravenous admin-
istration of drugs. Values are means + SE, n=6. **P<0.0| vs control.

score of 25.543.1, which was obviously higher than
the control and 13V-LE groups (P<0.01, Table 7). These
results indicated that 13V-LE did not induce any anaphylac-
toid reaction, but Infuvite Adult did induce anaphylactoid
reactions triggered by Tween 80.

Alterations in Blood Pressure
Before administration of Infuvite Adult, systolic and diastolic
blood pressure of the dogs were 122+3 mmHg and 69+3
mmHg, respectively. Systolic pressure decreased to 93+4
mmHg at 10 minutes after drug administration, which was
significantly lower than systolic pressure before administration
(P<0.01). Diastolic pressure was 58+5 mmHg, and there was
a declining trend. Systolic pressure at 20 and 30 minutes after
administration were 86+7 mmHg and 81+8 mmHg, respec-
tively, which significantly decreased (P<0.01). Diastolic pres-
sure was also lower than before administration (P<0.01).
Obviously, Infuvite Adult caused a decline of blood pressure.
There was no obvious alteration in blood pressure
within 30 minutes after the intravenous administration of
13V-LE. In the 13V-LE group, systolic and diastolic pres-
sure were 119+2 mmHg and 68+3 mmHg, respectively,
before administration. Systolic pressure was 117+2
mmHg, 11244 mmHg, and 112+3 mmHg at 10, 20, and
30 minutes, respectively, after intravenous administration
of 13V-LE. Diastolic pressure was 71+2 mmHg, 68+4
mmHg, and 64+4 mmHg, respectively. Systolic and diasto-
lic pressure did not show significant differences when com-
pared with before administration (Figure 3). These results
further demonstrated that 13V-LE had no influence on
blood pressure, but Infuvite Adult did.

Alterations in Plasma-Histamine Concentration

C°Impatibi":)' Osm:’;ic ‘;I:ess"re In the Infuvite Adult group, plasma-histamine concentration

volume (Im sm. .

(mb) ( ®) increased from 3.1+0.5 pg/mL to 5.7£0.9 pg/mL after
Normal saline 500 290.310.9 administration, an increase of 45.6% (P<0.05). In the 13V-
5% Glucose 500 292.7x0.9 LE group, there was no significant difference in plasma
Fat emulsion 500 301.7£1.8 . . .

histamine concentration between before and after
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Figure 2 Skin manifestations on beagle dogs after intravenous administration of multiple vitamins. The photos were taken within 30 minutes after the administration, and are

representative of six dogs.

administration (P>0.05, Table 8). This demonstrated that
13V-LE did not increase plasma histamine, but Infuvite
Adult induced an increase in plasma histamine, which is
involved in the inflammatory response and itching.
Anaphylactoid reaction, also referred to pseudoallergy
or nonallergic drug hypersensitivity, has clinical manifes-
tations that are indistinguishable from anaphylaxis.**
Behavioris considered an important visual and intuitive
method to determine anaphylactoid reactions. Beagle
dogs are more sensitive and anaphylactoid reactions in
them more easily observable than in mice and guinea
pigs.®® This is the reason that Beagle dogs were used to
investigate anaphylactoid reactions to 13V-LE. From the
perspective of animal ethics, we try to minimize the num-
ber of animals. Therefore, we reused the dogs on the
premise that the accuracy of the results would not be
affected. From a pharmacokinetic perspective, 97% of
a medicine can be eliminated after five elimination half-
lives. In fact, multivitamins cannot be sufficiently cleared
from the body after 48 hours, because some vitamins have

a long half-life. For example, vitamins C, D3, E have half-
10, 15, and 70-90 hours,
respectively.®®?” However, this had no influence on the

lives of approximately

anaphylactoid reaction results in this study. Firstly, ana-
phylactoid reaction is an immediate and transient reaction,
and symptoms last for only a few hours. Anaphylactoid
reaction is characterized by immediate and transient degra-
nulation of mast cells. Clinical manifestations usually
occur within 15 minutes of parenteral injection of the
causative agent, reach the maximum usually within 60
minutes, and usually disappear after a few hours.’®>’
Anaphylactoid reactions to Infuvite Adult disappeared
after about 30 minutes. Secondly, the anaphylactoid
reactions to Infuvite Adult were induced by Tween 80,
but not by the various vitamins. The plasma concentration
of Tween 80 was <0.05% (v:v) within 15 minutes after
drug administration.*® From a pharmacokinetic perspec-
tive, Tween 80 can be sufficiently cleared in the body after
48 hours. Thirdly, in the same group, the results of beha-
vioral observation and plasma histamine concentration on
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Figure 3 Effect of compound vitamins on blood pressure in beagle dogs. (A)
Systolic pressure; (B) diastolic pressure. Means + SE, n=6. **P<0.01 vs before
administration.

the second day were consistent with the results on the
fourth day. Therefore, reuse of dogs after 48 hours had
no influence on the anaphylactoid reaction test.
Manifestations of anaphylaxis and anaphylactoid
reactions are continuous. Weak cutaneous signs, such as
rhinorrhea, flushing, and pruritus, often occur at the start.*’
These symptoms in dogs are scratching the nose or head,

flinging the ears, sneezing, coughing, skin or mucous

Table 8 Effect of multivitamins on plasma histamine

Histamine concentration (ug/mL)

Before administration | After administration

3.7+0.4
5.74£0.9%

13V-LE
Infuvite Adult 3.1+0.5

Note: *P<0.05 vs before administration.

rubeosis, and sialism. The manifestations further aggravate
with gastrointestinal symptoms, such as nausea, vomiting,
and diarrhea.*! In more serious cases, hypotension, laryn-
shock,
asphyxiation occur.*' Anaphylactoid reaction is related to

geal obstruction, severe bronchospasm, and
the activation of mast cells via non-IgE-mediated
degranulation.> Mast cells can immediately respond to
stimulants by degranulation releasing granule-associated
mediators, such as histamine, lysosomes, and TNF, into
the extracellular milieu, inducing immediate allergic
reactions.*? Increases in plasma- or tissue-histamine levels
have been noted during anaphylaxis and anaphylactoid
Adult

induced anaphylactoid reactions, with serious symptoms

reactions.*'  Infuvite containing Tween 80
(such as pruritus, skin rash, tachypnea, instability of gait,

diarrhea, somnolence, hypodynamia, and wheezing),
hypotension and high plasma-histamine levels. These reac-
tions were similar to vitamin K; injections, with both
containing Tween 80.!7 However, behavior, blood pres-
sure, and plasma histamine did not show obvious
change in the dogs following administration of 13V-LE,

suggesting that it did not induce anaphylactoid reactions.

Conclusion

13V-LE is a novel multivitamin. In this formulation, fat-
soluble vitamins and soybean oil were considered as oil
phase, egg lecithin was chosen as an emulsifying agent,
and water-soluble vitamins, glycerin, and water were con-
sidered as water phase. The formulation of 13V-LE dis-
played high EE with stable
distribution, and small particles, suitable for parenteral

(-potential, uniform
administration. Moreover, 13V-LE did not induce anaphy-
lactoid reactions. This formulation of 13V-LE has promise
as a new approach to avert hypersensitivity to multivita-
mins, and to simultaneously improve the stability of vita-
mins and dissolve water-soluble vitamins and fat-soluble
vitamins.
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